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ABSTRACT

A nondestructive method of measuring knot parameters for research purposes has been
compared to alternative, destructive methods. The method is based on automatic analysis
of CT-images. The image analysis algorithms were adjusted to and evaluated on Norway
spruce- (Picea abies (L.) Karst.). The possibilities of measuring resin pockets in CT-images
have been studied and stereological methods have been applied to volume estimation of
resin pockets in saw logs.

Datz from CT-scanned logs was used to simulate an industrial X-ray LogScanner.
The X-ray LogScanner was based on two X-ray sources and designed for scanning at 3
m/s. The possibility of using this X-ray LogScanner to make nondestructive
measurements of properties of saw logs has been investigated.

For research purposes, the study showed that compared to destructive methods, both
_ the accuracy afid the speed of the CT method were competitive. Comparisons between
~ real centerboards and reconstructions based on knot parameters measured in CT-images
and simulated sawing showed that the reconstructions compared well to the
corresponding real boards in terms of position, number, size and type of knots. -

It was shown that resin pockets can be detected and measured in CT-images of
Norway spruce and that implemenmtion of stereology on wood can be a good tool for
quantitative analysis of resin pockets. )

The study showed that the X-ray LogScanner measures minimum shadow diameter
- under bark before debarking with an accuracy compatable to a 3D-scanner. The X-ray
“LogScanner handled the problems that can be ascribed to the presence of bark, and the

conclusion, was that the. potential of combining the X-ray LogScanner with a 3-D optical
. scanrier should be investigated.
. It was also shown that the sawing position could be controlled based on X-ray

- LogScanner measurements of the best halves of the logs. The total amount of high-
quality boards increased by 11% (2.5 percentage units) when the sawing position was
controlled. The fact that the arnount of low-quahty boards also increases makes the
. economic potential very dependent on the price differences between the different
qualities.

The X-ray LogScanner could be used to measure the percentage of heartwood and
the green heartwood density with relatively high accuracy (R*=0.94 and R*=(0.73,
respectively). Based on the X-ray LogScanner measurements, it was also possible to

" calibrate PLS-models for prediction of the bending stiffness of the centerboards. These -

predictions could be used to sortlogs according to the pred1cted strength of the

centerboards. By sorting out 50% of the logs it was possible to increase the percentage of
C30-boards from 73% to 100%. The rest of the logs could then divided into two groups,
one of them with 100% C24- and C30-boards.

Keywords CT-scanning, density, diameter, external shape, heartwood, image analysis,
knots, MOR, MOE, nondestructive, Norway spruce, PLS, resin pockets, saw
logs, Scots pine, sorting, _stereology, wood, X-ray.
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i. INTRODUCTION

‘Wood is a biological material. Every log or stem has its individual properties. These
individual variations cause problemns in modern sawmills because controlling the
properties of the sawn product means controlling the properties of the raw material.
Today, individual saw logs are not properly characterized before sawing and because of
this a large part, maybe half, of the production in a normal sawrnill consists of products
that ar¢ in very low demand and, because of this, command very low prices (Gronlund
1995). Linner (1989) points out that there is a large economical potential in better
utilization of the high-quality logs. Concerning quality improvements in sawmills,
Gronlund (1995) concludes, “without any doubt the fact that the raw material is not
efficiently utilized is the largest cost for poor guality”, Efficient utilization of the raw
material can only be reached through optimization based on knowledge of both the
properties of the raw material and the demands of the customers (Fig. 1).

Customer demand

@ B & K

Dimension Quality 1

Fig.- 1. Optimizing the utilization of the raw material based on knowledge of both the properties
of the raw material and the demands of the customers (from Grinlund 1992).

Gronlund (1995) mentions three main needs that must be satisfied in order to reduce
the cost of poor quality: “a tool that describes every piece of wood by its properties; new
equipment for scanning the interior; knowledge of the customers’ needs and behaviour.”
Fulfilling these needs will make it possible to make a stronger integration between.
Market-Forest-Industry and thereby to optimize the utilization of the raw material.

- As optimized utilization of the raw material in a sawmill requires knowledge of the
properties of individual logs, it becomes necessary to develop methods of measuring
these properties in an industrial environment. Such methods should measure the
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