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A large proportion of Sugi forest is approaching economic maturity aging around 50
years old. The green under Sugi forest is gradually degrading due to Sugi crown shadow so
that the earth and sands are being washed away according to an investigation carried by
Sanyiin Newspaper. The wood industry is important for the economy of many small
communities in the rural areas and to maintain and improve the recycled ecology system.
However, many companies prefer to import wood resource from foreign countries because the
labor cost is too high to develop domestic wood resource in Japan. Therefore, how to increase
the competitive ability of domestic wood species is a hot research topic in Japan. Various
automatic technologies, such as automatic wood lumber grading technology and automatic
wood machining, are focused to reduce the product cost and to increase the productivity in
the wood industry. Ultrasound, Microwave, X-ray, cutting force, thermograph, optical method
were proposed to automate the wood utilization process. Among all the above mentioned
automatic technologies, machine vision is very potential in wood utilization.

Most research has gone into optical sensing methods, including cameras and
spectrometers, which measure the intensity and color reflected. These devices detect surface
features and can be readily automated, but they will miss knots that have the color identical

to clear wood. They can also be confused by variations between species and by the roughness
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and moistness of the wood. Generally, machine vision system is question-oriented and wood
specie-oriented in wood industry. For example, in the case of Sugi, the holes are difficult to
classify from the other defects with traditional color CCD-camera because holes have color
and shape features identical to sound knots; splits are difficult to detect because they have
color and shape features identical to the growth ring in the captured image. Furthermore, to
identify the splits, what is needed is a high resolution image, which will increase the storing
data and computing time of the machine vision system. Also the appearance of wood varies
greatly and there are no two boards or defects that have the same properties of color or
texture. So there are still some problems and it is necessary to develop the new detecting
system for automatic Sugi utilization. All literatures about application of machine vision
technology in wood utilization found at present are centered on the problems that occurred
when sawing lumber from log. No work has been reported on the application of machine
vision technology for the control of wood machining after sawing lumber.

The split and the hole are two kinds of common defects on Sugi (Cryptomeria japonica
D.Don). They have a common feature, that is, they are associated with surface irregularities.
In the first chapter, I developed a laser scanning system to detect the splits and the holes
according to their thickness that is exactly correlated spatially with the profile information.
The displacements measured by the laser sensor were converted to the pixel values to
generate the displacement profile image. Both the splits and the holes manifested well in the
image. A dedicated image processing program written in Visual Basic has been developed.
The defects regions were located by the image processing accurately. To identify the defects, 8
recognition rules based on the four features has been utilized. Furthermore, a method based
on the pixel model was proposed to compute the area of the defect. The results indicated
that the defects could be identified correctly and the areas could be computed by the pixels
model accurately.

The knowledge of the sound and dead knot on the surface is important for application of
Sugi. The research reported in chapter two explored a sound and dead knot detecting color
vision system. This system can conceptually be divided into three components: a
CCD-camera scanning system, an image segmenting module, and a rule-based defect
identifying module. The results showed that the potential defect regions could be located by
the Otsu’s threshold algorithm in conjunction with T-test analysis. The accuracies of locating
sound knots and dead knots are 92.6% and 97.1%, respectively. The rule based approach was
used to identify sound and dead knots and the identifying accuracies of sound knots and dead
knots are 92.0% and 94.1%, respectively. The total detecting accuracy of the system was
87.6%. The results indicated that the rule-based color vision system was an efficient way to

detect the surface defects of the sound knot and the dead knot associated with the color
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information on Sugi.

Under fixed cutting conditions, the surface finish roughness is correlated to the grain
angle. However, how to determine the grain angle automatically and accurately is still a
problem in the on-line control system of the router. It is therefore necessary to develop a new
technology in order to determine the grain angle accurately and automatically. In the third
chapter, a laser light scattering pattern was used to determine accurately and effectively the
grain é\ngle on-line. The light scattering pattern image was a quasi-ellipse caused by the
grain direction and tracheid effects. A new modified Hough transform ellipse analysis
technology was adopted to determine the ellipse parameéters that could be used to determine
the grain angle. The results indicated that the measured grain angle by the method proposed
here was accurate and effective. The measured grain angle coincided with the real grain
angle. There was an insignificant difference between the measured grain angle of Japanese
beech (Fagus crenata blume) and that of Sugi (Cryptomeria japonica D.Don) under two
machining conditions of planned and sawn finishes. However, the measured grain angle of
Sugi was better than that of Japanese beech under planned finish; the measured grain angle
of Japanese beech was better than that of Sugi under sawn finish; the measured grain angle
under planned condition was better than that under sawn condition for both Sugi and
Japanese beech.

Under fixed cutting conditions, the surface finish roughness is correlated to the grain
angle. The cutting force and acoustic emission (AE) are used to evaluate the grain angle that
is used to control the feed rate to achieve the maximum cutting efficiency and finished
surface quality in the on-line control system of the router. However, the cutting force is
affected by its additional inertia and the difference between the latewood and early wood.
Besides, the linear relationship between AE count rate and surface roughness under every
discrete grain angle is complex and how to determine the grain angle automatically and
accurately is still a problem. It is therefore necessary to develop a new technology in order to
determine the grain angle accurately and automatically in the control system of the router.
In the fourth chapter, a laser light scattering pattern was used to determine the grain angle
directly. The light scattering pattern image was a quasi-ellipse caused by the grain direction
and tracheid effects. A modified Hough transform ellipse analysis technology was adopted to
determine the ellipse parameters, which were used to determine the grain angle. The results
indicated that the measured grain angle by the method proposed here was accurate and
effective. Then an improved automatic control of wood routing operation using the measured
grain angle was developed. The experimental results are expected to improve the routing
efficiency and the finished surface quality.

Some wood species have received little attention in terms of usage because of their
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perceived poor physical and mechanical properties. The use of an engineered wood is a
solution to the variation in the properties of conventional wood. The use of Oriented Strands
Board (OSB) is gaining increasing popularity in Europe, North America and Asia. OSB is
manufactured from species with low mechanical properties. Besides, OSB comprises large
size element which are wood strand, and its mechanical properties depend on the fiber
orientation of the strands. The modulus of rupture (MOR) which is the key to the strength of
OSB in bending depends on the fiber orientation. In order to improve the quality of OSB
products, it is essential to optimize the flake alignments of the wood strands. The objective of
the fifth chapter is to develop an automatic method to determine fiber orientation in oriented
strand board (OSB) with the ultimate aim of optimizing the fiber orientation and quality of
the manufactured product. A line detector based on small eigenvalue in conjunction with
Canny edge detector was adopted to simulate the fiber strands. Then ellipse fitting analysis
using the modified Hough transform technology and/or the least square line fitting analysis
were used to determine the fiber orientation for all line or ellipseé connectedness labeling,
which expresses the fiber strands. The fiber orientation measured automatically was
compared to that measured manually. It was observed that two fiber orientations measured
manually and automatically were very close to each other. The results indicated that the v
method developed in this study when used to determine fiber orientation of the face surface
in OSB was effective. However, the method developed in this study was not effective for the
under surface because small strands tend to fall when the face and middle layer were

distributed, on the edge formation of fiber strands.
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