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Abstract 
The market for hardwood component production is currently affected by low-cost components 
importation from Asia. Industrial automation is an actual option for the secondary manufacturing industry 
to counter this situation. Integrating a defect detection system is a complex process and selecting the right 
system is even more complicated. This study proposes an approach for assessing the defect detection 
capabilities of different systems as well as a decision support tool to guide the producer toward the 
adequate equipment. The study is limited to assessing defect detection capacities; the overall system 
performance, the optimization software and the cutting equipment are not analyzed. 

Understanding the origin and characteristics of defects to be detected and the capacities and theoretical 
limits of vision technology are prerequisites. A sampling with defects that, due to properties such as their 
small size, are hard to detect, is assessed by each system and the results are compared. To date, the 
assessed systems are not capable of detecting all defects pertaining to hardwood component production. A 
decision support tool will make it possible to methodically select the equipment most appropriate to the 
producer’s needs and leads to an enlightened decision in terms of the producer’s priorities and 
expectations. 
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1 Introduction 
The forest industry is a major sector in Québec’s economy. In 2002, over 88,500 persons were employed 
in forestry, primary and secondary wood manufacturing sectors as well as the related fields of pulp and 
paper. In 2002, primary manufacturing plants used over 71,600,000 m³ of wood. Of this amount, over 
8,350,000 m3 (12%) were hardwood logs. Most shipments (98.7%) of sawed hardwoods remain inside 
Québec.1 

Hardwood primary processing consists in cutting the log to maximize both quantity and quality. Unlike 
softwood processing, the sawing is guided by the resulting quality of the product. High-quality cuts are 
usually dried and sent to secondary processing plants. 

For the purposes of this study, secondary processing signifies any processing following the sawmilling 
phase. For the hardwood industry, the secondary processing must include a step of elimination of visual 
and structural defects within the wood. The end products of this secondary processing phase are called 
components. Flooring, furniture and stairs are among the components to be found in the marketplace. 

The defect elimination stage, generally called “secondary breakdown”, is complex. Natural defects 
characteristics vary among species and defects caused during processing cannot always be properly 
predefined. Coherence in operator decision-making and recognition for automated visioning are hard-to-
meet requirements. 

Secondary breakdown mainly consists of two operations: crosscutting and ripping. The subsequent 
processing depends on the nature of the final product. The order book specifies, among others, the quality, 
quantity and dimensions of the components to be manufactured. To meet these specifications, each board 
is classified according to the nature, size and location of the defects. The cutting pattern must take into 
account the components to be produced and the location of the defects on the boards. This step in the 
process accounts for a large part of the operating costs and, despite the operators’ high rate of output, has 
significant potential for improvement. 

The components market is currently affected by low-cost components importation from Asia. With their 
abundant and inexpensive labour force, China and other Asian countries are manually producing 
hardwood components at an advantageous price resulting in weakening the competitive position of 
Canadian companies. Faced with this situation, producers must react, innovate and find a way to produce 
high-quality components at a lower cost. 

Producers have no control over the increase in hardwood component imports but are fully responsible for 
how they themselves react. Among the possible choices are leaving the market, finding new clients, 
developing new products or remaining in the same market and regaining their position. This last option is 
possible if material yield is increased, the transformation processes are improved or accelerated, transport 
and storage costs are decreased, subcontractors are enlisted, shipment times are reduced, more services 
are offered to clients, product lines are diversified, partnerships are worked out with clients, and so forth. 

Producers must face this situation if their plants are to prosper. Among the possible solution sets is the 
option to regain market share by improving the yield from raw materials and reducing the cost of supplies 
by implementing an automatic defect detection system. According to Urs Buehlmann, Professor at the 
Department of Wood and Paper Science at North Carolina State University, the new technology and the 
advent of new industrial models are the only combination liable to save the industry. Even were hourly 
wages in China to triple, they would still be only one-third those in North America.11 

Integrating a new system into a production line requires considerable time for thought and meticulous 
work. The technology must be studied, but it is fundamental to consider the repercussions on the entire 
production process. General matters, such as existing equipment capacity or the availability of skilled 
personnel to operate such equipment, have to be considered. 
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A guideline for classifying each defect’s specifications must be defined before undertaking the process of 
selecting a defect detection system. Defect notation, that is, designating an unacceptable characteristic, is 
based on the presence and location of the characteristic on the piece. Other characteristics, however, are 
assessed according to their dimensions, colour or position. These aspects are hard to quantify and each 
operator interprets them in his or her own way. 

An increasing number of defect detection systems rely on a combination of artificial vision technologies. 
Some scanners detect monochrome or multicolour chalk marks done by the employees, while others are 
automatic vision scanners. Data collected by the detection system are usually transmitted to an image-
processing software that transforms the signal into a two-dimensional representation of the board, 
including dimensions and locations of defects. This representation is then sent to an optimization software 
that controls the cutting operation so as to optimize the yield in material or value. 

2 Objectives 
Producers are required to make an enlightened selection from the vast array of available technologies 
whose effectiveness has not necessarily been rigorously demonstrated. The goal of this study is to 
document the automatic vision systems used to detect hardwood defects, assess the defect detection 
capacity and present to the industry a decision support tool for the selection and implementation of 
appropriate technologies for improving productivity. The overall system performance is not evaluated. 
The chalk-mark detection systems and cutting-optimization software are excluded from this study. 

Trials to assess detection capabilities and limits have been carried out on equipment whose suppliers have 
agreed to subject their systems to assessment. The same sampling was assessed in my presence by all 
manufacturers taking part in the study and information on the position, dimensions and nature of the 
defects had to be clearly obtained. After all, it is necessary to see a defect to measure it properly and to 
know its dimensions and nature to effect the appropriate treatment. 

Special attention was given to presenting the results for optimal exploitation. This paper has been 
structured with the aim of serving as a decision support guide for producers and, in the interest of fairness, 
is limited to analyzing the features of the assessed equipment. 

3 Review of the Literature 
This project began with a review of the literature in order to identify existing work and publications on 
similar subjects. By using available services at the library of Forintek Canada Corp., a ‘profile’ on the 
subject was established. The following keywords were used to classify publications on the subject since 
1990: (lumber or hardwood* or softwood*) and (optic* or ultrasonic* or microwave* or xray* or scan* or 
sensor*) and (colour* or color* or image* or defect* or propert* or characteristic* or grad*). 

Ongoing research identifies publications, whether trade journals or not, available in specialized technical 
document directories, and industrial and scientific journals. Many other sources and Internet search 
engines, such as AltaVista and Google, were consulted. NERAC, an online search service, makes it 
possible to obtain the list of scientific, technical and commercial patents as well as the directory of 
engineering documents. 

3.1 Raw Materials 
The secondary processing plants are basically supplied by sawmills. Some companies have their own 
sawmills; others use outside suppliers. The National Hardwood Lumber Association (NHLA)22 standards 
are generally used to classify lumber. The classification is based primarily on the percentage of surface 
area taken by clear wood. 
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Suppliers and component-producers can agree on other rules of classification. A component producer can 
pay an additional amount for the product, but the rules are specific to its production and make maximum 
use of the material. According to Astran (1996), this practice is gaining ever wider currency. 

Secondary breakdown is designed to eliminate unacceptable characteristics. Tolerance for defects 
depends on the ultimate use of the wood. What is considered unacceptable for one producer may be 
usable for another. To be able to gauge the acceptability of a characteristic, it is essential to identify its 
nature, dimensions and location. 

The Dictionary of Forestry defines the word “defect” as any characteristic that lowers the utility or 
commercial value of timber, and may therefore lead to lower grade or rejection. Natural defects depend 
on where the trees grow, the population density of the plantation, the richness of the soil, the species of 
tree and many other factors. In addition, there may be damage caused by processing, such as: harvesting, 
logs slashing, sawing, drying, planning, storing, transporting and any other handling. 

3.1.1 Natural Defects 

Fibre and its characteristics develop throughout the tree’s growth with some defects, such as knots or 
variations in colour, appearing naturally. Fungus or insect infestations, also considered natural, appear 
after the tree is cut. 

Mineral streak, as shown in Figure 1, are dark, olive-green or brownish-green coloured stains, resulting 
from a phenolic substance deposit.23 

 
Figure 1: Mineral Streak, Maple 
The flecks shown in Figure 2 is a small area of dark fibre, tangent to a growth ring. The dark colour 
results from an injury to the fibre at the core of the tree caused by fly larvae.23 

 
Figure 2: Fleck, Yellow Birch 
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While manufacturing appearance products, colour is often considered a criterion for sorting the resource. 
For some species, the natural colour variation between sapwood and heartwood, as shown in Figure 3, is 
considerable. 

 
Figure 3: Coloration, Yellow Birch 
All species of wood have knots. Concentrations of differently oriented fibres originate with the 
development of the tree’s branches. There are many types of knots: sound knots, black knots, encased 
knots, and so on. Each type corresponds to a different state of the knot’s development over time.16 

A sound knot, shown in Figure 4, consists of growing fibres. It is as solid as the wood surrounding it and 
is free of bark and rot. For most species, sound knots present little colour variation with respect to the 
fibre; technology for detecting variations in fibre density or orientation is required to localize it 
adequately.23 

 
Figure 4: Sound Knot, Yellow Birch 
Black knots consist of dead wood. They indicate that a dead branch has, over the years, been covered over 
by wood.23 Black knots are very dark dry knots, whereas pin knots, shown in Figure 5, are black knots 
whose diameter is at most 3.175 mm. Given their dimensions, pin knots are not easily detectable by 
machine vision systems. 
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Figure 5: Pin Knots, Oak 
A tight knot, according to the Dictionary of Forestry, is a knot that remains firmly in place in a piece of 
wood, under normal humidity conditions, because of its position or the conditions under which it was 
formed. Figure 6 illustrates tight knots. 

 
Figure 6: Tight Knots, Yellow Birch 
A bark pocket, Figure 7, is a cavity filled with bark on the surface of a piece of wood.22 It results from an 
injury inflicted by a woodpecker or an insect, damaging a part of the tree.23 

 
Figure 7: Bark Pocket, Yellow Birch 
A curl, shown in Figure 8, is a torsion of the wood fibre. It is often near a knot but does not contain one.22 
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Figure 8: Curl, Yellow Birch 
A bird’s eye, a characteristic often attributed to Maple, can also be found in such species as birch and 
white ash.23 This distortion of fibre, an as yet unexplained phenomenon, is illustrated in Figure 9. 

 
Figure 9: Bird’s Eye, Yellow Birch 
Destructive fungus causes deterioration in the fibre. There are two types: decay fungi and blue stain fungi. 
Decay fungi cause decay and white spec, while blue stain fungi cause blue fungal stains. Blue stain fungi 
have no impact on the mechanical resistance of the wood. Figure 10, Figure 11 and Figure 12 illustrate 
these various defects.20 

 
Figure 10: Decay, Yellow Birch 
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Figure 11: White Spec, Yellow Birch 

 
Figure 12: Blue Fungal Stains, Yellow Birch 
Wormholes appear in all species; insect infestations destroy more trees than do forest fires.20 
Xylophagous insects are particularly harmful, causing damage as illustrated in Figure 13. Figure 14 
shows minuscule wormholes (diameter less than 1.6 mm). 

 
Figure 13: Wormholes, Maple  
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Figure 14: Minuscule Wormholes, Yellow Birch 
Other types of natural defects may arise during tree growth. This paper is limited to definitions of natural 
defects found on the sampling assembled for the study. 

3.1.2 Defects Created During Processing 

In addition to natural defects, sawing, drying and planning are processes that can engender more defects. 
Sawing often causes wane. Illustrated in Figure 15, wane is defined as the absence of wood on piece 
edges. A transversal cut of the pieces shows that the geometry of the board, the rectangle, is imperfect. 

 
Figure 15: Wane, Yellow Birch 
Kiln drying reduces the humidity level of a piece of wood. Performed under controlled temperature and 
humidity conditions, drying is often responsible for splits and warping as well as marks from stickers. 

The split family includes splits, checks, shakes and through shake caused by shakes. These defects are 
presented in Figure 16, Figure 17, Figure 18 and Figure 19 respectively. These types of defects are hardly 
differentiated by vision system. Under the definitions of the NHLA, a split is a separation of the growth 
rings along the length of a piece of wood. A shake is identified by total or partial separation of the annual 
rings. A check is a small opening at the surface through the growth rings.22 Through shake is the 
occurrence of a shake on the edge of a piece of wood. 

