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Abstract

Grading of sawn timber has by tradition been performed by manual ocular inspection
of the wood surfaces. Even today, most wood produced is graded by manual inspec-
tion. Normally, a grader has approximately 2 seconds to decide the timber’s quality,
which means that the work situation is monotonous, bound to one place and very de-
manding, as the grading result has a crucial impact on the financial output.

Automation of the grading process has been greatly desired for a long time. Lately,
commercial automatic grading equipment has become available. Many sawmills con-
sider investing in systems for automatic appearance grading of sawn timber. The basis
for decision before investment is in many cases insufficient due to lack of knowledge
about what is really needed, what the existing manual graders actually do and what the
automated systems are capable of. Comprehending all of this is of utmost importance
as sawmills are facing greater and greater demands on productivity, working environ-
ment, precision of delivery, customer adaptability and their own profitability.

This thesis consists of four papers. Paper I, which is a Licentiate thesis, discusses a
number of models of how to set up and describe grading rules. This gives a good
foundation for a changeover to automatic grading systems. A tool for simulation of
grading results has been developed, tested and demonstrated.

In Paper Il the grading accuracy of manual graders is compared to the accuracy of an
automatic grading system. The comparison shows that an automatic system in most
cases can replace manual grading with higher productivity and higher value yield as
results, but that the automatic systems make other mistakes than the manual graders.

Today’s grading rules are very complex with a large number of influencing parame-
ters. When a parameter in a table in an automatic grading system is changed, it is often
difficult to foresee the consequences. In Paper 111 the grading rules are modelled with
the help of multivariate statistics, which makes it possible to move a boundary be-
tween grades by just “twisting a knob”. This point of action will be a very simple and
powerful aid in industrial applications of automatic grading systems.

In the Nordic countries, all four sides of the timbers are inspected, according to the
traditional grading rules, whereas in Central Europe only the two faces are inspected.
In Paper 1V it is shown that if a thorough grading is needed, all four sides have to be
inspected in order to get a true grading result.

Keywords: appearance grading, automatic grading, manual grading, PLS, timber, sawn
wood, sorting
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1 Introduction
1.1 Background

The sawmill industry in the Nordic countries has by necessity and tradition been
labour intensive.

As the competition from alternative materials and alternative production regions
grows, the need for automation is intensified.

Automation is performed

— to relieve operators from heavy and dangerous work
to increase production speed
— to increase production flexibility
to improve process control
to improve product control
As most of the dangerous and heavy operations have been automated, the focus
is now on productivity and control. In many sawmills the final grading station is
a bottleneck and one of the least automated parts of the sawmill, and thus a hind-
rance to increased production.

Productivity in the sawmill industry is rapidly moving forward, resulting in
fewer people employed and more sawn goods produced (Anon. 2005). Volume
yield has decreased from almost 50% in 1984 to 47% in 2000 (Nylinder et al.
2001). One of the ongoing automation processes is the replacement of manual
graders with automatic grading systems. This work has been going on, slowly,
for a long time, but the systems have not been capable of doing the grading with
the accuracy demanded in all production steps. Automatic systems for strength
grading, or stress grading, have been in development since the 1950s and have
been installed in production since the 1960s (Hoyle 1961; Senft et al. 1962; Hil-
brand & Miller 1966a and 1966b; Tory 1978). Cutting optimizers have also been
available to the manufacturing industry. Automatic green grading has been
available to the Nordic sawmill industry since the mid 1980s. Functioning sys-
tems for appearance grading in the Nordic softwood industry’s final grading
have not been commercially available until recently.

Two of the forces driving the automation of grading are the customization of the
products and the desire to make grading consistent over time (Hansen & Bush

1996; Weinfurter & Hansen 1999). The grades of the timber graded on Monday
morning should be reliably consistent with the timber graded on Wednesday af-



ternoon or Friday evening. Manual grading is to some extent dependent on the
mood of the grader and may therefore vary.

In Weinfurter and Hansen (1999) the “accuracy and consistency of grading” was
ranked by wood buyers as the most important of 23 factors in a study of soft-
wood lumber quality requirements. The study included 13 mills and 13 custom-
ers, with 62 employees interviewed. The mills considered grading accuracy and
consistency to be the second most important factor. So it is obvious that grading
is of utmost importance in the trade of sawn wood.

It is necessary for sawmill management to see the difference between customer
orientation and customer accommodation. In striving to accommodate to its cus-
tomers’ wishes there is a risk that the sawmill will adapt too much towards one
customer and neglect the others. The risk consists of ignoring other potential
customers as well as not being able to sell the complementary products produced
(Gronlund 1992). A better way might be customer orientation, to orientate to-
wards the customers’ needs without “selling one’s soul” to a single customer.
One way to interpret “customer adaptability” is to have the customers adapt to
the products that are produced, which is a business strategy in use by sawmills
(Heickerd 1996).

The automation process increases the possibility to enrich material in each pro-
cess step. The enrichment process begins in the forest with the bucking of the
stem into sawlogs or pulpwood (Chiorescu 2003; Nordmark 2005). The sawlogs
can have a certain quality affixed depending on diameter, length, knottiness, etc.
(Grace 1994; Jappinen 2000). In the log sorting station the logs are scanned by a
2D or 3D scanner, possibly also X-rayed (Grundberg 1999; Oja et al. 2001; Oja
et al. 2003; Oja et al. 2004), and the enrichment is refined (Chiorescu & Gron-
lund 2003). This makes it at once paradoxically both easier and harder to manu-
ally grade the sawn timber. It is easier because the incoming material is pregrad-
ed, and the grader more or less only has to check if the timber is on grade or off
grade. But the skilled manual grader has a subconscious knowledge of the nor-
mal yield, and tries to receive the usual distribution of timber in the respective
grade. The manual graders perform a more “relative” grading in the sense that
the boards are judged in comparison to other boards and not only according to
the grading rules or instructions. This results in a distributed yield more or less
similar to what is considered normal. The yield is thus not only dependent on the
quality of incoming material, but also on the normality of the yield. It is com-
mon knowledge that prior beliefs and “group pressure” bias decisions (Billman
et al. 1992; Yaniv 1997). This means that a batch of timber sawn from a batch of
pregraded logs has a similar, but not equal, grade distribution to a batch sawn
from ungraded logs. Of course there is a difference between the two batches,
otherwise there would be no reason to separate logs with different grades. The



human grader has a memory and a sense of “normality” that supply the grader
with irrelevant information and a feeling of how things usually tend to be. An
automatic grading system has no such memory, and every piece of timber is
unique and has no connection to previous or oncoming timber. In this way auto-
matic grading is “absolute” in the sense that every timber is graded only on basis
of its own qualities, and not those of its neighbours (Oja et al. 2006). Some auto-
matic systems have the capability of distribution grading, which means that the
system strives to produce a specified amount of pieces in some or all grades. To
do that, it is necessary to know what was produced earlier and what to expect
from the incoming material. This is not the same as to “force” a piece into a
grade that is too high or to put a piece in a grade that is too low, just to reach the
usual grade distribution.

Sawmills in search of new customers often have to deliver a test batch of sawn
timber, graded according to the customer’s wishes. The cost of producing and
delivering test batches can be very high, as the whole production and grading
process is involved. A more cost-effective way to test new grading rules is to
use simulation tools, in which it is possible to define both the actual rules and
the prices for the different grades. A good simulation tool enables the sawmill to
test many different combinations before a delivery is made. It is of great help if
the tool supplies images of the sawn timber, to make it possible for the customer
to look at the timber and see if its appearance and price are satisfactory. It is im-
portant that the timber used for simulation is representative of the timber pro-
duced; therefore, the sawmills want the optimization to originate from their own
logs and sawn wood.

1.2 Defects

“Wood features” of many kinds, both natural and man made, are found in a
piece of timber. A piece of timber comes from a tree, which for its existence and
growth has to have branches. Therefore it is dubious to generally call knots de-
fects. Knots are defects only when they are unwanted. Sometimes knots are
wanted, e.g., to enhance the appearance of a wood surface (Broman 2000). The
same applies to other features that are found in a piece of timber, even if they
mostly are unwanted. Natural features can be either necessary for the tree to
grow, like branches, annual rings or spiral grain (Sepulveda 2003; Sall 2002), or
they can be a consequence of some damage to the living tree, like top rupture,
scar or resin pockets (Temnerud 1997). Man-made defects mainly stem from
bad processing, like drying checks, wane and bark. As a matter of convenience,
both natural and man-made defects are treated similarly in the grading rules. A
sawmill can limit the man-made defects by better process control and limit the
consequences of the natural defects by better raw material procurement (Usenius
2002).



1.3 Grading rules

The grading rules used in the sawmill industry are often based on Nordic Timber
grading rules (Anon. 1994), even if the grading in practice is very company spe-
cific. The scope of the rules is to make it possible to define and agree on what
the sawmill can offer and what a buyer can expect to receive. The rules make it
easier to prepare contracts that specify traded grade. However, business trans-
actions are often made without a precise specification of the grade, in which
case a complaint is unlikely to be given credence. For example, the graded pro-
ducts may be named according to one set of rules, e.g., the Green Book (Anon.
1980), while the grading is actually performed according to another set of rules,
e.g., Nordic Timber.

Manual grading is by nature subjective. In the earlier grading rules (the Green
Book stemming from the late 1800s), the principle was that the timber as a
whole should be of a certain quality, and not that a single defect would down-
grade the piece. “The grade is determined not only by the occurrence of defects,
but also by the general appearance of the piece.” And further, “A piece having a
minor such defect as would place it a lower grade may, nevertheless, remain in
the higher grade if, in respect of other defects, it can be classed among the best
pieces within that grade.” Following this principle, the seller can always defend
the correctness of the grade taking the timber as a whole, and the buyer can state
the contrary. To avoid these problems, an impregnable grading rule with strictly
defined limits was needed.

Nowadays the rules are more “defect oriented” in the sense that all features have
to be within the limits. That is the case especially when using automatic grading
systems. It is possible, however, to define rules even in automatic systems where
a few defects might be out of bounds. This is to some extent to compensate for
the imperfection of the systems, but also to make the grading more human like.
When using a human-like grading system, the single defect is of less importance
than the general appearance.

Each way of defining a grade must have a reason to exist; otherwise the rule will
not be followed. The reason can be
- appearance—the timber is to be used where it is visible and must look
nice
- strength—the timber is to be used in supporting constructions
- reparability—the timber must not have larger defects than can be puttied
over or bored and plugged.

The rules for grading have in most cases a functional background. If the timber
is to be used in construction, strength is required, but appearance is of little or no
significance. As panelling, the appearance of the timber is more important than



its strength. In Nordic Timber and in the Green Book, the grades are constructed
in such a general way that timber for different uses can be found in more than
one grade. Timber for construction is to be found in Nordic Timber grades A to
C, as is timber for furniture (Table 1), even though the requirements are very
different for the different uses. The actual requirements for construction and fur-
niture are very different, but according to the example, the same grades can be
used for these completely different objects. This shows the need for sawmill
customers and wood users to compose rules adapted to their actual functional
needs and not to rely on traditional, general grading systems. A tool for visuali-
sation of grades and products is very helpful in use by seller and buyer when
discussing grades and prices.



Table 1. Examples of various end-use areas for the different grades of sawn timber. In ge-
neral, Grade A is the most expensive, and Grade D is the cheapest (Anon 1994).

End-use A B C D
areas Al|A2|A3 | A4

Visible joinery

Sawn timber for
construction

Formwork,
subflooring

Mouldings

Interior cladding

Linings,
handrails

Slating battens
and strips

Europallets

Disposable
pallets

Packaging
material

Flooring boards

Covered
floorings

T & G Schaal-
boards

Fencing

Covered internal
cladding

Wind and snow
fences

Schaalboards

Boatbuilding,
decking

Handicrafts

Sauna material

Knotty sawn
timber

Window and
door frames

Furniture and
glulam panels

When grading for appearance, some important factors are type of knots (sound
or dead), distribution of knots (even or uneven), size of knots (large or small,
even or uneven size distribution) and colouration of the timber. When grading
for strength, the type of knots is unimportant—only their size, position and
grouping are of importance. When the timber is to be used for manufacturing



windows or other joinery, the knots can be bored and plugged. The knot size
determines which drill to use, and there is a limitation in drill sizes.

Most of the existing grading rules are hierarchical in the sense that a “higher”
(more expensive) grade never allows larger defects than a “lower” grade. In a
nonhierarchical, or matrix, system, an expensive grade might allow large sound
knots, but no dead knots, whereas a less expensive grade allows dead knots but
only smaller sound knots. This is partly because it is easier for a person to com-
prehend a hierarchical rule than a nonhierarchical one. With automatic grading
systems, the need for easy-to-understand rules has diminished. An automatic
system can also use statistical means to interpret and/or define the rules.

There are often unwanted differences between the letter of the rule, the inter-
pretation at the time of writing, the interpretation at the time of grading at the
sawmill and the interpretation at the time of using the timber. It is, of course,
easier to have a written rule agreed upon after a discussion over the usage of the
timber and the real needs of the customer, in order to place the right require-
ments on the timber—neither too high, which is more expensive than necessary,
or too low, which is unfit for the purpose.

When composing a new grading rule, it is important to state whether all defects
not mentioned are permitted or not. When combining grades into a set of rules, it
is equally important to make sure that all timber belongs to a grade. This is usu-
ally accomplished by having a “waste grade”, called Waste, D VII or something
similar.

1.4 Boundaries between grades

The reason for grading is to separate different products from each other depen-
ding on customers’ needs and willingness to pay. In order to separate different
products, a set of rules is formulated for each grade. It is natural for a large num-
ber of unwanted features to be on or close to the boundary between grades. In
the Nordic Timber rules there is a strict limit, and any feature larger than the
limit downgrades the piece. In the Green Book a more liberal view was applied,
and a single defect larger than the limit was accepted if the rest of the piece was
good.

For the general wood user, grading with sharp boundaries is unnecessary. As
seen in Table 1, the end-use purpose in most cases extends over more than one
grade. That a piece of timber is useful in the application it is meant for is more
important than the actual size of the defects. Even if a knot is too large accord-
ing to a rule, the usefulness of the piece might be sufficient to the user. It could
therefore be better to have functional rules with some flexibility than to have ge-
neric rules limited by strict boundaries. For a window manufacturer it is impor-



tant to get as many frame pieces as possible out of a piece of timber. As the tim-
ber is cut, a large knot might be cut away if the remaining wood is good and of
appropriate length. A grading rule that just has a size limit on knots would have
disqualified such a piece of timber even though it is usable in the manufacture of
windows.

Human graders make errors, and so do automatic systems. Wood users are used
to the errors made by manual graders, and these errors are often easy to under-
stand and thus to forgive. The errors made by automatic grading systems are in
many cases harder to understand, as they are so obviously wrong. A large defect
that is not defined in the system passes unnoticed, whereas a manual grader has
the skill and sense to recognize the defect as something unwanted that degrades
the quality of the timber. In many cases, the demands made on an automatic
system are much tougher than those made on a manual grader.

If a manual grader experiences trouble determining knot size, it is considered
normal, as the knot can be up to 7 meters away and the difference between 55
mm, which is allowed, and 57 mm, which is not, is very hard to see. The de-
mand made on an automatic system is that it has to be able to distinguish be-
tween sizes with a very small tolerance (Oral communication with users of auto-
matic grading systems).

The larger the number of different grades that are in use at the same time, the
larger also is of the potential for confusion and the risk for error. If there is only
one grade, all timber goes into that one. As soon as there is more than one grade,
a decision has to be made.

A conservative calculation of the number of boundaries for one dimension in
Nordic Timber yields approximately 20 different defect types with boundaries
against each other as well as between grades. There are four sides, all of which
count. The number of grades is 4, which give 3 boundaries. All defect types are
not represented in the same piece of timber, but there are some with a lot of de-
fects that might not be large, but nonetheless close to grade boundaries.

So in all there might be 20 ¢ 4 « 3 = 240 boundaries to consider. This is a very
hypothetical number, just to show that the complexity of boundary problems is a
factor worthy of attention. In most cases there is only one defect that clearly de-
fines the grade of the timber. The huge number of boundaries makes it extreme-
ly difficult for a human grader to comprehend all the data in a grading situation
or to program an automatic system’s tables. The tables are often numerous and
interdependent, which makes the adjustment of grading rules very time consu-
ming. An automatic system that is easier to understand and program, preferably
requiring only a knob to be turned, is devoutly to be wished for.



1.5  Quality/Grade/Value

There is a significant difference between the two words “quality” and “grade”.
In the word “quality” lies an aggregated meaning, including, among other
things, price, delivery, expectations, etc. The word “grade” is less emotive and
has also a natural connection to the result of a “grading”. Most people use the
word “quality” in connection with sawn wood in the single sense of “grade”, but
as long as no misinterpretation is made, there is seldom any problem. In this
work the word “grade” is used predominantly.

The International Standardization Organization defines quality as “The totality
of features and characteristics of a product or service that bear on its ability to
satisfy stated or implied needs” (Anon. 1986). The word grade is defined as “An
indicator of category or rank related to features or characteristics that cover
different sets of needs for products or services intended for the same functional
use” (Anon. 1986). A simpler definition of quality is “fitness for use” (Juran
1951).

There is also a distinction between grade and value. In most cases, a higher
grade is more valuable to a customer and to the sawmill. The distinctions be-
tween the concepts of value and grade have been presented in Luppold and
Bumgardner (2003). Value is an economic concept set by the market, whereas
grade is based on physical features and on a defined protocol for classification.

1.6 Yield

A sawmill’s yield can be calculated in numerous ways. To start with, there are
two main orientations, connected and similar to each other, but not identical.
The yield can be based either on volume or on value. Volume is easier to calcu-
late and compare in time and place. Value changes depending on the market
situation and the customer’s ability to pay.

For the sawmill, the volume itself is irrelevant, as it is the value that counts on
the bottom line. Steele et al. (1993) pointed out that there is a conflict between
value and volume when sawing hardwood and that the gain was significant
when value was maximized instead of volume. Therefore it is more important to
maximize value than volume.

Yield can be calculated as outgoing value (volume) divided by incoming value
(volume) or as actual value (volume) divided by the optimum value (volume). In
the latter case, as the incoming material is already sawn, the only production
step possible is to cut the timber in order to increase its value (grade) by remo-
ving unwanted features. The volume yield heavily influences the value yield, as



the sawmill gets paid for each board sold. Sometimes volume thinking goes too
far, at the expense of value thinking. This can be very costly to the sawmill.

A simple way to compare sawmills is to compare produced volume and volume
yield. Volume can be calculated in numerous ways, as can volume yield. If, for
instance, no trimming is performed, the produced volume is large, and the vol-
ume yield is high. But if cuts are made to increase the grade and value, the vol-
ume is less, but the value may be higher. Output volume can be calculated based
on nominal measure, but if boards with wane are counted as sharp edged, the
volume is overestimated. The sawmill has to decide if volume or value is most
important, as there is a difference, even if slight. As the prices for both logs and
sawn products fluctuate, the optimization of value requires more active produc-
tion planning than optimization of volume, which is one reason volume yield is
more common for optimization and comparison.

1.7 Value chain in the sawmill

The forest-material value chain goes from the forest through the sawmill,
through secondary processing to the end consumer (Chiorescu 2003). The pur-
pose of the value chain in the sawmill is to exploit the intrinsic value of wood.
There are properties in wood that are not fully exploited (Sandberg et al. 1997),
which the sawmill has to activate. It is necessary to maintain or raise the value at
all stages in order to make the sawmilling as profitable as it can be (Uusijarvi
2000). The actual wood value chain starts in the forest, but many sawmills re-
gard the forest as a “black box” that delivers logs that the sawmill has to accept
as they are, with little possibility to change the look of the delivery. In practice,
for a sawmill the value chain starts at the log sorting station, where the logs are
measured, graded and sorted according to dimensions and sometimes the presu-
med grade of the sawn timber. After the first saw, the cant can be inspected to
set the next saws to give the best value yield, not merely the best volume yield.
In the green sorting station the timber can be sorted according to grade and dry-
ing program. The timber with a high value can then be dried more carefully,
minimizing the risk of cracks and other downgrading damage, while the low-
value timber can be dried faster and more effectively for production. In the final
grading station the timber is graded and sorted according to grade, dimension
and length.

The use of automatic grading systems puts additional emphasis on economy, as
the systems are tuned to make the most of the inherent value in the raw material.
The reasons for investing in automatic grading systems vary between sawmills.
Sawmill management may wish to reduce the number of employees, to make
grading more uniform, to make it possible to use more grades or to enable the
use of more complex grading rules and thus hopefully activate the value that is
in the wood.

10



2

Objectives

The basis for this work is the need to improve automation in the sawmill indus-
try in the field of grading sawn wood. If automatic grading is to be accepted in
the industry, the accuracy of automatic grading must be at least as good as that
of manual grading, while at the same time, speed of grading is increased. The
automatic systems must be easier to handle and operate. The work is also meant
to point out the advantages of using automatic grading systems as data collectors
for statistical calculations of yield, defect distribution, etc.

The objectives are in brief:

3

to find the structure in the different rules for appearance grading, their
background and their role in production and trade (Paper 1)

to compare manual grading to automatic grading and quantify accuracy in
terms of value yield and quality yield (Paper II)

to investigate if it is possible to simplify the procedure of setting up rules
for automatic grading (Paper I11)

to investigate if it is possible to do part of the grading of sawn wood at
other places in the production flow, e.g., before secondary breakdown
(Paper 1V)

to investigate if it is possible to simplify grading by inspecting fewer sides
of the timber (Paper V)

to demonstrate simulation tools for analysis of grading rules and as a link
to automatic grading systems (Papers | and V).

Limitations

The studies are mainly based on simulations with a limited number of boards in
a limited number of dimensions. The boards used for simulations are real boards
with the actual defects thoroughly measured manually.

The tree species involved are Scots pine (Pinus sylvestris) and Norway spruce
(Picea abies) graded according to the general grading rules used in the Nordic
countries, which are basically four sided. Grading was done in the sawmill’s
green sorting or the final sorting station, where it is possible to make only two
cuts to produce one piece of timber. It is not possible to make more than two
cuts in order to produce more than one piece of timber from one board, as is
done in the secondary processing.

11



4 Paper |
4.1 Introduction

Paper | describes different grading rules and how they are formulated. Different
approaches to timber grading are described, and some new methods are formu-
lated. A number of models for setting up and describing grading rules are de-
fined and presented. Some of the grading systems and models are described tho-
roughly and exemplified. It is established that an advanced system is needed to
develop and maintain grading rules in order to make them responsive to the fast
changes that the wood market is exposed to. The problems sawmills face when
guestioned about a new product are formulated and broken down into a number
of subproblems.

4.2  Objectives

The aim of Paper | is twofold: first, to describe how the sawmills’ grading rules

are formulated and how models for sorting can be described; second, to describe
the benefits of having a database tool with information about the sawmill’s pro-

duction.

4.3 Limitations

The timber used in the study is limited to a small amount of one set of dimen-

sions. The timber is cut to length and graded according to the sawmill’s inter-

pretation of the Green Book (Anon. 1980). No further cutting is possible to in-
crease the value. Only the largest defects are noted as to size and type, but not
position. The number of defects on the worst meter of the timber is noted, not

the total number. Only grading rules with objectively measurable sizes are in-

cluded; no subjectivity is possible in the rules.

The product mix optimization presented is mainly a test of general sawmill
problems and some possible solutions. A total product mix optimization must
start in the forest with felling and bucking.

