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An X-ray LogScanner — a tool for control of the sawmill process

Abstract

Wood is a biological material with great variability. Every piece of wood is 2 unique
individual. The great challenge in the wood products manufacturing process has always been
to select pieces of wood with properties that fulfil the product requirements, This will be even
more important in the future as customers increasingly demand sawn products with special
properties regarding dimension, moisture content, warp and last, but not least, biological or

" aesthetic features. To be able to fulfil these requirements, the right logs have to be selected for
a certain product before the sawing process. This means that an accurate tool that can measure
external and internal features is needed.

The main objective of this work was to develop and evaluate algorithms for nondestructive
measurement of external and intemal properties in sawlogs with the aid of a bidirectional X-
ray LogScanner.

The LogScanner outlines and the LogScanner signals were simulated using CT (compuier
tomography) images from the Swedish Pine (Pinus sylvestris) Stem Bank and the European
Spruce (Ficea abies) Stem Bank. With the aid of data from the stem bank databases, the
simulated scanner signals, the saw simulation program virtual SawMill (vSM), and statistical
analysis programs, new control algorithms were developed and evaluated.

The studies show that an X-ray LogScanner with two X-ray sources has a great potential to
become a powerful tool for control of the sawmill process.

The most important conclusions of work presented in this thesis were that:

¢ X-ray based technology is a suitable technique for nondestructive measurement of internal
features in green sawlogs.

* CT scanning is a powerful research tool for measurement and visualisation of different log
properties.

® Parameterisation is an efficient method for reduction of the amount of data from a CT
scanner,

» Itis very efficient to use data from a “Stem Bank database™ based on CT scanning for
simulation, analysis and development of the sawing process and different measurement
technologies.

* An X-ray LogScanner with two X-ray sources can measure log features such as diameter
under bark, species, log type, knot structure, rotational position of knots, density, heart-
wood content, annual ring width and predict strength and grade of sawn boards.

Keywords: CT scanning, density, external shape, grading, heartwood, image analysis, knots,
LogScanner, MOR, MOE, nondestructive, Norway spruce, sawlogs, Scots pine, sorting,
wood, X-ray.
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1 Introduction

Wood is a biological material with great variability. Every piece of wood is a unique
individual. The great challenge in the wood products manufacturing process has always been
" to select pieces of wood with properties that fulfil the product requirements.

In earlier days the selection process was carried out by skilled craftsmen with long
experience. One example of this process was when Alfred Israclsson from Gielas needed a
new pair of skis. He went to the forest and examined the birch trees. When he found the right
trec he said, “This birch is ugly on the outside and has cross-grained wood in the outer parts
of the stem, but it has straight grain in the middle part of the stem” (Jonsson, 1988). How
could he know? He didn’t have X-ray eyes but he had long experience. He had, of course,
also a lot of time to select the right tree.

When the manufacturing process gradually became more and more industrialised, the ime
available for selection of logs and boards with the required and well-defined feature profile
decreased. Process improvements were focused on high productivity in volume per hour and
high volume recovery. These changes have had as a resulted that perhaps 50% of what a
sawmill produces are products that no customer really wants to buy. Thus, the total value of
the produced products will be low, This is called “the sawmill paradox™ by Gréniund (1992).

It is commonly held in quality work that variations are the root of all evil (see e.g. Deming,
1986). The sawmill paradox is due to the fact that the sawmills today cannot control
variations in the raw material. It is therefore a good example of what is called “costs for poor
quality” (Grénlund, 1995).

Sawmill people have become more and more aware that what is lacking is & tool that can
characterize the raw material in order to control the conversion process in an optimal way..
Lionner (1989) points out that there is a large economical potential in better utilization of high
quality logs if the internal and external properties of the logs are taken into consideration.

Johansson & Liljeblad (1988) showed in a simulated sawing of 51 stems of Scots pine (Pinus
sylvestris L.) that with full knowledge of the internal knots and the outer shape of the logs, the
value of the lumber could be increased by about 10%. These results were obtained with only
one degree of freedom, rotational position. With more degrees of freedom the potential
increase in value will be even higher, However, the increase in value is very sensitive to
errors in the positioning of the logs. Also Bjérklund & Julin (1998) have shown that
knowledge of the internal knot struchure creates a great potential for increase of value
1eCOVery.

Today technology has advanced to the point that defects can be detected in the interior of logs
using X-rays, nuclear magnetic resonance (NMR), ultrasound or gamma rays (Birkeland &
Holdyen, 1987). Also microwaves (Kaestner & Baath, 1998), vibration technique (Skatter &
Dyrseth, 1997) or longitudinal stress waves (Aratake et al., 1992; Ross et al., 1997) can be
used for nondestructive measurement of inner properties of logs.
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