To a vision system, a split looks like a dark line and can be confused with an annual ring. A split can be a 
continuous series of small splits. Since tolerances are set as a function of the length of the split, the 
detection system must be able to amalgamate the small splits.  
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Figure 16: Splits, Yellow Birch 

 
Figure 17: Checks, Yellow Birch 

 
Figure 18: Shakes, Yellow Birch 
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Figure 19: Through Shake, Yellow Birch 
Marks from stickers are attributed to the drying process since the stickers are required to create a space to 
allow air to circulate between the boards, but in fact, the marks actually occur during the post-drying 
storage period. The marks develop because of poor air circulation resulting in a lack of water evaporation 
between board and sticker. During storage, stacks of dried wood should be sheltered from the weather; 
rain can cause variations in humidity and direct exposure to the sun causes discoloration of the topmost 
boards.20 A vision system can consider the resulting marks as an unacceptable variation of coloration. 

After drying, boards are dressed at the planning mill to a standardize finish quality and dimensions.  Hit 
and miss during planning, illustrated in Figure 20, occurs when the thickness of a board varies 
considerably and the planer touches only certain sections of the board. 

 
Figure 20: Hit and miss, Yellow Birch 
Mechanical breakdowns can occur during planning and equipment stoppage can cause mechanical burns 
on the wood. A transversal line on a board, as illustrated in Figure 21, can be caused by excessive 
blockage or pressure from the pull rolls. 
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Figure 21: Mechanical Burn, Yellow Birch 
Manufacturers in the field of artificial vision systems classify all defects under three broad categories. 
Surface defects include: mineral streaks, coloration, knots, bird’s eye, flecks, curls and mechanical burn 
marks. Geometrical defects include: wane, split, check, shake, through shake, hit and miss. Internal 
defects include: knot, decay, wormholes, white speck, fungal stains and bark pockets.17 

3.2 Process 
Secondary breakdown consist in cross cutting and ripping the boards. Cross cutting is trimming the ends 
of a piece of wood to eliminate defects or to give it component-specific dimensions. Ripping is the sawing 
operation by which boards of predetermined sizes, uniform along their entire length, are produced.9 The 
sequence of operations depends on supply, available equipment and the type of production. 

3.2.1 Current State 

For most component producers, the elimination of defects is currently done by operators using manual 
trimmers or a chalk-mark detection system. The speed of execution required from the operators greatly 
influences the accuracy of this operation. The operator must analyze the type and position of defects on 
each of the board’s surfaces, consider the order book in its entirety to analyze every possibility, and make 
the decision that will either maximize yield in material or value, or fill an order according to instructions. 
The complexity of this responsibility, which is executed in a matter of seconds, requires concentration, 
physical strength and well-developed judgment. 

Producers are looking toward decision-making software for automating this stage of production. 
According to Astran (1996), the following arguments are frequently advanced in support of purchasing an 
automatic inspection system: costly labour, demanding work, the need for a constant speed of production 
and yield, the greater flexibility and complexity of the order book. While these arguments are pertinent, 
once the process is controlled, the use of a scanner to detect and identify defects also implies an 
accumulation of a considerable amount of specific information on supplies such as the exact dimensions 
of knots or the presence of checks and splits caused by drying. 

3.2.2 Optimization 

For a secondary hardwood processing plant, optimizing the defect detection process involves three main 
elements: the defect recognition system, the optimization software and the defect elimination operation. 7 

Locating and identifying irregularities in raw material is a major challenge. The detection system must be 
able to recognize the defects despite the different appearances they can have for each species.6 The defect 
detection system includes two main elements: sensors and a data processor. 
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The sensors are basic to the vision system. Analyses are performed and decisions are taken from data 
originally generated by these sensors. Many technologies are available: black and white cameras, colour 
cameras, lasers, X-rays, microwaves, radio frequencies, and so forth. Some technologies are specific to 
assessing wood density as others focus on detecting variations in fibre colour. The quality of each sensor 
directly affects the reliability of data obtained. 

The data processor interprets data obtained from the sensors. The goal is to get a detailed list of the type 
and location of each defect. The data processor is, in fact, a system, method or algorithm that breaks down 
the data in order to analyze the possible defects, identify the type of defect and validate the need to 
eliminate a part of the board.2 

Integrated optimization software makes it possible to prescribe, on the basis of data from the detection 
system, the transformation that will maximize the resource’s yield. For each board, all components to be 
produced are assessed before prescribing a cut into sections according to a specific pattern. In some case, 
it may even be possible to use a lower grade quality supply to complete the same order book. 

The optimization decision must take into consideration the availability, limitations and locations of the 
cutting equipment. The flow of boards through the sequence of equipment, normally a trimmer and a rip 
saw, restricts cutting decisions. 

3.3 Integrating a Defect Detection System 
Integrating a defect detection system does not necessarily guarantee satisfaction. A system must 
correspond to the objectives of the automation and make it possible to reach desired yield, while the staff 
must be skilled enough to operate and adjust the equipment properly.10 Given the cost of the equipment, 
which is often considerable, a poor decision can affect the company’s performance. 

Pham and Alcock (1998) drew up a list of requirements that automatic defect detection systems must 
meet. 

1. The system must replace the operators and provide equivalent or superior yield.  

2. The system must run in real time. 

3. The system must be robust and not be affected by its environment (light, vibrations, dust). 

4. The system must be flexible and quickly adaptable to changes in production. 

5. The system must be capable of identifying and locating defects with the greatest possible accuracy. 

6. The system must generate a data base and be able to produce statistics. 

7. The system must be stable, reliable and able to detect anomalies. 

8. The operating cost of the system must be reasonable. 

9. The system must be easy to maintain and be built in such a way that replacing parts are available. 

We can add that maintenance and adjustments in detection and optimization parameters should not be 
overly difficult for the company’s employees. 
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3.3.1 Yield 

Equipment yield can be assessed according to many criteria and depends on use. Material yield, yield in 
value and rate of production are the main criteria when assessing yield. 

Material yield corresponds to the ratio between quantity of finished products leaving the secondary 
processing plant and the total quantity of raw material entering the plant. The ratio is necessarily less than 
1. Yield in value is the ratio between the value of outgoing products and that of the incoming raw 
material. This must exceed 1. 

Optimization software can require a considerable amount of time to truly optimize. If time is short, the 
program may generate a feasible but sub-optimal solution. Some production runs require perfect detection 
and will allow more time to perform the inspection while others are less stringent in exchange for a 
quicker rate of execution. Perfect solutions are rare, compromises must be reached for most situations. 

3.3.2 Over-Detection and Under-Detection 

Implementing an automated defect detection system requires a good understanding of the system’s 
functioning and constant monitoring of yield. Under-detection and over-detection are specific situations 
requiring constant supervision. Under-detection occurs when the scanner does not spot an existing defect 
on the board while over-detection indicates defects where there are none.19 

Yield lost to over-detection or under-detection is determined by comparing yield from automated board 
assessment with a manual assessment, not limited in time, of the same boards. For a specific experimental 
system, Bond et al. (1998) observed under-detection of 1.3% of total board surface area and over-
detection of 11.7% of total area. 

The great sensitivity of vision system algorithms is the main cause of over-detection. The system tends to 
identify and cut non-existent defects. Deposits on the boards, such as dirt or dust, are confused with real 
defects. False detection leads to the transformation of the piece when planning or cleaning would have 
eliminated the mark. 

Adjusting defect detection equipment is performed in consideration of the importance attributed to 
eliminating a specific defect, its frequency and the consequences of non-detection. If we want tiny cracks 
to be detected, other small characteristics may also be detected and eliminated. To obtain satisfactory 
yield, a compromise between over-detection and under-detection must be reached. 

3.3.3 Operators 

During manual processing, the operator’s task consists in identifying defects, remembering defects on one 
side while examining the other, determining the best cutting pattern that will maximize the use of each 
piece according to the location of defects, handling a considerable number of boards, remaining motivated 
and maintaining a safe level of alertness.15 In some plants, operators mark their decisions with chalk; 
elsewhere, they must also cross-cut the piece manually.  It is imperative that the order book’s 
requirements be met, even under short deadlines. According to Davidson (2001), an optimized system can 
consider up to two hundred different cutting lengths while an efficient and experienced operator may 
effectively retain and opt for four or five different cutting lengths. 

A particular advantage of having operators present is the ability to analyse any atypical defect. Some 
defects may look typical yet in fact be completely different, presenting the automated detection system 
with a problem, since the program is unable to identify the unknown. Operators are also better than 
machines at assessing foreign substances (earth, oil, glue, ink, paint) on a piece of wood, and will often 
solve the problem by simply scraping the substance off or judging that it will be removed by subsequent 
operations. 
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The physical effort and constant concentration required for making decisions is highly demanding for the 
operator. According to a study by Huber et al.  (1985), the success rate of six experienced operators in 
recognizing, locating and identifying surface defects was observed to be 68%, with 32% of the pieces of 
wood being improperly graded. It would then be unreasonable to expect perfection from an automated 
detection system. A system that outperforms human operators should be a sufficient goal, depending on 
its cost and the benefits it may bring. 

3.4 Artificial Vision Technologies 
Many principles of detection are currently available on the market. Most equipment integrates different 
types of sensors. 

3.4.1 Cameras 

There are two types of cameras: linescan and matrix. The pixels are all aligned for linescan cameras and a 
complete image is obtained from successive readings. Matrix cameras collect pixels in a planar 
arrangement in the same manner as do regular picture cameras. The number of pixels, which determines 
the camera’s resolution, and the rate of capture affect the quality of the photographic image.14 

Defect detection systems generally use colour, as well as black and white cameras. A strong light is 
projected onto the board’s surfaces, top and bottom, from which the intensity, colour or shade of the 
reflected light can be quantified.17 The data from the photographic image is scanned into a computer for 
interpretation. 

The main strengths of the camera are the ability to identify and locate surface defects and variations in 
coloration. The colour camera reproduces, as well as possible, the real image of the board while the black 
and white camera discerns shades of grey. Analyzing a high-resolution colour image requires a powerful 
computer, which significantly increases the cost of the equipment. 

Cameras cannot detect internal defects or sound knots. Any unidentified substance, such as mud or dirt, 
may be falsely identified as a defect. The reliability of defect detection by camera can be influenced by a 
change in species, a change in the intensity of light or simply by a variation in the finish on the board’s 
surface, depending on whether or not it has been planed.8 The pertinent use of the camera is not to 
recognize the type of defect but rather to validate whether a defect is present or not. 

Following a study on Red Oak, the authors suggested that defect detection based solely on a colour 
camera does not meet the requirements of producers of this species. Development efforts must be focused 
on the detection system itself as well as the possibility of integrating several detection technologies in the 
same equipment.19 

3.4.2 X-Rays 

X-rays are electromagnetic radiation invisible to the naked eye, with a far shorter wavelength than that of 
visible light. This property allows it to see through matter. X-rays are very high-energy electromagnetic 
waves and are dangerous in strong dosages. 

When inspecting boards, X-ray pictures make it possible to assess variations in fibre density. A beam of 
light with a wavelength corresponding to that of X-rays is reflected by an element shaped according to the 
objective’s profile. The rays scan the board, sensors receive and gauge the intensity of signals transmitted 
and correlate the results with a predefined scale of variations in density. A great variation in density 
corresponds to an imperfection and is ruled as a defect. 

X-rays specifically detect internal defects and big surface defects. Small defects, such as cracks and pin 
knots, imply a small variation in density in that exact location from the rest of the board; in theory, X-rays 
detect cracks, but in practice, only with difficulty. 
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The main drawback in using an X-ray defect detection system is that results are greatly affected by water 
in the wood. In addition, the element upon which the X-rays are reflected has a limited lifespan and 
degrades proportionally with time. 

In 1990, a team of researchers from Virginia Tech University and the Forest Products Laboratory assessed 
the accuracy of camera-based defect detection in wood. The results were not satisfactory and the 
researchers decided to integrate X-ray imaging into the system to improve detection and reduce the 
complexity of interpreting data from the combination of sensors. Experiments with this prototype indicate 
that X-ray photography is greatly affected by variations in board thickness. When a third technology – a 
thickness detector – was integrated, interesting results were obtained in detecting holes, wane, checks and 
shakes.7 

3.4.3 Lasers 

The term laser is an acronym: Light Amplification by Stimulated Emissions of Radiation, meaning a light 
wave with a frequency between that of X-rays and infrared is amplified by the excitation of atoms that 
have absorbed photons. The excited atoms are placed between two mirrors, one of which is only partially 
reflective. The atoms emit photons of a certain colour that, when produced in great numbers, result in a 
perfectly parallel beam of light. 

An inspection system uses a rotating mirror to aim a laser over a board’s surface. The laser’s oscillations 
and variations in the light are picked up by cameras and correlated against those of a ‘standard’ board to 
find geometrical defects.17 

The laser specifically detects geometrical defects. Continuous readings of the pieces’ geometry quickly 
reveal non-conformity. This system does not detect variations in colour or density. 