4.4 Materials and methods

The material used in the study consists of 349 50 x 100 mm pine planks. The
data were collected manually. Only the largest defects of each type on each side
of the timber were measured. The others were only counted. The positions of the
defects were not noted, so there is no possibility of cutting a piece to increase its
grade and value. The timbers were cut to grade at the sawmill by a skilled
grader. The timber was graded according to the Nordic Timber (Anon. 1994)
grading rules and to the European grading rule prEN1611-1 (Anon. 1998). The
grading was performed in an MS Access database.
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4.5 Results and discussion

In order to get a structure of how the rules for grading sawn wood are connected
to each other, a set of methods or models was formulated. The grading rules can
be arranged into five different methods or models. Some of the models can or
must be combined with other models, while others neither can nor must be com-
bined. It is, however, very rare that a grading rule in practice can fit into a single
model. The traditional grading rules, such as the Green Book and Nordic Tim-
ber, are negative hierarchical gradings with one-side limited intervals.

Model 1

- Negative grading (prescription)
or
- Positive grading (prescription)

Separated from (separates prescribed and described)

- Negative grading (description)
or
- Positive grading (description)

There is no value associated with the words “negative” and “positive”. Negative
prescriptive grading is based on a prescription of what is not permitted in a
grade. This is the normal way to define a grade. Positive grading prescribes what
is needed in a grade. An example of positive grading is that a piece of timber has
to have blue stain in it. This was very popular in furniture in the 1970’s. It can
also be stated that the knots should mainly be in the interval 20 mm to 30 mm
for aesthetic reasons.

A negative description describes what is not in a timber or in a batch. This is the
usual way to describe a batch. A normal grading rule is a negative description of
the batch, as the grading rule both prescribes and describes what is not permit-
ted. Two batches graded according to the same negative rule can look complete-
ly different—a positive description is the only way to describe what is really in
the batch.

Model 2
- Hierarchical (linear) model

or
- Matrix model
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A hierarchical grading model is built on the premise that a “higher” grade never
permits more or larger defects than a “lower” grade. The permitted sizes de-
crease or remain the same going from a “lower” grade to a “higher” grade. The
traditional grading rules, such as the Green Book, Nordic Timber or EN1611-1,
are hierarchical, even if it is possible in Nordic Timber to compose one’s own
grades outside the standardized system. In a matrix model, the permitted size of
a defect in a particular grade might be larger, while another defect’s permitted
size is smaller. There is no way other than by comparing prices to say that one
grade is “better” than another. A “lower”, cheaper grade might be a better choice
for some purposes.

One way to illustrate the limits in a grade and its relationship to other grades is
to draw a diagram showing the limits. In a hierarchical set of rules, the lines
never cross, whereas the lines might cross each other in a matrix grading (see
Figure 1 and Figure 2). In Figure 1 the grades are called A, B and C, where A is
the “best” and C is the “worst” grade. In Figure 2 the grades are called F, G and
H, where H probably is considered the “worst”. Grades F and G are used for dif-
ferent purposes and one of them cannot generally be called better than the other.

Hierarchical grading rule
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Figure 1. The vertical axis shows the maximum permitted size in mm or %. In a hierarchical
grading rule, a ’better” grade is stricter in all respects than a “lower”” grade. The grades are
called A, B and C, where A is the “best” and C is the ““worst™ grade. The lines never cross
each other.
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Matrix model grading rule
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Figure 2. The vertical axis shows the maximum permitted size in mm or %. In a matrix-model
grading rule, a "’better’” grade is stricter in some respects than a “lower” grade, while the
“lower” grade might be stricter for other defects. The grades are called F, G and H, where H
probably is considered the “worst”. Grades F and G are used for different purposes, and one
of them cannot generally be called better than the other. The lines might cross each other.

Model 3

- One-sided limited intervals
or
- Two-sided limited intervals

A grading rule with one-sided limits has upper limits for the size of defects per-
mitted. Two-sided limits can be useful for a furniture or floor manufactory,
where an even distribution of knot sizes is necessary for an aesthetically pleas-
ing appearance. One-sided grading is paired with negative grading, and two-
sided grading goes together with positive grading.

Model 4
- Absolute limits

or
- Conditioned limits
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In an absolute grading rule, the limits are absolute and are not to be exceeded,
even if there are no other defects in the timber. In a grading rule with condi-
tioned limits, the limits are conditioned depending on other defects, where on
the timber the defect is seen, etc. The old Green Book has conditioned limits, as
the permitted defect sizes are larger if the timber has only few other defects.

Model 5

- Static rules
or
- Dynamic rules

A static grading rule is stable over foreseeable time, whereas a dynamic rule
changes depending on trade cycle, customer requirements, etc. In practice, no
rules are completely static; there is always some adjustment to the market.

As described above, grading rules can be built up according to different models.
However, regardless of which model is used, accuracy in measuring and classi-
fying defects and the accuracy with which the rules are followed are of vital im-
portance for the final grading results.

One problem that arises when grading timber is how to measure the defects.
Knots, which are the most common defects on sawn timber, can be measured in
numerous ways (see Figure 3). The most common way is to measure the knot in
two perpendicular directions, add the lengths and divide the result by 2, but
there are other ways to calculate the knot size.
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Figure 3. The picture shows different ways to measure a knot. The size can be stated as a
“diameter” calculated from real area or from the measurements a and b, x and y or x’ and y’.

The nominal size can originate from measured lengths in the general direction of
the knot (a and b in Figure 3) or of the piece of timber (x and y in Figure 3). The
size can also originate from the measured real area, which can be recalculated to

a diameter. The difference in size depending on the measurement method used
can be over 10%.

The necessity of a thorough knowledge of the rules and the importance of grad-
ing accuracy can be illustrated by the following rough examples.

Sawn wood dimensioned 50 x 100 mm has a price of 1,000 to 2,000 SEK/m? de-
pending on grade, corresponding to 5 to 10 SEK/m. A grader who always cuts 1
module (3 dm) too much costs 1.50 to 3 SEK/timber. Grading 20 pieces per
minute for 6 hours makes for a cost of between 10,000 and 20,000 SEK/day. In
all likelihood the grading is not that bad, but it is not unrealistic that 1 cm too
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much is cut off. That means that statistically 3% of the timber passes a length
limit and a further 29 cm has to be cut off. The cost for that is 300 to 600
SEK/day or 60,000 to 120,000 SEK/year.

If, on the other hand, the timber is graded one grade too low, it might cost 10
SEK/timber. That adds up to 72,000 SEK/day. A grader with that hit rate will
not be long lived at a sawmill, but it is not unusual for up to 20% of timbers to
be graded incorrectly. With 4-5 graders who create a modest 5% loss each day,
the total loss for the sawmill in incorrectly graded timber can be approximately
15,000 to 20,000 SEK/day.

Incorrect grading strikes both ways, so a board valued too low often compen-
sates for a board valued too high. In this way the loss or gain to the sawmill is
not as high in actual practice as the examples would indicate.

It is therefore extremely important to evaluate the production, yield and grading
results so that losses can be kept to a minimum.

The sawmill industry is often compared to other industries with diverging flow,
such as slaughterhouses, dairies and the mining and petrochemical industries. Of
these industries it is the slaughterhouses that are most similar to sawmills.
Around 50% of a head of cattle and around 60% of a pig are sold as whole meat,
i.e., fillets, chops or steak. The rest is sold as minced meat or raw material for
cured meats. A sawmill’s yield in solid wood is around 50%. The rest is chips,
sawdust and shrinkage during drying. For sawmills, as well as for slaughter-
houses, what is cut is cut and cannot be put together again. Therefore it is crucial
to cut carefully and without excessive cuts with consideration for the value,
function and appearance on the final products. It is also important not to produce
excessive amounts of things that cannot be sold at a reasonable price. The prob-
lem is not in selling what is wanted, but what is not wanted. Many sawmills as-
sert that they only produce to order, but as so many different and even unexpec-
ted products are produced, it is impossible to have a high yield and only produce
to order. In some cases is it possible to “hide” the unwanted products in what is
sold in normal production, but at other times it is necessary to expend a great
amount of effort to find a customer.

The study shows that the features (defects) that cause most downgrading are
knots. In the grading rules, both the size of the single largest knot and the knot
area for knot groups are possible causes of downgrading. A test shows that there
is only a negligible difference in grading results between using both knot size
and knot area and using only knot size.
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When using a grading rule like Nordic Timber, which is a four-sided grading
rule, the most important side is the outer side. By grading on any one of the
faces, inner or outer, a better result is reached than when grading only on the
edges.

In order to balance the product mix, a simulation tool and a database with a rep-
resentative selection of timber can be of help when discussing grading rules and
prices with potential customers. As an example, in pricing a batch, a change in
maximum knot size in grade A from 30 to 20 mm together with an increase in
price for grade A from 2,500 to 2,800 SEK and for grade B from 2,000 to 2,100
SEK gives a 2% higher sales value for the batch. Both grade A and Grade B are
“better” than before, which justifies a rise in price. The yield in grade A decrea-
ses, but that is compensated for by a higher price for the timber that meets the
new, higher requirements.

If a company is to be successful at optimization, the entire staff has to be invol-
ved. Optimization of the sawmilling process involves a tremendous number of
parameters, so the complexity is great, as is the risk of steering towards the
wrong set point.

An automatic grading system is much more than just a grading system. It is also
a system for the collection and refinement of information about the sawmill’s
raw material and output. This information can be used to analyse and improve
the sawmill’s grading rules as well as the production and sales strategies.

An improvement of the value yield is easy to accomplish with the help of the
right tools. The information is produced at each machine, but is seldom collec-
ted, compiled, refined and used strategically. The possibilities are great, and
they are not even hidden.

5 Paper 11
51 Introduction

In connection to the introduction of systems for automatic grading and sorting in
sawmills, it is becoming more and more interesting to know how well human
graders can stand up to the competition from automatic systems. Functional sys-
tems for final grading in sawmills have not been commercially available until
the last few years. Depending on wood species, types of defects, grading rules,
user interface and other requirements, the time from installation to full produc-
tion can take from a few days up to several months, as the problems of tuning
the systems vary. The reasons for investing in automatic grading systems for
final grading vary from sawmill to sawmill. The main reasons are the desire to
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make grading more homogeneous and to create a more flexible way to set and
maintain the many complicated grading rules. The grading rules are mostly
based on Nordic Timber (Anon. 1994) or the older rules, called the Green Book
(Anon. 1980), even though the sawmills have their own interpretation of the
rules based on customer needs.

52  Objectives

The objective of the study was to examine a way to determine the accuracy and
repeatability of automatic grading systems for final grading of dried timber in
sawmills and to compare one of the existing systems with manual graders. By
doing so it is possible to set the right requirements when planning for investment
in grading systems, and it can also help to point out where system development
needs an extra push. This paper does not cover the issue of investment costs, but
it is intended to be a help in calculating the cost of grading differences between
automatic and manual grading.

5.3 Limitations

As always, obtaining a representative testing batch is problematic. In this case,
one centre-yield dimension and one side-board dimension were chosen from
each produced species, spruce (Picea abies) and pine (Pinus sylvestris L). A
more thorough study would include more dimensions.

5.4 Materials and methods

A system for automatic grading was investigated and compared to a manual
grader. The tests were performed at a Swedish sawmill during the spring of
2003. The system had transverse feed and was equipped with a turning device in
order to scan all four sides of the board. In one scanning station one face and the
two edges were scanned; in the other scanning station the other face was
scanned. The system was installed as a final grading system in line with three
manual graders as a complement. When the sawmill is confident in the function
and all the different grading rules have been tested and tuned, the manual grad-
ers will be relieved. In other sawmills, automatic systems work as replacements
for human graders right from the time of installation. No scientific test results
have been published regarding the results in the latter case.

All material was taken from the running production. In the study, 100 boards of
spruce (Picea abies) dimensioned 50 x 125 mm, 100 boards of spruce dimensio-
ned 22 x 100 mm, 100 boards of pine (Pinus sylvestris L) dimensioned 63 x 125
mm and 100 boards of pine dimensioned 25 x 125 mm were used. In addition to
that, 20 boards of pine 25 x 175 mm were used for repetition tests. The lengths
were between 3.0 m and 5.5 m.
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The grading rules used in the test were rules for appearance grading similar to
the Nordic Timber grading rules with some minor changes.

The grading test can be divided into four components:
1. Grading accuracy for manual grading at production speed.
2. Grading accuracy for the automatic grading system.
3. Repeatability for the manual graders at production speed.
4. Repeatability for the automatic grading system.

The grading rules were supposed to be the same for the automatic system and
the manual grader, but the rules actually used by the manual grader are impos-
sible to know, as the ones used in practice are always interpretations of the
written rules. To get optimal grading, the boards were graded manually between
run 1 and run 2 by the sawmill’s head grader together with another grader, the
system manufacturer and the test leader, four people in all. The decisions were
taken unanimously.

The 20 boards of pine 25 x 175 mm used for repetition testing were run 3 times
through the automated system and manual grading. No check was performed to
see if the grading was correct.

To calculate the repeatability of the runs, the following formulas were used:
The repeatability, Ry, for the value of the batch is calculated as

1
Rv= azrvk (1)

where

k = number of the board

m = total number of boards

r, = repeatability for individual board

r,=1-s/M @)

where
s = standard deviation for the value for each individual board
M = mean value for the value for each individual board

The repeatability, Rp, for length, quality and defect detection can be calculated
as

1 m
Ro=—>» R 3)
D m; dl

where
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Ra =

where

Ra = repeatability for individual board
= individual board

d = quality (length, defect, etc.)

j = run number

k = run number

| = board number

m = total number of boards

n = total number of runs

The correctness of the grading decision is not considered in the calculation of
repeatability. One hundred percent repeatability can be achieved if all boards in
a test are given the same grade, length and value, regardless of whether every-
thing is totally wrong.

The value yield, Yy, for each board is calculated as

0-V-0

Y, = 5

()
where

O = optimal value, based on all information

V = assumed value of the board (automatic or manual grading)

|V-O| = the unsigned difference between the two values

Every board that is classified different from the optimal receives a value yield
less than optimal, regardless of whether the assumed value is higher or lower
than optimal. The value yield can thus never be more than 100%, and the direc-
tion of the error is insignificant.

The value yield for the batch, Yg, is calculated as the average of the boards’
yields,

ZY (6)

mb1

where
Yp = value yield for each board
b = board number
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m = total number of boards

The quality yield for a batch is calculated as the amount of correctly graded
boards divided by the total number of boards. A board is regarded as correct
quality if it is of the same grade and is the same length as or shorter than the op-
timal length. If a higher quality board is placed in a lower grade, it is considered
incorrectly graded, as is the reverse. In this study a board has to be strictly on
grade to be approved.

Q= (")

3>

where

Q = Quality yield

A = number of approved boards
m = total number of boards

5.5 Results and discussion

As shown in Figure 4, the value yield for the automatic grading system in run 1
was between 91% and 98%, depending on species and dimension. For manual
grading the value yield varied between 83% and 92%. In run 2 the value yield
was between 87% and 92% for the automatic grading system and between 82%
and 88% for the manual grader.
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Value Yield
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Figure 4. The value yield for manual grading and the automatic grading system

Figure 5 shows that the quality yield is much lower for the manual grader than
for the automatic system except for pine 63 x 125 mm in run 2. The quality
yield is also lower than the value yield. In run 1 the quality yield for the
automatic grading system varied between 66% and 93%. For manual grading,
the quality yield varied between 36% and 60%. In run 2 the variation was 52%
to 54% for the automatic grading system and 31% to 61% for the manual grader.
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Figure 5. The quality yield for manual grading and the automatic grading system

The results from the repeatability test show that the value yield varied between
85% and 96% for the manual grader and between 85% and 94% for the auto-
matic grading system. The automatic grading system had 80% of the 20 boards
of pine 25 x 175 mm in the same quality in all three runs; 90% were in the same
quality in 2 out of 3 runs. The manual grader had 90% of the boards in the same
quality in all three runs; 100% were in the same quality in 2 out of 3 runs.

This study shows that it is in many cases possible to replace the manual grader
with an automatic system. The output will probably not be the same, nor neces-
sarily wrong.

During the test it was obvious that the choice of test material matters greatly. A
“difficult” material with a lot of hard-to-define knots will probably give other
results than an “easy” material.

When systems for grading are compared, it is important to choose the right

grading rules and to be aware of what the system is supposed to manage. The
test method must define whether all defects included in the rules are to be re-
garded, or if it should be limited to the defects the system is able to detect. If
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defects that the system is unable to detect are visible on the board, the test
method must define whether such defects are to be ignored or recognized.

The automatic system in this test did very well compared to the manual grader
when compared in a production line with ordinary grading rules and normal ma-
terial to grade. The manual grader is able to see and classify unusual “new” de-
fects better than the automated system. The automatic system needs to have eve-
ry defect type specified, whereas the human grader can make a decision based
on common sense. If the timber contains many defects that are hard to define,
automation can be a difficult task. If, on the other hand, the properties of the
timber are well defined and the grading rules are defined, tested and approved,
the automatic system can replace the often tiresome and monotonous work of
manual grading with very good results.

It is easier to automatically grade spruce than pine. The study shows, however,
that an adjustment of the defect detection algorithm can make the system almost
100% correct even for pine planks. What was not analysed in this study was
what happens if timber with a different appearance is to be graded. The robust-
ness of the system was never tested. More tests need to be done to verify accu-
racy and robustness over a longer time.

One of the main problems involved in grading tests is to establish the irrefutable
grading truth. To accomplish that, great thoroughness is required.

6 Paper 111
6.1 Introduction

Manual grading of sawn wood is monotonous and tiresome work (Ager et al.
1977). The difference between grades is sometimes very hard to see, even if the
rules are written down in an organized manner (Gronlund 1995). The rules for
automatic grading systems have to be very concise. Automated systems are un-
able to interpret the sometimes subtle and inconsistent information supplied by
the sales department to be applied by the grader, be it a manual grader or an
automatic grading system. The need for very concise rules and threshold levels
makes both fine-tuning and changes a difficult process. Because of this there is a
need for new methods that make it easier to fine-tune and continuously adjust
the grading system in order to fulfil the ever-changing market demands.

Today’s automatic grading systems are able to grade timber in an almost infinite
number of grades. When it comes to changing parameters in a grade, there are
often many tables to go through and make changes in, so in practice, changes are
seldom made.
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The use of neural networks in timber grading has proven to be a much harder
task than expected. There have been experiments with neural networks, fuzzy
logic and self-organizing maps (SOM) to detect and classify defects as well as to
grade the boards for appearance (Labeda 1997; Kauppinen 1999; Niskanen
2003; Kline et al. 2003). The experiments have not been particularly successful,
which is reflected in the fact that these methods have not yet been introduced
into commercial systems on a large scale, even though SOM has been imple-
mented in a system for defect classification. One reason for the slow introduc-
tion of neural networks is the complicated system for changing and formulating
new grading rules, in which the system has to be “shown” good examples of
each new grade or defect type. In some cases the number of boards in the test set
can be in the thousands (Lee et al. 2003; Klein et al. 2003). With PLS (Partial
Least Squares) methods of grading, some of the problems associated with neural
networks are diminished or removed. The PLS method gives a transparency not
achievable with neural networks (Esbensen 2002, p 263). This transparency in
turn engenders confidence in the system. In addition to the general holistic view,
similar to a human grader’s view, that can be achieved with the PLS method, it
is also possible to define fixed limits for specific features, for example maxi-
mum size of dry knots or maximum length of cracks.

With PLS methods the settings can easily be controlled and changed in order to
influence the quality yield and the value yield. For a manual grader it is easy to
change the grading rules a little, but rather often the grader falls back to the
usual rules. Industrial experience shows that the manual grader is also very
“distribution conscious”, which means that the grade distribution is very similar
over time, regardless of the quality of the incoming material. An automatic sys-
tem handles each board in itself with no regard for other boards’ grades.

The approach with multivariate PLS methods has been successfully used for log
grading (Oja et al. 2004) in which logs were sorted into three classes based on
interior and exterior data extracted from X-ray and 3D scanners. A number of
commercial systems using the methods are in use at Swedish sawmills.

6.2  Objectives

The objective was to create an easier way to handle the often complicated and
intricate situations that the operator of an automatic grading system is faced with
each time a change to the grading rules is proposed. The way to handle the pro-
blem was to use a holistic view based on multivariate statistical methods.

27



6.3 Limitations

The limitations in the study are that the material is limited to a few boards in a
few dimensions in only two species and that the grading is of a type mainly used
in the Nordic countries, as it is four-sided grading based on Nordic Timber
(Anon. 1994).

6.4 Materials and methods

The materials used were Scots pine (Pinus Sylvestris L.) boards, 71 boards di-
mensioned 50 x 150 mm and 83 boards dimensioned 50 x 200 mm. The boards
were sawn from saw logs chosen randomly from the timber yard with a con-
trolled, equal distribution of dimension class (top diameter 21 cm and 25 cm)
and log type (butt, middle and top). Fifteen sawlogs of each combination (log
type and diameter class) were selected, 90 logs in total. The logs were sawn with
2 centre pieces from each log. During handling, some logs and some boards
were lost.

The sawmill’s head grader graded the boards manually. The rules used were
based on, but did not strictly follow, the Nordic Timber grading rules. A grade
called Vm was introduced in addition to the common OS, V and VI, where OS
is the “best” and V1 is the “worst” grade. Vm is a type of V, with larger sound
knots but fewer dead knots allowed than in ordinary V. The grader did not take
defects such as blue stain, decay or cracks into consideration. Grading was done
in a holistic manner, so a board with one or two large defects was not necessar-
ily downgraded if the rest of the board was classed among the best pieces in that
grade.

The boards were scanned, and all defects were classified, measured and checked
manually. The defects’ type, size and position are stored in a data file in text for-
mat, one file per board. The defects in the files have been organized in an aggre-
gated way to simulate the manual view of grading when taking more than just
the single defect’s size and position into consideration. The aggregation is a way
to create statistical features of a board’s side instead of the plain measured
values for each defect. The aggregated parameters are maximum size, mean area
and the number of defects calculated for each defect type and board side. The
ratio between the number of dead knots and the number of sound knots was also
calculated. The total number of defects on each side, all types together, was like-
wise calculated. The position of the knots, lengthwise and across the board, was
not considered in the model. In a real grading situation, knot position is impor-
tant, as it is possible to cut away unwanted defects in order to increase the value
of the board, but in this study this simplification was made, as it was in the
manual grading. For each side of the board, a table similar to the one in Table 2
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was created. Between 35 and 60 variables are included in the models, depending
on board dimension and the search for model simplicity.

Table 2. The aggregated defect table used for model creation and grading. One table for each
side, outer, inner and edges, was created

Mean

Amount | Largest | _.
size

Super sound knot

Sound knot

Dead knot

Bark-ringed knot

Rotten knot

Splay knot

Spike knot

Black knot

Scar

Total number of defects

Ratio between dead and sound knots

The statistical model for predicting the grade of the boards based on the aggre-
gated variables was then calibrated using PLS regression (Geladi & Kowalski
1986) and the software SimcaP+ 10 (Anon. 2002).

One model was created for each dimension of boards and one for the two dimen-
sions together, in all three models. The models were tested on both the original
dimension and on the other dimension. For each model, both the coefficient of
determination (R?) and a Q* value based on cross-validation were calculated
(Martens & Naes 1989). The variables included in the models were chosen by
removing the variables with the least significant VIP values (Eriksson et al.
2001) in order to obtain a robust and stable model.

Using the PLS model to predict the grade of boards results in a probability value
for each board and grade. A high probability value means that according to the
PLS model the probability is high that the board fits that grade. A low probabil-
ity value similarly indicates that the board does not belong to that grade. In the
model it is possible to skew the distribution to a better fit by adding a term, an
offset, to the predicted probability value in order to maximize the hit rate either
for the whole batch or for a single grade. When changing the offsets for the
grades, it is important to consider how many “false positives” and “false nega-
tives” are acceptable. By using the offset it is possible to find all boards in a
specific grade, with a risk of also getting some false positive boards that do not
belong to that grade. It is also possible to find only boards belonging to a certain
grade, with a risk of missing some boards of that grade. To achieve the best
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model, the highest total hit rate, a calibration of the model in this study was
made by adding a small value for some of the grades.

