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Description
[0001] This invention relates in general to the timber
and log processing sector for obtaining wood usable for
making products of any kind.
[0002] In particular, this invention relates to a method
for non-destructive inspection of a log to identify inner
zones of sapwood of the log that have not been attacked
by fungi that cause bluestain in the wood. This invention
also relates to an apparatus for carrying out that nondestructive inspection.
[0003] It is well known that the quality of wood depends
both on the raw material and on the production processes
applied to it. Specifically, the raw material is constituted
of logs from trees cut down.
[0004] In aesthetic terms, the quality of wood may be
compromised by a natural discolouration process caused
by attacks by fungi. Amongst the various types of attack
by biological factors, aesthetic quality is particularly compromised by fungi which attack the sapwood of the log,
turning it a bluish or grey-green colour. This phenomenon
is well known in the sector as "bluestain". It is usually due
to specific saprophytic fungi.
[0005] The products obtained from wood affected by
bluestain are considered to be of low quality aesthetically,
despite their mechanical properties not being compromised. Wood affected by bluestain is, therefore, to be
considered a reject or, in any case, a material of considerably lower commercial value. According to some prior
art methods, bluestain in wood can be prevented by keeping the cut logs wet during hot seasons, or by means of
antiseptic treatments on cut logs, or by sawing the logs
immediately after cutting and then drying the boards obtained in that way in ovens, so as to bring them to a
moisture content of around 12%.
[0006] In other cases, the decision is made to completely suspend wood production for high quality applications in hotter months, during which the growth of fungi
that cause bluestain is more likely.
[0007] However, it must be considered that an attack
by fungi may occur even on the living tree, before it is cut
down to obtain the log, and therefore, the prior art methods indicated above would be ineffective if bluestain were
already present.
[0008] Therefore, when cutting logs, efforts are made
to assign logs potentially affected by bluestain to the production of boards for uses in which the aesthetic value
is not important (for example, wood for construction). For
this reason, operators carry out a visual inspection of the
logs, although often visual inspection is not very effective.
[0009] In any case, those prior art methods do not allow
objective assessment of whether or not a log is free of
bluestain. Therefore, there is the risk that zones of
bluestain are found in boards sawn from a log that was
thought to be healthy. That involves considerable disadvantages in terms of the production process, both as regards quality control on the products obtained and concerning production rejects and the related costs.
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[0010] WO 2012/052506 A1 discloses methods for detecting early stage fungal infection (and especially esca
or esca-like infections) in woody plants, using X-ray tomographic imaging. In preferred embodiments, axial Xray tomography is employed, with radiodense regions of
the tomograms indicating the location of such infection.
The methods are particularly relevant to detection of esca
in grapevine and kiwi.
[0011] EP 2 343 536 A1 discloses a method for detecting an anomaly in a biological material, comprising the
steps of irradiating the biological material with electromagnetic radiation of at least two different energy levels
and measuring the amount of radiation transmitted
through said biological material at said energy levels. A
calibrated transmission value is determined for each energy level, the calibrated transmission value being based
on a ratio between a determined transmission value
through the biological material for the energy level and
a determined calibration reference value for the energy
level. The presence of an anomaly in said biological material is determined based on a comparison between a
material value (based on a relationship between the calibrated transmission value for said energy levels) and an
expected material value for said biological material. The
electromagnetic radiation may be X-rays and the method
may be used to detect sap stain in a piece of wood.
[0012] Metzler et al. [Forest Ecology and Management
274 (2012) 99-107] have compared Norway spruce and
silver fir regarding impact of bark wounds and susceptibility to wound colonizing fungi. Computer tomographic
examination was also used to examine samples.
[0013] Van den Bulcke et al. [International Biodeterioration & Biodegradation 61 (2008) 278-286] describe
three-dimensional imaging and analysis of blue stain fungus infested coated wood with X-ray submicron computer
tomographic examination.
[0014] These further prior art methods, even if using
x-rays or tomographic examination, allow only a rough
evaluation. In particular, they are not able to reliably identify inner zones of a log that have not been attacked by
fungi that cause bluestain in the wood. The results obtained by these methods are unsuitable for production of
boards sawn from the log.
[0015] Starting with the disadvantages of the prior art,
this invention was devised to enable assessment of
whether or not a cut log could have inner zones affected
by bluestain and, if so, where those zones affected by
bluestain could be.
[0016] That is achieved by means of a method for nondestructive inspection as described in the appended
claims, as well as by means of an apparatus as claimed.
[0017] The method according to this invention is useful
in particular for identifying which parts of a log are definitely healthy and therefore usable for cutting products
with aesthetic value, and which parts have, in contrast,
potentially been attacked and so must be intended for
products with no aesthetic requirements.
[0018] With its experience in the sector, in particular
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relating to trees of resinous species (such as fir, spruce,
conifers in general), the Applicant and/or the inventors
have verified that the sapwood attacked by fungi that
cause bluestain usually has a moisture percentage that
is less than a normal moisture value, where "normal"
means the moisture detected, for example, in healthy
logs, recently cut, of trees of the same species as the log
in question. The normal moisture value may vary considerably from one species to another, and therefore must
be assessed on a case by case basis.
[0019] The Applicant and/or the inventors have verified
that bluestain is never present in parts of the sapwood
in which the moisture has remained at the normal value
and that, however, there are cases in which regions of
sapwood have an abnormal moisture level (therefore,
they are highly exposed to attack by fungi) but the log is
healthy. The Applicant and/or the inventors have also
verified that, even if a part of the sapwood is attacked by
fungi, the presence of a zone with normal moisture between the zone attacked and the heartwood indicates
that the propagation of the attack has stopped before
reaching the heartwood.
[0020] In practice, according to what was verified by
the Applicant and/or the inventors, the attack by fungi
that cause bluestain starts from the outer surface of the
log and extends towards the centre of the log. Moreover,
the attack is associated with zones of the sapwood that
have an abnormal moisture level, that is to say, sapwood
that is dried compared with the normal moisture level.
[0021] On this basis, the inventors have developed the
method for non-destructive inspection according to this
invention. Specifically, the method is based on a tomographic scan of the log to be inspected and uses the
principle of tomography to enable indirect measurement
of the local moisture content in the inner regions of the
log. In particular, the tomographic scan enables measurement of the attenuation of the X-ray beams passing
through the log and that attenuation is quantifiable for
example in terms of radio-density, which is directly correlated with moisture content. Therefore, it is possible to
assess which zones have normal moisture and which
have abnormal moisture and, consequently, to establish
which inner regions of the log are free of bluestain and
which inner regions could, in contrast, present risks of
bluestain. The information obtained in that way is usable,
for example, for optimising a log cutting pattern and/or
for assigning the log a class or grade in terms of quality
and economic value.
[0022] The non-destructive inspection method according to this invention has been developed in particular for
logs from trees of resinous species, however, it is also
applicable to other species.
[0023] Further features and the advantages of this invention are more apparent in the detailed description below, with reference to a preferred, non-limiting embodiment of a method and an apparatus for non-destructive
inspection of a log. Reference will be made to the accompanying drawings, in which:
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Figure 1 is a perspective view of an example of a
tomography apparatus usable for this invention;
Figure 2 is a simplified view of a log moved in such
a way that it can be subjected to a tomographic scan
during a step of the method according to this invention;
Figures 3 and 4 are respectively a longitudinal sectional view and a cross-sectional view of a tomographic image obtained for a first example of a log,
Figures 3 and 4 being in different scale to one another;
Figures 5 and 6 are respectively a longitudinal sectional view and a cross-sectional view of a tomographic image obtained for a second example of a
log, Figures 5 and 6 being in different scale to one
another;
Figure 7 is a cross-sectional view of a tomographic
image obtained for a third example of a log.