3.4.4 Tracheid Effect 

The tracheid effect is a laser application for detecting defects. When a beam of light is directed towards a 
piece of wood, some of the light is reflected, while the rest is dispersed in the wood. The orientation of 
the fibre onto which the laser is pointed affects the dispersion pattern. Variations in this pattern, captured 
by a camera, make it possible to differentiate between defective and clear wood. In principle, this 
technology makes it possible to detect sound knots, black knots, rot, an abnormal slope of the grain and 
certain splits. 

3.4.5 Microwaves 

Microwaves are electromagnetic radiation whose wavelength is greater than that of visible light. Its 
particular property is its ability to make water molecules vibrate. 

This technology detects internal defects. Ciccotelli and Portala have apparently found a specific use for 
this concept by using microwaves to assess the mechanical properties of pieces of wood. The system 
currently in use at the Wood and Furniture Technical Centre (Centre Technique pour le Bois 
d’Ameublement (CTBA)) is a linescan microwave camera comprising two antennas, a transmitter and a 
receiver that measure the electric field’s polarity. The wavelength and amplitude of the transmission and 
the thickness of the piece of wood show its density and humidity level as well as a close approximation of 
wood grain deviation. From these data it is possible to assess the mechanical properties of pieces of wood. 
A drawback in this system is that it poorly delimits the positions of defects.  

3.4.6 Radio Frequencies 

Radio waves are at the extreme end of the electromagnetic spectrum. Their wavelength is greater than that 
of visible light. Radio frequency is a term that encapsulates all inaudible frequencies used by radio 
stations (AM, FM). 
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Detection by radio frequency uses electrodes on the piece of wood to generate an electron field through 
the piece. Copper plates are used as sensors and associate variations in the electric field’s dispersion with 
changes in the wood fibre. 28 

A study carried by Steele et al. (2000) has assessed the capability of detecting clear wood, distortion in 
the fibre and knots by running a 22.4-Volt, 500 KhZ alternating current through samplings of Red Oak 
and Southern Yellow Pine. The results obtained indicate that variations in the intensity of the dielectric 
response make it possible to specifically identify the nature of the fibre for these species. The greatest 
difference in electric field dispersion is found between clear wood and knots, followed by the difference 
between clear wood and wood fibre distortion. The smallest difference is between wood fibre distortion 
and knots.  

According to the results obtained in that study, if a producers’s needs are limited to identifying clear 
wood, detection by radio frequency is a technology that can be considered. If, however, identifying and 
especially distinguishing between defects is required, this technology may prove unsatisfactory.  

3.4.7 Summary of the Vision Technologies Discussed 

Each of the many vision technologies described above has its particular function. Assessing variations in 
fibre density, detecting fibre orientation and assessing colour variations are all valid references, 
depending on need, for sorting raw materials. Table 1 shows the theoretical detection capabilities of the 
four technologies that are the most frequently used, most affordable and most pertinent to this paper. 

Table 1: Theoretical Detection Capabilities of Various Vision Technologies 
Technologies

Defect Cameras X-rays Profiling laser Tracheid effect
mineral streak x
fleck x
coloration x
sound knot x x
pin knot x x x
tight knot x x x
bark pocket x x x
curl x
bird's eye x x x
bark pocket x x
blue fungal stain x x x
wormhole x x
wane x x
split x x x
check x x x
shakes x x
through shakes x x x
hit and miss x x
burn x  

Ideal conditions of use are considered for setting performance: minimal handling speed, dust-free 
environment, evenly planed clean wood, and so forth. The precision of each technology clearly exceeds 
the minimal dimensions of the defects to be detected, but the continuous movement of the pieces and the 
heterogeneous nature of wood complicate the defect detection process. Identifying splits, among others, 
can be complicated by the system’s environment: the lighting angle can cause shadows and contrasts, 
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irregularities on the surface can be read as small cracks and the colour of the grain along some growth 
rings can vary enough to cause confusion. 

3.4.8 Combined Technologies  

Table 1 indicates that, even under ideal conditions, detection technologies are liable not to recognize all 
hardwood defects. To address this, many authors mention the need for a combination of technologies to 
detect the full complement of internal, surface and geometrical defects. Erlandsson (2003), President of 
Innovativ Vision AB, says that systems using only one vision technology often obtain insufficient 
detection levels since the various qualities of wood are often established according to varying 
characterizations of the defects. 

In addition to recognizing all defects, a combination of detection technologies increases precision when 
classifying pieces.3 The mutually complementary information obtained tends to confirm the validity of the 
detection. 

According to Kline et al. (1997), the sequence of technologies within a detection system should ideally 
begin with the laser. Spotting major defects and geometrically substandard sections identify which 
sections are appropriate for consideration by the system of cameras. The cameras should be at the end of 
the process to confirm the presence of defects that are not easily recognized by X-rays or a laser. 

Kline et al. (2000) presented the results of a study on a combined detection system: laser, colour camera 
and X-ray imaging. Red Oak boards (89) were successively assessed using a machine vision system by 
experienced operators, then manually by an NHLA classifier. The combined vision system obtained a 
yield that was 31% greater than that obtained by the operators and a variation of less than 6% compared 
with the NHLA classifier. 

Each addition to the detection system obviously adds directly to the cost of the equipment. An ideal 
detection system would line up all technologies and would be capable of validating and confirming each 
decision before proceeding to an optimal transformation of the pieces. The price of such a system, 
however, would be out of reach. 

3.5 Decision-Making Aid 
This decision-making aid provides a process and complex problem-solving tools by modelizing as well as 
possible the decision-maker’s preferences and values. Selecting defect-detection equipment is a complex 
decision involving many conflicting and incommensurate criteria. 

Modelizing operational research undertakings and the experience acquired by scientists helping in 
decision-making have brought about an alternate approach in reasoning: solving by systems of linear 
equations is no longer up to the task of optimizing. Many criteria are involved, each of which could lead 
to a different ‘optimal’ solution, calculations wouldn’t be relied on to generate an overall optimum.28 This 
observation has motivated the development of a method to assist in decision-making that takes many 
criteria into account. Multi-criteria decision-making methods propose alternative approaches that 
integrate several criteria in reaching a decision. 

3.5.1 Multi-Criteria Decision-Making Methods 

Multi-criteria decision-making methods can be grouped into three families: single-criterion synthesis; 
synthesis upgrade; and interactive local judgment with trial and error iterations.26  

The single-criterion approach is based on the fact that there exists a utility or value function representing 
the decision-maker’s global preferences that the researcher must help find. Vincke (1989) states that this 
family is of U.S. origin and that its rationale is that a decision-maker unconsciously or implicitly tries to 
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maximize a function that groups all relevant points of view. The resulting function makes it possible to 
rank all assessed solutions from best to worst. 

The synthesis upgrade approach has a similar rationale, with the added consideration of incomparability. 
Roy (1974) defines this family as a binary relation S on set A such that aSb if there are enough arguments 
to justify the conclusion that a is at least as good as b, without any significant reason to reject this 
statement, provided that the decision-maker’s preferences are known, the actions can be properly assessed 
and the nature of the problem justifies it.. There are many methods of solution attached to the upgrade 
approach. Selection is performed according to how the goal of the problem is characterized: choice, 
sorting or ranking. 

The third family involves a series of judgments that seek to compare a single action to similar actions 
from the perspective of performance, out of a small number of actions that it seems pertinent to 
compare.26 These judgments are local in scope; the methods alternate between calculation and the 
acquisition of additional information.29 

The problematic involved in selecting defect detection equipment should be assessed by means of the 
synthesis upgrade approach aimed at obtaining a ranking. Incomparability among equipment options 
would mean that, according to the chosen assessment criteria, the options would be liable to give the same 
yield or that certain aspects of the problem would require further study. 

The solution process using multi-criteria decision-making tools is generally regarded as a five-step non-
linear recursive process: 

1. structuring the decision-making situation (defining the problem); 

2. articulating and modelizing preferences from each point of view 

3. collecting data; 

4. exploiting the data; 

5. formulating a recommendation. 

A decision-making situation may be characterized by steps 1, 2 and 5. Structuring the decision begins 
with identifying the decision-maker(s). A listing of actions and criteria also forms part of the first step. It 
is necessary for assembling the multi-criteria table that will be used to assess the various actions in terms 
of each criterion. The table assembles the data for the problem, generally consisting of the decision-
making software’ basic data. Articulation and modelization preferences consist in establishing preference 
or indifference relations between options. The data collection and exploitation steps are generally 
performed by software. Collecting data helps set upgrade relations for each pair of actions, using 
concordance and discordance benchmarks, while exploiting the data consists in analyzing obtained 
relations in order to support a recommendation. 

The criteria must be selected by considering the measurability and availability of data for the purposes of 
assessment. According to Roy (1993), a set of criteria must be exhaustive, cohesive and non-redundant. 
Despite the exhaustive requirement, the list should also be concise in order to not overburden the solution 
process. 

ELECTRE, PROMETHEE, QUALIFLEX, ORESTE and MELCHIOR are some of the upgrade 
methods.29 The ELECTRE family of processes, which is constantly evolving, is especially appropriate for 
selecting defect detection equipment; specifically, ELECTRE II is appropriate to ranking problems by 
listing actions from best to worst. 
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3.5.2 ELECTRE 

The ELECTRE (I, II, III, IV, IS and TRI) processes make use of the notions of concordance, discordance 
and veto thresholds. Like all decision-support procedures, this process begins with a definition of the 
actions, criteria and relative performances. On the basis of the multi-criteria table and preferred actions, 
the method assesses whether the arguments are sufficient to determine whether an action is at least as 
good as another (concordance), without there being any significant reason to reject this assertion 
(discordance). If concordance is not sufficiently supported or discordance is too strong, the two actions 
are concluded to be non-comparable.26 

Demonstration software for the ELECTRE III and IV, available at http://www.lamsade.dauphine.fr, 
illustrates the solving procedure. The indifference and preference thresholds are introduced to the 
procedure after pseudo-criteria are integrated. These take inaccuracy and uncertainty affecting the 
performance of the criteria into account, which influences the determination of the indices of concordance 
and discordance. 

The veto threshold indicates the limit beyond which a criterion vetoes the proposition “action a is at least 
as good as action b.”29 It represents the smallest acceptable range between the respective performances of 
the two actions beyond which the user considers that the lesser of the two actions must no longer be 
considered, even if its performances are all better than those for other criteria. 

Null values for preference and indifference thresholds indicate the presence of real criteria and correspond 
to the use of the ELECTRE II method. It is also possible to suppress or to consider the veto’s effect 
according to the nature of each criterion. 

The underlying principle of this method is to reflect not on the acceptance or rejection of the upgrade 
hypotheses, but on the credibility of the hypothesis. Solving by means of software results in: rankings 
through ascending and descending distillation; ranks in the final preorder and median preorder; and the 
concordance and final preorder matrices. To explain the contents and illustrate the solution process of a 
multi-criteria problem using the ELECTRE II method, a simple out-of-context example is provided in 
Appendix A. 

3.6 Summary Review of the Literature 
Defining defects, whether natural or caused by transformation, reveals the complexity of the defect 
recognition stage. The figures in Section 3.1 illustrate the normal appearance of the defects, but the look 
and especially interpretation of each can vary greatly according to the industrial setting. Automating the 
secondary breakdown stage implies that no human inspection is performed to analyze undefined defects. 

Different vision technologies make it possible to assess variations in colour, density, fibre orientation or 
the geometry of a piece of wood. Normally, the technologies provide greater accuracy in detection than is 
theoretically needed. Use of the technologies under unfavourable conditions, such as high speeds, dusty 
conditions or the heterogeneous quality of wood, adds to the complexity of the defect recognition stage.  

Many conflicting criteria have to be considered when integrating an automatic defect detection system. 
The multi-criteria decision support methods structure the process and, depending on the decision-maker’s 
values and preferences, identify the equipment that best meets all needs. 

Preliminary results of this review of the literature indicate that some authors focus on specifications while 
other examine how various visioning concepts (camera, laser, X-ray) work. These documents do not 
cover common criteria or indicators that may make it possible to assess the various equipment options 
currently on the market. This observation subtends the present study. 



An Evaluation of the Detection Capacity of Automated Defect Detection Systems 

 
 

 
 
  20 of 85 

 

4 Material, Equipment Manufacturers and Decision 
Support Tools 
Nineteen manufacturers of defect detection equipment were invited to take part in a study. Four of them 
accepted. Each manufacturer was visited with the same sampling of boards that had previously been 
digitalized with a detection equipment at the Eastern laboratory at Forintek Canada Corp. 