6.5 Results and discussion

When testing the model on the same dimension as the model was created with,
the hit rate, defined as the number of correctly graded boards divided by the to-
tal number of boards, was 80% for the 50 x 200 mm boards and 85% for the

50 x 150 mm boards (see Table 3). The hit rate was 80% for the 50 x 200 mm
boards and 81% for the 50 x 150 mm boards respectively in the overall model.
In the overall model, the R? value is 0.41 and the Q? value is 0.31, which means
that 41% of the variation can be explained by the model and that 31% can be
predicted according to the cross-validation. Testing the model on “wrong”
boards gave a hit rate of 70% for the 50 x 200 mm boards and 59% for the

50 x 50 mm boards.

Table 3. The hit rate for the different models and dimensions. The boards were graded in four
grades.

. Mode“I bas’fed on Model based on Model based on
Hit rate own “ " o . . -
di . wrong” dimension | both dimensions
imension
50 x 150 mm 85% 59% 81%
50 x 200 mm 80% 70% 80%

This shows that a model created for more than one dimension can be good
enough and that it can handle more dimensions, but that a model created for just
one dimension may be unsuitable for other dimensions. In Figure 6 there is a
clear separation between grade O/S (squares) and grade Vm (diamonds). There
are mixed zones between grades O/S and V (circles) and between grades Vm
and V. Grade VI (triangles) is spread all over, mainly because these boards have
some single defects which are larger than allowed and which the model in this
case didn’t take into consideration. Another reason is that the number of boards
in grade VI was so small that it was not possible to get a good model for that
grade.
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Figure 6. Score plot showing the different grades and their formation in the principal
component model plan, first and second principal component. Grade O/S, squares. Grade V,
circles. Grade Vm, diamonds. Grade VI, triangles.

The results of this study show that there is great potential in this grading
method. It is possible to separate boards of different grades based on overall ho-
listic defect parameters. The reason for using a system with a holistic view in-
stead of conventional table-based grading is that it is easier to use and is similar
to the manual method of grading, which is what most wood users want. The user
interface can be very simple, which makes the changing of grading rules easier
and more transparent than in other systems in use today. When rules are to be
changed in other systems, there are often so many tables to go through that the
operator is afraid to make changes, as the risk of making mistakes is huge.

To get a PLS model to work properly, it is necessary to “show” the system a
number of representative boards with representative defects to calibrate the
model from. A qualified guess would be that around 100 boards per grade are
needed to build a good working model. The advantage over neural nets seems to
be small, but there is a major gain in the robustness and transparency of the
model.

In conclusion, this paper shows that a multivariate approach to grading sawn
timber is a possible way to simplify the process of grading and to customize the
grading rules for an automatic grading system.
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7 Paper IV
7.1 Introduction

Final grading in Nordic sawmills is traditionally carried out by manual visual
inspection of the sawn timber. To increase capacity, large sawmills have several
(usually 2 to 4) graders, each of whom grades only a part (25%-50%) of the to-
tal flow of boards. Despite the short time used to judge a board and the increased
number of graders, final grading of sawn wood is often a bottleneck in the saw-
mill’s production.

In order to eliminate this bottleneck, different strategies have been discussed in
the Nordic industrial society, and to some extent adopted. The following strate-
gies can be mentioned:
1. Grade as in central Europe, where only the faces are graded (Anon. 1990;
Anon. 2000).
2. Install high-capacity automatic grading systems in the final grading sta-
tion.
3. Do more of the final grading in the green sorting plant, automatically or
manually.
4. Enrich some of the grades along the saw line.

For all these strategies, it is interesting to know what the grading result will be if
the grading is based on 1, 2 or 3 sides compared to the situation today, in which
the board’s grade is set based on all four sides. This knowledge is also valuable
for the design of flexible, feature-based breakdown processes, in which each
process step is monitored and controlled by automatic inspection of the newly
sawn surfaces, and the timber is directed to the right treatment, depending on the
timber’s features.

7.2 Objective

The objective of this study was to illuminate the question of how many sides of
a board it is necessary to inspect in order to grade the board correctly. The study
includes different sizes of Scots pine (Pinus sylvestris L.) and Norway spruce
(Picea abies) timber.

7.3 Limitations

The results in this study are built upon the assumption that all defects and other
features are apprehended correctly by the grader or the automatic grading sys-
tem. That is not the case in practice. Some defects are misinterpreted, some are
missed and some are fictitious. That means that grading results in practice are
probably worse than this study shows.
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7.4 Materials and methods

The material used was 243 pieces of timber of Scots pine (Pinus sylvestris L.)
and 467 pieces of timber of Norway spruce (Picea abies) taken from Swedish,
Norwegian and Finnish sawmills.

The boards were digitized, and all the board features, such as knots, cracks and
other defects, were manually classified and collected in data files. The informa-
tion on each defect consisted of defect type and enough coordinates to define the
defect’s position, shape and size. The timber was not trimmed, so all features
stemming from the log and the process were visible and influenced the grade of
the board.

To simulate a grader or a grading system capable of seeing only some of the
sides of the boards, the defects on the “unseen” sides were deleted in the defect
files. In this way, systems capable of grading on either

— outer face and edges,

— inner face and edges,

— both faces,

— both edges or

— outer face
were simulated.

The boards’ profile data, which include wane data, were not changed, so wane is
always part of the grading in the simulations.

The boards created this way are never of a lower grade than the original, as the
removed sides are considered clean, without defects.

The boards were graded in a grading instructor and simulator called SortSim.
SortSim functions as a grading simulator to test and compare different rules and
price lists. It is possible to create new customized grading rules to test how the
yields, both value and number of boards in the different grades, are influenced
by a change. Inputs to the program are defect files, grading rules and price lists.
The defect files include profile data and defect data, one file per board. The pro-
file data are used to calculate length, width, thickness and wane. The defect data
provide information about the defects’ type, size, side of the board and position.
The rules in the program are “hard” rules in so far as the rules, once specified,
are followed strictly.

The grading rules used in the study were the Nordic Timber rules (Anon. 1994),

which were used without modification. Four grades were used, A, B, C and D,
where A is the “best” and D is the “worst”. Nordic Timber gives the maximum
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permitted values of wood feature for each grade. According to Nordic Timber,
the grade of a piece of wood is determined by the worst side of the outer face
and the edges, while the inner face may be one grade lower.

After grading the boards that were graded on one, two or three sides, the grade,
length and value were compared to the boards that were graded on all four sides.
The number of correctly graded boards was calculated as accepted percentage.

The prices used in the test were based on prices collected from different saw-
mills and compiled to an average. However, the absolute price is not important,
as it is the relationships between the prices for different grades that are impor-
tant.

When calculating the results from grading on fewer than four sides, one of three
outcomes is possible.

1. The board is correctly graded equivalent to four-sided grading. The board
IS accepted.

2. The board is of a correct grade, but too long. It is possible for a customer
to cut the board to the correct grade and length at a later stage in the pro-
cess. The board is accepted.

3. The board is placed in a grade that is too high. It is not possible to cut the
board to obtain the correct grade. The board is not accepted.

The first and the third outcomes are easy to understand. The second outcome is
based on the assumption that a customer can cut incoming material, perhaps in a
window or furniture factory, and that the customer is aware that it might be nec-
essary to cut some boards in the batch to get the correct, usable grade.

75 Results and discussion

The results show that all deviations from four-sided grading lead to less accurate
grading. The amount of timber that is graded incorrectly (the number of incor-
rectly graded timbers divided by the total number) is between close to 0% and
approximately 70%, depending on species, graded sides and dimension, with the
most correctly graded boards in the thinnest dimension of spruce, which is the
only side-board dimension in the study. There are no strict correlations between
grading result and species, thickness or width for the thicker timbers (the centre
yield).

It is obvious that it is not enough to look only at the edges or only at the faces to
get an accurate grade. The average of correctly graded timbers is between 75%
and 80%, with a maximum of 91%, for face grading, and on average below 40%
to 50% for edge grading, with a maximum of 59%. That is a contradiction to
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what manual graders usually assert. The conventional wisdom is that the edges
are the most important sides to inspect.

The three-sided grading of centre yield seems to be more sensitive to dimension
in pine than in spruce. The yield differences are larger between the pine dimen-
sions than between the similar spruce dimensions.

Some sawmills regard the use of a three-sided scanner as a possibility, mainly to
grade thinner boards. The thinner the board, the more similar the two faces are,
apart from wane. It is not possible, however, to get a good result when grading
on only the faces or on only the edges. It is also necessary to turn the side boards
in order to see the wane. Otherwise, the side boards with the wane turned down
will be incorrectly graded.

A three-sided grading is required in order to eliminate the need for a turning de-
vice, which is expensive and often slows down the feed speed or causes logistic
problems when grading in transverse feeding. A three-sided grading of boards,
knowing that the outer face is inspected, is possible if the inspection is perform-
ed right after the edger, where the side boards are turned outside face up. Then it
is also possible to grade according to remaining wane.

Even if it is almost impossible to achieve correct grading by looking at fewer
than all four sides, it is possible to enrich the output by grading on only one or
more sides and rejecting timbers that contain unwanted defects at an early stage
in the process. One- or two-sided grading might be sufficient after the first saw
or in the green sorting station as a means to enrich the grades.

If the edges on thicker timber yield enough information to grade a board cor-
rectly, it would be possible to scan the cant after the first saw and set the next
saws to a dimension that optimizes the grade of the boards, as the faces of the
cant become the edges on the timber. If the edges are of a low grade, the timbers
as a whole will not be of a higher grade. It is thus possible to accomplish an en-
richment of grades by inspecting the cant and setting dimensions according to
the timber edges.

An important point is whether the grading rules mirror the actual needs. Does a
customer really care if there is a large knot on the inner face if he is going to use
the outer face as the visible surface? Are edge knots important other than in con-
structions where strength is needed? As the grading rules become more custom-
ized, it is possible that more thorough grading will be necessary, but the possi-
bility is also that less rigid grading might be sufficient for some products and
some customers.
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In the Nordic Timber rules, up to 10% of a batch might be off grade. Discus-
sions with sawmill personnel give the impression that a good grader is correct
up to approximately 80% over time, and a normal grader around 60%-70%. Ex-
actly what is meant by “correct” is hard to specify.

With a system that is 100% correct in defect detection, it would be possible to
reach at least 70% correctness if only the faces or outer face and edges are in-
spected. Unfortunately, the automated systems are like humans; they make er-
rors, but different errors from human operators. The errors the automated sys-
tems make are often harder for the end user to accept, as these errors are of a
new kind and are sometimes totally incomprehensible. In the best of worlds
there is a system that is 100% correct in defect detection and irrefutable in opti-
mization. But today it is futile to hope for a faultless grading system.

8 Discussion and conclusion

It is obvious that automatic grading in the sawmill’s green sorting station and
final grading station is gaining ground at the expense of manual grading. More
and more systems are installed each year.

The intent of the grading rules is to make it possible for buyer and seller to es-
tablish unanimity as to what is sold and bought. It is shown in Paper | that the
share of A grade can vary 15%-20%, depending on how the knots are measured.
The limit for accepted size of sound knots for A grade in the dimensions

50 x 100 mm is 30 mm. With an uncertainty in measurement of 2 mm, which
is not uncommon, 11% of the largest sound knots are found within that zone.
There are also other defects, so not all of the 11% is critical. On the other hand,
there are more grade boundaries than between A and B grade, so the boundary
problem is a possible subject for discussion between seller and buyer of sawn
wood. In order to avoid the multilateral relational dissonance that might arise if
the discrepancy between the trade partners’ opinions on a batch of timber is too
large, the grading rules and the way the wood features are measured have to be
defined in an irrefutable manner. Much of the trading is done according to
tradition and “the same procedure as every year”, so the grading rules and ways
to measure defects are not a problem until a batch is out of bounds and
arbitrators are called in to settle the dispute.

In Paper Il a comparison between manual and automatic grading is performed.
The same rules are used, as far as possible. It is in most cases not possible to
have exactly the same rules, as the automatic system has other possibilities and
other limitations than the human grader. It is shown that an automatic system
can replace manual graders with the same, or better, value yield.
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When using an automatic system, it is possible to have the exact customer func-
tion requirements programmed, if they are known. This makes it possible to use
the green grading or the final grading station to produce components for the sec-
ondary processing industry. The secondary processing industry could benefit
from knowing the exact amount of useable pieces in each pack without having
to open the pack.

Paper Il proposes a new approach to defining and refining the grading rules in
practice. By using only few controls instead of multiple tables, it is possible to
make smaller or larger adjustments to the rules. The rules are in that way more
humanlike and holistic, which in many cases is what customers really want.
There are wood users who have very specific rules that the holistic view is un-
able to comply with, but for the general bulk-producing sawmill, this new
method seems to be a very attractive approach.

In Paper IV simulations of how many sides of a board are needed to get a suffi-
cient grading are performed. It is shown that all sides contribute to the grading
result. It is also shown that in some cases it is possible to scan the cants and set
the secondary saws to an appropriate pattern according to the defects shown on
the surface, which will be edges on the sawn timber. In that case, the final grade
of the board is never better than the grade of the edges. This makes it possible to
enrich grades, e.g., to divert timber with pitch pockets from being sawn into
panels. Another application would be to direct the sawn and graded timber to the
right kiln and thereby improve the drying process.

An automatic grading system can be used as so much more than just a replace-
ment for a manual grader. As the system “knows” all defects that have passed
through the system, it is possible to do a statistical evaluation based on defects,
supplier of raw material, drying conditions, storage time and much more. All
this can be set in relation to the actual value yield, volume yield, productivity,
production speed or whatever needs improvement.

From this work it can be concluded that the speed and accuracy of automatic
grading systems are sufficient for most of the tasks they are set to perform, in
contrast to manual graders. Some functions are impossible for a human grader to
effect, so an automatic system is necessary, while other functions are better per-
formed by a human grader. In order to compare different systems, an objective
evaluation system is needed. The evaluation system used in this work was de-
veloped in cooperation with manufacturers and users.

The rules for automatic grading can be simplified by using statistical measures,
such as PLS methods, to get a holistic view similar to that of human graders.
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It is possible to enrich grades even as cants, as the open face on the cant will
later be edges on the sawn timber. It is not possible, however, with the tradi-
tional Nordic grading rules, to grade the timber by inspecting fewer sides than
the rules prescribe without losing accuracy.

Simulation tools are used to demonstrate the benefits gained in setting up grad-
ing rules and in planning the product mix.

9 Future work

The future work ought to focus on advanced optimization of the whole forestry-
wood value chain. There have been simulations of optimization presented in a
number of publications (Usenius & Song 1996; Usenius 1999; Usenius 2002;
Chiorescu 2003; Nordmark 2005). There have in recent years been technological
realizations that make traceability and optimization possible (Uusijérvi 2000;
Uusijarvi 2003). Parts of the chain have long since been optimized and vali-
dated. This has of necessity been a matter of suboptimizations, as the amount of
work entailed in keeping the whole chain in detail in the optimization process
has been insuperable. With new traceability concepts it will also be possible to
calibrate each specific sensor and each process step according to output, and
thereby optimize the value chain.

Going into the details regarding grading of sawn timber, one thing to focus on in
the near future should be simplification of the user interface. Getting a working
PLS model for appearance grading into production is a near-term goal. The cri-
teria for using PLS methods for strength grading have to be investigated. This
would make it possible to grade for both appearance and strength at the same
time in the same apparatus and facilitate an advanced product mix optimization.

As the largest source of error when grading sawn wood is determining knot type,
a sensibility check with the customers regarding how strictly the grading rules
have to be followed should be performed. This will make it possible to acceler-
ate the implementation of automatic grading systems by simplifying the grade
definitions, which take a lot of work to set up. The demands put on the saw-
mills’ grading rules should mirror the actual requirements of the end customer,
and these demands should be integrated throughout the chain, all the way from
the forest to the customer.

A step in the optimization process is to enrich the grades along the way in order

to minimize the overproduction of faulty products. By grading and sorting logs,
cants, green boards and dry boards, the possibility of using the right wood for
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the right products increases, and the risk of manufacturing products without
buyers decreases.

The tools for optimization and simulation processes, which deserve a prominent
place in a sawmill’s toolbox, can contribute to an increase in the sawmill’s pro-
duction and revenue. To achieve that effect, the tools must be introduced on a
larger scale and be validated against real production parameters, real logs and
real timber.

The ultimate goal is that all products that are produced should fulfil customer
requirements to 100%. However, a lot of R&D work will be needed before that
goal is reached.
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Abstract

The aim of this work is twofold: first to describe how the sawmills’ grading rules are
formulated and how models for sorting can be described; second to describe to what
help a database tool with information about the sawmill’s production can be.

The thesis gives examples on how a database tool can be used to electronically resort
part of the production with new grading rules and new price lists.

Some of the problems that sawmills, but also other wood manufacturers, face when new
market demands are stated are treated in the thesis. Models and techniques to decrease
and solve some of the problems have been developed and are described.

The thesis is opened with a background description, in which it is established that al-
ready 30 years ago, it was discussed and planned for an introduction of automatic sort-
ing and grading systems for sawn wood. Furthermore, a number of grading rules used in
the Nordic countries are described.

A number of models to set up and describe grading rules have been developed and are
presented. Some of the grading systems and models are described thoroughly and ex-

emplified. It is established that an advanced system is needed to develop and maintain
the grading rules to make them correspond to the fast changes that the wood market is
exposed to.

The problems that the sawmill is put before, when questioned about a new product, is
formulated and broken down into a number of subproblems. The limitations made in the
thesis are formulated, described and commented.

The used databases’ constructions are described, as is input material and data collection.

The databases have been used in a number of grading simulations, where the yield has
been compared to used grading rule. Furthermore, the yield has been compared to gra-
ded face, to show which face of the wood piece that has the most influence on the result.

The possibilities and limitations of automatic grading systems have to a certain extent
been examined by simulations in the database. The different wood features correlation to
each other and their significance to the grading result is presented.

The result from the study shows that a well established database system, which contains
information on the sawmill’s raw material, grading rules and production can make it
easier when promoting and selling traditional and new wood products. The limitations
are not technological.

Keywords: automatic grading, grading, lumber, manual grading, optimisation, product
mix, products, sawmill, sorting






Sammanfattning

Syftet med foreliggande arbete ar tvafaldigt: for det forsta att redogora for hur
sagverkens sorteringsregler ar formulerade, hur modeller for sortering kan beskrivas;
for det andra att beskriva vilken hjalp ett databasverktyg med uppgifter om
sagverkets produktion kan vara.

| uppsatsen ges exempel pa hur ett databasverktyg kan anvandas for att elektroniskt
omsortera delar av produktionen med nya sorteringsregler och nya prislistor.

Vissa av de problem som sagverk, men aven annan travaruindustri, star infor da nya
marknadskrav framfors pa de produkter som efterfragas behandlas i uppsatsen.
Modeller och tekniker for att mildra och 16sa nagra av problemen har tagits fram och
presenteras.

Uppsatsen inleds med en bakgrundsbeskrivning, i vilken det konstateras att det redan
for 30 ar sedan diskuterades och planerades for introduktion av automatiska
sorteringssystem for sortering av sagade travaror. Vidare beskrivs ett antal sorte-
ringsregler som &r i bruk i Norden i dag.

Ett antal modeller for att uppratta och beskriva sorteringsregler har tagits fram och
presenteras. Nagra av sorteringssystemen och -modellerna beskrivs ingaende och ex-
emplifieras. Det konstateras dessutom att det krdvs ett avancerat system for att utvec-
kla och uppratthalla sorteringsreglerna sa att de motsvarar de snabba véaxlingar som
trdvarumarknaden utsétts for.

De problem, som sagverket star infor, da forfragan om att sortera fram en ny produkt
stélls, formuleras och bryts ned i ett antal delproblem. Begransningarna som gors i
denna uppsats, formuleras, beskrivs och kommenteras.

De i uppsatsen anvanda databasernas uppbyggnader beskrivs, liksom ingdende mate-
rial och insamlingen av data.

Databaserna har anvants vid ett antal sorteringssimuleringar varvid utfallet har stallts
mot anvénd sorteringsregel. Vidare har utfallet stéllts mot avsynad sida for att visa
vilken av virkesstyckets sidor som ar avgdrande for sorteringsresultatet. Mojligheter-
na och begransningarna med automatisk visuell sortering har ocksa till viss del ut-
retts med hjélp av simuleringar i databasen. De olika sérdragens korrelation till var-
andra och deras betydelse for sorteringsresultatet redovisas.

Resultatet fran studien ar att ett utbyggt databassystem, i vilket information om sag-
verkets ravara, sorteringsregler och produktion finns, kan underlatta vid marknads-
foring och forséljning av traditionella och nya produkter. Dagens teknik satter inte
begrénsningarna.
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1 Bakgrund

Forst eftertanke, sedan hart arbete
A A Milne, ur Nalle Puhs hdrna.

Allt fler sdgverk anammar en formaliserad och strukturerad produktspecifik®,
kundspecifik? eller foretagsspecifik® sortering®. Dessa sorteringar bygger i de
flesta fall pa den traditionella sorteringsregelbeskrivningen Gréna Boken (Anon,
1982) eller den nyare Nordiskt Tr& (Anon, 1994) med vissa modifieringar av sar-
dragens tillatna storlekar eller antal. Sagverken gor detta for att profilera sig infor
en alltmer ¢kande konkurrens pa marknaden. Konkurrensen okar bade pa grund av
en dkande internationalisering, men aven pa grund av konkurrerande substitut-
material sdsom plast, aluminium och stal i fonster, 6vriga snickerier och byggele-
ment. Genom att bli (positivt) unika, flexibla och kundnara kan sagverk fa och be-
halla kunder till sina producerade varor. Ett satt att bli unik ar att kunna leverera
sagade travaror sorterade enligt mycket specifika och kundrelaterade regler.

For att bli unik, flexibel och snabbt kunna anpassa sin sortering till vaxlande
marknadskrav anser dock en del sagverk att det effektivaste sattet ar att inte ha
nagra formaliserade nedskrivna regler. P& det sattet blir beslutsvagarna korta och
snabba mellan forséljare och sorterare, se vidare kapitel 5.6.

Exempel pa svarigheter, trots skrivna regler, rérande sortering och kvalitetshe-
grepp i relationen mellan leverantér och kund samt mellan olika sorterare inom
samma processteg har presenterats tidigare i (Gronlund, 1995). | den kedja som
presenteras, fran skog till sag till dorrfabrik, ingick sortering av stockar, sortering
av sagad vara pa sagverket samt sortering av sagad vara pa dorrfabriken. Pa varje
processteg bedomdes stocken/plankan av tva olika sorterare. Resultatet fran be-
domningarna visar att det ar stora diskrepanser mellan sorterarna. For sagverks-
sorteringen innebar dessa skillnader i tolkning av sorteringsregler och bedémning
av plankorna att endast 62% av plankorna, totalt 2045 st, bedémdes lika av de tva
sorterarna.

! Produktspecifik sortering — Sorteringsregeln &r anpassad till en speciell produkt, exempelvis fénster-
karm, mobel eller vaggregel. Regeln kan dven inkludera produktspecifika krav pa fuktkvot och matt-
toleranser etc.

2 Kundspecifik sortering — Sorteringsregeln ar anpassad fér en speciell kund exempelvis Fonsterfabrik A,
Modbeltillverkare B eller Husbyggare C. Kan dven inkludera produktspecifika krav pa fuktkvot och
toleranser etc.

® Foretagsspecifik sortering — Sorteringsregeln &r anpassad till det producerande foretagets struktur p&
bland annat ravara, produktionsapparat och kundorganisation.

* Med sortering menas i denna skrift uppdelning av ett parti virkesstycken i sorter efter ndgon form av
beddmning av virkesstyckets lamplighet enligt givna kriterier, regler. Aven optimering (volym- eller
varde-) ingdr i detta fall i begreppet sortering.