[0024] With reference to the above-mentioned figures,
a log has been generically labelled with the reference
character 1 and a tomography apparatus for carrying out
a tomographic scan of the log 1 has been labelled with
the reference character 9. Tomography apparatuses of
this type are already known in themselves and are described, for example, in the publication of European patent application No. EP2381247A1 and in Italian patent
application No. BZ2011A000026, both by this Applicant,
and will not be described in detail herein.
[0025] The tomography apparatus 9 comprises a supporting structure 90, a tomograph 91 and a movement
system 92 for moving a log 1 along a substantially straight
movement path. The tomograph 91 comprises X-ray
emitters and respective X-ray receivers.
[0026] In particular, the tomograph 91 is positioned at
an intermediate position of the movement path and is
positioned at the centre of the tomography apparatus 9
in a containment structure 93, some walls of which have
been cut away for clarity in Figure 1. The movement system 92 is structured for causing, during operation, the
log 1 to pass through the tomograph 91.
[0027] In particular, the movement system 92 comprises a conveyor belt 94 on which, during operation, the log
1 to be subjected to a tomographic scan can be positioned. The conveyor belt 94 runs along the movement
path in such a way that it passes through the tomograph
91. To avoid influencing the result of the tomographic
scan, the conveyor belt 94 may be made of a material
that is substantially transparent to X-rays.
[0028] According to known methods, during the tomographic scan X-ray beams produced by the X-ray emitters pass through the log 1 and are received by the respective receivers. Due to them having passed through
the log, the X-ray beams received by the receivers are
attenuated compared with the X-ray beams emitted. The
attenuation depends on the chemical - physical properties of the material passed through along the path. An
electronic processing unit 95 is configured to process the
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information obtained by the tomograph 91 during the tomographic scan, in order to obtain a three-dimensional
representation of the log in which, for example, a local
radio-density value is assigned to each inner point or
region of the log 1.
[0029] In the case of wood, thanks to the homogeneity
of the attenuation coefficients of water and carbon, for
example at voltages of 100 - 200 kV, it is possible to find
a close correlation between the attenuation of the X-rays
and the density of the material passed through. Since
the density of the wood depends on its moisture content,
it is possible to correlate the moisture content with the
attenuation of the X-rays and in particular with the radiodensity.
[0030] It is known that a log obtained from a tree has
a longitudinal central core, called heartwood, that is a
part free of living cells and having a supporting function,
and an outer part, called sapwood, which coaxially surrounds the heartwood. When the tree is alive, the sapwood is formed of living cells and sap flows through it.
[0031] In the accompanying figures, the heartwood is
labelled with the reference character 12, the sapwood is
labelled 14 and a longitudinal central axis of the log 1 is
labelled 16.
[0032] As already described above, there are fungi
which attack wood and cause bluestain in the wood. In
particular, those fungi that cause bluestain attack the
sapwood. In contrast, the heartwood is usually resistant
to attack by such fungi thanks to chemical substances
which are developed by the tree at the heartwood region.
Therefore, the heartwood may be considered free of the
risk of bluestain.
[0033] The attack on the sapwood by the fungi usually
starts from the outer periphery of the sapwood, that is to
say, from the part facing the bark.
[0034] The wood of the log has a moisture content that
is not the same throughout the whole log. The moisture
content of wood is usually expressed, in percentage
terms, as the ratio of the mass of water contained in a
volume of wood to the dry mass of that same volume of
wood. The moisture content may therefore have values
greater than 100%.
[0035] The heartwood has a moisture content that is
usually less than the moisture content of the sapwood,
at least when the tree is alive and healthy. For example,
the heartwood is substantially dry and may have a moisture content of 30%, whilst the healthy sapwood (that is
to say, not attacked by fungi) may have a moisture content of at least 60%, up to even 150% or higher.
[0036] For trees of resinous species, a division between heartwood and sapwood is particularly clear to the
naked eye in cross-sections of the log. The method according to this invention is intended in particular for logs
from trees of resinous species (such as fir, spruce, conifers in general), however it is also applicable to other
species.
[0037] According to the experience of the Applicant
and/or the inventors, the zones of sapwood which are
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attacked by the fungi that cause bluestain correspond to
zones which have a moisture content which is less than
the normal moisture content and which is closer to the
moisture content of the heartwood. Zones of the sapwood
with a moisture content that has remained at a normal
value are not subject to bluestain. Therefore, it is possible
to define a moisture threshold value which is such that,
in a zone of sapwood with a moisture content greater
than or equal to that threshold value, the growth of fungi
that cause bluestain may be ruled out.
[0038] Basically, according to the experience of the Applicant and/or the inventors, zones which remain sufficiently moist are free of the fungi that cause bluestain.
This is experimental data, irrespective of the causes or
effects. In fact, on one hand local drying may be a cause
of the growth of fungi, but on the other hand the growth
of fungi may promote local drying of the adjacent zones,
destroying the walls of the vessels of the trunk or log.
Causes and effects aside, the significant aspect for this
invention is the correlation between the "normal" moisture content and the absence of bluestain.
[0039] The moisture threshold value that is sufficient
to exclude the growth of fungi that cause bluestain in
wood may vary significantly from one species of tree to
another, like the moisture content in the sapwood. However, the Applicant and/or the inventors have verified
that, in logs obtained from trees cut down (in particular
for resinous species), zones with a moisture content that
is approximately the mean of the moisture of the heartwood and the moisture of the healthy sapwood are quite
rare and tend to reach the moisture content of the heartwood in rather short periods. In other words, it is possible
to quite clearly distinguish between zones of sapwood
which are free of bluestain and zones of sapwood potentially affected by bluestain, based on their moisture content.
[0040] This means that, for the purposes of this invention, the moisture threshold value may be an approximate
value.
[0041] This invention relates to a method for non-destructive inspection of a log 1 to identify inner zones of
sapwood 14 of the log 1 that have not been attacked by
fungi that cause bluestain in the sapwood.
[0042] The method for non-destructive inspection
comprises first the step of carrying out a tomographic
scan of the log 1 to be inspected using X-ray beams that
pass through the log and obtaining a three-dimensional
representation of the log 1 that is representative of the
local moisture content of the log. As already mentioned
above, the local moisture content is correlated with the
attenuation of the X-ray beams through the log 1 and
therefore is information obtainable from the data produced by the tomography apparatus 9 during the tomographic scan. That three-dimensional representation,
which is preferably in digital format, and is processed by
the electronic processing unit 95, may be expressed as
a graphical image but could be expressed in table or matrix form. Basically, that three-dimensional representa-
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tion establishes a correspondence between the coordinates of points or regions of the log and a quantity that
can be traced to the moisture content at that point or
region. The term "local content" therefore means that the
value of the quantity refers to a specific point or small
region of interest (the size of the small region corresponding for example to the spatial resolution of the tomography apparatus 9), not to a mean value calculated for the
whole log or the whole of the sapwood.
[0043] The three-dimensional representation of the log
1 is processed to identify one or more inner regions of
the log 1 in which the local moisture content is greater
than or equal to a threshold moisture value. The threshold
moisture value corresponds to a sapwood 14 with local
moisture content such that it excludes the growth of fungi
that cause bluestain in sapwood, for trees of the same
species as the log 1 to be inspected.
[0044] In particular, inner regions are considered in
which the local moisture content is greater than or equal
to the threshold moisture value in a spatial extent that is
greater than an extent threshold. The introduction of an
extent threshold is useful for omitting single points or
small isolated regions in which the moisture content could
(erroneously) be greater than the threshold only because
of the measurement uncertainty, in which small dimensions are not sufficient to exclude bluestain towards the
centre of the log, or in which in any case the dimensions
are too small for the respective piece of log to be usable.
[0045] Said inner regions with moisture content greater
than or equal to the moisture threshold in a sufficient
extent are first inner regions which are classed as zones
of sapwood 14 free of bluestain. In fact, as already indicated above, moisture greater than the threshold is correlated with the absence of attack by fungi that cause
bluestain.
[0046] Any remaining inner regions of the log 1, having
moisture that is less than the moisture threshold and/or
having a spatial extent that is less than the extent threshold, are second inner regions. Those second inner regions may be at risk of bluestain, at least as regards their
portion of the sapwood 14. The moisture threshold value
may be different from one species to another. It may be
selected based on pre-existing experimental data, or it
could be selected for example as a mean value of the
moisture content of the heartwood and the moisture content of the sapwood for trees of the same species, which
are healthy and have just been cut down. Alternatively,
the moisture threshold value could be selected as a fixed
value that may approximately be expected for all tree
species for which the inspection apparatus is intended.
For example, that threshold value could be a moisture
value of 45%.
[0047] If necessary, the moisture threshold value might
not be a single value for the whole log to be inspected:
different threshold values could be considered for different regions of the log. For example, if the log is assessed
by inspecting a sequence of cross-sections of the log,
for each cross-section a respective moisture threshold
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value could be adopted, as described in further detail
below.
[0048] In Figures 3 to 7, darker regions correspond to
a higher moisture content and lighter regions correspond
to a lower moisture content.
[0049] Figures 3 and 4 respectively show a longitudinal
section and a cross-section of the three-dimensional representation of a log 1 that is completely healthy. As can
be seen, the zone of heartwood 12 is clearly distinct from
the zone of sapwood 14, which does not have any substantial variations in moisture inside it. Therefore, in this
case, the whole of the sapwood 14 is classed as a first
inner region that is free of bluestain.
[0050] Figures 5 and 6 respectively show a longitudinal
section and a cross-section of the three-dimensional representation of a log 1 which has been profoundly attacked
by fungi that cause bluestain. As can be seen, in the zone
of sapwood 14 there are several regions 141, 142 which
have a moisture content that is less than that of the other
regions of the sapwood, that moisture content being similar to that of the zone of heartwood 12. Some regions
142 with moisture content which is less than the moisture
threshold even extend as far as the heartwood 12 and
at them the border between the heartwood 12 and the
sapwood 14 is substantially indistinguishable. In those
regions 141, 142, in which the moisture content is below
