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The laminae grading for structural glulam timber is restricted by the bending strength and the ratio of
knot diameter according to Japanese Agricultural Standard (JAS). However, visual grading is done by
workers in most manufacturing factories because there are no clear regulations regarding the measuring
method of the ratio of knot diameter. Therefore, the development of a system that could automatically
detect knots on a material’s surface is very desirable. In this study, a system for automatically detecting the
shape (position and area) of knots, which appear on the laminae’s surface with a two-dimensional
three-Charge Couple Device (CCD) color camera, was developed. The main results obtained are
summarized as follows: (1) an automatic detection system for knots appearing on the surface of wood was
constructed; (2) this system was composed of a picture-processing device (a two-dimensional three-CCD
color camera and controller), lighting equipment and a personal computer (PC) which controls all devices
and collects sampling data; (3) the system could measure the ratio of knot diameter and detect the
existence of knot, and the average measurement time of one image was about 2.6 seconds. Therefore, this

system could work at a feed speed of 77 mm/s.

INTRODUCTION

Knots often appear on the surfaces of various wood
and wood-based materials such as timber, columns, and
laminae made from sugi (Cryptomeria japonica D.
Don). These knots greatly influence the wood’s strength
when the sugi laminae are used as structural glulam
laminae. In particular, cracks occur easily when tensile
force is applied to laminae with knots used on the exter-
nal layer of structural glulam timber. As a result, the
strength properties decrease remarkably. Laminae
grading is restricted by the bending strength and the
ratio of knot diameter according to the Japanese
Agricultural Standard (JAS). However, visual grading is
done by workers in most manufacturing factories
because there are no clear regulations regarding the
measuring method of the ratio of knot diameter.
Therefore, individual variation is caused by the use of
different measurers, and the grading work is conducted
inefficiently.

The development of a system that could automati-
cally detect knots on a material’s surface is very desir-
able. In a previous study on the detection of wood knots,
the detection of knots with a one-dimensional image
sensor was investigated (Wada, 1991-93a, b). A method
of identifying knots with a two-dimensional image
sensor has also been examined (Iwasaki et al, 1991).
Moreover, many studies have been conducted in the
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past (Hu et al, 2004 ; Kinoshita et al, 2000 ; Kodama et
al, 1993 ; Kodama et al, 1993 ; Sadoh et al, 1993 ; Yang
et al, 2002). However, the detection of knots with a
two-dimensional color image processor has not been
examined.

In this study, we paid attention to the laminae for
sugi structural glulam timber, which is used often in
Japan, and developed a system for automatically
detecting the shape (position and area) of knots that
appear on the laminae’s surface with a two-dimensional
three—charge couple device (CCD) color camera.
Verification experiments of this system were also carried
out.

AUTOMATIC KNOT DETECTION SYSTEM

Outline of the system
Figure 1 shows a schematic diagram of the system
for automatically detecting knots. This system was com-

Fig. 1. Schematic diagram of the system for automatically

detecting knots.

Legend : @ : Three-CCD color camera, & : Controller, ® :
Lighting equipment, @ : Personal computer, ®

Specimen.
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posed of a picture-processing device, lighting equip-
ment, and a personal computer (PC) that controls all
devices and collects sampling data. The picture—pro-
cessing device was composed of a three-CCD color
camera and controller.

Automatic knot detection program

The automatic knot detection program of this sys-
tem was made using Visual Basic version 6.0 (VB). A
flow—chart of the detection process in this system is
shown in Fig. 2. The detection screen is shown in Fig. 3.
As the first steps of the detection process, a picture
—processing device loads the image of the wood surface
having knots, and the color information of the wood sur-
face is analyzed from the image. Then, binarization, fil-
tering, and labeling processing are performed, respec-
tively. By this process, the knot is detected. Each step
of the processing method is described in greater detail

below.
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Fig. 2. Flow-chart of the detection process in this system.