Ett av sétten att uppna kundanpassning med manga specifika regler &r att anvanda
automatiska sorteringssystem, vilka, atminstone i teorin, kan optimera® fram den
basta mixen av produkter ur det ingaende materialflédet (Astrand, 1996). Om det
skall fungera 100 % -igt krdvs naturligtvis att systemen gor ratt. Det kan
emellertid inget system forvantas gora, med de krav pa hastighet och robusthet i
optimering oberoende av ingaende ravara och sorteringsregler. Trots de
automatiska systemens brister kan mycket vinnas genom att anvanda dem pa
genomténkta satt (Lycken, Uusijarvi, Hagman, Astrand, 1994), (Liljeblad,
Lycken, Rosenkilde, Uusijérvi, 1998), (Liljeblad, Lycken, Uusijarvi, 1998),
(Liljeblad, Lycken, Uusijarvi, 1999a) och (Liljeblad, Lycken, Uusijérvi, 1999b).

Kundanpassningen kan dock drivas for langt for att vara lénsam. | ivern att upp-
fylla de uppstallda kundkraven finns risken att sagverket inte i tillrackligt hog

grad beaktar att det ur stocken dven faller andra kombinationer av sorter och di-
mensioner an de som efterfragas till ett hogt pris. Da uppstar problemet att sélja
allt det som producerats istéllet for att bara producera det som salts. Det kan darfor
vara battre att kundorientera sin organisation, istéllet for att kundanpassa den.

Genom att sagverket, producenten, anpassar utbudet och leveranserna till sina
kunder, konsumenterna, liksom koparna av sagverkets produkter anpassar sina
krav till nagot som séaljaren kan uppfylla, kan den bi- eller multilaterala relatio-
nella dissonansen, som uppstar vid missforstand och missnéje, forhindras varvid
affarskontakter kan inledas, fortga och utvecklas.

De befintliga systemen av sorteringsregler tillater i vissa fall att sagverket modifi-
erar gransvardena, men huvudproblemet &r att regelverken &r hierarkiska, se ka-
pitel 6.1. Detta hindrar, i alla fall tankemassigt, en utveckling av sagverkens sor-
tering och utveckling av blandningen av olika produkter, produktmixen.

Den traditionella sorteringen sasom den formuleras i den sa kallade Gréna Boken,
Sortering av sagat virke av furu och gran (Anon, 1982), se kapitel 5.2, har anvénts
av de nordiska sagverken i mer eller mindre foretagsspecifik form sedan den ut-
gavs i borjan av 1960-talet, och aven dessférinnan (eftersom boken ar en beskriv-
ning av hur sorteringen gick till). Den ar inte utformad eller &mnad att medge nag-
ra storre formaliserade friheter att vélja specificerade krav pa sardragens storlekar
och antal inom det formulerade regelverket for sagverket eller dess kunder. Dock
uppmuntras sméarre anpassningar av reglernas uttolkning med hansyn till virkets
beskaffenhet. Man har vid sortering enligt Grona Boken vissa mojligheter till sub-
jektiva bedémningar, se kapitel 5.2.

® Optimering &r att bestdmma storsta (eller minsta) vardet av en matematisk funktion under givna
forutsattningar.



I slutet pa 1960-talet utvecklades intresset for att sortera sagat virke automatiskt.
Automatisk sortering ansags onskvard pa grund av att hastigheten vid den man-
uella sorteringen var sa hogt uppdriven att det antogs svart att hoja den ytterligare.
Hastigheten och 6vriga forhallanden vid sorteringen medférde att felfrekvensen
vid sortering var att betrakta som stor. | en ansats for att forbereda branschen pa
nymodigheterna och for att formulera Grona Bokens regler i matematiska termer,
bland annat infor automatisering av sorteringen utgavs 1971 och 1973 (Thunell,
1971) och (Brundin, Thunell, 1973).

Den nyare samlingen sorteringsregler, Nordiskt Tré (Anon, 1994), se kapitel 5.3,
ger stora valmdjligheter vid sortkomposition, i och med att man vid sortering en-
ligt Nordiskt Tra kan kombinera kraven pa tillaten storlek for olika sardrag fran de
olika sorterna till en sa kallad sortmix. Det ar en kombinationsmojlighet som sak-
nas i Grona Boken.

En analys av skillnaderna mellan Gréna Boken och Nordiskt Tra redovisas i (Sipi,
1995). Dar fastslas att Nordiskt Tra ar tydligare i angivande av maximalt tillatna
storlekar och antal pa sardragen an Gréna Boken ar. Nordiskt Tra ar dessutom
strangare rorande granserna for exempelvis vankant, sprickor och kadlapor. Gall-
ande kvistar ar Nordiskt Trd i vissa dimensioner och sorter den stréngare sorte-
ringsregeln, medan Grdna Boken &r strangare i andra dimensioner och sorter.

Den europeiska CEN-standarden for sortering av furu och gran, prEN 1611-1
(Anon, 1998), se kapitel 5.4, &r i till stora delar lika Nordiskt Tra, vad galler stor-
lekar pa tillatna sardrag. Daremot ges inga kombinationsmajligheter som motsva-
rar Nordiskt Trés sortmix.

Ett system for andamalsanpassad sortering har utarbetats utgaende fran krav fran
byggare, snickerifabriker och emballagetillverkare. Systemet kallas Eurograding
(Elowson, 1984) och (Elowson, Lundgren, 1980), se kapitel 5.5. Detta system an-
vands dock inte i praktiken. Grunden till detta tankande star beskrivet i (Thunell,
1976) dar skillnaden mellan producentens (sagverket) och konsumentens (virkes-
anvandarens) syn pa sorteringen analyseras.

I (Thunell, 1971) tecknas en bild av problematiken som innefattas av den uppsjo
av produkter som sagverken producerar. Dar ges ocksa en foraning av nédvandig-
heten av automatiserad sortering och beslutsstod samt nddvandigheten av att sag-
verket sjalv kanner till produktkraven hos den slutliga anvandaren av det sagade
virket.



Med sérdrag menas i denna uppsats virkesfel, dvriga defekter eller andra virkes-
egenskaper som &r av betydelse vid sortering av travaror, enligt Nordiskt kvali-
tetssprak for trabranschen — Barrtra (Anon, 2000), se dven kapitel 13.

Vad géller samtliga regelsystem maste man skilja mellan regelns utformning, re-
gelns uttolkning (olika av séljare och kdpare) och regelns utfall i praktiken. Vid
formaliserade, nedtecknade regelsystem ar sannolikheten for Gverensstammelse
mellan de inblandade parternas syn pa de sortséattande parametrarna storre an da
regelverket inte &r formaliserat. Detta galler i hogre grad ju mer komplex regeln
ar, eftersom sortering enligt komplexa regler innebér att antalet gransfall okar.
Med gréansfall menas virkesstycken som har sérdrag eller sardragskombinationer
vilka inte entydigt kan hénforas till en viss sort.

2 Hypotes
Som grund for foreliggande arbete har f6ljande hypotes formulerats:

Med hjalp av ett verktyg i databasmiljé kan ett sdgverk pa ett

effektivare® satt &n med manuella metoder utreda huruvida en
specifik sort ar mojlig att sortera fram ur det normala ravaru-
flodet och harigenom forbattra mojligheten att 6ka den totala
I6nsamheten.

Med verktygets hjalp skall det vara majligt att beskriva:

. hur ett framsorterat virkesparti ser ut

. Vvilket ekonomiskt utfall man kan forvénta sig vid en andring i
sorteringsreglerna

. vilka de nedklassande sardragen é&r.

For att fa storsta mojliga nytta av verktyget kravs en daglig uppdatering av infor-
mationen, vilken endast & mojligt att ernd med hjalp av ett automatiskt system for

® Med effektiv menas i detta fall att man med databasverktyget p& samma gang enklare, snabbare och
billigare skall kunna nd ett resultat som ger en storre fortjanst 4n det manuella alternativet ger.

Effektivitet &r ett mycket relativt begrepp. Huvudbetydelsen &r, enligt (Bentham, 1781, 1996), att max-
imera “pleasure” och minimera "pain”. Det finns alltsd ingen orsak att vara ineffektiv ("lat”), eftersom
man da okar “pleasure”, och alltsa enligt definitionen trots allt ar effektiv (Gustafsson, 1983).



informationsinhamtning. Ett automatiskt sorteringssystem, antingen for ra-
sortering eller for torrsortering i justerverket, kan fylla behovet.

3 Problembeskrivning

Han kunde ju inte veta, att vérlden ter sig mycket enkel for kungar.
Antione de Saint-Exupéry, ur Lille prinsen.

Da sagverket far en forfragan om att leverera en ny specifik sort kravs det antin-
gen en mycket stor kunskap om den egna produktionen eller en provsortering for
att sagverket skall veta om den nya sorten ar mojlig och I6nsam att producera samt
till vilket pris. Vid en provsortering sorteras den 6nskade sorten fram, med de nya
specificerade sorteringsreglerna, tillsammans med dévriga sorter som erfaren-
hetsmassigt anses passa in i bade sagverkets dvriga sortiment och som tackning
for "det som blir 6ver” da specialsorten sorteras fram. Detta provsorterings-
forfarande &r mycket kostsamt, bade personal- och utrustningsméssigt, forutom att
en provsortering som genomforts pa en icke-representativ ravara forrycker hela
resultatet. Av flera skél ar det darfor efterstravansvért att inte andra sorterings-
regler samt att inte ta nya, specifika, regler i bruk utan en ingaende analys av kon-
sekvenserna. Dessa skal kan sammanfattas i nedanstaende problemstéllningar:

. kapacitetsproblemet — det tar tid och produktionskapacitet att provsortera

. ravaruproblemet — en provsortering ar mycket beroende pa vilken ravara
(timmer) som just da finns tillhands

. passningsproblemet — det kan vara besvérligt att passa in den nya sorten (pro-
dukten), eller sorteringen, i det ordinarie sortimentet bland 6vriga sorter och
sorteringar

. restproblemet, inkuransproblemet — hur blir sagverket av med "resten”, det som
inte uttryckligen dnskas

. uppféljningsproblemet — hur kan sagverket folja upp utfallet av vad en ny sort
eller sortering egentligen tillfér I6nsamheten

. véansterprasselproblemet — tillfalliga forbindelser ar ofta dyra; sagverket maste
satsa pa hallbara langsiktiga handelspartner.

En produktmixoptimering i "on-line-utférande” i sagverksindustrin blir med nod-
vandighet en suboptimering, savida man inte kanner till hela produktionen, liksom
liggande och kommande order vid optimeringstillfallet. En totaloptimering av
sagverkets produktmix kraver saledes kannedom om bland annat tidigare produce-
rade produkter, utseendet hos de redan bearbetade virkesstyckena, utseendet hos
de efterkommande virkesstyckena, volymer och typ av inkommande ravara och
Onskad féardigvara, produktionskostnader, forséljningspriser, belaggning i ma-
skiner, utrustning och personal osv.



Man kan principiellt bryta ner optimeringsproblemet till enkla matematiska sam-
band som kan l8sas med linjar optimering’ &ven kallad linjar programmering —
LP-metoden. Vid en “on-line”-tilldmpning hamnar man dock raskt i ett dynamiskt
skeende, som inte gar att forutse med enkla medel. Dynamiken foljer inte bara
producerad volym, utan ar i hogsta grad ravaru-, order-, tids- och konjunkturbe-
roende.

Problemet, vid en fullstandig optimering, innefattar saledes att sortera virkesstyc-
ken med en stor méngd sardrag, var och en med sina specifika parametrar. Sorte-
ringen skall ske utifran kundonskemal, manifesterade i sorteringsregler, produ-
centdnskemal, exempelvis torkfylinad® och facktillgéng®, ravarutillgéng sésom
timmerfangst etc. Vid den fullstandiga optimeringen maste man dven medrakna
tidsfaktorn. Ett langt tidsperspektiv, bade framat och bakat, kan medftra en ex-
aktare optimering, till kostnaden av en mer komplex berékning.

| ett forsok att exemplifiera problematiken visas mangfalden i optimeringsbilden
med hjalp av nedanstaende parametrar, vad avser kvist, 6vriga sardrag onamnda.

For att kunna optimera sorteringsutfallet med avseende pa kvistar géller det alltsa
att kanna till ravarans och fardigvarans verkliga och 6nskade:
. kvistbeskaffenhet/kvisttyp
- vilka typer — frisk kvist, torr kvist, barkkvist och sa vidare
- kvistarnas fordelning i typer
. kvistform
- rund, oval, horn, horn, blad och sa vidare
- kvistarnas fordelning i olika former
. kuviststorlekar
- storsta storlek
- minsta storlek
- storleksfordelning
. avstand mellan kvistvarv
- storsta avstand
- minsta avstand
- avstandsfordelning
. kvistlagen
- langsled
- tvérsled

" Med linjar optimering menas att bade mélfunktion och bivillkor &r linjara .

8 Vid artificiell torkning av sdgade tréavaror ar det vésentligt av ekonomiska och processtekniska skal att
fylla torkarna samt att fylla dem med produkter som skall torkas pé likartat satt.

® De bedémda virkesstyckena sorteras i fack for att ”samla ihop™ virkesstycken av samma dimension och
/ eller sort infor den fortsatta processen.



samt
. sorteringsregler applicerade pa dessa parametrar.

Om en fullstandig optimering skall goras tillkommer dessutom, for bade ravara
och fardigvara, till exempel:

. priser

. tillgang

. efterfragan

och dvriga kostnader, till exempel:
. produktionskostnader

. lagerkostnader

. inkOpskostnader

. forséljningskostnader.

Alla dessa parametrar ar i verkligheten dynamiska, med vilket menas att gransvill-
koren for dem kan &ndras beroende pa om nagot annat villkor i optimeringen
forandras. Ett villkor som till exempel kan &ndras &r att en order blir uppfylld, och
att inget mer skall sorteras fram av den sorten.

Optimeringen, for den givna databasen, kan ske genom att:

. kombinera givna regler och deras pris med den givna “elektroniska plankho-
gen”

. andra regelverken efter fiktiva kunddnskningar.

Efter en sortering i databasen kan vérdet av det framsorterade partiet presenteras.
Partiet kan beskrivas som utfall i respektive sort samt som fordelning av sardra-
gens typ och storlek. Dessutom kan statistik for det kvalitetsséttande sardraget
presenteras.

4 Begransningar/avgransningar/forutsattningar for studien

De enkla matematiska sambanden kan sammanstallas till ett ekvationssystem med,
i princip, ett oandligt antal ekvationer. Antalet sorteringsregler och kundonskemal
ar ju, liksom travarornas utseendevariation, obegransat. Aven om man gér sé djupt
ner som till cellniva i tramaterialet, finns det variationer med &nnu mindre
dimensioner (miceller, molekyler) som paverkar egenskaperna/kvaliteten. For att
kunna anvanda den befintliga databasen for att na fram till ett resultat ar problemet
i denna uppsats nedbrutet till att nyttja sérdrags storlek och antal vid klassning av
virkesstyckena.



Vid sorteringen tas alltsa ingen hansyn till sardragens lage i langs- eller tvarsled,
vare sig i forhallande till varandra eller till deras lage pa virkesstycket.

Produktmixproblemet kommer inte att I6sas i denna uppsats. Har pekas pa gene-
rella problem och nagra tankbara I6sningar pa begransade, specificerade problem i
ett begrénsat antal verklighetsndra scenarier.

For att langsiktigt och uthalligt kunna producera en optimal produktmix kravs tro-
ligen majligheten att paverka apteringen i skogen, (Uusijarvi, Usenius, 1997),
nagot som inte behandlas i denna uppsats.

De begréansningar som uttalats i arbetet ar:

1 Trateks befintliga databas, se kapitel 11 och (Casselbrant, Rydell, 1998), skall
anvandas, vilket implicerar:

1.1 Endast de storsta sardragen av varje typ pa varje sida behandlas.

1.2 Séardragens antal ar, for vissa sardrag, rdknade endast pa den samsta me-
tern for varje enskilt sardrag, inget totalt antal anges for hela sidan eller
virkesstycket.

1.3 Sérdragens position i langs- och tvarsled &r inte behandlad.

1.4 Virkesstyckena ar forklassade och avkapade i bada andar efter manuell
bedémning enligt aktuellt sdgverks tolkning av Grona Boken.

2 Endast sorteringsregler med objektivt matbara grénser for sardragens storlek

och antal har angivits vid inméatningen och skall anvéndas vid datasorteringen,

det vill s&ga inga regler med kompensation fOr ett i Ovrigt vackert virkes-
stycke” kommer att nyttjas.

Virkesstycken kan inte kapas ytterligare.

4 Studien begransas till en dimension, 50 x 100 mm i furu. Fler dimensioner
finns i databasen, se Tabell 3 pa sidan 54. Begransningen gors av presenta-
tionsskal.

5 Ett mindre antal (3-4) sorteringsregler anvénds vid studien. Dessa ar NT
(Nordiskt Trd), EN 1611-1 samt varianter darav.

6 De sorteringsregler som anvands grundar sig pa utseendesortering, alltsa inte
styrkesortering.

w

Kommentarer till begransningarna:

1 Databasen som anvaénts &r en databas som fanns tillgénglig vid studiens borjan.
Den &r inte fullkomlig, vare sig till innehall eller upplagg, men den tar med de
sardrag som ingar i de flesta sorteringsregler och den ar manuellt inmaétt, vilket
borgar for en hogre sékerhet i beddmningen &n en automatisk avlasning.
(Kvalitet istéllet for kvantitet.)

2 Det ar ytterst svart, om an inte omajligt, att automatiskt och datoriserat tolka
en subjektivitet som uttrycks som ett ”i 6vrigt vackert virkesstycke”.



3 Vid inméatningen angavs inte positionen for sardragen, varfor det inte gar att
saga om virkesstycket gar att kapa pa ett battre satt for en annan sortering for
att pa sa satt kunna hanfora virkesstycket till en annan sort.

4 Denna studie begransar sig till ett typfall, for att utifran det dra slutsatser om
ovriga fall. Valet av aktuell dimension utgar fran att den &r vanlig, att den re-
presenteras av manga bitar i databasen samt att den ar tagen ur olika stockty-
per.

5 Rent praktiskt ar det svart att samtidigt nyttja fler an 3-4 regelverk i sag-
verksmiljo, beroende pa kapacitetsbrist i justerverket med avseende pa fack,
varfor denna begransning inte &r orealistisk. 3-4 regelverk med 3-4 aktiva
sorter i varje ger 9-16 olika sorter, vilket inte & omajligt eller ens svart att
hantera i ett automatiskt sorteringssystem. Begransningen sitter darfor i sor-
teringsverkets fackantal, mojlighet att samla ihop virkesstycken av samma
sort, dimension och eventuellt 1angd. Med aktiv sort menas en sort som har
minst ett sdrdrag med uttalade begransningar i storlek eller antal, det vill sdga
alla sorter utom vrak (urlagg).

En fordel med upplagget pa databasen &r att vissa av begransningarna redan finns.
Saledes underlattas det fortsatta arbetet genom att variationsmajligheterna inte &r
obegréansade.

De i studien anvénda virkespriserna ar inte de faktiska priserna som anvénds av
nagot av de i studien medverkande sagverken, utan ar ansatta (varen 1997). Pris-
erna ar enligt tillfragad marknadspersonal pa sagverk inte orealistiska. Vid en
optimering som denna ar det emellertid inte prisnivan i sig som &r intressant, utan
prisrelationerna mellan sorterna.

5 Sorteringsregler — praktiska tillampningar

Den som icke har rad att offra s mycket, han véljer ut ett stycke tra, som icke
ruttnar; ...
Jesaja 40:20

5.1 Introduktion

Nedan presenteras ett antal av de viktigare sorteringsreglerna i Norden och Europa
samt en begreppsapparat som kan anvandas nér en sorteringsregel skall for-
muleras.

Den storsta delen av det sagade virket i Norden sorteras fortfarande enligt nagon
variant pa den sa kallade Gréna Boken, Sortering av sagat virke av furu och gran
(Anon, 1982), se kapitel 5.2, och saljs med dess bendamningar pa sorterna o/s, V
(kvinta), VI (utskott, sexta, sjatte sort), dar o/s &r ”bast” och VI ar ”samst”. Sorten



o/s ar en osorterad sammanslagning av sorterna I, I1, 111 och 1V sa som de faller ut
vid sagning. Proportionerna mellan sorterna I - IV inom o/s kan variera avsevart
mellan olika sagverk beroende pa varifran ravaran hamtas. Under senare ar har
detta regelsystem, Grona Boken, reviderats och en ny bok, Nordiskt Tra (Anon,
1994) se kapitel 5.3, eller den sa kallade Bla Boken, har sammanstallts och givits
ut. I den benamns sorterna A, B, C och D, dér sort A ar uppdelad i sorterna

Al - A4. Samtidigt genomfors en europeisk harmonisering av sorteringsreglerna
(Anon, 1998) se kapitel 5.4, vilka utarbetas och ges ut av CEN, det europeiska
standardiseringsorganet. Den regeln har namnet EN 1611-1. Det &r ett forslag som
helt nyligt har antagits (varen 2000). | EN-reglerna benamns sorterna 0, 1, 2, 3 och
4,

Det har genom aren aven formaliserats sorteringsregler som bygger pa nagon form
av bestamd slutanvandning. Exempel pa det beskrivs i (Elowson, 1984) och
(Elowson, Lundgren, 1980), se kapitel 5.5 nedan.

Nordiskt kvalitetssprak for trabranschen (Anon, 2000), se kapitel 5.7, &r en valtac-
kande begreppsapparat med definitioner som kan anvéndas da sorteringsregler
skall formuleras.

5.2  Sortering av sagat virke av furu och gran, Grona Boken

Sortering av sagat virke av furu och gran, Grona Boken (Anon, 1982) beskriver
hur sorteringen gick till vid Grona Bokens sammanstallande. Den &r helt enkelt en
deskriptiv sammanfattning av géllande sorteringspraxis (Brundin, Thunell, 1973).
Den forsta upplagan av Grona Boken utkom 1960 med reviderade upplagor 1965
och 1976. Oférandrade upplagor utkom 1968 och 1982. 1987 utgavs ett komplet-
terande blad med kommentarer angaende rekommenderade riktvarden betraffande
formforandringar mm. Namnet Gréna Boken harstammar fran fargen pa bokens
parm.

Grona Boken ar uppdelad i Allmanna anvisningar, Virkesfel, Begreppsforklar-
ingar och Kvalitetsbeskrivningar. Dessutom ges bildexempel pa virkesdefekter
samt pa tillaten kvistforekomst pa flatsidan.

Kvalitetsklasserna i Grona Boken kallas, som papekats, o/s, V (kvinta), VI (ut-
skott, sexta, sjatte sort) dar o/s ar "bast” och VI ar “samst”. O/s bestar av en osor-
terad blandning av klasserna I, I1, 111 och 1V dé&r | &r ”bast” och IV &r ”"s&mst”.

Sortering enligt Grona Bokens regler bygger mycket pa helhetsintryck. Virkesfel
med mindre storlek an maximalt tillaten, kan darfor medféra kompensation i form
av oOkat tillatet antal, liksom att franvaron av en feltyp kan kompenseras av ett dkat
tillatet antal eller okad tillaten storlek av en annan feltyp. Detta géller dven om-
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vant: stora men i sig godkanda virkesfel innebar att gransvardet for dvriga tillatna
fel sanks. Exempelvis skall en planka med manga och stora kvintafel sorteras som
utskott, &ven om vart och ett av felen ar tillatna i kvinta. | Grona Bokens allmanna
anvisningar anges att "Kvalitetsklassen bestammes icke endast pa grundval av
forekommande fel utan dven av virkesstyckets totalutseende”.