the threshold value, the wood could be affected by
bluestain.
[0051] Therefore, for the log 1 of Figures 5 and 6 the
sapwood 14 has first inner regions (several labelled 145)
which are classed as free of bluestain and second inner
regions 141, 142 which are classed as at risk of bluestain.
[0052] Figure 7 shows a cross-section of the three-dimensional representation of a log 1 which has been partly
attacked by fungi that cause bluestain, but to a lesser
degree than the log in Figures 5 and 6. In this case too,
in the zone of sapwood 14 there are several regions 141
which have a moisture content that is less than that of
the other regions of the sapwood and similar to the heartwood 12. However, none of the regions 141 extend as
far as the heartwood 12, which is therefore surrounded
by a continuous ring 145 of sapwood 14 with moisture
content greater than the threshold. In this case, the border between the heartwood 12 and the sapwood 14 is
clearly distinguishable.
[0053] Therefore, for the log 1 of Figure 7 the sapwood
14 has a first inner region that is classed as free of
bluestain, encloses the heartwood 12 and extends in a
large part of the sapwood 14. However, there are second
inner regions 141 present which are classed as at risk of
bluestain.
[0054] As indicated above, it has been verified that attack by fungi that cause bluestain and local drying of the
sapwood propagate from the outside (that is to say, from
the surface of the sapwood 14 facing the bark of the log)
towards the centre of the log 1. Therefore, moving along
radial lines 18, the presence of a first region unaffected
by bluestain suggests that the more internal part of the
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sapwood is also unaffected by bluestain. This may be
seen, for example, in Figures 5 to 7. Moreover, as already
indicated, the heartwood 12 is in itself resistant to attack
by fungi.
[0055] Consequently, when a first inner region that is
free of bluestain is identified, it is also possible to class
the zone that extends radially between that first inner
region and the longitudinal central axis 16 as being a
zone free of bluestain. That enables the minimising of
the parts of the log 1 to be rejected because of the potential presence of bluestain.
[0056] Moreover, considering that the heartwood 12 is
in itself protected against bluestain, it is useful to be able
to identify a border between the heartwood 12 and the
sapwood 14 even in cases in which the second inner
regions 142 with reduced moisture extend as far as the
heartwood 12. That may be achieved as follows.
[0057] For each first inner region 145 identified as being free of bluestain, a piece of border is interposed between the first inner region 145 and the longitudinal central axis 16, at a change in the moisture content between
a value greater than or equal to the moisture threshold
value and a value less than the moisture threshold value.
In fact, it is important to consider that the heartwood 12
has a moisture content that is less than the moisture content of the healthy sapwood and is comparable to the
moisture content of the sapwood potentially affected by
bluestain. Therefore, for healthy first regions 145 bordering the heartwood 12, a variation in the moisture content
at the border is observed.
[0058] Thus, it remains to define the position of the
border for any second regions of sapwood 142 with a
moisture content that is less than the threshold, which
extend as far as the heartwood 12 and are therefore interposed between pieces of border established for the
first regions 145. Since those second regions 142 could
have a level of moisture that is not distinguishable from
the heartwood, it may be the case that there is no observable change in moisture content at the border.
[0059] Therefore, for those second inner regions 142
a piece of border is established by interpolation of the
pieces of border established for the first inner regions. It
must be kept in mind that the sapwood 14 is practically
coaxial to the heartwood 12. In fact, the heartwood is
formed from old growth rings in the innermost part of the
log. Therefore, the interpolation is performed using an
interpolating curved surface having an axis substantially
on the longitudinal central axis 16 of the log 1 (for example, a portion of a cylindrical surface with its axis on the
central axis 16). Basically, the border is established by
continuity.
[0060] Once the border of the heartwood 12 has been
established, the zone corresponding to the latter can also
be classed as free of bluestain.
[0061] It should be noticed that for the log of Figures
3 and 4 and for the log of Figure 7 the border between
heartwood 12 and sapwood 14 is definable without the
need for interpolation, whilst interpolation would be nec-
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essary in the case of the log of Figures 5 and 6.
[0062] In some cases in which the sapwood 14 has
very extensive second inner regions 142, it might not be
possible to identify with certainty the border between the
sapwood and the heartwood by applying the method described above. In such bad cases, the whole angular sector involved or even the whole log may, as a precaution,
be considered at risk of bluestain. Alternatively to the
method described above, other methods, if necessary
from the prior art, may be used to identify the border
between heartwood 12 and sapwood 14.
[0063] As regards the extent threshold for the first inner
regions to be classed as free of bluestain, this is, for example, a radial extent of at least 1 cm, in particular a
radial extent of at least 2 cm. In other words, a region in
which the moisture content is greater than the moisture
threshold value is considered unaffected by bluestain if
it extends towards the longitudinal central axis 16 for at
least 1 cm or, with a more restrictive criterion, for at least
2 cm. If that region has a smaller extent, there is the risk
that it is only a local irregularity and therefore, prudently,
the region is classed amongst the second regions at risk
of bluestain.
[0064] The extent threshold may also have an axial
component (that is to say, parallel to the longitudinal central axis 16), in addition to the radial component. For example, in the axial direction too, the extent threshold
could be at least 1 cm, in particular at least 2 cm.
[0065] For the purposes of this invention, the moisture
content and the respective threshold do not necessarily
have to be expressed in terms of the ratio of the mass of
water contained in a volume of wood to the dry mass of
the same volume of wood. They may be expressed in
any other terms that depend on the moisture content and
enable assessment of which zones have dried and which
have remained moist.
[0066] In particular, in one embodiment of this invention the moisture content is expressed in terms of radiodensity, which is a measure of the attenuation of the Xray beams through the material and, in the case of a
wooden log, is directly correlated with the moisture content. The radio-density is measured in Hounsfield units
(HU), also called the "CT number", and is a quantity commonly used in tomography.
[0067] In the case of wood, the formula HU= p-1000,
where p is the density in kg per cubic metre, is a good
approximation. The moisture content U is given by
U=1003(ρ-ρ0)/ρ0, where ρ0 is the density of the dry
wood for the species in question. For example, for spruce
the density of the dry wood is around 450 kg/m3.
[0068] Therefore, ρ= ρ0+U3ρ0/100, and so HU=
ρ0+U3ρ0/100-1000.
[0069] That shows that the density (in kg/m3) and the
radio-density (in HU) are directly correlated with the moisture content.
[0070] For example, the moisture threshold value corresponds to a radio-density value that is approximately
a mean value of the radio-density of the heartwood (for
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wood of the same species), measured in HU, and a radiodensity of 0 HU. In fact, the Applicant and/or the inventors
have verified that the radio-density of the sapwood that
remained moist is, as an approximate value, around 0
HU. For conifers, the radio-density of the heartwood is
roughly -500 HU.
[0071] Alternatively, considering that the radio-density
of the sapwood that remained moist is roughly 0 HU and
that the radio-density of the heartwood is noticeably less,
the moisture threshold value may be selected as corresponding to a fixed radio-density value, for example -100
HU.
[0072] In general, as regards the step of processing
the three-dimensional representation of the log to identify
the regions in which the local moisture content is greater
than or equal to a moisture threshold value, it should be
noticed that this may be performed directly by comparing
the local moisture values with the moisture threshold value, or indirectly by comparing other quantities which, being linked to the moisture content, enable the same result
to be obtained.
[0073] As already discussed above, density or radiodensity may be used in place of moisture content, since
they are proportional to the latter. A moisture content
threshold corresponds to a density or radio-density
threshold.
[0074] Other related quantities may obviously be used
for the same purpose.
[0075] For example, with reference to Figures 3 to 7,
the quantity considered could be brightness; the distinction between moist zones (darker) and dried zones (lighter) may be made with reference to a brightness threshold,
which corresponds to a moisture threshold.
[0076] In another example, the quantity considered
could be the contrast (as the brightness contrast) between the adjacent growth rings. In fact, that brightness
contrast appears less for the zones with high moisture
and more for the dried zones. Again in this case, a brightness contrast threshold may be established which corresponds to a moisture threshold. In fact, the growth rings
are formed by zones of wood with different density, alternating with each other: the early wood, which has larger channels suitable for containing a lot of water, and the
late wood, which has smaller channels. Due to the empty
space of the channels, the dry density of the late wood
is much greater than the dry density of the early wood.
Consequently, for the heartwood and the zones of dried
sapwood, in which the channels are empty or contain
little water, it is possible to see the contrast between the
rings of late wood and the rings of early wood in an image
obtained from the tomographic scan. In contrast, for the
zones of sapwood in normally moist conditions, the channels are full of water and therefore the density of the early
wood is closer to (or, for some species, even greater
than) the density of the late wood, thus the contrast between the rings of late wood and the rings of early wood
is much less clear. Therefore, there is a link between the
difference in contrast between the rings and the moisture
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content.
[0077] Finally, it should be noticed that, similarly to
what was discussed above for the step of processing the
three-dimensional representation of the log, also the step
of examining the variation in the local moisture content
may be carried out directly by comparing local moisture
values with the moisture threshold value, or indirectly by
comparing other related quantities.
[0078] In one embodiment, the step of processing the
three-dimensional representation of the log 1 to identify
the inner regions with local moisture content that is greater than or equal to the moisture threshold value is carried
out by processing a plurality of cross-sections of the
three-dimensional representation. Essentially, said
processing step comprises the sub-steps of:
-
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dividing the three-dimensional representation of the
log 1 into a plurality of representations of cross-sections of the log (for example, those of Figures 4, 6
and 7). Representing a transversal slice of the log
1, each cross-section comprises a central zone of
heartwood 12 and an annular zone of sapwood 14
that surrounds the central zone of heartwood 12;
for each representation of a cross-section, examining the variation in the local moisture content of the
annular zone of sapwood 14 from the outer periphery
towards the centre of the cross-section along a plurality of radial lines and checking, for each radial line,
if the local moisture content is greater than or equal
to the moisture threshold value for at least one contiguous stretch, said contiguous stretch having an
extent greater than the extent threshold value (for
example, at least 2 cm along a radial line);
for each representation of a cross-section, classing
said contiguous stretches as first inner regions that
are zones of sapwood free of bluestain.