4.1 Material 
A sampling of dried and planed Yellow Birch boards was selected. Each board contained one or more 
defects considered to be hard to detect for vision equipment.  

4.1.1 Species 

Yellow Birch, Betula alleghaniensis, was the species selected for assessment. It goes by the name 
“merisier” as well as “bouleau jaune” in Québec. This species is abundant in the Province of Québec’s 
southern forest zone. 

The Répertoire des fabricants de meubles en bois massif (Directory of Hardwood Furniture 
Manufacturers), published in March 2000 by the Ministère des Ressources Naturelles du Québec, 
indicates that 65% of Québec furniture makers use Yellow Birch, among other species. An assessment of 
the processing properties of various species of wood from the eastern part of the country and of composite 
board partially explains this trend. The study reveals that of five hardwood species, Yellow Birch obtains 
the highest cumulative average performance. The average is based on an assessment of transformation 
using an planner, a sander, a drill, a tenoner, a moulder and a lathe. 21 

In addition to being a popular species with producers, Yellow Birch is a major challenge for artificial 
vision. The naturally subtle colour of Yellow Birch makes its character marks hard to detect. Satisfactory 
results with this species would imply equivalent or superior results with other Canadian species. 

4.1.2 Sampling 

The boards were selected from a package of 183-centimetre (6-foot) long Yellow Birch. Some defects, 
wormholes and wane, were mechanically created on a few boards to reduce the number of boards 
required for the assessment. The sampling contains 11 boards measuring 7.6 to 15.2 centimetres (3 to 7 
inches) wide by 183 centimetres long by 2.5 centimetres (1 inch) thick, all with very small or hard-to-
detect defects. 

The boards were first photographed, then scanned with the Boreal Scan equipment developed by the 
Centre de recherche industrielle du Québec (CRIQ) available at Forintek’s Eastern laboratory. This 
information indicates the exact location and dimensions of each defect; the photographs and data are in 
Appendix B. Table 2 identifies the presence of defects on each board. Except for Board 6, one surface, 
designated as the top surface, was considered for the assessment. The bottom surface of Board 6 was 
considered for an assessment on the detection of hit and miss and burn defects. 
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Table 2: Presence of Defects on Each Sampling Board  
Defect / Board #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11

mineral streak x x
fleck x x x x x
coloration x x x
sound knot x
pin knot x
black knot x
bark pocket x x
curl x x
white speck x
decay x
blue stain x
worm hole x x x
cluster of worm hole x
wane x x x
split x x x
shake x
through shake x
hit and miss x
mechanical burn x  
 

The simulated worm hole cluster, which is a set of worm holes within a small perimeter, tests whether the 
detection systems are sufficiently precise to resolve the holes separately or whether they detect the cluster 
as a single hole. Figure 22 illustrates a cluster of 1.14 millimetre holes (0.045 inch). 

 
Figure 22: Cluster of Holes, Yellow Birch 

4.2 Equipment Manufacturers 
Each equipment manufacturer assessed the eleven boards in the sampling. In order to ensure fair testing, 
all participants in the study were supplied with some ten Yellow Birch boards before the assessment in 
order to calibrate their equipment according to the natural colour of the species. 

The equipment suppliers are discussed in alphabetical order and general information on the vision 
systems is provided. All systems assessed were developed to optimize piece cross-cutting and the 
specifications shown are those of the basic systems sold by the equipment suppliers. Table 7 summarizes 
the main features of each system. Prices are in Canadian dollars after conversion at the exchange rate of 
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March 2, 2004, per the National Bank of Canada (USD: 1.3424; Euro: 1.6407). Prices, included for 
information purposes, are approximate. 

4.2.1 ATB Blank 

Located in Roggenburg, Germany, ATB Blank specializes in developing quality control systems for 
hardwood transformation, specifically for flooring. A line of complementary equipment is offered: 
ARGUS Frontside Scanner, ARGUS 3Dimension, ARGUS Kontur, ARGUS Checker and ARGUS 
Spectra. The ARGUS Spectra colour scanner is the system being considered for this assessment. More 
than 30 companies in Europe use it. 

The Spectra’s quality control is done in three stages: assessment of variations in colour, measurement of 
piece thickness, and identification of defects using, respectively, cameras, a linear laser and a tracheid 
laser. The precision of the detection technologies is given in Table 3, the data correspond to use in cross-
cutting, at an optimal production rate of 180 m/min, and an assessment limited to top and bottom surfaces 
for a detection width of 150 mm. 

Table 3: Specifications, Spectra - ATB Blank 

Technologies  Precision 
Colour camera   
 Transverse resolution 0.19 mm 
 Longitudinal resolution 0.38 mm 
Profiling laser   
 Longitudinal resolution 1.5 mm 
 Depth resolution 0.29 mm 
Tracheid effect laser   

Linear laser Longitudinal resolution 0.29 mm 
Colour matrix camera Transverse resolution  0.19 mm 

 Longitudinal resolution 0.38 mm 
 
A reliable and uniform LED (Light Emitting Diode) lighting system guarantees the colour camera’s 
consistent precision; alternating Current provides uniform intensity and unlimited duration, which 
eliminates the constant need to calibrate the system each time the camera is to be used. 

The system analyzes the pieces longitudinally and makes it possible to establish up to 12 different 
qualities. According to the information issued by ATB Blank, rough, planed or even varnished cuts are 
correctly analyzed. 

Mr. Blank, president of ATB Blank, says that a Spectra system is available at all times at ATB Blank for 
assessment. Buyers receive three to five days’ training in Germany and an ATB Blank team provides 
installation support and gives practical training to the client. Two additional visits are included, one week 
and two months after installation, to ensure customer satisfaction. The guarantee covers system use for 
one year at a rate of two work shifts per day and post-sale service is ensured by a modem integrated into 
each system. The initial cost of the equipment is $82,035 for a one-surface inspection system, $114,850 
for two-surface inspection and $492,210 for four-surface inspection. 

4.2.2 COE Manufacturing 

In the sawing industry for over forty years and located at Salmon Arm in British Columbia, COE 
Manufacturing has been in industrial optimization and control since the early 1980s. The AddVantage 
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vision system is currently being used by eight producers where it precedes and optimizes the cross-cutting 
operation. Development of a similar system for optimizing the ripping operation has been announced. 

AddVantage combines tracheid effect and board profiling laser technologies. Their precision is given in 
Table 4. The data correspond to use while cross-cutting, at an optimal production rate of 150 m/min, and 
an assessment limited to top and bottom surfaces. 

Table 4: Specifications, AddVantage - COE Manufacturing 

Technologies  Precision 
Profiling laser   
 Longitudinal resolution 0.2 mm 
Tracheid effect laser   

Linear laser Longitudinal resolution 0.2 mm 
Black and white matrix camera Transverse resolution 0.2 mm 

 Longitudinal resolution 1.22 mm 
 
An upcoming version of the equipment is expected to integrate X-ray detection of defects. The current 
maximum production speed is 180 m/min. A certain industrial application makes it possible for the 
AddVantage vision system to provide five cross-cut saws. 

COE Manufacturing has developed an optimization program, but any third-party program could also be 
used. The system is currently able to assess boards of a maximum eight-inch width. A detector for wider 
boards will be integrated into the next version of the system. 

COE Manufacturing’s Harry Ogloff notes that a vision system is currently functioning and is available for 
assessment at the premises of COE Manufacturing. Buyers receive three days’ theoretical training at COE 
Manufacturing. One month’s practical in-plant training combines installation and start-up support. 
Customer service is ensured by a modem integrated into each system. The AddVantage system is 
guaranteed for one year. A two-surface detection system is priced at $335,600 and a four-surface system 
is $402,720. 

4.2.3 Innovativ Vision AB 

Based in Linköping, Sweden, Innovativ Vision AB’s WoodEye vision equipment is mainly for light-
coloured hardwood species or softwood. In operation for over 20 years, there are now some 200 
WoodEye installations worldwide. 

The technology uses a combination of black and white camera, colour camera, tracheid effect laser and 
board profile detection laser. Their precision is given in Table 5 The data correspond to use while cross-
cutting, at an optimal production rate of 300 m/min, and an assessment limited to top and bottom 
surfaces. 
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Table 5: Specifications, WoodEye - Innovativ Vision AB 

Technologies  Precision 
Black and white camera   
 Transverse resolution 0.04 mm 
 Longitudinal resolution 0.7 mm 
Colour camera    
 Transverse resolution 0.06 mm 
 Longitudinal resolution 1.25 mm 
Profiling laser   
 Longitudinal resolution 0.01 mm 
Tracheid effect laser   

Linear laser Longitudinal resolution 1.8 mm 
Matrix camera Transverse resolution 0.08 mm 

 Longitudinal resolution 1.6 mm 
 
Three basic hardware designs are available and are identified according to their function: cross-cutting, 
sorting or flooring. A combination of optimization programs (cross-cutting, furniture, windows, 
structures, moulding, panels, etc.) is then added to the base design in order to meet the customer’s specific 
requirements. Innovativ Vision AB develops optimization software, but the WoodEye system can 
accommodate third-party software. 

The maximum production rate is 500 m/min for sorting; the maximum detection capability for cross-
cutting is under 350 m/min. Technologies can be added to the system to detect specific classes of defects: 
X-rays for internal defects, a special laser for roughness or laser triangulation to assess warping in pieces 
of wood. 

Innovativ Vision AB’s General Manager Erlandson, notes that WoodEye equipment is available at all 
times in Sweden for testing and performance assessments. Buyers receive five days’ training in Sweden 
followed by a period of support in implementation and five day’s practical in-plant training. After about a 
month’s use, Innovativ Vision AB’s personnel again visits the plant for a few days for final adjustments. 
A twelve-month guarantee is offered and online service with 30 minutes’ maximum wait is provided. 
Help can be provided via modem or, if necessary, skilled personnel will visit the premises. Canadian 
clients are served by the Atlanta GA sales office. The initial cost of a WoodEye system for a two-surface 
inspection system is $370,000 and $483,000 for a four-surface system. 

4.2.4 LuxScan Technologies 

LuxScan Technologies is headquartered in a suburb of Esch-Sur-Alzette, in Ehlerange, Luxemburg. A 
member of the Baumer Group, LuxScan Technologies’ mission is to develop an industrial vision system 
that will ensure consistent production quality for the wood processing industry. Operating since 1998, 
LuxScan Technologies now has over 45 industrial installations. 

The available line of systems consists of five basic designs of which some are available in multiple 
versions. Easy Scan; Laser Scan, available in four versions; Combi Scan, available in two versions; Color 
Scan, available in two versions and X Scan Combi integrate different technologies, depending on the 
desired detection objectives. The LuxOptim optimization program is integrated into each system, but a 
third-party program can also be used. 

X Scan Combi was used during the experimental assessment. This equipment’s design integrates X-rays, 
two colour cameras and two LaserScans. The colour cameras inspect the edges of the pieces while the 
LaserScans are placed above and below the pieces. The LaserScans simultaneously assess the tracheid 
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effect, red image, infrared image and the geometry of the pieces. The precision of the detection 
technologies is provided in Table 6, the data correspond to use in cross-cutting, at an optimal production 
rate of 180 m/min, for an assessment limited to top and bottom surfaces. 

Table 6: Specifications, X Scan Combi – LuxScan Technologies 

Technologies  Precision 
X-rays   
 Transverse resolution 0.4 mm 
 Longitudinal resolution 2.1 mm 
Colour camera (2)   
 Transverse resolution 0.2 mm * 
 Longitudinal resolution 1.0 mm 
LaserScan (2)   
 Transverse resolution 0.2 mm ** 
 Longitudinal resolution 1.5 mm 
 Depth resolution (Z-axis) 0.2 mm 
* for a detection width of 178 mm (7’’) 
** for a detection width of 280 mm (11’’) 

A detector at the machine’s entry point makes it possible to assess the width of the pieces and accordingly 
adjust the position of the colour cameras. Two series of detectors before the X-rays and LaserScans make 
it possible to capture the length of each piece. 

Sales and Technical Service Manager Labetoulle, at LuxScan Technologies, notes that an X Scan Combi 
is available in North Carolina for tests and assessments. Signed-up buyers receive three days’ training at 
LuxScan Technologies and a five-day period of set-up support and practical in-plant training. The 
warranty covers use of the system for one year at a rate of one shift per day. Technical support by phone 
is available at all times and a modem is integrated into each system to aid in troubleshooting. LuxScan’s 
skilled workers speak French and a sales office is now open in Montréal. The assessed system, X Scan 
Combi, costs around $820,350. 