Vidare stipuleras i de allméanna anvisningarna "I sorteringsanvisningarna pa skil-
da stallen angivna matt och antal rérande tillatna fel av olika slag fa icke anvan-
das schablonmaéssigt och salunda icke anses som exakta tal”. | Gréna Bokens ka-
pitel Kvalitetsbeskrivningar séags till exempel om rotkvist i kvalitet 111 och 1V ”Pa
hela langden av i 6vrigt vackert virkesstycke godkannes dock 1 st. kvist”. Om kad-
lapor i kvalitet 1V sager regeln "Fa forekomma, dock icke langa eller genomga-
ende eller i riklig mangd”.

| Grona Boken sorteras, som namnts ovan, pa "virkesstyckets totalutseende, dock
att i I till IV sort storre hansyn skall tagas till den battre flatsidan samt att fel pa
kantsidorna aro i hogre grad &n fel pa flatsidan utslagsgivande vid bestammandet
av kvalitetsklassen”.

Mycket av beddmningarna i sorteringsogonblicket blir darfér med nédvandighet,
helt i enlighet med intentionerna vid sammanstallningen av boken, subjektiva, vil-
ket blir ett sétt for sagverken att profilera sig med egna foretagsinterna tolkningar
av regelverket, trots att man séger sig folja Grona Boken.

Trots att Grona Boken mer eller mindre pabjuder subjektivitet vid sorteringen, an-
vands den ofta som regelsystem vid reklamationer av virkesleveranser som inte
anses halla tillracklig sorteringsnojaktighet.

5.3 Nordiskt Tra

Nordiskt Tra (Anon, 1994) utkom 1994. Den &r en revidering och uppdatering av
Grona Boken till dagens sorteringspraxis och &r avsedd att ersatta Grona Boken i
Sverige och Finland samt @stlandets Skurlastmalings reglemang i Norge. Nordiskt
Tré kallas stundom Bla Boken i analogi med Grona Boken efter fargen pa sin
parm.

I Nordiskt Tra forsoker man 6verga fran att tala om kvalitet och kvaliteter till att
istallet tala om SORT och SORTER (versalt). Nordiskt Tra “delar in det sdgade
virket i SORTER efter virkesegenskaperna. NORDISKT TRA anger de maximala
vardetalen pa virkesegenskaperna for respektive SORT.”, &ven om man namner att
"NORDISKT TRA delar in det sdgade virket i kvalitetsklasser beroende av virkes-
egenskaperna.
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Nordiskt Tré &r uppdelad i kapitlen Inledning, Kénnetecknande for nordiska tréa-
varor, Nordisk sorteringspraxis, Virkesbendmningar, Kvalitetsklasser och benam-
ningar, Anvisningar och regler, Klassificeringstabeller, Virkesegenskaper: defini-
tioner och matmetoder, Historik samt Fotografiska exempel.

I Nordiskt Tra poangteras att reglerna formulerats med hansyn till processauto-
mation och databehandling vilka "forutsatter exakt faststéllda sorteringskriterier”,
och att ”"Numeriska gransvarden har angetts for de matningsbara virkes-
egenskaperna”. Genom dessa forutsattningar kan reglerna och gransvérdena anses
vara oomkullrunkeliga.

I Nordiskt Trd anvands inte orden virkesfel eller defekter, utan virkesegenskaper,
vilka dock i denna uppsats benamns séardrag i linje med Nordiskt Kvalitetssprak
for trébranschen, se kapitel 5.7.

Huvudsortimenten i Nordiskt Tra benamns SORT A, SORT B och SORT C, dar A
ar ”bést” och C &r ”sdmst”. SORT A kan delas upp i undergrupper, Al, A2, A3
och A4 dar Al dr "bést” och A4 &r ”sdmst”. Detta &r i analogi med Grona Bokens
regler o/s, V, VI med undergrupperna i basta sort (o/s) I, 11, Il1, IV. En restsort,
som inte har specificerade kravvérden for sardragen, finns och kallas SORT D. De
enda kraven som ror SORT D ér att virkesstyckena skall halla samman och att
sagbladet skall ha berort vissa andelar av virkesstyckets sidor.

Sagverken ges frihet att satta ihop en s& kallad SORTMIX med egna SORT-be-
namningar, bestdende av sortiment med virkesegenskaper avvikande fran huvud-
sortimenten. Exempelvis kan regeln for torrkvist vara SORT A medan friskkvist-
regeln motsvaras av SORT C och sa vidare. Genom sortmixforfarandet kan Nor-
diskt Tra overga fran ett hierarkiskt system till ett matrissystem, se nedan, kapitel
6.1, modell 2.

I Nordiskt Tra ar alla matt och antal angivna sa att inga subjektiva bedémningar
skall behdva goras. Inga subjektiviteter som “virkesstyckets totalutseende™ eller i
ovrigt vackert virkesstycke” anvands alltsa. Alla matt och antal ar angivna i abso-
luta tal.

Da virkesegenskapernas, sardragens, faktiska matt underskrider gransvardet, det
vill sdga da ett sardrags storsta inmatta storlek underskrider den maximalt tillatna,
trader en formulerad kompensationsregel for antal in. Kompensationsregeln kom-
penserar (tillater 6kning av) ett gransvillkor — maximalt tillatet antal — av ett visst
sardrag pa grund av att ett annat gransvillkor — maximal storlek — inte ar uppfyllt.
Kompensationsregeln sager att totalsumman av sardragets inmatta matt maste
halla sig inom totalsumman av sardragets angivna matt (exempelvis maximalt till-
latet antal kvistar * maximalt tillaten storlek). Man tillats alltsa att rakna fram den
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maximalt tillatna arean och jamféra med den maximalt inmatta genom att multi-
plicera sérdragets storlek med antalet. Formuleringen kan tyckas rorig, men bety-
delsen &r att varken:

. den maximalt angivna storleken eller

. den maximalt angivna totalarean (maxstorlek * maxantalet) far verskridas.

Virkesegenskapernas tillatna storlekar anges i absoluta matt och antal (for till ex-
empel kvistar och kadlapor), i procentsats av virkesstyckets langd (for till exempel
sprickor) i procentsats av virkesstyckets bredd (for till exempel toppbrott och
skevhet), i procentsats av virkesstyckets tjocklek (for vankantdjup) eller i procent-
sats av virkesstyckets volym (for till exempel tjurved, blanad och rota). Vankant
intar mattekniskt en sarstéallning da dess maximalt tillatna matt anges bade som
procentsats av virkeslangd, procentsats av virkestjocklek (kantsidan) och som
absolutmatt pa flatsidan.

Vid SORT-bestamning faststalls SORT-tillhdrighet pa virkesstyckets ytsida och
kantsidor. Margsidan far vara en SORT lagre. Sorttillhdrigheten bestams av
samsta metern.

54  CEN-sorteringsregler, EN 1611-1

CEN-reglerna 6verensstammer till stora delar med Nordiskt Tras regler. CEN-
reglerna har helt nyligt (varen 2000) blivit faststallda som europeisk standard. Den
version av standarden, som anvants i detta arbete, &r en preliminar version, prEN
1611-1 (Anon, 1998) och har bendmningen Final Draft. Nedan anvéands om-
vaxlande CEN, EN 1611-1 och prEN 1611-1 fér denna sorteringsregeluppsétt-
ning.

Enligt EN 1611-1 kan man sortera pa tva eller fyra sidor. Vid tvasidig sortering ar
det flatsidorna som granskas med avseende pé kvistar. Ovriga sardrag skall
betraktas och beaktas pa samtliga fyra sidor. Vid sortering far en flatsida, antingen
splint- eller margsidan, vara av ett steg lagre sort an virkesstycket som helhet.

Sardragens tillatna storlekar anges som kombination av absolutmatt och procent-
sats av virkesstyckets bredd (till exempel flatsideskvistar, 10 mm + 10 % av bred-
den), som procentsats av virkesstyckets tjocklek (for till exempel kantsideskvistar,
20 % av tjockleken), som absolutmatt (for till exempel vankantbredd), sardragets
ldngd som procentsats av virkesstyckets bredd (for till exempel andsprickor), sar-
dragets langd som procentsats av virkesstyckets langd (for till exempel tork-
ningssprickor), sérdragets pilhéjd som procentsats av virkesstyckets bredd (for till
exempel skevhet) eller som sardragets yta som procentsats av virkesstyckets yta
(for till exempel tjurved och réta). De relativa matten ar i relation till virkesstyck-
ets nominella matt.
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Kvalitetsklasserna i EN 1611-1 bendmns 0O, 1, 2, 3 och 4, d&r 0 &r "bdst” och 4 ar
”samst”. | stort sett motsvarar 0 och 1 Nordiskt Trds SORT A, 2 motsvarar B, 3
motsvarar C och 4 motsvarar D, med undantaget att D inte har nagra uttalade be-
gransningar, vilket 4 har.

5.5  Andamalsanpassad sortering av sdgade och hyvlade travaror. Euro-
grading

Ett forsok att andra sagverkens och virkeskdparnas syn pa sortering och skapa ett
system for andamalssorterad virke som battre motsvarade kraven fran anvandarna
ledde fram till Eurograding.

I (Elowson, 1984) beskrivs noggrant hur sorteringsregeln arbetats fram och vad
som var orsaken till att arbetet kom till stand.
Sammanfattningsvis har orsakerna angetts vara:

« konkurrenssituationen till andra material fordndras

. sagverkens marknadsforing maste forandras

. byggandet blir alltmer industrialiserat

. snickeriindustrin genomgar en strukturférandring

. inkOpsprocessen hos den vidareforadlande industrin férandras
. sagverksteknologin forandras

. forandringar i ravarutillgangen

. kommunikationen mellan sagverk och foradlande led brister.

Utvecklingen av sorteringssystemet inleddes 1972 och fick arbetsnamnet TRA-
KLAS.

Som titeln pa kapitlet antyder syftar sorteringsreglerna till att skapa en lampligare
kvalitetsbeskrivning av virket. Man har darvid delat in sorteringsregeln i egen-
skapsgrupper. Vilka egenskaper som ar viktiga beror pa virkets andamal (Elow-
son, 1984) och (Elowson, Lundgren, 1980). Grupperna ar:

. biologiska egenskaper

. geometriska egenskaper samt

. mekaniska egenskaper.

Inom varje egenskapsgrupp sorteras virke i olika kvaliteter. Sortering inom grup-

pen sker endast utifran den gruppens egenskaper. Virke kan sorteras for en, tva
eller alla tre egenskapsgrupperna.
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Till de biologiska egenskaperna hor i denna regel exempelvis kvistar, sprickor,
tjurved och dubbskador. Till de geometriska egenskaperna hér exempelvis méatt-
avvikelse, flatboj och vankant. Till de mekaniska hor bj-, tryck- och draghall-
fasthet. De biologiska egenskaperna sorteras i fyra kvaliteter, 6, 5, 4 och 3, dér 6
ar "bést” och de 6vriga gradvis "sdmre”. De geometriska egenskaperna sorteras i
tre kvaliteter, 6, 5 och 4, dér 6 ar "bast” och de 6vriga gradvis "samre”. De meka-
niska egenskaperna sorteras i tre klasser, S6, S8, S10. Om en egenskap anges med
0 manas att virket inte sorterats med avseende pa denna egenskap.

Sifferbeteckningarna har valts sa att systemet skall kunna byggas ut bade uppat
och nedat.

Detta system anvands inte vid sagverkssortering, till stérsta delen beroende pa att
sagverken inte har velat stalla om sin traditionella sortering sa radikalt som kravs
for att infora Eurograding.

En foljd av tankarna kring Eurograding &r det nya timmerklassificeringssystemet,
som gradvis tagits i bruk i Sverige de senaste aren. Det utgar fran tankt anvand-
ning av de framsagade produkterna och dartill hérande viktiga egenskaper, istallet
for som tidigare de rena egenskaperna i en hierarkisk modell.

5.6  Sagverksspecifika sorteringar

De sagverksspecifika sorteringarna bygger pa egen tradition och begreppsvarld,
vilken ofta ar vél inarbetad internt inom verket och externt gentemot gamla kun-
der. Dessutom anses att flexibiliteten och kundanpassningen 6kar genom att man
inte hindras av nedskrivna regler. Problem kan latt uppsta da personer och organi-
sationer utanfor den “inre kretsen” skall ta sig in eller sl&ppas in. Det sker exem-
pelvis da nya kunder efterfragar sagverkets produkter, da nya kunder soks av sag-
verket, da ny forsaljnings- och sorteringspersonal introduceras eller da reglerna
skall formaliseras enligt ndgon mall. Sagverksspecifik sortering haller dessutom
konkurrenter utanfor den aktuella, specifika marknaden.

Ett flertal sdgverk i Sverige, aven forhéllandevis stora verk (50°-70’m®&r produ-
cerad vara), arbetar utan eller endast med ytterst knapphandigt formaliserade,
skriftliga sorteringsregler. Pa vissa av de verken rader forvirring om vilken regel
som det egentligen skall sorteras efter. Andra sagverk utan skriftliga sorterings-
regler har god ordning och alla inblandade, inkluderande forséljare, sorterare och
Ovriga operatorer, vet vad som géller.

1% Dubbskador orsakas av skordarens, barkmaskinens eller sénderdelningsmaskinens matarvalsar.

15



Ett (verkligt) exempel pa en regel som ger tolkningssvarigheter &r att virkesstyc-
ket skall vara “6vervagande friskkvistigt”. Ar d& en planka med 40 kvistar varav
21 friska accepterad, men inte en med 4 kvistar varav 2 friska? Ett annat exempel
fran en annan regel ar att det tillats 4 friska kvistar pa maximalt 60 mm eller 3
torra kvistar pd 40 mm. Ar det da tillatet med 2 friska 60 mm och 2 torra 40 mm
samtidigt?

5.7 Nordiskt kvalitetssprak for trabranschen - barrtra

Nordiskt kvalitetssprak for trabranschen (Anon, 2000) &r ingen sorteringsregel,
utan, som namnet anger, ett sprak — det vill sdga en begreppsapparat, inkluderande
definitioner — med vilkets hjélp man skall kunna formulera och uttrycka vilken
sort som helst. Trots att Nordiskt kvalitetssprak inte ar en sorteringsregel dr det sa
vasentlig for arbetet med sorteringsregler, att det fortjanar att namnas i samma
sammanhang som reglerna.

Spraket ar framtaget i ett nordiskt samarbete mellan forskningsinstitut, hogskolor
och industrier i Danmark, Finland, Norge och Sverige. Version 1 av spraket fore-
lag 1996 och reviderade upplagor i stencilform” har utkommit darefter. Helt ny-
ligt (maj 2000) har spraket utgivits i tryckt form.

Spraket ar beskrivet i ett verk bestaende av sju delar:
. Systematisk ordlista

. Alfabetisk ordlista

. Definitioner

. Matningsregler

. Kravformuleringar (ej kravnivaer)

. Utskriftsblanketter

. Flersprakig ordlista

Kvalitetsspraket ar uppbyggt av tre delar som kan jamforas med ett vanligt sprak:
. definitioner — vokabul&r

. matregler — grammatik

. kravformuleringar — syntax.

Definitioner, matregler och krav bygger till stérsta delen pa redan existerande
regler och standarder med kompletteringar med métmetoder som inte finns stan-
dardiserade men anvands i praktiken.

Som exempel pa definition visas definitionen for Oval kvist
Mer eller mindre rakt genomskuren kvist dar férhallandet mellan stérsta och
minsta tvarmatt ar storre &n 1,5 men hogst 4.
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Matreglerna, som bendmns med versal bokstav, exemplifieras med dem for kvist:

A: Medelvérde av minsta och storsta diameter, d = (a+b)/2 (i sardragets huvud-
riktningar)

B: Medelvérde av bredd och langd, d = (x+y)/2 (i virkesstyckets huvudriktningar)

C: En tredjedel av summan av kvistens storsta diameter (kvistlangd) och dess di-
ameter pd halva kvistlangden, d = (a+b)/3

D: Summan av minsta och storsta diameter dividerad med 6, d = (a+b)/6

E: Stdrsta diameter, d = b.

F: Utbredning i styckets langdriktning, d = y.

G: Storleken tvars styckets langdriktning, d = x

H: Kvistens area

O: Métes inte

Kraven slutligen, som bendmns med en gemen bokstav, exemplifieras &ven de
med dem som galler for kvistar:

a: Max storlek = 10 % av bredden + [ ] mm. Max antal p& samsta meter.
b: Max storlek i % av tjocklek/bredd. Max antal pa samsta meter.

¢: Max storlek i mm, som inte beaktas.

d: Max storlek i mm. Max antal pa samsta meter.

e: Max storlek i % av tillaten frisk kvist. Max antal pa simsta meter.

f: Max antal pa samsta meter.

g: Max storlek i mm.

h: Minsta och storsta storlek i mm.

i: Max storlek i % av tillaten frisk kvist

o: Tillatet /Icke tillatet Skall galla.

Till kraven finns ett antal ytterligare alternativ.

For att visa kvalitetssprakets mangfald presenteras indelningen i huvudgrupper
och forsta nivan pa undergrupper enligt nedan:

1

Allman definition av virke

1.1 Tréslag
1.2 Matt

1.3  Fuktkvot
1.4  Position
Kvist

2.1 Kvistform

2.2 Kvistbeskaffenhet
2.3 Sprucken kvist
2.4 Kvistens farg

2.5  Kovistarnas inbdrdes gruppering
Ovriga naturliga sardrag
3.1 Barkdrag/lyra

3.2 Kada

3.3  Reaktionsved

3.4 Snedfibrighet

3.5  Fiberstdrningar
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3.6 Marg
3.7  Karna/splint
3.8 Ungdomsved
4 Biologiska angrepp och missfargning
4.1  Svamp- och bakterieangrepp
4.2  Insektsskador
4.3  Missfargning
4.4  Vatlagringsskada
5 Ovriga materialparametrar
5.1 Deformationer
5.2  Fysikaliska egenskaper

5.3  Arsring
5.4  Kemisk behandling
6 Spricka

6.1  Torkspricka
6.2  Andspricka
6.3  Ringspricka
6.4  Minisprickor
6.5 Tvarspricka
6.6  Fjall- kap- och stormspricka
7 Produktionsrelaterade parametrar
7.1 Vankant
7.2 Hanteringsskada
7.3  Ytkvalitet
8 Produktion
8.1 Vatlagring
8.2  Sagningsmonster
8.3  Klyvvaror
9 Stock
9.1 Bestands- och avverkningsparametrar
9.2  Avverkningstyp
9.3  Yttre form
9.4  Stocktyp

Upp till fyra undernivaer (5 siffror) finns.
Med sprakets hjalp ar tanken att man skall kunna formulera sina kvalitetskrav och
sorteringsregler pa ett entydigt och koncist satt, eftersom bade definitioner, mét-

regler och méatetal anges. Spraket skall kunna anvandas av bade producenter och
kopare av travaror.
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6 Sorteringsregler — modeller

... da han forstar att forkasta vad ont &r och utvélja vad gott &r.
Jesaja 7:15

En sorteringsregel kan forstas bade som specifikation av en enstaka sort och som
specifikation av hur flera sorter samverkar i ett regelsystem. Det kan vara battre
att anvanda sortspecifikation i stallet for sorteringsregel da endast en (1) sort me-
nas.

Regeln kan harvid forstas som lagen och sorterna forstas som de resulterande be-
namningarna da regeln, lagen, tillampas pa ett parti virkesstycken.

Ordet sort bor anvandas istallet for ordet kvalitet, da sort &r ett mindre vardeladdat
ord &n kvalitet och kvalitetsbegreppet dessutom med tiden kommit att innefatta sa
mycket mer (pris, leveranstid, forvantan osv) &n bara virkesstyckets utseende eller
hallfasthet. Ordet sort har dessutom en naturlig koppling till resultatet fran en
sortering.

Né&r man formulerar sina sorteringsregler kan man tala om en sortkomposition
vilken beskriver sorteringsregeln for den enskilda sorten. Nar flera sorteringsreg-
ler sammanlankas till ett regelsystem som passar mer eller mindre bra tillsammans
kan man tala om en sortkombination.

Né&r man komponerar och kombinerar sina sorter till regelverk &r det vésentligt att
det blir heltdckande, pa sa sétt att alla plankor uttryckligen far en sorttillndrighet.
Detta brukar losas praktiskt genom att ha en “restsort” som kallas till exempel
vrak, urlagg, VII, ”sjunde sort” eller D. | resten” l&ggs allt som inte passar in i
nagon definierad sort.

Vid sortkomposition dr det véasentligt att klargora om de sérdrag som inte uttryck-
ligen namns i sorteringsregeln ar generellt tillatna i obegransad mangd eller gene-
rellt férbjudna. Man star saledes infor manga val- och tolkningsmdjligheter nar en
sorteringsregel formuleras. Det ar darfor véasentligt att sortkompositéren har tankt
igenom alla mojligheter till tolkning sa att samtliga hal i regelmuren medvetande-
gors och de odnskade héalen kan tappas igen.
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6.1  Sorteringsmodeller

Modellerna for sortering byggs upp utgaende fran 6nskemal angaende virkesstyc-
kens onskade, tillatna eller otillatna sardrag; deras typ, storlek, antal och position.
Fem modeller for sortering har urskiljts i detta arbete och presenteras nedan:

Modell 1

. negativ eller

. positiv sortering
vilket skall skiljas fran (skiljer mellan att foreskriva och beskriva)
. negativ och
. positiv beskrivning

Modell 2
. hierarkisk modell, linjarmodell eller
. matrismodell

Modell 3
. ensidigt begransade intervall eller
. dubbelsidigt begrénsade intervall

Modell 4
. absoluta matt eller
. villkorade métt

Modell 5
. statiska eller
. dynamiska regler.

Av de ovan namnda modellerna kan och maste en del kombineras med andra mo-
deller medan ytterligare andra varken kan eller skall det. Det &r dock ytterst séll-
synt att en praktisk sorteringsregel kan beskrivas med en renodlad modell.

De traditionella sorteringsreglerna, Nordiskt Tré och Grona Boken, men dven
EN1611-1, &r till sin uppbyggnad heltdckande och hierarkiska negativa sorteringar
med enkelsidigt begransade intervall.

Negativ eller Positiv sortering, Modell 1

Modellen foreskriver vad som skall/inte skall finnas i det resulterande urvalet av

virkesstycken.

. | en negativ sortering (utan vérdering av ordet negativ) anges specifikt vad man
inte dnskar, vad virkesstycket eller partiet inte far innehalla.
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. | en positiv sortering (utan vardering av ordet positiv) anges specifikt vad man
onskar, vad virkesstycket eller partiet skall innehalla.

Det traditionella séttet att formulera sorteringsregler kan bendmnas negativ sor-
tering (utan vérdering av ordet negativ) i den meningen att man dar anger speci-
fikt vad man inte 6nskar. Sorteringsregeln anger en grans for det tillatna, vanligt-
vis en maximal storlek eller ett maximalt antal av ett visst sardrag. Vid den nega-
tiva sorteringen vet man bara att inget sérdrag tillats vara storre an gransvardet.

| ett (korrekt) sorterat parti av en viss sort finns det inget satt att ta reda pa vilka
sardrag som finns, hur sma eller hur stora, hur fa eller hur manga sardragen ar.
Man vet bara att sardragens storlek och antal haller sig under gransvardet for
tillaten storlek och tillatet antal. Detta kan exemplifieras med en planka som skall
sorteras till en av sorterna A, B, C eller D dér A &r bast. Plankan har en (1) stor
torr kvist mitt pa. Inga andra nedklassande séardrag finns. Kvisten ar sa stor att
plankan hamnar i sort C. Det gar inte att kapa bort kvisten for att hoja sorttill-
horigheten, eftersom de resterande bitarna da blir for korta for att det skall 16na
sig. Den plankan hamnar i samma sort som plankor med manga C-kvistar, men
aven kvistfria plankor vilka kan innehalla réta, sprickor, vankant och sa vidare.
Dessa plankor har helt olika egenskaper och kan anvéndas till, &r lampliga eller
olampliga till, helt olika &ndamal men tillhor &ndd samma sort.