[0079] According to what is indicated above, each
cross-section is examined along radial lines which pass
through the sapwood and go towards the heartwood.
Several radial lines are shown in Figures 4 and 6, where
they are labelled 18. In particular, said radial lines may
be selected angularly equally spaced relative to the centre of the cross-section of the log, so as to assess the
whole cross-section in a regular way. For example, the
radial lines are angularly equally spaced by approximately 1 sexagesimal degree from one another, therefore
each cross-section is examined along 360 radial lines.
Basically, for each cross-section 360 equally spaced
points are considered, all belonging to the surface of the
log 1 and, proceeding from the outside towards the centre
of the cross-section, the data obtained from the tomographic scan (for example, the radio-density in HU) are
analysed. Upon encountering a sufficiently large contiguous zone along which the moisture content (or the radiodensity) is greater than or equal to the predetermined
threshold, the area between the contiguous zone and the
centre of the cross-section of the log is classed as free
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of bluestain. If, in contrast, the centre of the cross-section
of the log is reached without ever encountering a significant contiguous stretch with moisture (or radio-density)
greater than or equal to the predetermined threshold, the
whole angular sector is classed as potentially attacked
by bluestain.
[0080] The division of the three-dimensional representation of the log 1 into a plurality of representations of
cross-sections is performed with a predetermined longitudinal step. For example, the cross-sections considered
are spaced from one another with a step that is less than
or equal to 2 cm. In particular, the step is 1 cm and the
entire length of the log is ideally divided into 1-cm slices.
[0081] As regards identification of the border between
heartwood and sapwood, this may be performed for each
representation of a cross-section. For the radial lines in
which said contiguous stretch is present with moisture
greater than the threshold value (first radial lines), a piece
of border is interposed between the contiguous stretch
and the centre of the cross-section, at a change in the
moisture content between a value greater than or equal
to the moisture threshold value and a value less than the
moisture threshold value. For the other radial lines in
which said contiguous stretch is not present (second radial lines), a piece of border is identified by interpolation
of the pieces of border for the first radial lines, with an
interpolating curve centred in the centre of the crosssection (for example, an arc of a circle centred in the
centre).
[0082] By repeating for all of the cross-sections, it is
possible to establish the border between heartwood 12
and sapwood 14 for the entire log 1. The region of heartwood 12 identified in this way may also be classed as a
zone free of bluestain.
[0083] In some cases an attack by fungi or local drying
could start from one of the cut ends of the log 1 (or from
both ends), with longitudinal rather than radial propagation. In these cases, in the cross-sections closest to the
cut ends there could be zones of bluestain even between
the heartwood and the healthy parts of the sapwood. The
method described above could provide results that are
not completely precise for such cross-sections. If there
is any suspicion of such longitudinal propagation, it may
be appropriate to reject the respective stretch of log
and/or check for the presence of any anomalies or inconsistencies in the results relating to the cross-sections
closest to the cut end in question.
[0084] Returning to processing of a plurality of crosssections of the three-dimensional representation, it
should be noticed that the moisture threshold value may
be a single value for the entire log, or for each representation of a cross-section a respective moisture threshold
value may be selected.
[0085] In particular, the respective moisture threshold
value may be selected on the basis of a statistical analysis of the moisture distribution (or, equivalently, the density distribution) in the representation of a cross-section.
For example, for each cross-section the distribution of
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local moisture values is examined so as to calculate a
first value for them at the 95th percentile (which corresponds to moist wood) and a second value at the 20th
percentile (which corresponds to dried wood); the mean
of the first and second values is taken as the moisture
threshold value.
[0086] It is clear that the processing steps of the methods according to this invention relate to data processing
that can be carried out by an electronic processing unit,
automatically, by running a suitable computer program.
[0087] Following application of the non-destructive inspection method described above to the log 1, once the
zones 145 free of bluestain have been identified, the log
can be sawn to obtain one or more products (for example,
wooden boards or pieces of log) from the parts of the log
that have been classed as free of bluestain.
[0088] This invention also relates to a procedure for
obtaining one or more wooden products from a log 1,
comprising a preliminary step of non-destructive inspection and a subsequent step of drawing up a cutting pattern
that takes into account the zones of log 1 that have been
classed as zones free of bluestain. The log 1 is then cut
according to the cutting pattern in order to obtain the one
or more products.
[0089] Basically, the results of the non-destructive inspection method according to this invention may be used
for optimising a cutting pattern for the log 1, for example
for producing boards that are completely free of bluestain
or only affected by bluestain in negligible or insignificant
zones.
[0090] The results of the non-destructive inspection
method according to this invention may be used for optimising cutting of a log 1, so as to eliminate or separate
pieces of log based on the distribution of the zones that
are free of bluestain and the zones potentially affected
by bluestain.
[0091] The results of the non-destructive inspection
method according to this invention may be used to class
or grade the log 1 based on the distribution of the zones
that are free of bluestain and the zones potentially affected by bluestain. For example, that classification may be
expressed in terms of dimensions of the maximum cylinder that can be inscribed in the zone that is free of
bluestain. A quality level assessment may be assigned
to the log 1 based on the results of the non-destructive
inspection.
[0092] Finally, this invention also relates to an apparatus for carrying out said non-destructive inspection on
a log 1. The apparatus comprises a tomography apparatus 9, suitable for carrying out a tomographic scan of
the log 1 to be inspected, and an electronic processing
unit (which can be the self-same electronic processing
unit 95) configured for processing the data obtained from
the tomographic scan as described above, in order to
identify inner zones 145 of sapwood 14 of the log 1 which
have not been attacked by fungi that cause bluestain in
wood. Moreover, the electronic processing unit can identify the borders of the heartwood relative to the sapwood.
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The same electronic unit can draw up a cutting pattern
for the log and/or perform other processing based on the
distribution of the zones which are free of bluestain and
of the zones potentially affected by bluestain.
[0093] This invention brings important advantages.
[0094] In particular, this invention is useful for preliminary assessment of which zones of a log 1 are free of
bluestain and are therefore suitable for use for products
with good aesthetic quality. That enables the use of logs
to be optimised and, moreover, enables each log to be
assigned a technical - commercial value based on an
objective assessment of its state relative to possible attack by fungi that cause bluestain.
[0095] The invention described above may be modified
and adapted in several ways within the scope of the appended claims.