Table 7 summarizes the main features of the assessed defect detection systems. The prices given are for 
two-surface inspection systems and are approximate. 
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Table 7: Features of Assessed Vision Equipment 

Features / Manufacturers ATB Blank COE Manufacturing Innovativ Vision AB LuxScan

Equipment Spectra AddVantage WoodEye X Scan Combi

Technologies profiling laser profiling laser black and white camera X rays

colour camera tracheid effect laser colour camera colour camera

tracheid effect laser tracheid effect laser LaserScan

profiling laser

Optimal production rate 180 m/min 210 m/min 350 m/min 180 m/min

Dimensions, min and max

Length 120 mm to 6.5 m 1.8 to 4.8 m 0.5 to 10 m 1.2 to 6 m

Width 10 to 300 mm 25 to 200 mm 40 to 300 mm 25 to 280 mm

Thickness 0.5 to 200 mm 0.8 to 50 mm 5 to 100 mm 12 to 125 mm

Company headquarters Roggenburg, Germany Painesville, Ohio Linköping, Sweden Ehlerange, Luxemburg

Spoken languages English/German English/French English English/French

Training 3 - 5 days 3 days 5 days 3 days

Service centre Roggenburg Salmon Arm Atlanta Montréal

Assistance modem modem modem + direct line modem

Price ($CAN) 114,850 335,600 370,000 820,350

Warranty 1 year (2 shifts/day) 1 year 1 year 1 year (1 shift)
 
A listing of the defect detection systems’ features suggests the application a multi-criteria model for 
selecting the appropriate equipment. 

4.3 Decision Support Tools 
The decision support process is greatly influenced by the decision-maker’s character, circumstances, the 
formulation of the problem, and the chosen decision support method.29 This scenario serves as a backdrop 
for presenting the method, but the results cannot be used in an industrial context since they do not 
correspond to any actual situation. 

Structuring the decision-making situation initiates the process. This fundamental step serves to identify 
the decision-maker(s), actions to be taken and assessment criteria. The process is inflexible and, once the 
analysis is set in motion, it is not possible to add actions or criteria to it. All developments must be 
anticipated from the very beginning. 

The actions represent the post-assessment solutions or results that may be recommended. To select defect 
detection equipment, the set of actions consists in drawing up an ordered list of equipment: Spectra, 
AddVantage, WoodEye and X Scan Combi. 
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All criteria must heed the following properties: exhaustiveness, consistency and non-redundancy. 
Producers, who are especially interested in project results, set several assessment criteria: initial cost, 
warranty, training, maximum speed and accuracy. 

Following this, each action must be assessed in terms of each criterion in order to build a multi-criteria 
table whose information will provide basic data for the ELECTRE II program. Table 8 provides a 
hypothetical example of a multi-criteria table for selecting a defect detection system. Performances are 
attributed according to the decision-maker’s reasoned judgment on a scale of 0 to 100, where 0 represents 
a null level of performance. The scale must be linear; in other words, the performance difference between 
a 0 and 20 score is twice that between 90 and 100. 

Table 8: Hypothetical Example of a Multi-Criteria Table  

Actions / criteria Initial Cost Warranty Training Maximum 
Speed 

Precision 

Spectra  95 90 75 50 70 
AddVantage 80 80 60 75 80 
WoodEye 75 80 80 90 75 
X Scan Combi 50 60 60 40 60 
 
The data are arbitrarily attributed on the basis of the vision system characteristics presented in Table 7. 

The second step is the statement and modelizing of preferences, consisting in setting the preference or 
indifference relations among actions. Null values for preference and indifference thresholds indicate the 
presence of real criteria and correspond to the use of the ELECTRE II method. 

Steps three and four of the decision support process are data collection and exploitation. The program for 
demonstrating the methods, ELECTRE, carries out these steps. Figure 23 illustrates the final result of the 
solution method. 

 
Figure 23: Hypothetical Matrix of Total Preorder 
Code A0001 corresponds to Spectra, A0002 to AddVantage, A0003 to WoodEye and A0004 to X Scan 
Combi. The final preorder matrix is a square matrix of elements (i, j). P indicates that equipment i is 
preferable to equipment j. P-  indicates that equipment i is inferior to equipment j. I  indicates that 
equipment i and j are equivalent, and R  indicates that the equipment cannot be compared.   

The final step in the process is the recommendation. According to the scenario used for the simulation, 
the performances attributed to the criteria lead to the conclusion that row A0001, containing only P 
notations, points to the Spectra system as being, for the purposes of the hypothetical simulation, the 
appropriate choice. This result does not correspond to an actual situation. Every step of the process must 
be carried out for each situation to obtain a representative result. 



An Evaluation of the Detection Capacity of Automated Defect Detection Systems 

 
 

 
 
  28 of 85 

 

5 Results and Discussions 
The experimental assessment of equipment was carried out between the months of August 2003 and 
February 2004, with expectations that the resulting information would give the location, dimensions and 
nature of defects on the boards. Defect-location assessment consists in analyzing whether the system 
properly situates the defect on the board. Defect-dimension assessment analyzes whether the system 
detects the dimensional limits of the defects. Defect-type recognition assessment indicates whether the 
system correctly identifies the types of defect. 

Manufacturers ATB Blank, COE Manufacturing, Innovativ Vision AB and LuxScan Technologies 
analyzed the boards using equipment available at their respective establishments. A sampling had first 
been sent so that the equipment could be calibrated according to the colour of Yellow Birch. 

Preparations for this study are not a prescription for a normal process preceding the assessments for a 
purchase decision for an installation with a specific use. Providing specific details on detecting certain 
characteristics and defining families of products should make it possible to fine-tune equipment 
parameters and generate much more promising results. 

5.1 Equipment Manufacturers 
Each of the defect detection equipment manufacturers had a full day to carry out the assessment of the 11 
Yellow Birch boards. A breakdown of the results of the experimental assessment, obtained in varying 
forms, is detailed in Section 5.2. A summary is presented in Table 10 at the end of that section. 

5.1.1 ATB Blank - Spectra 

No complete Spectra system was available for the experimental assessment; a system using two matrix 
cameras was used instead. The results will correspond to detection obtained and not to what would have 
been obtained with a complete system. The conveyors surrounding the detection system also made it 
impossible to assess large boards. The largest board of the sample, #7, could not be assessed. 

The vision algorithm is designed to recognize the defects, but the optimization program considers only 
those defects whose dimensions surpass established tolerances. The information obtained, a photographic 
image, illustrates the boards with a superimposed grid. The sections where the dimensions of the defects 
surpass tolerances are illustrated by red cells, while the rest of the grid is green. This notation gives no 
information on the nature or dimensions of the defects and locates them in a very general manner. 

5.1.2 COE Manufacturing – AddVantage 

The results of detection are indicated on photographic images by violet-coloured rectangles locating the 
defects. This notation gives no information on the nature or dimension of the defects and locates them in a 
very general manner. Given the size of the sampling provided, the defects were all identified as sound 
wood. A larger sampling would have eventually led to a more accurate identification of the defect, given 
that this system operates on the principle of ‘learning’ to recognize defects. 

5.1.3 Innovativ Vision AB - WoodEye 

The system available for the experimental assessment was a basic WoodEye without any optional 
technology. The equipment was set to optimize cross-cutting. 

To be recognized, any defect must be defined beforehand, after which it is possible to create groupings 
according to established tolerances. Innovativ Vision AB’s integrated software identifies defects and 
gives the dimensions of each. No information is given, however, on where these defects are located. The 
system had to be modified to obtain the Cartesian coordinates of the detected defects. 
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5.1.4 LuxScan Technologies – X Scan Combi 

Information obtained from the experimental assessment of the X Scan Combi is in list form. This list 
contains information such as the quantity, type and Cartesian coordinates of the defects. Print-screens 
were obtained for the purposes of the study: images of detection by the cameras, LaserScans and X-rays. 

5.2 Defect Detection 
The defects appearing on the sample boards, as illustrated in Table 2, are listed one by one, and the results 
of detection are shown in Figure 24 through Figure 72. Each defect’s detection result is notated as correct, 
partial or no detection. Correct detection means that the defect has been correctly situated and identified. 
Partial detection means that the defect has been detected but was not correctly located or identified, 
whereas no detection means that it has neither been located nor identified. 

The assessment is limited to direct detection; in other words, the two types of possible error, over and 
under-detection, are not analyzed. Direct detection accumulates detections of existing defects and non-
detection of non-existent ones. 

For the Spectra and AddVantage systems, information provided for assessing the results is limited to a 
photographic image of the boards, making it possible to assert the presence of defects only by locating 
them schematically. This binary detection assessment is a weakness, since it groups all unacceptable 
characteristics into one category. 

For the WoodEye and X Scan Combi systems, the availability of Cartesian coordinates and descriptions 
of unacceptable features makes it possible, in some cases, to give results in terms of detection efficiency. 
Defect location and dimensions are assessed considering the X coordinates only, designating position in 
terms of the length of the piece. Since boards moving on infeed conveyors are not precisely aligned, the Y 
coordinates are inaccurate. Since the assessed equipment was designed for optimizing the cross-cutting 
operation, the position of the defect relative to the width of the piece (i.e. the Y coordinate) is not a 
consideration for the transformation either. 

5.2.1 Mineral Steak 

Mineral streak are found on Boards 6 and 11. 

The Spectra system indicates defect detection with a red grid. Figure 24 reveals that mineral streaks, 
indicated by the arrows, were not detected by the system for Board 6. The mineral streak on Board 11 was 
not detected either. The mineral streaks were not detected by the Spectra system. 
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Figure 24: Mineral Streaks, Spectra - ATB Blank, Board 6 
As illustrated in Figure 25, the AddVantage system did not detect the mineral streaks on Board 6 either. 
The mineral streak on Board 11 is framed but identified as sound wood. It is therefore hard to tell if it was 
the mineral streak that was detected or if a split near the mineral streak corrupted the data. The mineral 
streaks were not detected by the AddVantage system. 

 
Figure 25: Mineral Streaks, AddVantage – COE Manufacturing, Board 6 
The WoodEye system located part of one of the two mineral streaks on Board 6. The Cartesian 
coordinates indicate the location of two dark stains that, grouped together, represent some 59% of the 
surface area of one of the mineral streaks. The defect is identified as a dark spot. The mineral streak on 
Board 11 was not detected. The mineral streaks were partly detected by the WoodEye system. 

The X Scan Combi system detects a certain proportion of the mineral streaks on Board 6 (Figure 26). 
According to the Cartesian coordinates, 35% of one mineral streak and 70% of the other on Board 6 were 
located and identified as mild coloration. The mineral streak on Board 11 was not detected. The mineral 
streaks were partly detected by the X Scan Combi system. 
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Figure 26: Mineral Streaks, X Scan Combi - LuxScan Technologies, Board 6 

5.2.2 Fleck 

Flecks are present on Boards 1, 7, 9, 10 and 11. Boards 1 and 10, notably, have a large number of flecks 
that stand out. Fifty-eight flecks are present on Board 1, and Board 10 has 35. 

The Spectra system locates many areas of defects. Figure 27 and Figure 28 illustrate, with red grids, the 
location of the defects; some flecks were located but were identified as splits. Compared with the total 
number of flecks on the board, a detection efficiency of 50% is obtained in locating flecks on Board 1 
while slightly fewer than 32% of the flecks were detected on Board 10. 

 
Figure 27: Flecks, Spectra - ATB Blank, Board 1 

 
Figure 28: Flecks, Spectra - ATB Blank, Board 10 
The flecks on Boards 9 and 11 were not detected. The flecks were partly detected by the Spectra system. 

The AddVantage system has a 50% detection rate for flecks on Board 1 and a nearly 63% efficiency for 
Board 10. Figure 29 and Figure 30 respectively illustrate the detection of unacceptable characteristics on 
Boards 1 and 10. 
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Figure 29: Flecks, AddVantage - COE Manufacturing, Board 1 

 
Figure 30: Flecks, AddVantage - COE Manufacturing, Board 10 
The flecks on Boards 7 and 11 were not detected while the two flecks on Board 9 were located. The 
flecks were therefore partly detected by the AddVantage system. 

The WoodEye system located 86% of the flecks on Board 1 and 60% of those on Board 10. The defects, 
however, are identified as split, hole, black knot, sound knot, blue fungal stain, bark or dark stain. The 
flecks on Boards 7, 9 and 11 were detected but identified as sound knots. Flecks were therefore partly 
detected by the WoodEye system. 

The X Scan Combi system detected only one fleck on Board 1 and identifies it as mild coloration. Four 
flecks were located on Board 10 and were identified as splits. The flecks on Board 7 were detected and 
identified as mild coloration, the two flecks on Board 9 were detected but one fleck was identified as a 
knot while the other was identified as a mineral streak. The flecks on Board 11 were not detected. The 
flecks were not detected by the X Scan Combi system. 

