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Study on the development of the log scaling system based on the machine vision

Jiwu Wang ', Weijie Gao ', Fangbo Liao ',and Sugisaka Masanori >

! Department of Mechanical and Electrical Engineering, Beijing Jiaotong University, Beijing, China, 100044
% Nippon Bunri University, Oita 870-0397, Japan

Ywwang@bijtu.edu.cn

? ms@alife-robotics.co.jp

Abstract: The conventional log scaling, which is measured with a ruler by manual operation in order to get higher precision, is
carried on by more workers working hard for a longer time. With the new developed technique, it is possible to use the
machine vision for the log scaling. In order to get satisfactory results for that scaling process, the distance between the log and
camera should be measured accurately. At the same time, the environment conditions for image capture will be considered
carefully. In this paper, the laser rangefinder is developed to determine the distance between the log and camera automatically.
The log scaling based on the machine vision was developed, and its properties were tested with various experiments.
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1 INTRODUCTION

Log scaling is the measurement of the gross and net
volume of logs. The primary purpose of scaling is to
determine the volume of logs that will be charged at a
different price. For the conventional scaling, it is necessary
to measure log diameters and lengths first, and some

defects will be considered based on an approved set of rules.

Generally, a given number of logs will be determined for
the gross and net volume in that scaling process. Although
there are many methods to scale the volume of a log, such
as weight scaling that is frequently used on low value
materials or when the weight difference is very small for
the similar logs, most of the scaling still performed
manually by measuring the diameter and length of the log
with a tape measure. The working conditions and physical
labor intensity can be improved, but most operations
sometimes have to be done in the high places, hot or cold
environments. If we can change the manual log scaling
operation with some machine operation, the efficiency and
accuracy will be improved.

In the railway freight, the logs before scaling are loaded
in the carriage as shown in figure 1. Two or three bundles
of logs are laid on each carriage with height about 4 meters.
Their diameters are different in different carriages. For the
big diameter log, there are about ten pieces of logs in each
bundle. There will be more than twenty or thirty piece of
logs in each bundle if the log diameter is smaller. No matter
what type of the log diameter, the height of each bundle is
nearly the same (about 4 meters high). Compared with the
small diameter log scaling, the scaling is easier for the big
diameter log. When a log will be scaling, both sides need be
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done and the smaller one will be chosen as the scaling
result. If it is a small diameter log, it is difficult even to find
both sides for that log in that bundle. Moreover, many
workers have to climb to higher place to measure.
Generally, more than 200 operators work at the same time
more than 12 hours for a freight train. The scaling results
will also be influenced by human factors etc.

2) Both bigger and smaller diameter

Figure 1 Illustration of logs with different diameters

Aimed at the various problems of manual log scaling,
many researchers try to use machine visions to substitute
manual scaling. Although some researchers have applied
the image processing technique to the log scaling, the best
operation will be the scaling process of machine vision that
is the same as manual operation. Because many logs’
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interface can be taken in an image, we can scale more logs
at the same time from one captured picture. If necessary, we
can also scale the log one by one based on the machine
vision technique. The scaling efficiency can be improved
remarkably. Moreover, the captured images can be saved in
a database for the systematic management. Certainly they
can also be used as the certification for later application.
There are many advantages for the machine vision scaling,
but the scaling accuracy is determined by such as lighting
conditions, video image quality, etc.

When we use machine vision for log scaling, the
distance between camera and the log interface should be
determined first. Then the log diameter of its interface can
be calculated based on the camera focus and previous
distance. Now the distance generally is determined with
infrared sensors or ultrasonic sensors, etc. Because the
distance is longer than the effective range of such sensors
and there is a gap among the log interfaces, those sensors
can not work robustly. The laser rangefinder sensor can
satisfy our requirements, but it is generally expensive. In
the machine vision scaling, the image processing technique
is used to determine the geometric dimensions of measured
objects. Therefore, we can also determine that distance
based on the image processing with point laser.

For the manual scaling, workers can find the shortest
interface diameter fast based on their experience. If we
develop some algorithms of image processing, the process

will be complicated and its result will not always be reliable.

Because the computer is good at calculation, many
diameters in different angles of each interface will be
measured and the smallest will be selected as the final
result. The experiments showed, it is possible to replace the

manual scaling with the computer vision scaling.
1. 2

2 DISTANCE CALCULATION BASED ON
IMAGE PROCESSING

For the machine vision scaling, the first step is to decide
the distance between the camera and the measured log.
Although there are many sensors can be used to get the
distance, considering the working conditions, we will use
the image processing technique to get that distance. The
conventional distance calculation based on image
processing should use two cameras. That technique is not
appropriate to our applications. In order to get the distance,
here a point laser is used.

