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Résumé

Les Laboratoires nucléaires de Chalk River de l'EACL
ont effectué une étude préliminaire de faisabilité quant à l'applica-
bilité des techniques tomographiques assistées par ordinateur
pour détecter la structure interne des rondins. On a ainsi obtenu
la coupe transversale de trois rondins en ayant recours à la tomogra-
phie assistée par ordinateur (technique médicale CAT).

Ces coupes ont montré clairement les anneaux de croissance,
les noeuds et les sections pourries de chaque rondin sec ou humide.

Département de développement des instruments
Laboratoires nucléaires de Chalk River

Chalk River, Ontario KOJ 1J0

Janvier 1985

AECL-7742



ATOMIC ENERGY OF CANADA LIMITED

DETECTION OF DEFECTS IN LOGS USING COMPUTER ASSISTED TOMOGRAPHY
(CAT) SCANNING

by

P.D. Tonner and L.R. Lupton

ABSTRACT

The Chalk River Nuclear Laboratories of AECL have performed a pre-
liminary feasibility study on the applicability of computer assisted tomo-
graphic techniques to detect the internal structure of logs. Cross sections
of three logs have been obtained using a medical CAT scanner.

The results show that knots, rot and growth rings are easily recog-
nized in both dry and wet logs.
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1. INTRODUCTION

To evaluate the possibility of using radiographic techniques for
locating defects in sawmill logs, several logs were scanned using a medical
tomographic unit. This report comprises a short explanation of the theory of
computer assisted tomography together with tomographic scans of three test
logs. Although the report is intended to encourage the use of tomography in
the forest products industry, the tomographic scans are graphic evidence of
the power of this technique and may spark interest in other areas of non-
destructive testing.

2. PRINCIPLES OF COMPUTER ASSISTED TOMOGRAPHIC SCANNING

In conventional radiography, X-rays diverge from a source and pass
through the object of interest, e.g. a body, projecting an image, e.g. of
bones, organs and air spaces, onto a sheet of film. Invaluable though the
procedure is, it suffers from a major shortcoming: on the film the struc-
tures overlap and are sometimes difficult or impossible to distinguish from
one another. This is particularly true when the density of one structure
differs only slightly from the density of a neighbouring structure, as often
occurs in body X-rays [1].

In attempting to surmount this shortcoming, the radiographer often
makes use of a number of X-rays from different angles in which internal
structures appear in different relationships to one another. This qualita-
tive procedure is now being replaced by a quantitative technique called
Computer Assisted Tomography (CAT) scanning.

In CAT scanning, the X-rays used for imaging do not enter other
sections of the body, but traverse only the layer under examination, so that
unwanted planes are completely omitted (see Figure 1). If a significant
number of views or projections are taken, the distribution of X-ray attenua-
tion coefficients within the layer under examination may be determined. The
construction of the image from its projections is, In fact, a mathematical
process of considerable complexity, generally performed by a computer [1].

The first attempts at reconstructive tomography used a summation
technique called back-projection [2]. The method is illustrated in Figure 2.
The reconstruction of a rectangular object with only two projections is shown
in this example although more projections would be required in practice. The
projection data are collected as shown graphically In Figure 2(a). The para-
meter p may be proportional to the response of a detector (see Figure l(a))
or to the blackness of conventional radiographic film. In either case, the
projected profile is determined by the attenuation of radiation in the object
and is thus a measure of the density of the object. Reconstruction Is per-
formed by back-projecting each profile across the plane, i.e. the magnitude,
p, Is applied to all points that make up the projection as shown in Figure
2(b). An outline of the object appears in the reconstruction where the back-
projected data overlap and are summed.

None of the summation techniques produce a good reconstruction
because projection data are applied not only to points of high density but to
all points along the projection. This difficulty is surmounted in the three
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OETECTOR

(a) (b)

FIGURE l< (a) RECONSTRUCTIVE TOMOGRAPHY AS APPLIED TO TRANSMISSION IMAGING,

(b) A TYPICAL SCANNING PATTERN CONSISTS OF LINEAR TRANSLATIONS AT

SUCCESSIVE ANGULAR INCREMENTS.

( F R O M BROOKS A N D D I C H I R O [ 2 ] )

(a) (b)

FIGURE 2- BACK-PROJECTION, (o) TWO PROFILES OF A RECTANGULAR OBJECT ARE SHOWN

GRAPHICALLY, (b) THESE PROFILES ARE BACK-PROJECTED ONTO THE IMAGE

PLANE AND SUPERIMPOSED TO FORM AN APPROXIMATION TO THE ORIGINAL OBJECT.

(FROM BROOKS AND DI CHIRO [ 2 ] )
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other methods of reconstruction; Fourier transform, analytic solution, and
the series expansion or iterative technique [3]. All three methods provide a
more exact reconstruction from the projection data than is possible with
back-projection and, of these, analytic reconstruction is now most often used
in commercial X-ray scanners. A detailed description of these methods is
beyond the scope of this report.