first inner region identified (145), the zone that extends radially between the latter and the longitudinal
central axis (16) is classed as a zone free of
bluestain.
5

10

3.

The method according to claim 1 or 2, wherein the
extent threshold includes a radial extent of at least
1 cm, in particular a radial extent of at least 2 cm.

4.

The method according to any of claims 1 to 3, comprising the further step of identifying a border between the heartwood (12) and the sapwood (14),
wherein:
- relative to each first inner region identified
(145), a piece of border is interposed between
the first inner region (145) and the longitudinal
central axis (16), the piece of border being established at a change in the local moisture content between a value greater than or equal to
the moisture threshold value and a value less
than the moisture threshold value;
- relative to each second inner region (142) that
may be present, interposed between pieces of
border established for said first inner regions
(145), a piece of border is established by interpolation of the pieces of border established for
said first inner regions (145), the interpolation
using an interpolating curved surface having an
axis on the longitudinal central axis (16);

15

Claims
20

1.

A method for non-destructive inspection of a log (1)
to identify inner zones of sapwood (14) of the log that
have not been attacked by fungi,
the log (1) having a longitudinal central axis (16), a
heartwood (12) that forms a longitudinal central core,
and a sapwood (14) that coaxially surrounds the
heartwood (12),
wherein the method comprises the step of carrying
out a tomographic scan of the log (1) to be inspected
using X-ray beams that pass through the log (1) and
- obtaining a three-dimensional representation
of the log (1) that is representative of a local
moisture content of the log, the local moisture
content being correlated with attenuation of the
X-ray beams through the log;
characterised in that
the fungi cause bluestain in the sapwood; and
the method comprises the steps of:
- processing the three-dimensional representation of the log (1) to identify one or more first
inner regions (145) of the log (1) in which the
local moisture content is greater than or equal
to a moisture threshold value for a spatial extent
greater than an extent threshold, the moisture
threshold value corresponding, for trees of the
same species as the log (1), to a sapwood (14)
with local moisture content such that it excludes
the growth of fungi that cause bluestain in the
sapwood;
- classing each first inner region (145) identified
as a sapwood (14) zone free of bluestain, any
remaining inner regions of the log (1) being second inner regions (141, 142).

2.
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wherein the heartwood (12) may also be classed as
a zone free of bluestain.
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The method according to claim 1, wherein, for each

9

5.

The method according to any of claims 1 to 4, wherein the step of processing the three-dimensional representation of the log (1) comprises the sub-steps of:
- dividing the three-dimensional representation
of the log (1) into a plurality of representations
of cross-sections of the log, each cross-section
comprising a centre, a central zone of heartwood
(12), an annular zone of sapwood (14) that surrounds the central zone of heartwood (12), and
an outer periphery;
- for each representation of a cross-section, examining a variation in the local moisture content
of the annular zone of sapwood (14) from the
outer periphery towards the centre of the crosssection along a plurality of radial lines (18) and
checking, for each radial line (18), if the local
moisture content is greater than or equal to the
moisture threshold value for at least one contiguous stretch, said contiguous stretch having an
extent greater than an extent threshold value;
- for each representation of a cross-section,
classing said contiguous stretches as first inner
regions (145) that are zones of sapwood free of
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density of 0 HU.

bluestain.
6.