5.2.3 Coloration 

A variation in the wood’s natural colour is present on Boards 1, 2 and 4. Figure 31, Figure 35 and Figure 
39 illustrate Boards 1, 2 and 4, respectively. 

 
Figure 31: Coloration, Board 1 
As illustrated in Figure 32, the Spectra system detects a portion of the colour variation on Board 1. 
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Figure 32: Coloration, Spectra - ATB Blank, Board 1 
Figure 33 shows that the AddVantage frames and amplifies the section where the colour variation on 
Board 1 appears. 

 
Figure 33: Coloration, AddVantage - COE Manufacturing, Board 1 
The WoodEye system locates colour variation, providing the right dimensions and proper identification. 

As illustrated in Figure 34, the X Scan Combi system detects the section where the colour varies and 
identifies it correctly. 

 
Figure 34: Coloration, X Scan Combi – LuxScan Technologies, Board 1 
As illustrated in Figure 35, most of the surface of Board 2 reveals a variation in colour. 

 
Figure 35: Coloration, Board 2 
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Figure 36: Coloration, Spectra - ATB Blank, Board 2 
As illustrated by the red grid in Figure 36, the Spectra system locates the coloration sections on Board 2. 

 
Figure 37: Coloration, AddVantage - COE Manufacturing, Board 2 
The AddVantage system does not locate the entire coloured section on Board 2. 

The WoodEye system indicates that Board 2 has a total surface area of 180,900 mm2 and that a defect 
labelled ‘blue’ (blue stain) covers 157,700 mm2, or 87% of total area. According to the picture of Board 2 
in Figure 35, this proportion seems adequate. 

The X Scan Combi system frames nearly the entire colour variation section on Board 2 with many 
turquoise rectangles indicating the presence of colour variation. 

 
Figure 38: Coloration, X Scan Combi – LuxScan Technologies, Board 2 
The colour variation section to be detected on Board 4 is at the lower left corner in Figure 39. 

 
Figure 39: Coloration, Board 4 
As illustrated in Figure 40, the Spectra system detects a section of the colour variation in the lower left 
corner of Board 4. The Spectra system partly detected the colour variations on Boards 1, 2 and 4. 



An Evaluation of the Detection Capacity of Automated Defect Detection Systems 

 
 

 
 
  35 of 85 

 

 
Figure 40: Coloration, Spectra - ATB Blank, Board 4 
In Figure 41, the AddVantage system indicates a defect detected in the lower left corner of Board 4. The 
detection of colour variation on Boards 1, 2 and 4 indicates that the AddVantage system detected the 
colour variations in part. 

 
Figure 41: Coloration, AddVantage - COE Manufacturing, Board 4 
The WoodEye detected a ‘dark spot’ in the lower left corner. The detection of colour variation on Boards 
1, 2 and 4 indicates that the WoodEye system correctly detected the colour variations. 

The X Scan Combi system did not detect the colour variation in the lower left corner on Board 4. The 
detection of colour variation on Boards 1, 2 and 4 indicates that the X Scan Combi system partly detected 
the colour variations. 

5.2.4 Sound Knot 

The only example of a sound knot in the sampling is illustrated in Figure 42. The challenge in detecting it 
is not really representative, since the dark colour of the sound knot allows it to be detected even with a 
camera. 

 
Figure 42: Sound Knot, Board 8 
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As illustrated in Figure 43, the Spectra system located the sound knot, but also located other defects. The 
sound knot was properly detected but detection of colour variation was a case of over-detection. 

 
Figure 43: Sound knot, Spectra - ATB Blank, Board 8 
Figure 44 shows that the AddVantage system detects the sound knot but, as for all other defects, identifies 
it as sound wood. The detection of the sound knot by the AddVantage system was correct. 

 
Figure 44: Sound knot, AddVantage - COE Manufacturing, Board 8 
The WoodEye system detected, sized and correctly identified the sound knot. The WoodEye’s detection 
of the sound knot was correct. 

The X Scan Combi system’s X-rays located the sound knot and identified it as a knot. Figure 45 indicates 
the location of the sound knot with an X. The other rectangles show over-detected splits, coloration and 
mineral streaks. The X Scan Combi system correctly identified the sound knot. 

 
Figure 45: Sound knot, X Scan Combi – LuxScan Technologies, Board 8 

5.2.5 Pin Knot 

A pin knot whose diameter is under 3.175 mm is on Board 3 and is illustrated in Figure 46. 
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Figure 46: Pin knot, Board 3 
As illustrated in Figure 47, the Spectra system did not detect the pin knot. 

 
Figure 47: Pin knot, Spectra - ATB Blank, Board 3 
As illustrated in Figure 48, the AddVantage system did not detect the pin knot. 

 
Figure 48: Pin knot, AddVantage - COE Manufacturing, Board 3 
Neither the WoodEye nor the X  Scan Combi systems detected the pin knot. 

5.2.6 Black Knot 

Board 8 has a black knot. 

As illustrated in Figure 49, the Spectra system does not differentiate between colour variations and black 
knots. The Spectra system did not detect the black knot. 

 
Figure 49: Black Knot, Spectra - ATB Blank, Board 8  
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Figure 50 shows that the AddVantage system correctly located the black knot. 

 
Figure 50: Black Knot, AddVantage - COE Manufacturing, Board 8 
The WoodEye and X Scan Combi systems located and sized the black knot, and both identified it as a 
black knot. The WoodEye and X Scan Combi correctly detected the black knot. 

5.2.7 Bark Pocket 

Boards 8 and 9 have bark pockets. 

The bark pocket on Board 8 and most of those on Board 9 are quite large. A small bark pocket on Board 
9, however, serves to accurately assess the difficulty with which the defect can be located and identified. 

Figure 51 shows the Spectra system locating a defect. Larger bark pockets were also located. The Spectra 
system correctly detected the bark pockets. 

 
Figure 51: Bark Pocket, Spectra - ATB Blank, Board 9 
Figure 52 shows the AddVantage system locating a defect. The other bark pockets on the same board and 
on Board 8 were also located.  The AddVantage system correctly detected the bark pockets. 

 
Figure 52: Bark Pocket, AddVantage - COE Manufacturing, Board 9 
The WoodEye and X Scan Combi systems correctly located and sized bark pockets, but identified them as 
sound knots, black knots or dark stains.  

5.2.8 Curl 

Figure 53 indicates curls on Boards 7 and 9. 
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Figure 53: Burls, Boards 7 and 9 
Due to the width of Board 7, the Spectra system was unable to analyze it. Figure 54 shows that the curl on 
Board 9 was located but there is nothing to confirm whether the surrounding variation in colour was 
detected. The Spectra system did not detect the curl. 

 
Figure 54: Curl, Spectra - ATB Blank, Board 9 
Figure 55 shows that the AddVantage system did not detect the curl on Board 7. A large violet rectangle 
was drawn around the curl segment on Board 9, but there is nothing to indicate that it is the curl that was 
located. The AddVantage system did not locate the curl. 

 
Figure 55: Curl, AddVantage - COE Manufacturing, Board 7 
The WoodEye system did not detect the curl. 

The X Scan Combi system did not detect the curl on Board 7 and, as shown in Figure 56, framed the area 
of the curl on Board 9, but identified it as a knot surrounded by a mild variation in colour. The X Scan 
Combi system did not detect the curl. 
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Figure 56: Curl, X Scan Combi – LuxScan Technologies, Board 9 

5.2.9 White speck 

Figure 57 shows white speck on Board 4. 

 
Figure 57: White speck, Board 4 
Figure 58 indicates that the Spectra system did not detect the white speck. 

 
Figure 58: White speck, Spectra – ATB Blank, Board 4 
Figure 59 indicates that the AddVantage system partly detects the white speck. 

 
Figure 59: White speck, AddVantage - COE Manufacturing, Board 4 
The WoodEye and X Scan Combi systems did not detect the white speck. 
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5.2.10 Decay 

Figure 60 shows decay on Board 8. 

 
Figure 60: Decay, Board 8 
Figure 61 shows that the Spectra system locates where decay appears on Board 8, but nothing indicates 
that it is decay rather than a variation in the surrounding colour that has been located. The Spectra system 
did not detect the decay. 

 
Figure 61: Decay, Spectra - ATB Blank, Board 8 
The AddVantage system did not detect the decay. 

The WoodEye system partly detected the decay but identified it as light stains. 

The X Scan Combi system indicates the presence of a mild variation in colour where the decay is found. 
It detected the decay in part. 

5.2.11 Blue Stains  

Figure 62 shows blue stains on Board 5. 

 
Figure 62: Blue Stains, Board 5 
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Figure 63 shows that the Spectra system locates a defect where the blue stains are found. It locates holes 
and variation in colour, but nothing indicates that what was found was blue stains. The Spectra system did 
not detect the blue stains. 

 
Figure 63: Blue Stains, Spectra - ATB Blank, Board 5 
Figure 64 illustrates that the AddVantage system did not detect the blue stains. 

 
Figure 64: Blue Stains, AddVantage - COE Manufacturing, Board 5 
The WoodEye system partly identified the presence of defects but does not differentiate between the blue 
stains and decay. 

Figure 65 illustrates that the X Scan Combi system correctly detected the blue stain section but identified 
them as mineral streak, mild coloration and the presence of bark. 

 
Figure 65: Blue Stains, X Scan Combi – LuxScan Technologies, Board 5 

5.2.12 Worm holes 

Mechanically created wormholes appear on Boards 4, 6 and 7. The holes on Boards 4 and 7 have a 1.15 
mm diameter while the hole on Board 6 has a diameter of 1.55 mm. 
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The Spectra system partly located the worm holes whereas the AddVantage, WoodEye and X Scan 
Combi systems did not detect any. 

5.2.13 Worm hole Clusters 

A worm hole cluster, also mechanically created, is on Board 4 and is illustrated in Figure 22. The 
diameter of each hole is 1.15 mm. 

It is not possible to validate whether the systems distinguish each hole. The Spectra and AddVantage 
systems partly detected the worm hole cluster. The WoodEye system detected it partly but identified it as 
a sound knot. The X Scan Combi system did not detect the worm hole cluster. 

5.2.14 Wane 

Wane is found on Boards 2, 3 and 11. The wane on Board 2 is actually missing material with regard to the 
board’s total thickness while the wane on Boards 3 and 11 appears on only a portion of the board’s 
thickness. The wane on Board 3, mechanically created, shows no colour variation whereas the wane on 
Board 11 is more obvious, given the presence of bark. 

The Spectra system does not identify the wane on Board 2 with a red grid, but Figure 66 shows that the 
representation of the board’s geometric structure reveals missing material. The mechanically created 
wane on Board 3 was not detected. The wane on Board 11 was detected but nothing indicates a difference 
between detection of wane and detection of bark. The Spectra system detected the wane in part. 

 
Figure 66: Wane, Spectra - ATB Blank, Board 2 
The AddVantage system obtained the same result as the Spectra system. The wane on Board 2 was not 
identified but the image obtained of the Board reveals missing material. The wane on Board 3 was not 
detected whereas the wane on Board 11 was detected. The AddVantage system detected the wane in part. 

The WoodEye system did not detect the wane on Board 2. About 75% of the mechanically created wane 
on Board 3 was detected and correctly identified, while 84% of the wane on Board 11 was detected and 
correctly identified. The WoodEye system detected the wane in part. 

Figure 67 shows that the X Scan Combi system indicates a lack of width or thickness for Board 2. The 
wane on Board 3 was not detected and the wane on Board 11 was identified as bark. The X Scan Combi 
system detected the wane in part. 
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Figure 67: Wane, X Scan Combi – LuxScan Technologies, Board 2 

5.2.15 Split 

There are splits on Boards 2, 7 and 11. A total of 17 splits with an average width of 0.3 mm are on Board 
2, 9 splits varying from 0.30 to 1.25 mm in width on Board 7 and a single long split from 0 to 1.22 mm 
wide on Board 11. 

The Spectra system located only five splits on Board 2. An additional image was obtained, Figure 68, to 
determine that it was the splits, and not variations in surrounding coloration, that were detected. Splits on 
board 11 was not detected. The Spectra system detected the splits in part. 

 
Figure 68: Splits, Spectra - ATB Blank, Board 2 
The AddVantage system located only two splits on Board 2. Three splits were located on Board 7 and the 
split on Board 11 was not detected. The AddVantage system detected the splits in part. 

Using Cartesian coordinates, it is possible to determine whether the WoodEye system locates splits and 
what percentage of the split’s length is seen. For Board 2, nine of the seventeen splits were located and 
detection accuracy varied between 12 and 100% of the length of the splits. Eight of the nine splits were 
located on Board 7, and detection accuracy varied between 14 and 95% of the length of the splits. The 
split on Board 11 was not detected. The WoodEye system detected the splits in part. 