Vid en negativ sortering ar det alltsa heller inte fel enligt regeln att ldgga en plan-
ka i en ”samre” sort an den som den ratteligen bor (kan) tillhéra. Det ar saledes
inte fel enligt regelboken (men oftast olonsamt) att sélja A-plankor som B-plan-
kor. Daremot &r det direkt regelfel att gora tvars om.

I den positiva sorteringen (utan vardering av ordet positiv) a andra sidan anges
vad som onskas. Exempelvis kan man ange att man vill ha en typ av kvistar med
storlek inom ett visst intervall, exempelvis friska kvistar med storlek mellan 10
och 20 mm, av estetiska skél. For producenten &r det betydligt svarare att forutse
utfallet av en dylik sortering. Den positiva sorteringen fungerar troligen endast pa
ett litet urval av produktionen med ett fatal séardrag specificerade i positiva termer.
Detta begransade uttag av en sarskild sort blir da inte nddvandigtvis svarare att
uppfylla, samtidigt som ett begransat uttag av en specialsort inte far nagra storre
(negativa, daliga) inverkningar pa utfallet i den 6vriga produktionen.

Den positiva sorteringen skall inte forvéxlas med den relativa eller villkorade

sorteringen, se nedan under modell 4, i vilken man kan hjélpa” biten till en hogre
kvalitet genom antingen relativa regler eller subjektiva beddomningar.
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Negativ eller Positiv beskrivning

Den ovanstaende sorteringsmodellen skall sarskiljas fran nedanstaende beskriv-

ningar av utfallet, som resultat av en sortering.

. | en negativ beskrivning av ett virkesstycke eller ett virkesparti anges specifikt
vad, vilka sérdrag, deras storlek och antal, virkesstycket eller partiet inte inne-
haller.

.l en positiv beskrivning anges specifikt vad, vilka sardrag, deras storlek och
antal, virkesstycket eller partiet innehaller.

Nér virkesstyckena ar sorterade, enligt vilken regel eller modell som helst, kan
den enskilda biten eller partiet beskrivas negativt eller positivt (utan vérdering).
Vanligen anvands en negativ beskrivning, vilken da oftast ar liktydig med sorte-
ringsregeln, alltsa en beskrivning av vad som inte ingar. Detta ar inte alltid tillfyll-
est for kdparen av partiet. Képaren vill stundom ha béttre kontroll pa vad, vilka
olika séardrag, deras storleksfordelning och antal, partiet innehaller och vad partiet
kan anvandas till, utan att sortera det igen.

Med en positiv beskrivning av partiet och virkesstyckena i det menas en beskriv-
ning av vilka sardrag som faktiskt forekommer, bade till typ, storlek och antal.
Dessutom kan en fordelningsfunktion anvéndas for beskrivning av partiets inne-
hall av ett visst sardrag, se Figur 1.

”Resten”, det som inte passar in i en definierad sort utan klassificeras som Vrak
eller hamnar i slaskfacket, kan, med en positiv kvalitetsbeskrivning, hitta kdpare
som kan acceptera vissa sardrag som fororsakar nedklassning vid vanlig handels-
sortering, men som inte spelar nagon roll for just den képarens anvandningsom-
raden. Figur 1 beskriver ett parti D-plankor, dar det tydligt visas att deformationer
ar den storsta nedklassningsorsaken. En kund som inte ar sa kanslig for deforma-
tion kan darfor med god behallning tillgodogdra sig partiet, samtidigt som sagver-
ket hittar en kopare som ér villig att betala, eventuellt mer an D-pris, da man kan
visa att det for kunden &r "battre” an ett “normalt” D-parti.
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Nedklassande sardrag i D-SORT
Furu 50 x 100

Kvistar
8% Kadlapor, barkdrag

13%
’ 1%y, Sprickor

Vankant,

Mekaniska skad
8%  Bitfel,

(blénad, tjur etc)

Deformation

69%

Figur 1. I figuren visas nedklassningsorsakerna i ett parti D-SORT plankor, furu
dimension 50x100 mm. Tydligt ar att deformation ar den sérklassigt stérsta orsaken
till nedklassning, féljt av vankant, kvistar och bitfel (blanad, tjurved etc).

Hierarkisk modell eller Matrismodell for sortering, Modell 2

De vanligaste handelssorteringarna ar uppbyggda som hierarkiska, linjara system,
dar "kvaliteten” pa alla sardrag blir, om inte battre, sa i alla fall inte samre, ju
"battre” sorterna blir. Det finns sardrag som kan ha samma maximalt tillatna stor-
lek och/eller antal i flera nedstigande sorter, men kraven for ett sardrag i en sort
kan inte mildras om kraven skarps for ett annat sérdrag.

Ett sétt att visa sorteringsreglerna och de inbérdes forhallandena for sardragens
gransvarden, kan vara ett polardiagram, se Figur 2 och Figur 4, eller i ett tvaaxligt
koordinatsystem, se Figur 3 och Figur 5 samt Figur 46 och Figur 47. | diagram-
men visas maximalt tillaten storlek for respektive séardrag.

Alla dessa beskrivningssatt har sitt berattigande. De kan vara lampliga vid olika
tillfallen for att illustrera sorteringsreglernas uppbyggnad. Ett problem som upp-
star vid grafiska presentationsmodeller &r att visa “allt tillatet”-varden.

Vid en hierarkisk, linjar modell &r, som ovan ndmnts, gransvardet for alla sérdrag
strangare ju béttre sorten &r, se Figur 2 och Figur 3. I ett pol&rdiagram blir ytan
innanfor grénslinjerna mindre ju “béattre” sorten &r. | hierarkiska system korsas
inte gransvardeslinjerna i diagrammen.
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Sorteringsregler
Friska-

Kédlapa, langd Vankantlangd
©-*--Sort G3

Sort G4

Vankantbredd Vankantdjup

Figur 2. Diagrammet visar ett satt att askadliggora sorteringsregler med polardia-
gram. Angivet ar den maximalt tillatna storleken for respektive sardrag. Storleksska-
lan, avstandet fran centrum, ar ett matt som for kvistar kan vara %-andel av plankans
bredd, for kadlapor kan mattet vara i mm, for sprickor kan mattet vara relativt plank-
ans langd och sa vidare. | detta fall &r sorteringsmodellen hierarkisk.

Samma sorteringsregler kan éven visas i ett “normalt” tvaaxligt koordinatsystem.

Sorteringsregler

Storlek
N
ol

©T - Sort G3
Sort G4

Figur 3. Diagrammet visar ett satt att askadliggora sorteringsregler i ett tvaaxligt ko-
ordinatsystem. Angivet &r den maximalt tillatna storleken for respektive sardrag. Stor-
leksskalan &r ett matt som for kvistar kan vara %-andel av plankans bredd, for kad-
lapor kan mattet vara i mm, for sprickor kan det vara relativt plankans langd och sa
vidare. Man ser att de tva gransvardeslinjerna inte korsas.

24



Det utmarkande for en matrismodell &r att den inte &r hierarkisk. Vid en matris-
modell fOr sortering kan reglerna for ett sdrdrag skérpas, trots att de mildras for
andra sardrag vid 6vergang till en annan sort. Detta fenomen ses som att linjerna
for gransvardena i diagrammet korsas, se Figur 4, Figur 5 och Figur 6. | en matris-
sortering dr ingen sort nédvandigtvis att betrakta som béttre” eller ”sdmre” dn en
annan, vilket det ar naturligt att gora i en hierarkisk modell.

SorterFlnrgggregler

Kantkrok

Flatbgj ... 7 ‘

ath ‘ ‘ ' Urfallna-
‘Z‘E 5 ' Spricka

Barkdrag, langd

Kadlépa, langd Vankantlangd

Vankantbredd Vankantdjup T USortG3

Sort B6

Figur 4. Ett satt att askadliggora icke hierarkiska sorteringsregler med polardiagram.
Angivet &r den maximalt tillatna storleken for respektive sardrag. Storleksskalan, av-
standet fran centrum, ar ett matt som for kvistar kan vara %-andel av plankans bredd,
for kadlapor kan mattet vara i mm, for sprickor kan mattet vara relativt plankans
langd och sa vidare. Man ser att de tva sorternas gransvardeslinjer korsas.
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Sorteringsregler

--e

Storlek

ST % SortG3
Sort B6

& & \\\‘ & O

DR o R & (&
N d 3

o & 3 o Ll

kvisté? < o R

Figur 5. Ett satt att askadliggora icke hierarkiska sorteringsregler med tvaaxligt koor-
dinatsystem. Angivet ar den maximalt tillatna storleken for respektive sardrag. Stor-
leksskalan, avstandet fran centrum, ar ett matt som for kvistar kan vara %-andel av
plankans bredd, for kadlapor kan mattet vara i mm, for sprickor kan det vara relativt
plankans langd och sa vidare. Man ser att de tva sorternas gransvardeslinjer korsas.

En ”gronkvinta”-sortering, se Figur 6, ar att betrakta som matrissortering, efter-
som det dar kan tillatas friska kvistar av VI-storlek, medan torrkvistarnas grans-
storlek ar strangare an den normala for o/s. Gronkvinta sorteras pa manga sagverk
fram samtidigt som o/s, V och VI. V anses emellertid i manga fall sa urvattnat att
V-plankorna laggs till VI. Detta beror pa att, &ven om alla de plankor som kan be-
domas som V verkligen ocksa ar det, intrycket av V-partiet blir daligt, beroende
pa att kunden forvantar sig ett “normalt”, nagorlunda kontinuerligt, utfall i partiets
utseende, och inte att alla plankor med friska kvistar saknas. Det innebar samtidigt
att Vl-partiet blir ”béattre” an vanligt.
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Sorteringsregler
nr kvistar

60 [
50
40

0F

c-*--ols
. \%
N N —a—y

Storlek, mm

20 \

10 ~<

0 n N i
Friska- Torra- Rotade- Barkringade-

kvistar

Figur 6. Tillatna kviststorlekar vid grénkvinta-sortering. Storleken pa friska kvistar i
gronkvinta tillats vara lika stora som i VI, medan gransvardet for 6vriga kvistars stor-
lekar &r lika med eller mindre &n de for o/s.

Ensidigt begrénsade intervall eller Dubbelsidigt begransade intervall, Modell 3

I sorteringsregler med ensidigt begrénsade intervall definieras sorten med ett 6vre
gransvarde for sardragets storlek och antal: exempelvis far kadlapan vara maxi-
malt 50 mm lang, friska kvistar far vara maximalt 50 mm stora och sa vidare.

I sorteringsregler med dubbelsidigt begrénsade intervall definieras sorten med
bade ett undre och ett Gvre gransvarde: exempelvis skall friska kvistar vara mellan
30 och 50 mm stora.

Sorteringsregler med enkelsidiga intervall &r vanligast. De dubbelsidigt begréan-
sade intervallen anvands av estetiska skal, da det dnskas en jamnhet i kviststorlek,
exempelvis vid mobeltillverkning.

Sortering med ensidiga intervall passar i en negativ sortering medan dubbelsidiga
intervall passar i en positiv sortering, se ovan, modell 1.

Absoluta matt eller Villkorade méatt, Modell 4

Modellen med absoluta matt har inget att gora med virkesstyckets matt, inte heller
i de fall d& gransvardet sétts i relation till virkesdimensionen. De gransvéarden som
satts upp i regelmodeller med absoluta matt far inte verskridas, oavsett hur fint
virkesstycket ar for ovrigt.
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Med villkorade matt menas i denna uppsats inte matt relativt virkesstyckets di-
mensioner, utan att gransvardet for sardragens matt satts relativt, villkorat av, 6v-
riga sardrags matt och position samt i forhallande till sardragets position pa ytan
eller i virket. En kvist nara virkesstyckets mittlinje kan exempelvis tillatas vara
strre an en nara kanten, om inga andra kvistar ligger i narheten. Det blir betydligt
mer komplicerade regler att specificera, men i manga situationer kan virkesstyck-
en raddas till en hdgre sort, utan att tappa funktionalitet, genom en storre
flexibilitet i granssattandet. En regel med villkorade matt éppnar véagen till subjek-
tivitet och godtycke, vilket maste 6verenskommas i kontrakt mellan séljare och
kopare av travaror.

Grona Boken bygger i stor utstrackning pa villkorade matt, se kapitel 5.2.

Statiska eller dynamiska sorteringsregler, Modell 5

Statiska sorteringsregler ar, som namnet antyder, statiska. Det vill séga, de andrar
sig inte under 6verskadlig tid. ”"Man skall veta vad man far.” De behaller sin be-
nadmningar och begransningar — kravvérden. | praktiken &r inga regler helt statiska,
eftersom exempelvis konjunkturen och ravaran forandras och darmed paverkas
atminstone regelns uttolkning.

Dynamiska sorteringsregler karaktariseras av att kravvardena kan andras pa ett
taktiskt och strategiskt genomténkt satt for att battre anpassa sig till producent-
och konsumentkrav.

6.2  Exempel pa sorteringsmodell

De traditionella reglerna for handelssortering Grona Boken, Nordiskt Tra och
EN1611-1 fungerar till sin grundprincip som ett sall, dar maskstorleken minskar
for varje lager. Det som sallas &r sardragen. Varje sardrag sallas for sig till storlek
och antal. Varje sardrag i underliggande niva i sallet blir battre (mindre, klarar
hogre krav) an i 6verliggande, att jamfora med sallning av sand, flis eller potatis.
Grona Boken intar en sarstéallning eftersom man dar, med viss subjektivitet, kan
modifiera, 6ka eller minska, maskstorleken efter hur de évriga sérdragen upptré-
der pa virkesstycket.

Sallmodellen exemplifieras nedan med sortering enligt Nordiskt Tra med sorterna
A, B, C och restsorten D, se Figur 7. Sorteringen sker i exemplet endast pa sér-
dragen friska kvistar och torra kvistar. I en verklig sorteringssituation utékar man
sallantalet med erforderligt antal sall enligt antalet sorterade sardrag i sorterings-
regeln. Det spelar ingen roll for slutresultatet i vilken ordning de olika sardragen
sallas. Daremot kan “sallordningsféljden” vid manuell sortering ha betydelse for
tidsatgangen och effektiviteten. | exemplet nedan tas ingen hansyn till eventuella
mojligheter att kapa bort oonskade sardrag.
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I salimodellen kan man tanka sig att man bildligt lagger sin plankhdg i sallet for
friska kvistar och skakar om, se Figur 7. Det forsta sardraget vi sallar pa i exem-
plet ar alltsa friska kvistar. En eller annan planka fastnar redan i dversta sallet,
SORT D. Nagon, minst en (1), av de friska kvistarna ar alltsa for stor for att klara
maskstorleken och falla ner till SORT C. Hur de dvriga friska kvistarna eller andra
sardragen pa denna planka ser ut vet vi ingenting om detta skede och behover
heller inte veta det. Andra plankor trillar ner och fastnar i C eller B, medan nagra
klarar sig hela vagen ner till A. Alla friska kvistarna, om det finns nagra, pa de
plankor som fallit ner till A-nivan, &r alltsa s sma att de uppfyller kraven for
SORT A.

Vid néasta sallning sallar man pa kraven for torra kvistar. Da racker det att salla till
och med den sort som uppfylldes i foregaende séardrags sall. De plankor som fast-
nade i 6versta sallet, D, vid forsta sallningen behdver man inte titta pa igen. De
kan ju anda inte bli battre, utan de laggs direkt i D-hdgen. De plankor som fast-
nade i lager C pa friska kvistar tas ut och sallas i torrkvistsallets skikt for C och D,
for att utréna om de haller C-sort dven pa torra kvistar eller om de fastnar i D-
sallet. De plankor som fastnade i friskkvistlager B sallas genom torrkvistsall D
och C for att se om de klarar sig till B dven pa torrkvist. De plankor som var av A-
sort pa friska kvistar sallas genom alla sall dven pa torra kvistar.

Pa liknande sétt fortsatter sallningen for alla sardrag. En planka som fatt en sort-
tillhrighet pa grund av nagot sardrag kan aldrig bli battre &ven om de Ovriga sar-
dragen skulle tillata plankan i en hogre sorttillhérighet. Det enda man kan vara
saker pa i en sallsortering &r att inget sardrag &r storre &n maskstorleken i nagot av
sardragens sall. Man kanner inte till nagot om vare sig vilket sardrag som orsaka-
de sorttillhdrigheten, storleksfordelningen av sardrag eller vilka dvriga sérdrag
som finns pa virkesstycket.
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Friska kvistar

Torra kvistar

orra kvista

Z- Z

LBsort

Figur 7. Schematisk bild av sallmodellen for sortering av friska och torra kvistar.

Vid "séllsortering” kan man aven sortera sardragen i dubbelsidiga intervall med
ett min- och ett maxvarde pa sardragets storlek. Sallmodellen fungerar &ven vid
icke-hierarkiska sorteringar.

6.3 Prisrelationer

For att korrekt kunna styra ett virkesstycke till en viss sort och/eller viss langd
genom bortkapning av o6nskade sardrag eller avkap till dnskad langd, maste pris-
relationerna mellan de olika alternativen vara kanda. Prisrelationerna kan vara sta-
tiska eller dynamiska. Statiska prisrelationer & desamma under 6verskadlig tid.
Dynamiska prisrelationer kan variera bland annat beroende pa tillgang pa ravara,
produktionskapacitet, berdknad efterfragan och uppfylinadsgraden av lagda order.
I de flesta verkliga fall &r prisrelationerna mer eller mindre dynamiska, i det att
priserna &ndras med konjunkturen.

Vid en sorteringssituation &r det prisrelationen mellan sorterna som &r intressanta,
inte de absoluta forsaljningspriserna. Det gor att man inte behéver formulera om
tumreglerna for kapning till hgre sort da prisernas absolutniva andras, utan bara
da prisrelationerna mellan sorterna andras.
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7 Matning av sardrags storlek

Saval hur métningen av ett sardrags storlek skall ga till som hur man anger dess
matt beror pa varfor mattet ar intressant; om det ar av estetiska skal kan det vara
sérdragets synliga area som dr vésentligt, om det oonskade skall kapas bort kan
det vara sardragets métt i virkets langsriktning och om virkesstycket skall klyvas™
eller sprackas? kan sardragets breddmatt vara viktigt. | Nordiskt kvalitetssprak for
trdbranschen - Barrtrd anges sju olika sétt att méta, berakna och ange kvistars stor-
lek. Till dessa sju kommer 15 alternativa kravformuleringar av storlek och antal,
inkluderande kombinationer av storleks- och antalsberékning. Dock tillkommer
den verkliga kvistarean som ett ytterligare matt, vilken inte finns medréaknad bland
de sju (eller 15). For kadved, reaktionsved (tjurved), fiberstorningar, rota och
blanad anges atta olika satt att mata och ange storleken, inkluderande bade yt- och
volymmatning. Dessa exempel visar att det ar vasentligt att ange dven hur sér-
draget skall métas, inte bara ett métetal som anger hur stort sardrag som maximalt
kan tillatas.

Till de ovanstaende sétten att mata sardragens matt (eller snarare de odnskade par-
tierna av virkesstycket) kommer principen att mata “icke-sardragens” matt det vill
saga de opaverkade delarna av virket. Det ar ju manga ganger det som egentligen
efterfragas: Hur stor del av virkesstycket kan jag anvanda vid tillverkning av
komponenter och &mnen till mobler eller snickerier? Detta resonemang kan
exemplifieras med att man istallet for tillaten vankantlangd i procent av virkes-
styckets langd anger minsta nodvéndiga skarpkantade langd i mm, se kapitel 7.3.

Inom samma regelsystem kan olika principer gélla for hur sérdragen skall matas. |
Nordiskt Tra métes flatsideskvistar i kvistens huvudriktningar medan kantsides-
kvistar métes endast i virkesstyckets tjockleksriktning.

1 Klyvning: nér utgngsmaterialet delas i langsled medelst ett eller flera snitt parallella med flatsidan.
12 sprackning: nar utgangsmaterialet delats i langsled medelst ett eller flera snitt parallella med
kantsidan.
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Figur 8. Kvistméatning pa flatsida och kantsida enligt Nordiskt Tra.

Nedan ges beskrivningar och exempel pa hur sardrag kan matas in och dess stor-
lek kan berdknas. Exemplen ges i form av kviststorlek och vankant, men kan na-
turligtvis anvandas pa andra sardrag ocksa.

De exempel som visas ovan och nedan klargor behovet av en automatisk avsyning
och sortering, om man vill ha mojligheten att snabbt och flexibelt kunna vaxla
mellan olika matsatt, krav och prisrelationer.

7.1 Kviststorlek

Vid bestdmning av en kvists storlek maste man ta hansyn till bade matforfarandet
och framrékningen av det sOkta matetalet. Méatetalet anges ofta som en “diameter”,
vilken skall stéllas i relation till ett i sorteringsregeln uppstallt gransvarde.

Matning av kvistarnas storlek syftar till att ge en uppfattning av kviststorleken av,
i huvudsak, estetiska eller hallfasthetsmassiga skal.

Matning av kviststorlek

Matning av kviststorleken pa virkesstyckets yta kan ske pa tre principiellt olika

sétt, se Figur 12:

1. matning i kvistens huvudaxlar, a och/eller b (kvistens stor- och lillaxel)

2. matning i virkesstyckets huvudaxlar, x och/eller y (kvistens utstrackning i vir-
kesstyckets tvérs- eller langsriktning)

3. métning av kvistarea.

Dessutom finns det ett antal olika méatsétt med verklig eller simulerad genomlys-
ning av virkesstycket, vilket inte behandlas har.
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Av de ytmétande principerna anvénds den forstndmnda, métning i kvistens huvud-
axlar, i de flesta handelssorteringar sasom Gréna Boken, Nordiskt Tra och EN
1611-1. Vid pluggning/proppning av kvistar ar detta matsatt ocksa att foredra, da
man anvander mattet for kvistens storaxel vid val av borr och plugg. Detta matsétt,
i kvistens huvudaxlar, ar ocksa det enklaste sattet att mata manuellt, eftersom man
dar har grénsen tydligast markerad. Vid angivandet av storleken, diametern, skall
eventuellt matetalet(-n) beréknas. Olika modeller for det presenteras nedan.

Som varianter kan ndmnas

matning av storaxel samt

. matning av lillaxel eller

. matning pa sardragets mitt vinkelrat storaxeln

vilket inte behéver sammanfalla med lillaxeln, om kvisten ar 4gg- eller paronfor-
mad, se Figur 9.

Med storaxel menas den l&ngsta réta linjen som kan skrivas in i sérdragets ut-
bredningsyta. Med lillaxel menas den langsta strdckan som kan skrivas in i sar-
dragets utbredningsyta vinkelrét storaxeln.

en axel mitt pa storaxeln ar markerade. Den framraknade kviststorleken varierar i
detta fall ca 10%, beroende pa matsétt.

Métsétt nummer 2 enligt ovan, att mata kvistens storlek, métning i virkesstyckets
huvudaxlar, se Figur 10, kan vara lampligt vid till exempel sortering och klassifi-
cering infor komponentkapning, da endast mattet i virkesstyckets langsled an-
vands, eftersom man déar dnskar kapa bort defekter, och endast kan lagga kapsnitt-
en tvérs virkesstycket. Vid klyvning eller sprackning av virkesstyckena kan det
ocksa vara lampligt att ange kviststorleken i virkesstyckets huvudaxlar, eftersom
man da ar intresserad av matten tvars virket, for att se om det passar in i klyv-
ningsmonstret.
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Figur 10. Matning av kviststorlek i virkesstyckets huvudriktningar, x och y, samt i
kvistens huvudriktningar, a och b.

Matning av verklig kvistarea kan i praktiken inte ske manuellt, eftersom mannis-
kan ar begransad i sin perceptions- och analysférmaga.