3. COMPUTER ASSISTED TOMOGRAPHY SCANS OF LOG SAMPLES

3.1 Introduction

Three log samples were tested using the Kingston General Hospital
(KGH) CAT scanner. The intention was, firstly, to provide proof that density
variations in wood could be measured using CAT scanning and, secondly, to
determine to what extent wood moisture content degrades the ability to
measure these density variations.

3.2 The KGH CAT Scan Unit

The CAT scan unit at KGH is a General Electric CT/T, X2 system,
model 7800 (update) installed in 1977. The X-ray tube is a rotating anode
type that is pulsed on and off 60 times per second. The 120 keV X-ray beam
emitted from the tube has a fan-like geometry and crosses the target as shown
in Figure 3(a). The beam intensity, rated in rallliamp seconds (mA's), may be
varied from 40 mA*s to 600 mA»s. The X-ray tube fan beam and detector array
configuration allows for the scanning of objects up to 42 cm in diameter as
shown in Figure 3(b). The detector array, which is stimulated by 60 Hz X-ray
pulses, feeds 523 electrical channels. Thus, during a single scan which may
last nearly 10 seconds, a very large amount of data is generated. This data
is reconstructed using an analytic technique to form an image. The scanner
incorporates a 320 x 320 picture element (pixel) matrix so that for a 42 era
field of view, each pixel represents a 1.3 mm x 1.3 mm cross section of the
object being scanned. The slice thickness is 5 mm. The total time for
reconstruction of the data is 40 seconds. Film negatives of the displayed
data were obtained on X-ray copy film. Contact prints were made from the
negatives.

3.3 Description of Test Logs

Physical descriptions of the three test logs, shown in Figures
4(a), 5(a), and 6(a), are given in Table 1. The logs designated A and B are
two sections of the same jack pine trunk. Log A was kept relatively dry
while log B was purposely soaked in water to obtain a 40% moisture content
(weight of absorbed water/weight of dry wood). Log C was tested on two
different occasions, first when it was relatively dry and later after it had
been soaked in water to obtain 100% moisture content.

The samples contained knots and rot of various dimensions as well as
artificially introduced defects comprising 1.27 cm (1/2") and 0.635 cm (1/4")
diameter holes and 0.952 cm (3/8"), 0.635 cm (1/4") and 0.317 cm (1/8")
diameter maple dowels as shown in Figures 4(a), 5(a) and 6(a).
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FIGURE 3: (a) X-RAY DETECTOR ARRAY GEOMETRY.

(b) FIELD OF VIEW IN FAN BEAM. ALL SCANS
WERE TAKEN USING THE 5 mm SLICE
THICKNESS SETTING.
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TABLE 1: PHYSICAL DESCRIPTION OF TEST LOGS

LOG NAME WOOD TYPE APPROX. DIM.
(cm)

AVG. DENSITY
(gn/cm3)

DESCRIPTION

"A" jack pine

"B" jack pine

"C" easteru
white pine

20 cm dia.
x 25 cm length

20 cm dia.
x 25 cm length

\ of 44 cm
dia. circle
(wedge shaped)
x 8 cm length

0.54

0.54 (dry)
0.75 (wet)

0.47

dry, 3 maple dowels,
2 holes, knotsv rot

40% moisture content
(weight of ̂ater/
weight of dry wood)
3 maple dowels,
knots, rot

dry, 2 holes, one
knot, overall larger
dimensions
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KNOT

3/8" , 1/4", 1/8"
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1/2", 1/4" HOLES *

* I" = 25.4 mm
FIGURE 4(a)= PHOTOGRAPH OF LOG A

KNOTS
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FIGURE 4(b)= CAT SCAN CROSS SECTION OF LOG A
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FIGURE 5(a)= PHOTOGRAPH OF LOG B
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FIGURE 5(b)= CAT SCAN CROSS SECTION OF LOG B
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* !" = 25.4 mm
FIGURE 6(aV- PHOTOGRAPH OF LOG C



1/2",. 1/4"
HOLES *

* I " = 25.4 mm

FIGURE 6(b): CAT SCAN CROSS SECTION OF LOG C (DRY)



* I " = 25.4 mm

FIGURE 6(c)= CAT SCAN CROSS SECTION OF LOG C (WET)
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3.4 Cross Sections Obtained with CAT Scan

3.4.1 Log A: Dry Jack Pine

A typical CAT scan cross section of log A is shown in Figure 4(b).
A photograph of this cross section is shown In Figure 4(a). By the time this
photograph was taken (several weeks after the CAT scan was performed) cracks
had appeared in the log. These cracks, which were caused by uncontrolled
drying of the wood, were not present when the CAT scan was performed. Aside
from the cracks, the two images (Figures 4(a) and (b)) should display the
same features.

Figure 4(b) was obtained with the X-ray beam intensity set at
400 mA*s. No appreciable degradation In image quality was observed for
intensities as low as 40 mA»s (the lovest possible intensity level). Note
from this figure that growth rings, v/hich appear as alternating light and
dark concentric circles, are clearly visible throughout the cross section. In
these figures the dark circles indicate the denser areas. Knots in the upper
left and lower right quadrants of Figure 4(b) appear as dark areas indicating
that they are of a higher density than the surrounding wood. Note that the
disruption of growth rings also indicates the presence of a knot.