7.

The method according to claim 5, wherein said radial
lines (18) are angularly equally spaced relative to
the centre of the cross-section of the log (1).

18

5

The method according to claim 6, wherein said radial
lines (18) are angularly equally spaced by 1 sexagesimal degree from one another.

14. The method according to claim 12, wherein the radiodensity is measured in Hounsfield units (HU) and
said moisture threshold value corresponds to a radio-density value of -100 HU.
15. A procedure for obtaining one or more wooden products from a log (1), comprising the steps of:

10

8.

The method according to any of claims 5 to 7, wherein said cross-sections are spaced from one another
with a step that is less than or equal to 2 cm, in particular with a step of 1 cm.

9.

The method according to any of claims 5 to 8, comprising the further step of identifying, for each representation of a cross-section, a border between the
zone of heartwood (12) and the zone of sapwood
(14), wherein:

- applying to the log (1) the method according
to any of claims 1 to 14;
- drawing up a cutting pattern that takes into account the sapwood zones free of bluestain;
- obtaining said one or more wooden products
by cutting the log (1) in accordance with the cutting pattern.

15

- for first radial lines in which said contiguous
stretch is present, a piece of border is interposed
between the contiguous stretch and the centre
of the cross-section, at a change in the local
moisture content between a value greater than
or equal to the moisture threshold value and a
value less than the moisture threshold value;
- for second radial lines in which said contiguous
stretch is not present, a piece of border is identified by interpolation of the pieces of border for
the first radial lines with an interpolating curve
centred in the centre of the cross-section;
wherein the heartwood (12) may also be classed as
a zone free of bluestain.
10. The method according to any of claims 5 to 9, comprising the step of selecting, for each representation
of a cross-section, a respective moisture threshold
value.
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16. An apparatus for carrying out a non-destructive inspection of a log (1), the apparatus comprising a tomography apparatus (9) and an electronic processing unit (95),
the tomography apparatus (9) being suitable for carrying out a tomographic scan of the log (1) using Xray beams that pass through the log (1),
the tomographic apparatus (9) being suitable for producing, during the tomographic scan, data which are
a measurement of attenuation of the X-ray beams
through the log (1),
the electronic processing unit (95) being configured
for processing the data produced during the tomographic scan,
characterised in that
the apparatus is configured to perform the method
of any of claims 1 to 14 to identify inner zones of
sapwood (14) of the log (1) that have not been attacked by fungi that cause bluestain in the sapwood.

Patentansprüche
1.

11. The method according to claim 10, wherein the respective moisture threshold value is selected on the
basis of a statistical analysis of the distribution of
moisture in the representation of a cross-section.
12. The method according to any of claims 1 to 11,
wherein the moisture content is expressed in terms
of radio-density, the radio-density being a measure
of the attenuation of the X-ray beams and being directly correlated with the local moisture content.
13. The method according to claim 12, wherein the radiodensity is measured in Hounsfield units (HU) and
said moisture threshold value corresponds to a radio-density value that is a mean value of the radiodensity of the heartwood (12), in HU, and a radio-
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Ein Verfahren zur zerstörungsfreien Prüfung eines
Baumstamms (1) zur Identifizierung von Splintholzzonen im Inneren des Baumstamms, die nicht von
Pilzen befallen sind, dabei hat der Baumstamm (1)
eine zentrale Längsachse (16), ein Kernholz (12),
das einen längsgerichteten zentralen Kern bildet,
und Splintholz (14), das das Kernholz (12) koaxial
umgibt,
wobei das Verfahren den Schritt umfasst, einen tomografischen Scan des zu prüfenden Baumstamms
(1) unter der Verwendung von Röntgenstrahlen, die
den Baumstamm (1) durchdringen, auszuführen,
und:

55

- eine dreidimensionale Darstellung des Baumstamms (1) erhalten wird, die einen lokalen
Feuchtigkeitsgehalt des Baumstamms darstellt,

10

19

EP 3 396 374 B1

gelegt, die Interpolation nutzt dabei eine interpolierende, gekrümmte Oberfläche, die eine
Achse auf der zentralen Längsachse (16) hat;

wobei der lokale Feuchtigkeitsgehalt mit einer
Schwächung der Röntgenstrahlen durch den
Baumstamm korreliert;
dadurch gekennzeichnet,
dass die Pilze Bläue im Splintholz verursachen; und
dass das Verfahren folgende Schritte umfasst:

wobei das Kernholz (12) ebenfalls als bläuefreie Zone klassifiziert werden kann.

5

5.
- Verarbeitung der dreidimensionalen Darstellung des Baumstamms (1), um einen oder mehrere innere Bereiche (145) des Baumstamms (1)
zu identifizieren, in denen der lokale Feuchtigkeitsgehalt größer oder gleich einem Feuchtigkeits-Schwellwert für eine räumliche Ausdehnung größer als ein Ausdehnungs-Schwellwert
ist, wobei der Feuchtigkeits-Schwellwert für
Bäume derselben Art wie der des Baumstamms
(1) einem Splintholz (14) mit einem lokalen
Feuchtigkeitsgehalt, der solcherart ist, dass er
den Wuchs von Pilzen, welche Bläue im Splintholz verursachen, ausschließt, entspricht;
- Klassifizierung jedes identifizierten ersten inneren Bereichs (145) als bläuefreie Zone des
Splintholzes (14), wobei alle übrigen inneren
Bereiche des Baumstamms (1) zweite innere
Bereiche (141, 142) sind.
2.

3.

4.

Das Verfahren nach dem Anspruch 1, wobei bei jedem identifizierten ersten inneren Bereich (145) die
Zone, die sich radial zwischen Letzterem und der
zentralen Längsachse (16) erstreckt, als bläuefreie
Zone klassifiziert wird.
Das Verfahren nach den Ansprüchen 1 oder 2, wobei
der Ausdehnungs-Schwellwert eine radiale Ausdehnung von mindestens 1 cm umfasst, im Einzelnen
eine radiale Ausdehnung von mindestens 2 cm.
Das Verfahren nach einem der Ansprüche 1 bis 3,
den weiteren Schritt der Identifizierung einer Grenze
zwischen dem Kernholz (12) und dem Splintholz (14)
umfassend, wobei:
- in Bezug auf jeden identifizierten ersten inneren Bereich (145) sich zwischen dem ersten inneren Bereich (145) und der zentralen Längsachse (16) ein Grenzteil befindet, der Grenzteil
wird dabei bei einer Veränderung im lokalen
Feuchtigkeitsgehalt zwischen einem Wert, der
größer oder gleich dem Feuchtigkeits-Schwellwert ist, und einem Wert, der niedriger als der
Feuchtigkeits-Schwellwert ist, festgelegt;
- in Bezug auf jeden zweiten inneren Bereich
(142), der vorhanden sein kann, wird, zwischen
den Grenzteilen, die für besagte erste innere Bereiche (145) festgelegt sind, ein Grenzteil durch
Interpolation der Grenzteile, die für besagte erste innere Bereiche (145) festgelegt wurden, fest-
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- Aufteilung der dreidimensionalen Darstellung
des Baumstamms (1) in eine Mehrzahl von Darstellungen von Querschnitten des Baumstamms, wobei jeder Querschnitt eine Mitte, eine zentrale Zone des Kernholzes (12), eine ringförmige Zone des Splintholzes (14), die die zentrale Zone des Kernholzes (12) umgibt, und eine
äußere Randzone umfasst;
- bei jeder Darstellung eines Querschnitts die
Überprüfung einer Variation des lokalen Feuchtigkeitsgehalts der ringförmigen Zone des
Splintholzes (14) von der äußeren Randzone in
Richtung Mitte des Querschnitts über eine
Mehrzahl von radialen Linien (18) und die Kontrolle, bei jeder radialen Linie (18), ob der lokale
Feuchtigkeitsgehalt größer oder gleich dem
Feuchtigkeits-Schwellwert in mindestens einem
zusammenhängenden Abschnitt ist, besagter
zusammenhängender Abschnitt hat dabei eine
größere Ausdehnung als ein AusdehnungsSchwellwert;
- bei jeder Darstellung eines Querschnitts die
Klassifizierung der besagten zusammenhängenden Abschnitte als erste innere Bereiche
(145), die bläuefreie Splintholzzonen sind.
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6.