The relationship between the camera and pint laser is
shown in Figure 2. Here, we assume the camera view angle

in width direction is Ax , Ay is in the height direction, the
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length between the lens center and laser center is L, the
coordinates of the laser center in image plane is P(x,y), 0 is
the angle between the lens center line and the vertical line
from camera center to the laser center line, the image
dimension is 2wx2h. Thus we can get the angle 3, which is
the angle between the connection line from camera center
to P(x,y) and the optical axis of the camera.

p=arctan(tan(,)*(y-h)/h

Then the distance between the camera and the object
point will be:

HY =L*tan(6-p)

Camera

I Point Laser

D

Point Laser Center

Lens Center

Figure 2 The illustration of distance calculation for
image processing

Each paper size should be A4 size (210mm by 297mm).
Write the paper in English.

3 EXPERIMENTS

In order to test the system whether it is appropriate for the
application of the log scaling, the flowing experiments were
carried out.

3.1 Experiments on the distance calculation based on

image processing with point laser

If we want to proceed the log scaling based on the
image processing, the first step is to get the distance
between the camera and some target cross section.
According to practical applications’ requirements, the
distance from 30cm to 300cm is tested.
In the experiment, seven groups of data were verified. We
fixed the camera first, then marked seven points which are
the distance of 30cm, 45cm, 85cm, 100cm, 150cm,
300cm to the camera respectively. The test sample and
point laser is shown in figure 3. The sample size is
w0xh0=15mmx7.6mm. At each marked point, we will
calculate the distance from camera to the sample. At the
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same time, we will also calculate the width and height
respectively based on the distance gotten from image
processing. Moreover, the relative error will be calculated.
All results are listed in the table 1

Sample Laser point

Figure 3 The illustration of the test sample and laser point

Table 1 The comparison between image processing and
manual measurement (Unit: cm)

Manual
30 45 85 100 150 200 300
do
Calgera 29.93 4434 84.16 98.60 | 14649 | 19354 | 28529
(d-d0) 02% | -1.5% 1% 14% | -23% | -32% | -4.9%
/d0
Width w 14.81 14.75 14.64 14.53 14.91 15.06 14.68
(w-w0) 2% | -17% | 24% | 31% | -0.6% 0.4% 2.1%
/w0
Heighth | 736 7.54 751 749 7.53 7.67 737
(h-h0) 05% | -08% | -12% | -14% | -09% 0.9% 3%
/h0

Because the captured image size is 640x480pixels, the
resolution is not high enough for objects far from the
camera. When the object is put on the 300cm mark, the
calculation accuracy of the distance, sample width and
height is lower than the near marks to the camera. For our
experiment camera, if the distance between camera and
sample is controlled less than 100cm, we can get better
calculation results based on the image processing. Although
the results are also good for the distance from 100cm to
200cm, the edge points of the sample can not be extracted
accurately.

3.2. Experiments on the log scaling based on image
processing

In order to simulate the practical log scaling, the log
cross sections are laid as shown in figure 4. First the
distance between the camera and the log cross section is
calculated based on the image processing, and its result is
84.76cm.The manual measurement is 85cm, and the
relative error is 0.28%.
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Figure 4 The illustration of log scaling experiment for
distance calculation

The log scaling of the cross section is shown in figure 5.

In order to get a more accurate calculation result, the whole
cross section is divided equally by six angles, so six
diameters can be calculated at the same time. In our
experiment, the defect on the cross section will not be
considered. Our experiment purpose is to verify the
accuracy of the machine vision scaling. Each diameter is
calculated based on two intersection points of each line.
The initial length of each diameter is shown in the bottom
of the figure 5, which are calculated only based on the
coordinates on the image plane. When we consider the
distance between the camera and log section, the real length
will be calculated. The real length is shown in the right
upper part of figure 6, which is transformed from the
shortest one after the comparison among the above six
calculation results. The manual result is 22cm. The image
calculation result is 22.096cm, so the relative error is 0.4%.
The manual result is also an approximate dimension.

Figure 5 The illustration of the cross section scaling for left
sample
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Figure 6 The illustration of the cross section scaling for
right sample

In order to verify the machine vision scaling, another
similar operation is done with another sample. The manual
result is 20cm, and the image processing result is 19.58cm.
The relative error is 2.1%. The big error is caused by the
irregular cross section. It is difficult to get the shortest
diameter by manual scaling.

4 CONCLUSIONS

According to the experiments on the distance
calculation and log scaling based on the image processing,
we can get following conclusions:

With our designed device, the distance between camera
and target object can be calculated. If we want to get more
accurate result, the distance can not be too far and the
camera should have high resolution.

We can carry out the log scaling with machine vision.
With this technique, the single log can be measured
automatically, and multiple logs also can be measured in a
same image. When we scale multiple logs in one image,
their accuracy will be higher if their cross sections are in
the same vertical plane. On the other hand, it is better to use
camera with higher resolution.
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