Vid automatisk inmétning av kviststorlek skrivs ofta kvistarna in i en rektangel
med sidorna parallella med virkesstycket. Den automatiska méatningen gors till
exempel av automatiska sorteringssystem. Man kan darvid géra ramen sa stor att
hela kvisten ryms, se Figur 10 och Figur 12, x och y. Ett alternativ &r att gora ra-
men utgaende fran den storsta diagonalen. Ramen ges da av x” och y’, se Figur 12.

For att ytterligare komplicera métforfarandet tillkommer problemet med att ange
var kvisten borjar, se Figur 11. I de flesta ssmmanhang ar det inga svarigheter,
men i andra fall kan det vara stora meningsskiljaktigheter mellan olika sorterare
samt mellan kopare och séljare. Komplikationerna tkas an mer da fiberstorning
runt kvisten kan vara foremal for olika uppfattning om bedémning.
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Figur 11. Olika bedémningar av var kvisten bdorjar.

7.2 Berékning av kviststorlek

Vid berékning av kviststorlek anvéands dels de matetal som uppmatts enligt kapitel
7.1 och dels den formel som skall omvandla de uppmatta vardena till det tal som
efterfragas i sorteringsreglerna. Formeln for kvistberékning skall ges i sor-
teringsregeln. Vanligast ar att storleken definieras som

a+b -
D= - dar D ar storleken, a och b &r storaxeln respektive lillaxeln.

Denna formel anvands vanligen vid runda och ovala kvistar pa flatsidan. Vid and-
ra kvistformer &n rund/oval andrar man enligt Grona Boken och Nordiskt Tré
namnaren fran 2 till 3 (hornkvist) eller till 6 (bladkvist). Vid horn- och bladkvist
anvander man sig av storaxeln och en axel mitt pa storaxeln. Namnarens 2:a, 3:a
eller 6:a ar ett forsok att anpassa kvistens sorteringsgrundande matetal till den pa-
verkan pa hallfastheten som kvisten har samt till det estetiska i kvistutseendet.

Om man anvander sig av det tredje alternativet, métning av verklig kvistarea, vid
kvistmatningen, men sorteringsregeln anger en diameter, kan kvisten raknas om
till en rund kvist med diametern

o=l
T

Vilket av dessa berékningssétt som anvénds vid beddmning av generell kviststor-
lek, det vill séga da inget specifikt anvandningsomrade for plankan finns angivet,
ar av underordnad betydelse. Det vasentliga &r att relationerna mellan kvistarnas
verkliga storlek och tillaten storlek kan bedomas samt att sagverk, virkeskopare
och trdanvéandare ar éverens om hur kvisten méts och storleken beréknas.
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Med en ovalt, “orunt”, formad kvist, enligt Figur 12, kan skillnaden mellan satten
att berdkna “diametern” D bli drygt 10%, vilket visar att det &r n6dvéndigt att de-
finiera vad som menas med en “kvistdiameter” och hur den skall berdknas. Area-
angivelsen kan variera upp till 25% beroende pa mat- och berékningssiitt.

Kviststorleken anges som nagot av de berdknade matten for diameter

ouafh
T

D:a+b
2

D X+Yy
2

X'+y'

D=——
2

eller som en area

A = verklig area
eller berdknad area

A =xy
A=xy’
A =ab.

Figur 12. Figuren visar olika satt att mata och berakna storleken pa en kvist. Kvisten
syns som den skuggade ytan. Kviststorleken kan anges som en ’diameter”— D fram-
raknad ur verklig area — A eller ur matten a och b, x och y eller x’ och y’.
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7.3  Vankantmatning

Forutom kvistar dr vankanter ett av de intressantare sardragen pa sagade travaror,
satillvida att matmetoderna och bedémningsgrunderna kan variera stort mellan
olika sorteringsregler och sorterare.

Vankanter &r, enligt Nordiskt kvalitetssprak, stockens ursprungliga mantelyta”
och mits, enligt Nordiskt Tra, Nordiskt kvalitetssprak och EN 1611-1, genom att
ange "den del av virkesstyckets yta som inte berorts av sagbladet”. Ett satt som ar
enklare att mata, och som dessutom i flera fall ger det mattvarde som soks, ar att
ange den del som berorts av sagbladet. I praktiken mats vankanten ofta genom att
méta pa den sagade ytan och subtrahera det fran nominellt eller verkligt matt. |
Figur 13 visas ett virkesstycke med vankant samt de olika matten som kan vara
aktuella vid méatning och berékning av vankantens storlek. Det traditionella sattet
att mata vankanters storlek ar matten som motsvaras av a,, b, och c,. Det sattet
anvénds i Grona Boken, Nordiskt Trd och EN 1611-1.

Ett enklare satt att méata motsvaras i figuren av a;, b; och c;. | europastandarden
EN 1310 (Anon, 1997) beskrivs ett flertal sétt att mata vankant, varav det ovan
namnda, a;, b; och ¢y, &r ett.

Mattet, oavsett hur det méts, kan sedan anges som absolut matt eller som andel av
virkessidans bredd eller langd.

3

Figur 13. Vankant i &nden pa ett virkesstycke.
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8 Manuell sortering

Nu skall du fa héra min hemlighet. Den ar mycket enkel: det &r bara med hjartat
som man kan se ordentligt. Det viktigaste ar osynligt fér dgonen.
Antione de Saint-Exupéry, ur Lille prinsen.

8.1 Beskrivning av manuell sortering

Manuell virkessortering tillgar vanligen pa sa sétt, att virkesstyckena passerar
forbi en station for rotkap, se Figur 14, och ett antal sorterarplatser, se Figur 16.
Alternativt saknas sarskild rotkap. Da skall sorteraren vid sorterarplatsen avgora
sorttillnGrighet samt eventuella avkap i bade topp- och rotanden av virkesstycket.

Figur 14. Rotkap. Rotkaparen har hjélp av lasermarkeringar i toppanden (hitat) for
att se var modulgransen ligger, vilket underlattar kapbeslutet.

Vid rotkapen, da den finns, se Figur 14, skall operatéren kapa bort oénskade sér-
drag som sitter i rotdnden av virkesstycket. Bitarna passerar med ett flode av 50 -
60 bitar/minut. Kapbeslutet skall inte grunda sig bara pa hur rotanden ser ut, utan
pa hela virkesstyckets blivande sorttillnGrighet, som alltsa faststélls av sorteraren i
nésta station, sorterarplatsen. Det &r onddigt att kapa bort odnskade sérdrag i roten
om virkesstycket 4nda inte sort- och vardemassigt kan "lyftas” genom kapning i
toppen. Samtidigt kan ett uteblivet eller for kort rotkap medfora att virkesstycket
inte kan na potentiellt varde. Rotkaparen maste kunna se alla sidor pa virkesstyc-
ket, sa biten maste vandas, antingen manuellt eller automatiskt. Rotkaparen skall
sedan, for att kapa biten, fatta tag i virkesstycket och dra ut sa lang bit som skall
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kapas, se Figur 15. Efter operatoren sitter en kapsag som utfor sjalva kapet. Pa
manga sagverk ar “draglangden” begransad av utrymmesskal.

Figur 15. Operatdren drar ut virkesstyckena till ratt kapstélle.

Vid sorterarplatsen, se Figur 16 och Figur 17, skall sorteraren fatta ett valgrundat
och optimalt beslut om virkesstyckets vardeméassigt mest Ildnsamma sort samt om
och hur det skall kapas i toppanden, ibland aven i rotanden, for att uppna den 6n-
skade sorten. Flodet framfor sorterarplatsen ar 25 - 30 bitar/minut.

Figur 16. Justerverk med fyra sorterarplatser som syns bakom glasfonstren.
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Sorttillhérighet och kapbeslut meddelas systemet via knappsats och/eller mini-
spak, se Figur 17. Forutom avkap for “kvalitetshdjning” gors avkap till modul-
langd. Modullédngden &r i de flesta fall 3 dm, i vissa fall 1 dm. Ibland tilldmpas fri-
kapning, sé att inget modulavkap utfors. Aven for toppkapet finns det i manga fall
begransningar i kaplangd vilket gor att vissa 6nskade kap inte gar att utfora. Kap-
stallet utmarks pa virkesstycket med hjalp av laserlinjer, sa att sorteraren lattare
kan avgora var ett énskat kap hamnar.

Figur 17. Sorterarplats.

For att fa alla sorterare att likriktas mot de sdgverksspecifika sorteringsreglerna
och for att de inte skall trottna av en arbetsuppgift och tappa koncentrationsfor-
magan, tillampas ofta rotationssystem, vilket innebér att alla sorterare skall fun-
gera bade som rotkapare och som sorterare. For att underlatta vid utvéardering av
sorteringsresultat marks virkesstyckena pa manga sagverk med en kod for att
identifiera operatoren samt beddmd sort.

8.2 Problem vid manuell sortering

Den manuella sorteringen har manga problem, vilket bade sagverken och tillver-
kare av automatiska sorteringssystem forsoker komma till ratta med. Nagra av
problemen beskrivs och diskuteras nedan.
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Manga operatorer

Som alltid nar det ar manniskor inblandade &r det svart att fa en gemensam syn pa
bade detaljer och pa saker i stort. Det innebar att det &r en variation bade mellan
operatorerna och mellan samma operators bedomningar vid olika tidpunkter pa
dagen och i veckan se (Grénlund, 1995). Det ar ocksa svart for en operator att
vara uthalligt skarpt under langa arbetspass.

Hastighet

En sorterare har ca 2 - 3 sekunder pa sig att fatta beslut om korrekt kapstélle och
sorttillhorighet. En undersdkning (Hallonborg, 1976) och praktisk erfarenhet visar
att 20 - 30 bitar/minut kan vara en lamplig hastighet, eftersom operatoren da fattar
ett mer eller mindre intuitivt beslut. Med mer tid till férfogande blir resultatet ge-
nerellt samre, eftersom operatdren da hinner tanka for mycket pa varje enskilt sar-
drag pa virkesstycket. Med kortare tid blir det for stressigt sa att felbesluten tar
overhanden. Hur den korta tiden som operatoren har till férfogande kan delas upp
for beskadande av de olika sidorna pa virkesstycket, varierar for olika fabrikat pa
justerverksutrustningar. Onskemal frén operatorerna ar att transportorerna skall
vara otaktade, sa att gransfallsbitar skall kunna ta langre tid, medan sjélvklara bi-
tar kan slappas ivag snabbare. Vandningsanordningen ar harvidlag ocksa av stor-
sta betydelse. En vandare som inte tillater betraktande av kantsidan (det finns sa-
dana) ar forodande for sorteringsresultatet, eftersom kantsidan manga ganger ar
sortsattande.

Virkesstycket passerar forbi sorteraren med en hastighet som kan delas upp i tva
delar:

. transportdrens hastighet, som anges i m/s samt

. virkesflodet, som anges i bitar/s.

Dessa bada hastigheter bor, for hogsta effektivitet och noggrannhet, kunna modi-
fieras med hansyn till varandra och till den kompromiss som passar den enskilda
sorteraren. Ofta ar det inte tekniskt majligt att justera bada oberoende av varandra.

Antal sorter

Sorteringsresultatet paverkas av antal sorter som partiet skall delas upp i. Om vir-
ket bara skall sorteras i en (1) sort, som dessutom tillater alla typer av sardrag i
vilka storlekar och méngder som helst, blir det 100% réatt om allt 14ggs i den hogen
(och varfor skulle man inte gora det?). Om det finns tva eller fler sorter med
gransvardet (-ena) for sardragets (-ens) tillatna storlek vald pa sa sétt att popula-
tionen fordelas nagorlunda jamnt kring gransvardet (-ena), maste ett aktivt beslut
fattas for att virkesstycket skall bedomas korrekt. Ett gransvéarde som inget virkes-
stycke i populationen nar upp till (exempelvis kviststorlekar pa 500 mm) har ingen
betydelse for sorteringen, annat an att det finns risk for feltryckning. Saledes, ju
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fler sorter att vélja mellan, desto svarare blir det att gora ratt, eftersom antalet
granser och darmed antalet gransfall 6kar.

| Figur 18 visas en storleksfordelning av den storsta friska kvisten pa splintsidan
pa plankorna i den i detta arbete anvanda databasen (databasen och ingaende ma-
terial beskrivs i kapitel 11). | figuren ar inlagt granserna for tillaten kviststorlek i
Nordiskt Tréa-sorterna A, B, C och D. Mellan sort A och B &r gransen 30 mm, mel-
lan sort B och C 45 mm samt mellan C och D 60 mm. | figuren ses att det storsta
antalet gransfallsbitar finns mellan sort A och B. Derivatan pa den kumulativa
kurvan ar storst i den gransen. Med en granszon pa + 2 mm, beroende pé oséker-
het vid mattbedomningen, ses att ca 11% av det totala antalet kvistar hamnar i
zonen. Andelen A-kvistar ar ca 65%. Man kan alltsa rakna med att andelen A-sort
kan variera med upp till 15 - 20% beroende pa hur gransbitarna hanteras. Med fler
sorter blir granserna fler, vilket innebdar att dven gransfallen dkar.

Storleksfordelning friska kvistar
Splintsida, furu 50 x 100
25% T 100%
A l" N C D
20% [ AP 1 80%
” ,I e ‘\
; 15% r ’I \\\ 7 60%) — — —Frekvens
=X .
E 10% I /I \\\ 1 40% Kumulativ
I
/ '
5% [ J/ N 1 20%
/£ ao—o|
O% 1 1 1 1 1 1 Il 1 1 1 A= 1 0%
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Storlek [mm]

Figur 18. Kvistandel samt kumulativ andel kvistar av olika storlek. Den storsta friska
kvisten pa splintsidan &r inmétt. De horisontella linjerna &r gransen mellan Nordiskt
Tré-sorterna A och B, 30 mm, mellan B och C, 45 mm, samt mellan C och D, 60 mm.

Nagot som komplicerar tillvaron for sorteringspersonalen ar dels antalet sorter
som samtidigt &r i bruk och dels det totala antalet sorter i omlopp. Ett stort antal
sorter i omlopp bidrar till risken att blanda samman grénserna i de olika sorterna i
de olika sorteringssystemen. Med sorter i bruk menas de sorter som det i ett givet
ogonblick &r tillatet att sortera fram. Med sorter i omlopp menas de sorter som
sagverket har formulerat och som sorteraren skall halla i minnet for att kunna ta
fram, da den aktuella sorten skall sorteras fram. Ett vanligt antal sorter samtidigt
ar fyra, exempelvis o/s, V, VI och VII. Till dessa sorter kommer vrak, dar det som
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ar for daligt for V11 hamnar. Vissa verk sorterar sa manga som sju sorter samti-
digt. Inga studier om sorteringsresultatet och skarpan inom och mellan sorterna
beroende pa antal sorter har redovisats i litteraturen.

Sardragsbestadmning, typ och storlek

Vilket sardrag som finns pa ett virkesstycke kan manga ganger vara en hogst sub-
jektiv bedomning. Att nagot finns, som avviker fran frisk ved, kan (oftast) alla
inblandade vara 6verens om, men vad det &r, och hur det skall bedémas kan dis-
kuteras.

Att bedoma storleken pa ett sardrag kan i manga fall vara ytterst svart och subjek-
tivt, se Figur 11. | méatreglerna star definierat hur matten skall tas, berdknas och
presenteras, se till exempel Nordiskt Tré. Var ett visst sardrag skall anses borja
och sluta anges dock inte i ndgon av de beskrivna matreglerna. Antingen forutsatts
bedémaren vara tillrackligt trakunnig eller sa ar det alltfor komplicerat att
beskriva.

Avstand till virkesstycket

Manuell sortering sker pa upp till 7-8 m hall. Pa det avstandet skall sorteraren
upptacka och bedéma storleken pa sardragen med mm-noggrannhet. Sprickors
djup skall enligt Grona Boken matas med en mattsticka med tjockleken 0,3 mm,
vilket kan tolkas som att sprickor med 0,3 mm bredd skall upptéckas av sortera-
ren.

Sorteringsreglernas tydlighet samt prisrelationer mellan sorterna

Sagverkens skrivna sorteringsregler vid manuell sortering ar ofta av tradition och
praktisk funktionalitet diffusa. Genom att de &r traditionella har sagverket inte be-
hovt specificera sorteringsreglerna sa noggrant — det har fungerat anda. Genom att
halla reglerna, medvetet eller omedvetet, diffusa kan man enklare pa ett praktisk
och funktionellt satt “trimma” sorteringen muntligt, utan att &ndra det faktiska
regelverket. Exempelvis kan sorteringsinstruktionen for en dag vara "lite mindre
kvistar an igar, men tillat lite langre van”. Naturligtvis &r en san instruktion svar
att formalisera och implementera med nodvandig stringens sa att alla sorterare
haller samma granser.

Réakneexempel pa sorteringsnoggrannhetens betydelse

For att exemplifiera vikten av att ha en god sortering, tydlighet i reglerna och i
prissattningen kan foljande grova berakning vara nyttig. I dimension 50 x 100 mm
kan priset, beroende pé sort, vara 1 000 — 2 000 kr/m?, vilket motsvarar 5 - 10
kr/m. En sorterare som standigt kapar bort 1 modul (3 dm) for mycket kostar alltsa
mellan 1,50 och 3 kr/planka. Med 20 plankor i minuten under 6 timmar kostar den
sorteraren mellan 10 000 och 20 000 kr/dag i minskad intakt. Troligen kapas inte
en modul for mycket bort pa alla plankor, men det ar inte otankbart att en (1) cm
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kapas for mycket i rotkapen. Det innebdr statistiskt att ca 3 % av plankorna passe-
rar en modulgréns varvid 3 dm kapas bort i onddan.

Om plankorna istéllet standigt bedoms som en sort l&gre &n avsett kan det kosta ca
10 kr/planka. Med en pessimistisk syn pa sorterarens noggrannhet kostar den
sorteraren 10 * 20 * 60 * 6 = 72 000 kr/dag. Nu far man val hoppas och anta att det
inte &r sa illa. Praktiska studier och diskussion med sorteringsutbildare och sag-
verkspersonal visar att det inte ar unikt med varken 5, 10 eller 20% fel. VVad "fel”
egentligen innebar i detta sammanhang ar oklart. Klart &r dock att felsortering slar
at bada hallen, sa en planka som hamnat i en for lag sort ofta motsvaras av en an-
nan planka som hamnat i en for hg, och den direkta forlusten for sagverket blir
inte sa stor. Om vi for enkelhets skull antar att alla fel kostar, oavsett at vilket hall
felen pekar, ser man att en sorterare mycket enkelt kan sortera fel for 1 000-tals
kronor varje dag. 5% fel motsvarar med dessa antaganden drygt 4 000 kr/dag.
Totalt, med 4 — 5 sorterare igang samtidigt, kan felkostnaden alltsa uppskattas till
15 000 — 20 000 kr/dag.

9 Automatisk sortering

Da automatiska system for sortering av sagat virke kan anvandas som datagenera-
torer till produktmixoptimering och processtyrning, &r det vasentligt att kénna till
systemens formaga och begransningar samt deras fordelar och nackdelar.

9.1 Beskrivning av ett system for visuell automatisk sortering

Ett generellt system for automatisk avsyning bestar av féljande fysiska delar:
. belysning

. sensorsystem

. bildbehandlingsdator

. optimeringsdator

. matningsutrustning.

De fysiska delarna kan delas upp i aktiviteter. Till aktiviteterna tillkommer en

kunskapsbas med vilken man kan omvandla data till information for att man skall
veta vad som avsynats. Uppbyggnaden kan schematiskt beskrivas enligt Figur 19.
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Figur 19. Schematisk beskrivning av systemuppbyggnaden hos ett automatiskt avsy-
ningssystem. Efter (Gonzalez, Woods, 1992)

Belysning

Belysningen &r en mycket viktig del av ett automatsorteringssystem. Utan ett gott
belysningsarrangemang ar det svart att fa en bra bild for senare bearbetning. Vid
snabb bildinmatning, vilket krévs vid htga matningshastigheter och hog upplos-
ning, ar det dessutom nddvandigt att ha ett starkt ljus for att kunna ha en kort ex-
poneringstid, vilket kravs for att undvika rorelseoskérpa. Man kan harvid skilja pa
blinkande och fast ljus, direkt och diffust ljus samt ljus med olika fargtemperatur.
Som blinkande ljus anvénds oftast lysrér med hog blinkfrekvens, vilken &r syn-
kroniserad med bildinmatningen. Det ar da vasentligt att de inte har nagon efter-
belysning, utan att de slacks snabbt. Fast ljus astadkoms med likstromslampor,
exempelvis halogenlampor. Pa senaste tiden har en ny sorts belysning bérjat an-
vandas, plasmalampor. Det diffusa ljuset 6nskas for att inte fa slagskuggor och
astadkoms med en matterad glasskiva framfor ljuskallan.

Speciell belysning dr i vissa fall en forutsattning for att avsyningen skall fungera.
Man kan med blinkande ljus fran olika hall upptacka de skuggor som bildas av
vankanter eller sprickor. Om man har fast belysning kan skuggfenomen astad-
kommas genom att anpassa kamerauppstallningen.

Sensorsystem

De sensorer, kameror, som anvands vid industriella automatiska sorteringssystem
for travaror ar nastan undantagslost monokromatiska, det vill sdga den inhdmtade
informationen representeras av en ljusintensitetsskala i endast en fargnyans. Dock
pagar utveckling inom omradet, och flera tillverkare kan leverera “fargseende”
system. Vilken farg som skall fa hogst kanslighet vid avsyningen med “svart/vita”
system kan viljas med hjalp av filter pa antingen sensorerna eller ljuskallan.

45



Antalet sensorer &r beroende dels pa matningssatt, se nedan, dels antalet avsynade
sidor pa virkesstycket.

Sensorerna ar oftast linjekameror, det vill sdga de registrerar endast en linje i taget
och inte den tvadimensionella bild som efterstravas. Tvadimensionaliteten nas
genom att lata virket och sensorn rora sig relativt varandra. Oftast ror sig virket,
men system dar dven sensorn ror sig har provats. Linjen i linjekameran bestar av
ett antal ljuskansliga bildpunkter, pixels.

Forutom linjesensorer finns &ven matriskameror. For mer information om olika
system och sensorer, se (Hagman, 1996) och (Astrand, 1996).

Bildbehandlingsdator

De hilder som fas fran kamerorna maste tas om hand for att sortera och tolka data
samt reducera datamangden till en brakdel av den ursprungliga. De mangder data
som det ror sig om kan oversiktligt berdknas utifran givna data:

Uppldsning tvérs virket 1 mm, uppldsning langs virket 2 mm, virkesbredd 200
mm, virkeslangd 5 m, matningshastighet 2 bitar/sekund. Detta medfor att pixel-
antalet att mottaga ar

200[mm]x 5000[mm]

ol Zom] 2|virkesbitar/s] = 1000000[ pixel /s].

Det forsta som maste goras ar att besluta om vilka omraden som 4r intressanta, det
vill saga innehaller séardrag av intresse. Detta kallas for segmentering. Den
enklaste metoden utgar fran att de intressanta omradena &r morkare an den friska
veden. Man ansatter ett troskelvarde och antar att allt ljusare an troskeln &r friskt
och allt mérkare kan vara intressant, se Figur 20. Trosklingar utfors i praktiken pa
fler nivaer an den enda som visas i exemplet.
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Figur 20. Exempel pa en trosklingsoperation. De felfria delarna av den avsynade lin-
jen segmenteras fram genom en ljusnivatréskling.

Defekt Defekt

Nér trosklingen ar utford och pixlarna hopslagna till objekt, vidtar klassificering-
en, tolkningen, av bilden. Ett antal grundldggande parametrar hos varje potentiellt
intressant sérdrag analyseras och passas in i ett férutbestdmt monster, en objekt-
rymd. Ett exempel pa objektrymd visas i Figur 21. Parametrarna ar i detta fall
Storlek, Form och Ljusintensitet. Naturligtvis kan parametrarna géras manga fler,
till exempel position i virkesstycket, ljusintensitetsgradient, forhallande mellan
antalet morka och ljusa pixel osv.