Das Verfahren nach dem Anspruch 5, wobei besagte
radiale Linien (18) im gleichen Winkelabstand zur
Mitte des Querschnitts des Baumstamms (1) liegen.

7.

Das Verfahren nach dem Anspruch 6, wobei besagte
radiale Linien (18) im gleichen Winkelabstand von 1
Sexagesimalgrad voneinander liegen.

8.

Das Verfahren nach einem der Ansprüche 5 bis 7,
wobei besagte Querschnitte in einem Abstand voneinander liegen, der einem Schritt entspricht, welcher kleiner oder gleich 2 cm ist, im Einzelnen in
einem Schritt von 1 cm.

9.

Das Verfahren nach einem der Ansprüche 5 bis 8,
den weiteren Schritt der Identifizierung einer Grenze
zwischen der Zone des Kernholzes (12) und der Zone des Splintholzes (14) bei jeder Darstellung eines
Querschnitts umfassend, wobei:

40

45

50

55

11

Das Verfahren nach einem der Ansprüche 1 bis 4,
wobei der Schritt der Verarbeitung der dreidimensionalen Darstellung des Baumstamms (1) folgende
Unterschritte umfasst:
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- bei ersten radialen Linien, in denen besagter
zusammenhängender Abschnitt vorhanden ist,
ein Grenzteil zwischen dem zusammenhängenden Abschnitt und der Mitte des Querschnitts
eingefügt wird, bei einer Veränderung des lokalen Feuchtigkeitsgehalts zwischen einem Wert,
der größer oder gleich dem FeuchtigkeitsSchwellwert ist, und einem Wert, der kleiner als
der Feuchtigkeits-Schwellwert ist;
- bei zweiten radialen Linien, in denen besagter
zusammenhängender Abschnitt nicht vorhanden ist, ein Grenzteil durch Interpolation der
Grenzteile der ersten radialen Linien identifiziert
wird, mit einer Interpolationskurve, deren Mitte
in der Mitte des Querschnitts liegt;

langen, indem man den Baumstamm (1) nach
dem Schnittmuster schneidet.

5

10

15

wobei das Kernholz (12) ebenfalls als bläuefreie Zone klassifiziert werden kann.
10. Das Verfahren nach einem der Ansprüche 5 bis 9,
den Schritt der Auswahl eines entsprechenden
Feuchtigkeits-Schwellwerts für jede Darstellung eines Querschnitts umfassend.

20

11. Das Verfahren nach dem Anspruch 10, wobei der
entsprechende Feuchtigkeits-Schwellwert auf der
Grundlage einer statistischen Analyse der Feuchtigkeitsverteilung in der Darstellung eines Querschnitts
gewählt wird.

25

13. Das Verfahren nach dem Anspruch 12, wobei die
Röntgendichte in Hounsfield-Einheiten (HU) gemessen wird und besagter Feuchtigkeits-Schwellwert einem Röntgendichtenwert entspricht, der ein Mittelwert der Röntgendichte des Kernholzes (12) in HU
und der Röntgendichte von 0 HU ist.

35
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14. Das Verfahren nach dem Anspruch 12, wobei die
Röntgendichte in Hounsfield-Einheiten (HU) gemessen wird und besagter Feuchtigkeits-Schwellwert einer Röntgendichte von -100 HU entspricht.
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15. Eine Vorgangsweise zur Erlangung eines oder mehrerer Holzprodukte aus einem Baumstamm (1), folgende Schritte umfassend:

50

- auf den Baumstamm (1) das Verfahren nach
einem der Ansprüche 1 bis 14 anzuwenden;
- ein Schnittmuster zu erstellen, das die bläuefreien Splintholzzonen berücksichtigt;
- besagte ein oder mehrere Holzprodukte zu er-

16. Eine Vorrichtung zur Durchführung einer zerstörungsfreien Prüfung eines Baumstamms (1), wobei
die Vorrichtung ein Tomografiegerät (9) und eine
elektronische Verarbeitungseinheit (95) umfasst,
das Tomografiegerät (9) ist dabei geeignet, um einen
tomografischen Scan des Baumstamms (1) unter
Verwendung von Röntgenstrahlen, die den Baumstamm (1) durchdringen, auszuführen, das Tomografiegerät (9) ist dabei geeignet, während des tomografischen Scans Daten zu erzeugen, die eine
Messung der Abschwächung der Röntgenstrahlen,
die den Baumstamm (1) durchdringen, sind, die elektronische Verarbeitungseinheit (95) ist dabei eingerichtet, um die beim tomografischen Scan erzeugten
Daten zu verarbeiten,
dadurch gekennzeichnet,
dass die Vorrichtung dazu eingerichtet ist, um das
Verfahren eines der Ansprüche 1 bis 14 auszuführen, um die inneren Zonen des Splintholzes (14) des
Baumstamms (1) zu identifizieren, die nicht von Pilzen angegriffen wurden, die Bläue im Splintholz verursachen.

Revendications
30

12. Das Verfahren nach einem der Ansprüche 1 bis 11,
wobei der Feuchtigkeitsgehalt als Röntgendichte
ausgedrückt wird, wobei die Röntgendichte eine
Messung der Abschwächung der Röntgenstrahlen
ist und direkt mit dem lokalen Feuchtigkeitsgehalt
korreliert.
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1.

Un procédé d’inspection non destructive d’un tronc
(1) pour identifier des zones intérieures d’aubier (14)
du tronc qui n’ont pas été attaquées par des champignons, le tronc (1) ayant un axe central longitudinal
(16), un duramen (12) qui forme un noyau central
longitudinal, et un aubier (14) qui entoure coaxialement le duramen (12),
où le procédé comprend les phases consistant à effectuer une tomographie du tronc (1) à inspecter en
utilisant des faisceaux de rayons X qui passent à
travers le tronc (1); et
- obtenir une représentation tridimensionnelle
du tronc (1) qui est représentative d’une teneur
en humidité locale du tronc, la teneur en humidité locale étant corrélée avec l’atténuation des
faisceaux de rayons X à travers le tronc;
caractérisé en ce que les champignons causent un
bleuissement dans l’aubier; et
le procédé comprend les phases consistant à:
- traiter la représentation tridimensionnelle du
tronc (1) pour identifier une ou plusieurs premières régions intérieures (145) du tronc (1) dans
lesquelles la teneur en humidité locale est supérieure ou égale à une valeur seuil d’humidité
pour une extension spatiale supérieure à un
seuil d’extension, la valeur seuil d’humidité cor-
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respondant, pour des arbres de la même espèce
que le tronc (1), à un aubier (14) ayant une teneur en humidité locale telle qu’elle exclut le développement des champignons causant le
bleuissement de l’aubier;
- classifier chaque première région intérieure
(145) identifiée comme une zone d’aubier (14)
exempte de bleuissement, les éventuelles régions intérieures restantes du tronc (1) étant des
deuxièmes régions intérieures (141, 142).
2.