Image loading

The image on the wood surface taken by a
three—-CCD color camera is loaded into the PC as the
digital image data of 640X480 pixels through the image
I/0 (input output) interface board. This image is
reduced to 160X 120 pixels to increase the processing
speed, and it is displayed on detection screen @O (Fig.
3).
Analysts of color information and binarization

From all pixels of the load image data, color infor-
mation on red (R), green (G), and blue (B) is extracted
by using the point-method of VB. The best threshold
for the detection of the knot is selected based on
extracted color information, and binarization is per-

formed. In this processing, if color information on the
pixel is smaller than that of the threshold, it is converted
to a black image, and if it is equal to or larger than the
threshold, it is converted to a white image. The results
are displayed on detection screen @ (Fig. 3). From the
result of a preliminary experiment, this system adopted
the threshold of 153 (R) as the best value for detecting
knots.
Filtering

To remove noises other than the extracted knot, the
image is filtered after it is binarized. As a result, the
outline of the knot is made clearer. In the filtering we
used in this system, the color information on both the
pixel that shows color above the threshold and the eight

pixels that are adjacent to it is examined, as shown in

Fig. 4. The color information on these nine pixels is per-
muted in descending order, and the color information of
the original colored pixel (4-pixel) is then replaced with
the fifth permutation of the color information (1-pixel)
as the mean value. After the above-mentioned process-
ing had been performed on all pixels in the image, the
image is displayed on detection screen @ (Fig. 3).
Labeling

To distinguish the individual knots when there are a
lot of knots in the same image, labeling of the pixels con-

HORRAAR

Fig. 3.

detection program.

Legend : @ : Image of wood surface, @ : Image after
binarization, @ : Image after filtering, @ :
Labeling information, ® : Results of
measurement.
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Fig. 4. A method of filtering in this system.
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Fig. 5. A method of labeling in this system.

nected as a knot is performed, and each knot is distin-
guished and recognized. This is done by comparing
color information on a given pixel (Ip), paying attention
to color information on the pixel above pixel 1p (upper
pixel, 1a) and the pixel below pixel 1p (lower pixel, 1b),
as shown in Fig. 5. The relationship of the color infor-
mation for lp, la, and lb corresponds to any of six
conditions, as shown in Fig. 5, and processing satisfying
each condition is performed. This operation is per-
formed for the entire image. As a result, labeling infor-
mation obtained by this processing is displayed on
detection screen @ (Fig. 3). The pixel to which each
label is attached is totaled, and the area of a knot is
calculated. The center of gravity and the ratio of the
knot diameter are then calculated from pixel coordi-
nates. In addition, the grading is conducted based on
the ratio of knot diameter, and these results are dis-
played on detection screen ® (Fig. 3).

VERIFICATION EXPERIMENT

Work materials

Sugi laminae (150 mm in width, 28 mm in thickness)
for structural glulam timber were used as specimens in
this experiment. Sixteen specimens were prepared:
seven specimens (Live) had only live knots on the
200-mm-long surface, six specimens (Dead) had only
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dead knots, and three specimens (Live+Dead) had both
live and dead knots.

Experimental method

The verification experiment was conducted by
comparing the ratio of the knot diameter that had been
obtained with a manual measurement and the measure-
ment using this system. In this manual measurement,
the maximum length of the knot in the direction of
width was measured with a digital caliper, and the ratio
of knot diameter was calculated. In another measure-
ment using this system, to adjust the length of one pixel
to 1.25mm on the specimen surface, we set the distance
of a three-CCD color camera and specimen to 645mm
and the illuminance of the lighting equipment to 2190
LUX and measured the ratio of the knot diameter.

RESULTS AND DISCUSSION

Figure 6 shows the ratio of the knot diameter
obtained manually and the measurement obtained using
this system. From these results, in the case of each
knot, we verified that both measurements indicate
almost the same value. Figure 7 shows the relationship
between the ratio of the knot diameter obtained manu-
ally and the ratio obtained with this system. A high
correlation was shown between the measurements made
by the two methods, which indicates that the proposed
system can detect knots and measure the ratio of each
knot’s diameter. In this experiment, the average mea-
surement time of one image is about 2.6'seconds, which
would correspond in the manufacturing process to a
feed speed of 77mm/s. The system will need to be
improved so it is useful in higher—-speed manufacturing
processes in the future.

CONCLUSIONS

In this study, a system was developed that can auto-
matically detect the shape (position and area) of knots
that appear on the surface of laminae with a two-dimen-
sional three-CCD color camera. The main results
obtained are summarized as follows:
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Fig. 7. Relationship between the ratio of the knot diameter
obtained manually and the ratio obtained with this system.

1. The described system was composed of a
picture-processing device (a two-dimensional
three-CCD color camera and controller), lighting
equipment, and a personal computer (PC) that
controls all devices and collects sampling data.

2. The system could detect knots and measure the
ratio of a knot’s diameter, and the average measure-
ment time of one image was about 2.6 seconds.
Therefore, this system could work at a feed speed of
77 mm/s.
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