The X Scan Combi system detected 5 of the 17 splits on Board 2 and detection accuracy varied between 
23 and 92% of the length of the splits. Four of the nine splits on Board 7 were detected and detection 
accuracy varied between 8.5 and 76% of the length of the splits. The split on Board 11 was detected with 
an accuracy of 48% of the length of the splits. The X Scan Combi system detected the splits in part. 

5.2.16 Shake 

There is one case of shake on Board 7. The Spectra system did not analyze Board 7. 

The AddVantage system partly detected the shake. The WoodEye system detected the shake in part (26%) 
and identified it as split. The X Scan Combi system did not detect the shake. 



An Evaluation of the Detection Capacity of Automated Defect Detection Systems 

 
 

 
 
  45 of 85 

 

5.2.17 Through shake 

Board 1, Figure 69, illustrates a through shake. The Spectra system partly located it as the AddVantage 
system did not detect the through shake. The WoodEye system located it partly but identified it as a hole, 
a blue stain or bark. The X Scan Combi system located it partly and identified it as a split. 

 
Figure 69: Edge Split, Board 1 

5.2.18 Hit and Miss 

Figure 70 shows a hit and miss section on the back of Board 6. 

 
Figure 70: Hit and Miss, Back Surface, Board 6 
Figure 71 shows that the Spectra system partly detected the hit and miss section. The system available for 
the assessment had cameras only, so the detection was due to shadows caused by variations in the board’s 
thickness. 

 
Figure 71: Hit and miss, Spectra - ATB Blank, Back Surface, Board 6 
The AddVantage system partly detected the variation in the thickness of the board. 
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The WoodEye system did not detect the hit and miss. An additional laser has to be added to specifically 
detect this defect. It would then identify something missing at the centre of the piece as a variation in 
colour and missing material on the edges as wane. 

The X Scan Combi system did not detect the hit and miss on the back of Board 6. 

5.2.19 Burn 

Figure 72 illustrates a mechanical burn mark on the back of Board 6. None of the four systems detected a 
burn mark. 

 
Figure 72: Mechanical Burn, Back Surface, Board 6 
Table 10 recapitulates the results obtained. The detection capability was assessed as a function of 
locating, dimensioning and identifying the defects. The results using the Spectra and AddVantage 
equipment do not make it possible to assess the dimensions and types of defects: the corresponding cells 
are crossed out. Special characters indicate the yield obtained. The definitions are given in Table 9. 

Table 9: Definitions of Special Characters 

Characters Meaning 
n. a. Not applicable 
- No detection 
+ Partial detection 
++ Correct detection 
The “n. a.” indicates the presence of a defect on Board 7 that, due to the board’s width in excess of the 
available infeed conveyor’s capacity, could not be identified by the Spectra system. 
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Table 10: Detection Capabilities 

 

Defect / Technology Detection Spectra AddVantage WoodEye X Scan Combi
location - - + +
dimensions + +
nature + +
location + + + -
dimensions + -
nature - -
location + + ++ +
dimensions ++ +
nature ++ +
location ++ ++ ++ ++
dimensions ++ ++
nature ++ ++
location - - - -
dimensions - -
nature - -
location - ++ ++ ++
dimensions ++ ++
nature ++ ++
location ++ ++ ++ ++
dimensions ++ ++
nature - -
location - - - -
dimensions - -
nature - -
location - + - -
dimensions - -
nature - -
location - - + +
dimensions + +
nature - -
location - - + ++
dimensions + ++
nature + -
location + - - -
dimensions - -
nature - -
location + + + -
dimensions + -
nature - -
location + + + +
dimensions + +
nature ++ -
location + + + +
dimensions + +
nature ++ ++
location n.a. + + -
dimensions + -
nature + -
location + - + +
dimensions + +
nature - +
location + + - -
dimensions - -
nature - -
location - - - -
dimensions - -
nature - -

through shake

hit and miss

mechanical burn

worm hole cluster

wane

split (0.30 mm and +)

shake

white speck

decay

blue stain

worm hole (1.15 mm)

pin knot (3.175 mm-)

black knot

bark pocket

curl

mineral streak

fleck

coloration

sound knot

 
Key: / = not assessed; n.a. = not applicable; - = no detection; + = partial detection; ++ = correct detection 
 

The detection capability table illustrates that during the study, the assessed systems did not correctly 
detect all defects. Sound knots were adequately detected by all systems while pin knots, curls and burns 
were not detected at all. Coloration and splits were generally partly detected. Bark pockets were correctly 
located and sized but, in the case of the WoodEye and X Scan Combi systems, were not properly 
identified. 

5.3 Discussion 
An analysis of the results reveals that the experimental results do not correlate with the theoretical 
capabilities of the vision technologies presented in Table 1, even if a combination of technologies makes 
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it possible to validate detection. The results are analyzed according to each vision technology and each 
defect detection system. 

5.3.1 Results in Terms of Vision Technologies 

The wood-defect detection vision technologies assessed in the present study were cameras, X-rays, 
profiling lasers and tracheid-effect lasers. 

5.3.1.1 Cameras 

The cameras used in the Spectra, WoodEye and X Scan Combi systems are, in theory, able to detect any 
of the surface defects: mineral streaks, flecks, coloration, knots, curl, white specks and burn. The 
AddVantage system’s integrated camera is part of the tracheid effect laser technology. 

A variation in coloration on board surfaces caused by certain internal defects such as bark pockets, blue 
stains, worm holes and some geometrical defects such as split and through shake, should also be 
detectable by camera. 

Table 11 is based on the data in Table 10 and gives the theoretical defect detection capabilities of systems 
integrating cameras. 
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Table 11: Camera Detection Capabilities 

  

Defect / Technology Detection Spectra WoodEye X Scan Combi
location - + +
dimensions + +
nature + +
location + + -
dimensions + -
nature - -
location + ++ +
dimensions ++ +
nature ++ +
location - - -
dimensions - -
nature - -
location - ++ ++
dimensions ++ ++
nature ++ ++
location ++ ++ ++
dimensions ++ ++
nature - -
location - - -
dimensions - -
nature - -
location - - -
dimensions - -
nature - -
location - + ++
dimensions + ++
nature + -
location + - -
dimensions - -
nature - -
location + + -
dimensions + -
nature - -
location + + +
dimensions + +
nature ++ -
location + + +
dimensions + +
nature - -
location - - -
dimensions - -
nature - -

mineral streak

fleck

coloration

white speck

blue stain

worm hole (1.15 mm)

pin knot (3.175 mm-)

black knot

bark pocket

curl

through skahe

mechanical burn

worm hole cluster

split (0.30 mm and +)

 
Key: / = not assessed; n.a. = not applicable; - = no detection; + = partial detection; ++ = correct detection 
 
Bark pockets, which are internal defects, were correctly detected, whereas two geometrical defects, splits 
and through shakes, were partly detected by the three systems with integrated cameras. 

Adjusting camera precision could improve the detection of coloration due to surface defects, but such a 
modification could result in over-detection. Changing the defect detection parameters could cause 
wrongful detection of the dark part of a piece of wood’s growth rings and thus lead to unnecessary 
transformations and loss of material.  

5.3.1.2 X-rays 

LuxScan Technologies’ X Scan Combi integrates X-rays. X-rays detect internal wood defects: knots, bark 
pockets, decay and blue stains, by detecting variations in the density of wood. Table 12 is based on the 
data from Table 10 and presents the detection capabilities of defects that are theoretically detectable by 
systems with integrated X-ray detection. 
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Table 12: X-ray Detection Capabilities 

 

Defect / Technology Detection X Scan Combi 
location ++
dimensions ++
nature ++
location -
dimensions -
nature -
location ++
dimensions ++
nature ++
location ++
dimensions ++
nature -
location +
dimensions +
nature -
location ++
dimensions ++
nature -

sound knot

decay

blue stain

pin knot (3.175 mm-)

black knot

bark pocket

 
Key: / = not assessed; n.a. = not applicable; - = no detection; + = partial detection; ++ = correct detection 
 
Sound knots, black knots, bark pockets and blue stains were correctly detected by the system with 
integrated X-ray vision technology. The slight variation in fibre density where the pin knots and pocket 
rot are located, compared with the density of the rest of the board’s thickness is the probable reason these 
defects were not detected. Integrated X-ray technology would only be justified for detecting large internal 
defects. 

5.3.1.3 Profiling Laser 

A profiling laser is integrated into each of the four systems. The X Scan Combi’s LaserScan has an 
enclosed profiling laser. Geometrical defects are theoretically detected by profiling lasers. Table 13 is 
based on data from Table 10 and gives the theoretical defect detection capabilities of systems integrating 
profiling lasers. 

Table 13: Profiling Laser Detection Capabilities 

 

Defect / Technology Detection Spectra AddVantage WoodEye X Scan Combi
location + + + +
dimensions + +
nature ++ -
location + + + +
dimensions + +
nature ++ ++
location n.a. + + -
dimensions + -
nature + -
location + - + +
dimensions + +
nature - +
location + + - -
dimensions - -
nature - -

through shake

hit and miss

wane

split (0.30 mm and +)

shake

 
Key: / = not assessed; n.a. = not applicable; - = no detection; + = partial detection; ++ = correct detection 
 
Each system detected the splits in part. The continual movement of the boards can explain the non-
detection or partial detection of geometrical defects despite the use of precise profiling lasers. 

5.3.1.4 Tracheid Effect Laser 

Tracheid effect lasers identify variations in the orientation of fibre. This technology is limited to surface 
inspection only and does not detect variations in coloration. Table 14 is based on data from Table 10 and 
gives the theoretical defect detection capabilities of systems integrating tracheid effect lasers. 
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Table 14: Tracheid Effect Laser Detection Capabilities 

 

Defect / Technology Detection Spectra AddVantage WoodEye X Scan Combi
location ++ ++ ++ ++
dimensions ++ ++
nature ++ ++
location - - - -
dimensions - -
nature - -
location - ++ ++ ++
dimensions ++ ++
nature ++ ++
location ++ ++ ++ ++
dimensions ++ ++
nature - -
location - + - -
dimensions - -
nature - -
location - - + +
dimensions + +
nature - -
location - - + ++
dimensions + ++
nature + -
location + - - -
dimensions - -
nature - -
location + + + -
dimensions + -
nature - -
location + + + +
dimensions + +
nature ++ -
location + + + +
dimensions + +
nature ++ ++
location n.a. + + -
dimensions + -
nature + -
location + - + +
dimensions + +
nature - +
location + + - -
dimensions - -
nature - -

pin knot (3.175 mm-)

black knot

bark pocket

sound knot

white speck

decay

blue stain

worm hole (1.15 mm)

through shake

hit and miss

worm hole cluster

wane

split (0.30 mm and +)

shake

 
Key: / = not assessed; n.a. = not applicable; - = no detection; + = partial detection; ++ = correct detection 
 
Sound knots and bark pockets were correctly detected by all the systems. 

Since there is no defect that is exclusively detected by a specific vision detection technology, it is hard to 
single out, for a given system, which of the technologies detected some defect. It is also worth mentioning 
that the boards in the sampling present a challenging collection of defects, due to their type and small 
sizes, which are hard to detect. 

5.3.2 Results of the Defect Detection Systems 

Assessments of the Spectra and AddVantage systems gave results making it possible to locate the defects 
only, not to identify them, whereas assessments of the WoodEye and X Scan Combi systems gave results 
such that the defects could be located, identified and sized.  

5.3.2.1 Spectra 

The Spectra system correctly located sound knots and bark pockets. Some surface defects were partly 
located: flecks, coloration, as geometrics defects: worm holes, splits, through shake, and hit and miss.  

During the assessment, the available Spectra system used only cameras for the inspection. Adjustments to 
the detection parameters were often required for the system to locate small defects. 
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5.3.2.2 AddVantage  

The AddVantage system integrates a profiling laser and a tracheid effect laser. Sound knots, black knots 
and bark pockets were correctly detected. Flecks, colour variations, white speck, wane, splits, shakes and 
hit and miss were detected in part. 

During the assessment, the sampling was initially scanned by the AddVantage system. After a quick 
assessment of the results, many adjustments were made to the detection algorithms. The boards were not 
scanned a second time. After the parameters were modified, the analyses were made by computer, giving 
the final results.  

5.3.2.3 WoodEye 

The WoodEye system integrates cameras, a profiling laser and a tracheid effect laser. Colour variations, 
sound knots, black knots and bark pockets were correctly detected. Mineral streaks, flecks, decay, blue 
stains, wane, splits, shake and through shake were detected in part. 