3.

4.

Le procédé selon la revendication 1, dans lequel,
pour chaque première région intérieure (145) identifiée, la zone qui s’étend radialement entre cette dernière et l’axe central longitudinal (16) est classifiée
comme une zone exempte de bleuissement.
Le procédé selon la revendication 1 ou 2, dans lequel
le seuil d’extension inclut une extension radiale d’au
moins 1 cm, en particulier une extension radiale d’au
moins 2 cm.
Le procédé selon l’une quelconque des revendications de 1 à 3, comprenant l’autre phase consistant
à identifier une frontière entre le duramen (12) et
l’aubier (14), dans lequel:
- par rapport à chaque première région intérieure
(145) identifiée, un élément de frontière est interposé entre la première région intérieure (145)
et l’axe central longitudinal (16), l’élément de
frontière étant défini au niveau d’une variation
de la teneur en humidité locale entre une valeur
supérieure ou égale à la valeur seuil d’humidité
et une valeur inférieure à la valeur seuil d’humidité;
- par rapport à chaque deuxième région intérieure (142) qui peut être présente, interposée entre
des éléments de frontière définis pour lesdites
premières régions intérieures (145), un élément
de frontière est défini par interpolation des éléments de frontière définis pour lesdites premières régions intérieures (145), l’interpolation utilisant une surface courbe d’interpolation ayant
un axe sur l’axe central longitudinal (16);

prenant un centre, une zone centrale de duramen (12), une zone annulaire d’aubier (14) qui
entoure la zone centrale de duramen (12), et
une périphérie extérieure;
- pour chaque représentation d’une section
transversale, examiner une variation de la teneur en humidité locale de la zone annulaire
d’aubier (14) depuis la périphérie extérieure
vers le centre de la section transversale le long
d’une pluralité de lignes radiales (18) et vérifier,
pour chaque ligne radiale (18), si la teneur en
humidité locale est supérieure ou égale à la valeur seuil d’humidité sur au moins un tronçon
contigu, ledit tronçon contigu ayant une extension supérieure à une valeur seuil d’extension;
- pour chaque représentation d’une section
transversale, classifier lesdits tronçons contigus
comme des premières régions intérieures (145)
qui sont des zones d’aubier exemptes de bleuissement.
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6.

Le procédé selon la revendication 5, dans lequel lesdites lignes radiales (18) sont angulairement équidistantes par rapport au centre de la section transversale du tronc (1).

7.

Le procédé selon la revendication 6, dans lequel lesdites lignes radiales (18) sont angulairement équidistantes de 1 degré sexagésimal l’une de l’autre.

8.

Le procédé selon l’une quelconque des revendications de 5 à 7, dans lequel lesdites sections transversales sont espacées l’une de l’autre d’un pas qui
est inférieur ou égal à 2 cm, en particulier d’un pas
de 1 cm.

9.

Le procédé selon l’une quelconque des revendications de 5 à 8, comprenant l’autre phase consistant
à identifier, pour chaque représentation d’une section transversale, une frontière entre la zone de duramen (12) et la zone d’aubier (14), dans lequel:
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dans lequel le duramen (12) peut également être
classifié comme une zone exempte de bleuissement.
50

5.

24

Le procédé selon l’une quelconque des revendications de 1 à 4, dans lequel la phase de traitement de
la représentation tridimensionnelle du tronc (1) comprend les sous-phases consistant à:
55

- diviser la représentation tridimensionnelle du
tronc (1) en une pluralité de sections transversales du tronc, chaque section transversal com-

- pour les premières lignes radiales où ledit tronçon contigu est présent, un élément de frontière
est interposé entre le tronçon contigu et le centre
de la section transversale, au niveau d’une variation de la teneur en humidité locale entre une
valeur supérieure ou égale à la valeur seuil d’humidité et une valeur inférieure à la valeur seuil
d’humidité;
- pour les deuxièmes lignes radiales où ledit
tronçon contigu n’est pas présent, un élément
de frontière est identifié par interpolation des
éléments de frontière pour les premières lignes
radiales avec une courbe d’interpolation centrée
sur le centre de la section transversale;
dans lequel le duramen (12) peut également être
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classifié comme une zone exempte de bleuissement.
10. Le procédé selon l’une quelconque des revendications de 5 à 9, comprenant la phase consistant à
sélectionner, pour chaque représentation d’une section transversale, une valeur seuil d’humidité respective.
11. Le procédé selon la revendication 10, dans lequel la
valeur seuil d’humidité respective est sélectionnée
sur la base d’une analyse statistique de la distribution d’humidité dans la représentation d’une section
transversale.
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12. Le procédé selon l’une quelconque des revendications de 1 à 11, dans lequel la teneur en humidité
est exprimée en termes de radio-densité, la radiodensité étant une mesure de l’atténuation des faisceaux de rayons X et étant directement corrélée
avec la teneur en humidité locale.
13. Le procédé selon la revendication 12, dans lequel la
radio-densité est mesurée en unités de Hounsfield
(HU) et ladite valeur seuil d’humidité correspond à
une valeur de radio-densité qui est une valeur
moyenne de la radio-densité du duramen (12), en
HU, et une radio-densité de 0 HU.
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25

14. Le procédé selon la revendication 12, dans lequel la
radio-densité est mesurée en unités Hounsfield (HU)
et ladite valeur seuil d’humidité correspond à une
valeur de radio-densité de -100 HU.

30

15. Une procédure pour obtenir un ou plusieurs produits
en bois à partir d’un tronc (1), comprenant les phases
consistant à:

35

- appliquer au tronc (1) le procédé selon l’une
quelconque des revendications de 1 à 14;
- établir un schéma de coupe qui tient compte
des zones d’aubier exemptes de bleuissement;
- obtenir lesdits un ou plusieurs produits en bois
en coupant le tronc (1) selon le schéma de coupe.
16. Un appareil pour effectuer une inspection non destructive d’un tronc (1), l’appareil comprenant un appareil de tomographie (9) et une unité électronique
de traitement (95), l’appareil de tomographie (9)
étant destiné à effectuer une tomographie du tronc
(1) en utilisant des faisceaux de rayons X qui passent
à travers le tronc (1),
l’appareil de tomographie (9) étant destiné à produire, pendant la tomographie, des données qui sont
une mesure de l’atténuation des faisceaux de rayons
X à travers le tronc (1),
l’unité électronique de traitement (95) étant configu-
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rée pour traiter les données produites pendant la tomographie,
caractérisé en ce que
l’appareil est configuré pour exécuter le procédé selon l’une quelconque des revendications de 1 à 14
pour identifier des zones intérieures d’aubier (14) du
tronc (1) qui n’ont pas été attaquées par des champignons qui causent le bleuissement de l’aubier.
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