Only one maple dowel, the 0.635 cm (1/4") size, is visible as a
dark grey circle in the upper right quadrant. The other two dowels appear to
have been overshadowed by the natural density variations in this sample. The
darker appearance of the visible dowel relative to the surrounding wood Is
consistent with the fact that maple is slightly more dense than jack pine.

Extensive dry rot In the upper left quadrant Is evident from the
grey-white streaks and white insect holes. A cross section of one such insect
hole is shown clearly In this area. Other irregular holes are dispersed
across this view, usually appearing at the outer edges. The two white
circles near the core of the tree are 1.27 cm (1/2") and 0.635 cm (1/4")
holes which were purposely drilled into the logs.

3.4.2 Log B: Wet Jack Pine

Figure 5(b) is a CAT scan cross section of log B. Figure 5(a) is a
photograph of the same cross section. Again, cracks in the log shown in this
photograph were not present when the CAT scan was taken.

Figure 5(b) was obtained with the X-ray beam intensity at 400 mA«s
but, as before, no appreciable degradation in image quality was observed for
intensities as low as 40 mA*s. The loss of a sharp contrast at the edge of
the log In the upper right quadrant is due to accidental misalignment in the
scanner, causing part of the log to be out of the viewing plane.

Note that rot in the lower quadrants of this log appears as dark
streaks, unlike rot shown In Figure 4(b) which appears as light streaks.
This change is due to water which has soaked into the rotted area and caused
the average density to change from a lower to higher than normal value. Note
that the cross section of an insect hole which has evidently not been filled
with water is clearly visible as a white line in the rotted area. Other
insect holes which have not been filled with water are also visible in this
area.



- lit -

The dark area on the left side of the log is, at first, puzzling
because the photograph does not show a knot in this area. (See Figure 5(a).)
It does, however, show a dark spot and a distortion of growth rings indicat-
ing that a knot is nearby. In fact, a branch, visible in Figure 5(a),
appears at the surface several inches further along the trunk. Apparently
the dark spot, which is a high density area as indicated by the CAT scan, is
a cross section through the periphery of the knot caused by this branch.

Note also that the three maple dowels are clearly visible as shown
in Figure 5(b).

3.4.3 Log C: Dry Eastern White Pine

The CAT scan cross section of log C, when it was relatively dry, is
shown in Figure 6(b). A photograph of this cross section is shown in Figure
6(a).

Figure 6(b) was obtained with a beam intensity of 400 mA's. Some
slight image degradation was observed at a beam intensity of 40 raA's for this
sample. The circle around tiie log indicates the maximum field of view of the
CAT scan unit.

Growth rings in the clear wood as well as growth rings inside a
large knot are visible. The knot itself is about the same density as the
clear wood. A dark area around the knot, due to a high density area, helps
to highlight the knot in the surrounding wood. The dark band at the periph-
ery of this log may be caused by natural wood density variations or by an
increased moisture level in this area. The 1.27 cm (1/2") and 0.635 cm
(1/4") drilled fcci.es are both clearly visible in this figure.

3.4.4 Log C: Wet Eastern White Pine

Several months after the initial CAT scans were performed, log C
was soaked in water to obtain 100% moisture content and scanned a second
time. This CAT scan is shown in Figure 6(c).

The vertical striations through the figure were caused by a minor
malfunction of the CAT scanner.

It is apparent by comparing Figures 6(b) and 6(c) that the presence
of a very large amount of water in the sample has in no way degraded the
ability to detect the knot in the CAT reconstruction.

3.5 Summary and Conclusions

Cross-sectional views of sample logs have been obtained using a
medical CAT scanner. The three logs were:

(I) Log A, dry jack pine with extensive knots and rot;

(ii) Log B, wet jack pine, 40% moisture content (weight of
absorbed water/weight of dry wood) with extensive knots and
rot; and
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(iii) Log C, eastern white pine, mainly good wood with one large

knot, dry and with 100% moisture content.

An X-ray CAT scan of each of these logs provides a remarkably
detailed cross-sectional view in which growth rings, knots, rot and holes can
be easily identified.

Knots appear to be surrounded by a region which is naturally denser
than the surrounding wood. If the cross section passes through the dense
area surrounding the knot but misses the core of the knot then the area may
appear as a dark spot on the film. Visible inspection of thie cross-section
may only raveal a slight discolouration but no obvious evidence of a knot.
The core of the knot may be several Inchas further along the tree in sither
direction.

For these samples, image quality was relatively independent of beam
intensity over an order of magnitude on the raA's scale. Some very slight
image degradation was observed for the large sample.

In conclusion, the results of these preliminary studies on the
application of CAT scanning to logs have shown:

- that knots and rot in dry logs are easily recognizable in the
reconstructed image;

- for these samples, the presence of up to 100% moisture content in
the log does not degrade the ability to identify knots and rot in
the reconstructed image.
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