The WoodEye system that was available for the assessment was set up to scan one surface at a time. The 
first scan of both board surfaces made it possible to perform adjustments to better detect defects. The 
second scan of both board surfaces made it possible to obtain the results presented. The format of the 
resulting data was modified. For industrial use, the recognition software identifies defects and gives their 
dimensions, but does not give the defect’s specific Cartesian coordinates. 

5.3.2.4 X Scan Combi 

The X Scan Combi system integrates X-rays, cameras and LaserScans. Sound knots, black knots, bark 
pockets and blue stains were correctly located. Mineral streaks, colour variations, decay, splits and 
through shake were partly detected. 

A few adjustments were made during the first scan of the boards used in the sampling. The findings were 
derived from a second scan. 
 

6 Conclusion 
Industrial automation is a present-day solution for producers who want to counter the massive import of 
hardwood components from Asia. Integrating a system that will improve defect detection will potentially 
increase yield and performance, and result in a competitive edge. Producers must be able to assess and 
select the requisite technologies to meet their needs. 

Nineteen manufacturers of wood defect detection systems were contacted. Of these, four agreed to take 
part in the experimental assessment: ATB Blank, COE Manufacturing, Innovativ Vision AB and LuxScan 
Technologies. The same Yellow Birch 11-board sampling was assessed in my presence by each of these 
manufacturers. The boards presented a total of 19 surface defects which, for the most part, were hard to 
detect, due to their nature and small size.  

The defect detection system manufacturers had one day in which to perform the tests. The results were 
recorded in full, both in form and in content. A summary table shows the performance of each system in 
terms of its capability for locating, sizing and identifying the defect. 

The preparations for this study do not indicate how producers should perform their own assessment of a 
vision system for particular use in their own plant. More specific details on detecting certain 
characteristics and defining product families would make it possible to fine-tune equipment parameters 
for much more encouraging results. 
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The experimental assessment of the vision systems taught us that these systems are not yet able to 
correctly detect all natural and artificial defects in hardwood. The four systems did correctly detect sound 
knots and bark pockets. The AddVantage, WoodEye and X Scan Combi also detect black knots. 

The results showed that the practical capabilities differ from the established theoretical capabilities. This 
justifies establishing a structured process for selecting the right equipment. 

Decision-makers must first know the nature of, and tolerance for, each defect. Defining tolerance levels of 
colour variations is especially complex. A scale comparing the importance of detecting each defect makes 
it possible to identify the most suitable manufacturers and, depending on the capabilities and limitations 
of the various vision technologies, select the right defect detection system. 

A decision support tool was provided to guide the producer’s decision-making in a setting where many 
criteria have to be considered. The ELECTRE multi-criteria method makes it possible to make an 
enlightened decision according to the relative importance assigned to each assessment criterion. The 
process can be adapted to any decision-making situation. The results strongly depend on the decision-
maker’s personality, the situation, the formulation of the problem and the selected solution mode. The 
specific nature of this process implies that the solution cannot be generalized: the right solution must meet 
the specific needs of the individual producer. 

Producers wishing to integrate an artificial vision system to detect defects must comply with a judicious 
process. The following steps are recommended to zero in on the best vision system for one’s needs: 

1. Assess the situation and identify the need. Make sure that automation is in fact the direction to be 
followed. 

2. Set a clear objective. Set measurable benchmarks (for example, reduce labour costs by x percent, 
improve material or value yield by x percent, reduce bad ranking by x percent, reach a system speed 
of x m/min, obtain a defect detection efficiency of x percent). 

3. Determine exactly which functions will be carried out by the system, especially targeting which 
defects are to be detected. 

4. Identify the combination of technologies required to detect the target defects. 

5. Visit the equipment manufacturers with a clear statement of needs and perform trials. 

6. Allocate the resources necessary to justify the investment: human, monetary, time, space, and so 
forth. 

Given the cost and complexity involved in integrating a defect detection system into actual operations, it 
is strongly recommended that specific needs be exhaustively analyzed before opting for any equipment. 
Production capabilities and limitations must be considered, as well as the consequences of installing new 
equipment. Setting specific objectives for the installation helps assess the equipment’s true yield. This 
exercise makes it possible to avoid misusing the equipment because of unsatisfactory yield. 

Identifying all defects to be detected and the appropriate vision technologies for those defects makes it 
possible for producers to decide on the right system for their operations. Producers who are familiar with 
all vision technologies that are pertinent to their needs are able to outline these needs to artificial vision 
and defect detection system manufacturers. The above guidelines will help producers been pro-active in 
seeking a solution meeting their needs rather than passively be told what such and such a system will do 
for them. 
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In the final analysis, having an accurate and comprehensive optimization system is not all that is required. 
To get a good return on investment, the system must be benefit production, its basic functioning must be 
understood, and it has to be operated optimally. This study has set forth a process for assessing equipment 
performance and laid out a multi-criteria decision support tool to help make an enlightened decision in 
terms of the producer’s expectations and priorities. 
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Appendix A 
 

Example of the ELECTRE Procedure 
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Appendix A: Example of the ELECTRE Procedure 
The scenario is the selection of a new car. Many criteria have to be considered to find the most 
appropriate car for the buyer’s needs and tastes. Four cars, and thus four possible decisions, are 
considered: Civic (A001), Corolla (A002), Focus (A003) and Protégé (A004). The assessment criteria are: 
style, reliability and energy consumption. A preference is attributed to each action for each criterion. A 
scale from 0 to 100 is used, with 0 indicating a null level of preference. The scale must be linear; in other 
words, the performance difference between a 0 and 20 score is twice that between 90 and 100. 
Performances attributed according to the reasoned judgment of the buyer are shown in Table 15. 

Table 15: Multi-Criteria Table 
Cars / Criteria Style Reliability Consumption
Civic 80 75 70
Corolla 60 70 75
Focus 40 85 80
Protégé 70 80 85  

The preference and indifference thresholds are null and the effect of the veto threshold is cancelled. The 
solution process is performed by the demonstration software.  

Descending distillation is an iterative process that searches through a subset. With each iteration, the 
maximum qualification for retaining actions is reduced and the subset is pared down. With each 
distillation comes a new class of actions. Ascending distillation is the same as descending distillation, but 
is performed with an increasing minimum qualification. Rankings by successive distillations are 
illustrated in Figure 73. 

 
Figure 73: Rankings by Successive Distillations 
The ranking in the final preorder is the intersection between the complete preorders obtained during the 
successive distillations. The median preorder is constructed such that the actions are ranked according to 
the final (partial) preorder. Non-comparable actions in the same rank are separated according to the 
difference in their positions in the two distillations. 
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Figure 74: Rankings in Final Preorder and Median Preorder 
For the car selection scenario, the ranking in the final preorder is identical to the ranking in the median 
preorder. 

The concordance matrix gives the concordance indices. 

 

Figure 75: Concordance Matrix 
According to Vincke (1989), the index of concordance indicates to what extent a given action is favoured 
over another. This index, ranging between 0 and 1, gives a kind of measurement of the arguments in 
favour of the statement “a outranks b.” 

The final result of the ELECTRE solution method is the final preorder matrix. 

 

Figure 76: Final Preorder Matrix 
The final preorder matrix notates its conclusion as follows: P: better than, P-: worse than, I: equivalent to, 
and R: not comparable. A row with only P notations, as is the case for action A0004 in Figure 76, 
indicates that the Protégé is the right choice. 
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Appendix B 
 

Board Photos and Defect Coordinates 
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Appendix B: Board Photos and Defect Coordinates 
Board 1 
front back 
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Defects, front of Board 1 

Flecks: 

The 58 flecks are unevenly spread over the entire length of the board. The 
photo shows only a portion. 

 

 

 

 

 

 

 

Coloration: 

The longitudinal coordinates of the coloration are from 1,710 to 1,813 mm. 

 

 

 

 

 

Through shake: 

The through shake is at longitudinal coordinates 1,530 to 1,605 mm. 
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Board 2 
front back 
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Defects, front of Board 2 

Coloration: 

A variation in colour covers almost the entire board. 

 

 

 

 

 

 

 

 

Wane: 

Wane is present on Board 2 from longitudinal coordinates 0 to 365 mm. 

 

 

 

 

 

 

 

 

 

Splits: 

There are 17 splits on Board 2. Following is a table of the longitudinal coordinates. 
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Split Longitudinal coordinates (mm) 
1 160-200 
2 204-245 
3 240-375 
4 305-405 
5 410-432 
6 432-520 
7 525-547 
8 560-582 
9 652-705 

10 710-850 
11 850-887 
12 680-815 
13 805-837 
14 833-917 
15 1,146-1,194 
16 1,188-1,292 
17 1,310-1,337 
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Board 3 

front back 
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Defects, front of Board 3 

Pin Knot: 

The pin knot is at longitudinal coordinate 154 mm. 

 

 

 

 

 

 

 

Wane: 

The longitudinal coordinates of the mechanically created wane are from 
1,069 to 1,699 mm. 
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Board 4 

front back 
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Defects, front of Board 4 

Coloration: 

The coloration at the top left corner extends from longitudinal coordinates 0 to 
95 mm. 

 

 

 

 

 

White speck: 

The white speck is between longitudinal coordinates 1,278 and 1,455 mm. 

 

 

 

 

 

 

Worm hole: 

The worm hole, mechanically created, is at longitudinal coordinate 901 mm. 

 

 

 

 

 

Worm hole Cluster 

The worm hole cluster, mechanically created, is at longitudinal coordinates 
1,086 to 1,093 mm. 
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Board 5 

front back  
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Defects, front of Board 5 

Blue Stain: 

The blue stain runs the entire length of Board 5. 
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Board 6 

front back 
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Defects, front of Board 6 

Mineral Streak: 

There are two mineral streaks on Board 6. Their longitudinal coordinates are 
from 178 to 345 mm and 362 to 557 mm. 

 

 

 

 

 

 

 

 

Worm hole: 

 The worm hole, mechanically created, is at longitudinal coordinate 1,315 
mm. 
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Defects, back of Board 6 

Hit and miss: 

The hit and miss is at the end of the board, longitudinal coordinates 
from 0 to 145 mm. 

 

 

 

 

 

Burn: 

Burn lines are at longitudinal coordinates 490 and 535 mm. 
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Board 7 

front back  
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Defects, front of Board 7 

Flecks: 

The two flecks on Board 7 are at longitudinal coordinates 289 and 367 mm. 

 

 

 

 

 

Curl: 

The central part of the curl extends from longitudinal coordinates 254 to 399 
mm. 

 

 

 

 

 

Worm hole: 

 The worm hole, mechanically created, is at longitudinal coordinate 774 mm. 

 

 

 

 

 

Splits: 

There are 9 splits on Board 7. Their longitudinal coordinates are: 

Shakes Longitudinal coordinates (mm) 
1 50-120 
2 170-280 
3 125-130 
4 165-215 
5 210-250 
6 300-380 
7 510-555 
8 705-990 
9 1,660-1,809 
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Shake: 

The longitudinal coordinates of the shake are 0 to 147 mm. 
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Board 8 

front back 
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Defects, front of Board 8 

Sound Knot: 

The sound knot is between longitudinal coordinates 1,654 and 1,685 mm. 

 

 

 

 

 

Black Knot: 

 The black knot is between longitudinal coordinates 979 and 993. 

 

 

 

 

 

Bark Pocket: 

 The bark pocket is at longitudinal coordinate 1,060 mm.  

 

 

 

 

 

Decay: 

The decay is at longitudinal coordinates 0 to 375 mm. 
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Board 9 

front back 
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Defects, front of Board 9 

Fleck: 

 The fleck is at longitudinal coordinate 845 mm. 

 

 

 

 

 

Bark Pocket: 

 

 

 

 

 

 

 

 

 

 

 

 

The bark pockets are found on the full length of Board 9. 

 

 

 

 

 

Curl: 

The central part of the crl is between longitudinal coordinates 1,738 and 
1,756 mm. 
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Board 10 

front back  
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Defects, front of Board 10 

Flecks: 

The 35 flecks are unevenly spread over the entire length of the board. The 
photo shows only a portion. 
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Board 11 

front back  
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Defects, front of Board 11 

Mineral Streaks and Split: 

The longitudinal coordinates of the mineral streak are 1,365 to 1,808 mm, and 
the longitudinal coordinates of the split are 1,465 to 1,808 mm. 

 

 

 

 

 

 

 

 

 

Flecks: 

The flecks are at longitudinal coordinates 350 and 464 mm. 

 

 

 

 

 

 

 

Wane: 

The wane sections are at longitudinal coordinates 910 to 1,808 mm and 
1,280 to 1,808 mm. 

 
 
 

 
 