Friska kvistar

3 Torra kvistar
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Figur 21. Objekt-/sérdragsrymd. Objekt som hamnar inom en definierad ”’rymd”
klassificeras som motsvarande sardrag. Objekt utanfér en definierad rymd” for-
kastas.
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Objekt som hamnar inom en definierad “rymd” klassificeras som motsvarande
sérdrag. Objekt utanfor en definierad ”rymd” forkastas. Det innebér att stor nog-
grannhet maste iakttagas vid definiering av sardagsrymder.

Optimeringsdator

I optimeringsdatorn skall listan med inmatta sérdrag, deras typ, storlek och lage,
stallas mot en tabell med tillaten mangd sardrag och nagon form av prislista som
bygger pa till exempel forhallande mellan kvalitet och langd.

Matningsutrustning

Matningsutrustningen skall verkstélla att virket matas framfor sensorn, eller tvars-
om. Eftersom man oftast anvénder linjekameror, krévs det en relativrorelse mellan
kameran och objektet for att bilden skall framstéllas. Man kan jamfora med att
resa med tag och kika ut genom en springa mellan gardinerna. Nar taget ror sig far
man anda en god uppfattning om landskapet utanfor, men vid stillastaende ser
man endast en liten rand utan sammanhang med omgivningen.

Vid langsmatning av virket kan man av praktiska skal halla kamerorna narmare
virket, vilket (oftast) medger en hégre upplésning och béttre noggrannhet i bild-
inmatningen.

9.2  Automatsorteringssystem jamfort med manuell sortering

De storsta fordelarna med en fungerande automatisk avsyning och sortering jam-
fort med traditionell manuell sortering &r moéjligheten att:

. erhalla hogre kapacitet

. erhalla jamnare sortering

. tillampa fler regler i omlopp

. tillampa fler regler samtidigt

. tilldmpa mer komplicerade regler

. erhalla battre optimeringsgrad.

De storsta begrénsningarna och problemen med dagens automatiska sortering av

sagade travaror ar:

. svarigheter for systemet att bestimma séardragstyp

. svarigheter for anvandaren att gora mindre, tillfalliga, andringar i sorterings-
reglerna

. att automaten kraver strikta och véldefinierade regler

. att regeldefinitionerna inte Overensstimmer med det “vanliga” séttet att definie-
ra sorteringsreglerna

. att manniskan ar mer "intuitiv” vid diffusa instruktioner.
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10 Produktmix

En produktmix kan ses som floran av de produkter som ett féretag producerar un-
der ett visst tidsintervall. Intervallet kan vara kort (sekunder, minuter), langt (tim-
mar, skift, sagpass) eller mycket langt (manader, ar, "tradition”).

For att en produkt skall na framgang kravs, enligt (Moller, 1983), en ingaende

kannedom om kundernas:

. behov och behovssystem

. Sétt att vardera alternativa produkter och attribut (perceptions- och preferenssy-
stem)

. skillnader i varderingssystem for olika kategorier beslutsdeltagare, olika typer
av foretag, produkter etc samt

. interaktion mellan olika deltagare i inkpsprocessen.

Dessa faktorers samverkan gor att ett produktmixproblem vanligen &r ytterst kom-
plext. Av de ovan uppraknade faktorerna dgnas denna uppsats framst at en variant
av den forsta punkten, kundernas behov och behovssystem. Dessa uttrycks
vanligen genom sorteringsreglerna.

Sagverksindustrin jamfors ofta med andra industrier med divergerande flode, sa-
som slakteri-, gruv-, mejeri- och petroleumindustrierna. Av dessa branscher &r det
slakterierna som liknar sagverken mest. Man kan darvid jamféra djuret med stam-
men, grovstyckningen med aptering av stammen till stockar och finstyckningen
med sonderdelningen i sdgverket, alternativt grovstyckning med sagning och fin-
styckning med komponentframstélining. Ungefér 50% av ndtkroppen och 60% av
griskroppen styckas till exempelvis bog, bringa, entrecote, filé, fransyska, hogrev,
innanlar, rostbiff och ytterlar. Resten av kroppen séljs som fars eller ravara till
charkuterier (Anon 1, 1996). For sagverken ar utbytet ca 45 - 50% (Warensjo,
Jappinen, 1997). Resten av stocken, som inte blir brader och plank, blir span, flis
och krympning vid torkning.

For slakteriet, liksom for sagverket, galler att det som &r styckat (sagat) inte gar att
satta ihop. Det innebér att sonderdelningen maste ske omsorgsfullt och utan
onddiga snitt med hé&nsyn till funktion och utseende hos de producerade varorna.
Slakteriindustrin, liksom sagverksindustrin, ser en konkurrens fran substitutmat-
erial.

Nagra problem vid sagverkens val av produktmix

Ett sagverk som producerar sagad vara i olika nominella dimensioner (tjocklek
och bredd), l&ngder och sorter av olika tréslag har en rikt varierad blandning av
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produkter. Till standarddimensionerna och -sorterna kommer i manga fall special-
dimensioner och -sorter vilka &r avsedda for vissa kunder eller marknader. For en-
kelhets skull tas endast de nominella med i nedanstaende rakneexempel. De no-
minella standardbredderna kan vara 11 st (75, 100, 115, 125, 150, 175, 200, 225,
250, 275 och 300 mm), tjocklekarna 11 st (16, 19, 22, 25, 32, 38, 44, 47, 50, 63
och 75 mm) och langderna 15 st (fran 1,8 till 6,0 m i 3 dm intervall, alternativt i

1 dm intervall, vilket medfor 43 olika langder) enligt Nordiskt Tr&, (Anon 1,
1991) och (Anon 2, 1996). Till detta anvands tva traslag (furu och gran) och resul-
tatet sorteras i 4 sorter (special, A, B och C) vilka har torkats till ndgon av 4 olika
fuktkvotsklasser (8, 12, 18 och S) (Anon 2, 1991). Alla kombinationer av ovan
namnda parametrar produceras naturligtvis inte av ett och samma sagverk, da det
skulle innebéara 166 496 olika produkter (11 = 11+ 43 * 2 4 * 4). Ett rimligare
antagande &r att ett sdgverk har 15 dimensionsklasser (bredd x tjocklek) i vardera
8 langder, 2 traslag och 4 sorter. Detta ger anda 960 olika produkter, om torkklas-
serna samt specialdimensioner och -sorter forblir ordknade. Har ser man en av or-
sakerna till att alltfler sagverk overgar till att bli traslagsrena, da det medfcr en
halvering av produktsortimentet.

Vid val av produktmix galler det att optimera mot ett bestamt mal. Vanligen skall
det malet vara I6nsamhet, vilket i sin enklaste form kan uttryckas som

Vinst = Intdkt — Kostnad.

Om vinsten har varit "tillracklig” har sadgverken av tradition varit néjda. Lange har
vagen for att nd malet i sagverksnaringen ansetts vara hogsta méjliga volym-
utbyte, mycket beroende pa att det ar latt att rakna ut utbytet som kvoten mellan
utgaende och ingaende volym,

U~ Vi dar U ar utbytet, V,, ar utgaende volym och V;, ar ingaende
LV, volym.

in

Volymutbytet anvéands, forutom for att det &r enkelt att rakna ut, &ven for att det
finns en stark, men inte alltid nddvandig, koppling mellan volym- och vardeut-
byte.

Volymuthytet beror i forsta hand pa hur stocken sénderdelas till brader och plank,
det vill séga vilket postningsmonster och vilka sonderdelningsmaskiner som an-
vands.

En battre parameter att optimera mot — som dock &r betydligt svarare att admini-
strera, folja upp och utvardera — ar det ekonomiska utbytet. For att gora det krévs
en ingaende analys av kostnader och intakter i alla delar av produktionen, inklude-
rande alla foretagets delar, sdsom inkép, lager, logistik, produktion, forséljning
0SV.
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Produktmixproblemet blir darfor en funktion 6ver tiden av véardena och fordel-
ningsfunktionerna pa bland annat:
. ravaran (timret)

. utseende
« volym
. tillgang
. efterfragan
. pris
. langd
. diameter

. postningsval
. fardigvaran (den sagade varan)

. utseende
. volym
. tillgang
. efterfragan
. pris
. langd

. dimensioner
. processparametrar
. produktionsapparat
. produktionskostnader
. lagerkostnader
. lageromsattning.

Ett steg pa vég for att kunna optimera delar av systemet &r att optimera produkt-
mixen utgaende fran nagra kanda parametrar. Det innebar att det inte blir fragan
om en totaloptimering, men det ar ett satt att borja och att fa en bild av vad ett ur-
val av parametrarna har for betydelse. Naturligtvis strdvar man efter att optimera
efter samtliga paverkande parametrar. Man maste darvid vara medveten om att
systemet har brister, da det inte &r en totaloptimering. Istéllet for optimering ar det
kanske riktigare att tala om ett basta val mellan olika scenarier, vilket férhopp-
ningsvis leder fram till en forbéattring.

Vid uttag av speciella dimensioner eller sorter uppkommer problemet med “res-
ten”. Det &r ju inget problem att sélja det speciellt 6nskade, det ar ju redan gjort.
Problemet &r att hitta kunder till det som inte ”ser ut som det brukar”. | vissa fall
kan det "gbmmas” genom att spadas ut i den vanliga produktionen, men i andra
fall maste stora insatser goras for att hitta kopare. Det ar darfor av yttersta vikt att
diskutera med kunden till det specialsorterade om det speciella verkligen &r sa
nddvéndigt som koparen gor géallande samt att om det &r det, i god tid kunna an-
passa sin ovriga forsaljning till “resten” om inte specialkunden kan ta &ven det.
Det ar ocksa viktigt att kunna anvanda en positiv kvalitetsbeskrivning, se kapitel
6.1, for att pavisa "restens” fordelar.
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Vid analys av resultatet &r det nddvéndigt att k&nna till de konkurrerande sorterna,
det vill sdga vilka sortkombinationer som anvandes i det aktuella sorteringsfallet.

11  Databasernas information om material, sorteringsregler och
-resultat

Databaserna som anvants i denna studie bygger dels pa data fran virkesstycken
som inmétts noggrant manuellt, och dels pa data fran virkesstycken som scannats
automatiskt under produktionsméssiga forhallanden. Huvudarbetet ar utfort med
den férra mangden (den noggrant inmatta), medan vissa kompletterande under-
sokningar och prov utforts pa den senare.

Den forra, kallad Tréteks databas, beskrivs i kapitel 11.1 till och med 18, dér dven
resultaten som erhallits efter sortering i databasen redovisas.

Den senare, kallad produktionsdatabasen, beskrivs i kapitel 19, ddr &ven resultaten
som erhallits efter sortering i databasen redovisas.

11.1  Struktur i databasen med manuellt inméatta virkesstycken samt sor-
teringsregler

Data om de manuellt inmétta virkesstyckena och data om sorteringsreglerna &r i
sig fordelade pa tva olika databaser: en virkesdatabas och en regeldatabas. Varje
databas innehaller endast information om virkesstyckena respektive endast om
sorteringsreglerna samt fragorna som anvander reglerna. Genom att dela upp in-
formationen pa virkesdata (bitdata, sardragsdata) och sorteringsregler ar det enkelt
att komplettera med nya data i de befintliga tabellerna samt att halla ordning och
skydda tabellerna mot oavsiktliga &ndringar. Virkesdata och gransvarden i sorte-
ringsreglerna &r organiserade i tabellform. Hur gransvardena skall appliceras pa
virkesdata anges med fragor. De resulterande tabellerna laggs i samma databas
som regler och fragor.

Insamlingsforfarande

Databasen &r ursprungligen framtagen med hjélp av och lagrad i databasprogram-
met Superbase 2 for Windows. Arbetet utfordes i forsta hand for att vara ett hjalp-
medel vid formuleringen av sorteringsregler i CEN:s regi (Casselbrant, Rydell,
1998). Insamlingen av data skedde under aren 1992 och 1993. Insamlingen har
skett manuellt med hjélp av mallar, skjutmatt och mattband och utforts av utbildad
sorterare. Data har matats in manuellt direkt i Superbase.
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Konvertering fran Superbase till Access

| Superbase har arbete utforts for att utreda och utvardera CEN-reglerna i forhal-
lande till Nordiskt Tra. | Superbase-databasen var alla data organiserade i en (1)
tabell och sorteringsreglerna, inkluderande granser skrevs direkt i frageform.

Superbase, med sina begransningar, ansags i foreliggande arbete vara alltfor
oflexibelt, svaréverskadligt och svararbetat for en generell tillampning, varfor en
konvertering bedémdes vara nédvandig. Den kompletta Superbase-databasen, med
samtlig information om virkesstyckena, har konverterats till en Access-databas, da
Access bedomdes vara en effektivare utvecklingsmiljo. Denna konvertering har
utforts i foreliggande arbete. Med konverteringen foljde en uppdelning av virkes-
informationen i lampliga grupperingar, se Figur 22. Dessa grupperingar beskrivs
nedan.

| konverteringen ingick alla data som samlats in fran méatningen pa plankorna och
braderna. Daremot ingick inte sorteringsreglerna i konverteringen, utan dessa har,
inom detta arbete, gjorts om fran grunden genom en Gversattning och tolkning av
bland annat Nordiskt Tra och CEN-reglerna. Sorteringsreglerna har formulerats
direkt i Accessmiljon.

11.2  Innehéll i den manuellt inméatta virkesdatabasen

Antal ingaende virkesstycken

| databasen ligger information om 2535 virkesstycken fordelade pa dimension och
traslag enligt nedanstaende tabeller.

Tabell 1. Tabell visande antal virkesstycken ingaende i Trateks databas i respektive di-
mension for furu

Tréslag Furu
Antal bitar Tjocklek [mm]

Bredd [mm] 25 50 63 Totalt
100 279 349 0 628

125 70 0 140 210

150 0 70 140 210

200 0 350 0 350

Totalt 349 769 280 1398
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Tabell 2. Tabell visande antal virkesstycken ingaende i Tréteks databas i respektive di-
mension for gran

Tréslag Gran
Antal bitar Tjocklek[mm]

Bredd [mm] 22 25 A7 50 | Totalt
100 0 70 70 300 440

125 96 44 0 0 140

150 70 0 138 140 348

200 0 0 70 70 140

225 0 0 0 69 69

Totalt 166 114 278 579 | 1137

Tabell 3. Tabell visande antal virkesstycken ingaende i Trateks databas i respektive di-
mension sammanlagt for furu och gran

Tréslag Furu och gran
Antal bitar Tjocklek[mm]

Bredd [mm] 22 25 47 50 63 | Totalt
100 0 349 70 649 0 1068

125 9% 114 0 0 140 350

150 70 0 138 210 140 558

200 0 0 70 420 0 490

225 0 0 0 69 0 69

Totalt 166 463 278 1348 280 | 2535

Den delméangd av databasen som anvants vid denna studie bestar av 349 plankor i
dimension 50 x 100 mm, som hamtats fran ett antal sagverk i olika delar av
Sverige.

Beskrivning av ingaende parametrar

Den information som finns i databasen ar uppdelad i olika tabeller i vilka infor-
mation om parti, information om enskilda virkesstycken och information om en-
skilda sérdrag anges, se Figur 22.

Tabellerna &r sa konstruerade till innehall och organisation att information i sa
liten grad som mojligt ar dubblerad samt sa att det skall ga latt att hitta dnskad in-
formation. Tabellernas innehdll och deras inbordes relationer syns i Figur 22. Ta-
bellerna ar strukturerade efter parti-, bit- och siddata samt efter sardragstyp, vilket
aven aterspeglas i tabellerna innehallande sorteringsregler, se Figur 23.
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Databasen innehaller dels de sardrag som forekommer pa, mats eller anges for
hela biten, dels de sardrag som forekommer pa, mats eller anges for varje sida. De
sérdrag som matts och lagrats i databasen &r de storsta av varje typ. Om inga sar-
drag av aktuell typ fanns pa virkesstycket ar vardet 0 angivet. Endast de enskilda
storsta sardragen av varje typ har registrerats, utom da ett yt- eller volymforhal-
lande anges. | de fallen har den for virkesstycket sammanlagda ytan eller volymen
medtagits. Exempel pa sardrag som anges i yt- och volymstal &r tjurved och réta.
Laget i virkesstyckets l&ngs- eller tvarsriktning for sérdraget har inte registrerats i
nagot fall.
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Bt opNr
IDBi
IDPati
Datum
s

Sgverkezartering o
Trateksorerng Bitl_ophr
Dengitet IDKsm
Flatbii IDBi
Kantknok IDSida
Skevhet Sida
Kupighet FonstTyp
Snedfibrighet — KwistBeskaffenhet
Snedfiberl dngd Kwistf-om
ToppbrattBredd BitLopMr Stordeksindex
ToppbrottL&hgd IDKB &
Tiuryalym DB B
Tiurrta IDSda Bredd
TiurL&rad Sida
K&dvedyalym Defekt
Kadvedrta Langd
K&dvedLangd Bredd
Wresolym Antal
ecvta fra [ETT—
“attvedyolym o——————————
Wattvedy'ta Bm'
FaztRotaValym IDKyvist
FastRatata IDB_‘
LissRtaalym DS
LisRitavta L
Stockbldnadyolym KuistBeskaffenhet
Stockblinadita W :wsiFum
“fthldnadrta IDV ankantMek B
InzektsSting DB
InsektsHal Defekt G
ArgringsbreddMedel LingdFlat intaﬁz
Arsringsbreddias LingdD ubbel s
Genomgdendel vist? BreddFlat
Genomgaendetivizt1 2 BreddFlat
GenomgaendeSprick aFlatsida BreddFlat?
GenomgaendeSprickak ant1 LangdKant1
GenomgaendeSprickalant2 LingdKant?
Anrm EreddKantl

Breddk.ant2

Figur 22. Databas 6ver plank och brader. Datainnehall och relationer.

Information om parti

De parametrar som finns angivna for varje parti ar:

. IDParti; ett namn som bildats av traslag, sagverksnamn och dimension, IDParti

kan saledes se ut som FuruSagverkA50x100

. Sagverksnamn
. Tréslag

. Nominell tjocklek
. Nominell bredd.

56



Information om enskilt virkesstycke

Som information om enskilt virkesstycke, bitinformation, behandlas dels informa-
tion som ror hela biten och dels information som vid inmétningen inte separerades
for respektive sida, trots att sorteringsreglerna mycket val kan vara olika for olika
sidor. Till de sistnamnda hor till exempel information om ytliga biologiska skador
sdsom ytblanad och tjurvedens yta. Volymmattet har inte matts, utan en uppskatt-
ad volym har angivits.

FOr varje bit ar angivet:

. Lopnummer for biten

. IDBIt; bitens identitet bestdende av traslag, sagverksnamn och serienummer

. IDParti; bestaende av traslag, sagverksnamn och dimension

. Datum for sagverkssortering

. Ldangd i fardigtrimmat skick

. Sagverkssortering; bitens sorttillhorighet vid sortering utford av sagverkets
sorteringspersonal

. Densitet

. Flatbojens pilhojd i mm matt pa 2 m langd

. Kantkrokens pilh6jd i mm matt pa 2 m langd

. Skevhetens pilh6jd i mm maétt pa 2 m langd

. Kupighetens pilh6jd i mm tvérs virkesstycket

. Snedfibrighet; fiberriktningens avvikelse i forhallande till avvikelsens langd

. Snedfibrighetens langd

. Toppbrottsbredd

. Toppbrottslangd

. Tjurvedens volym

. Tjurvedens yta

. Tjurvedens langd

. Kadvedens volym

. Kadvedens yta

. Kadvedslangd

. Vresvedens volym

. Vresvedens yta

. Vattvedens volym

. Vattvedens yta

. Fast rotas volym

. Fast rotas yta

. LO0s rotas volym

. LOs rotas yta

. Stockblanadens volym

. Stockblanadens yta

. Ytblanadens yta, antal

. Insektssting; antal insektsskador <2 mm
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. Insektshal; antal insektsskador >2 mm

. Arsringsbreddens medelvirde

. Arsringsbreddens maxvarde, antal

. Genomgaende kvist stérre &n 7 mm

. Antal Genomgaende kvist storre &n 12 mm

. Langd pa Genomgaende spricka pa flatsida

. Langd pa Genomgaende spricka som mynnar pa kant 1
. Langd pa Genomgaende spricka som mynnar pa kant 2.

Sidspecifika sardrag: kvistar, kadlapor, barkdrag, sprickor, vankanter och me-
kaniska skador

Av de 6vriga sardragen (defekterna), forutom de ovan beskrivna, intar kvistarna
en sérstallning. Dels for att de &r den framsta orsaken till nedklassning av virke,
men dven for att "kvistfamiljen” kan delas upp i ett stort antal beskaffenheter, typ-
er, (exempelvis frisk, torr, rotad) och former, (rund/oval, hérn-, horn-, blad-) vilka
alla kan ha sin egen regel med egna krav pa maximalt matt och antal. Denna
sérstéllning gor att kvistinformationen &r betydligt mer omfattande an 6vriga sér-
drags informationsméngd.

For varje sida pa virkesstycket finns den storsta kvisten av varje beskaffenhet och
form inmatt. Observera att det inte &r alla kvistar utan endast den storsta kvisten
av varje beskaffenhet och form pa respektive sida som matts in.

FOr de inmétta kvistarna har angetts:

. Sida som kvisten ar belagen pa

. Beskaffenhet; frisk, delvis fastvuxen, torr, barkringad, rétad eller urfallen
. Form; oval, horn eller blad

. A-matt; mattet i kvistens "lillaxel”

. B-matt; mattet i kvistens "storaxel”

. Breddmatt; kvistens matt tvars virkesstyckets langdriktning

. Antal kvistar av respektive beskaffenhet storre &n 7 mm pa sidan samt

. Antal kvistar av respektive beskaffenhet storre &n 12 mm.

Pa den samsta metern pa varje sida har data om de tre storsta kvistarna angivits

med avseende pa:

. Sida som kvistarna &r belagna pa

. Kuvistens beskaffenhet

. Kvistens form

. Kuvistens storleksindex; 1, 2 eller 3, dar 1 motsvarar den storsta kvisten, 2 den
nast storsta och 3 den 3:e storsta kvisten pa samsta metern

. A-matt; mattet i kvistens "lillaxel”

. B-matt; mattet i kvistens "storaxel”

. Breddmatt; kvistens matt tvars virkesstyckets langdriktning.
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Forutom kvistar finns det ett antal sardrag som matts in med angivande av pa vil-
ken sida av virkesstycket de upptréder.

For kadlapor, lyror och barkdrag finns det storsta sardraget pa varje sida inmatt av
respektive typ. Det finns angivet:

. Sida som sardraget ar belaget pa

. Typ; kadlapa, lyra eller barkdrag

. Sérdragets langd

. Bredd

. Antal l&ngre &n 10 mm samt

. Antal langre &n 30 mm.

For sprickor finns angivet:

. Sida som sprickan ar belagen pa samt

. Sprickans typ; mérgspricka, andspricka, ringspricka eller torkningsspricka
. Sprickans langd.

For vankanter finns foljande parametrar inmétta:

. Vankantens totala langd pa flatsidan

. Vankantens dubbelsidiga langd

. Vankantens sammanlagda bredd pa flatsidan

. Vankantens storsta bredd pa flatsidans ena kant

. Vankantens storsta bredd pa flatsidans andra kant
. Vankantens langd langs ena kantsidan

. Vankantens langd langs andra kantsidan

. Vankantens storsta bredd pa ena kantsidan samt

. Vankantens storsta bredd pa andra kantsidan.

For mekaniska skador finns féljande parametrar inmétta:
. Skadans totala langd pa flatsidan

. Skadans sammanlagda bredd pa flatsidan

. Skadans storsta bredd pa ena kantsidan samt

. Skadans storsta bredd pa andra kantsidan.

Mekaniska skador betraktas i sorteringsreglerna som vankant. Om man vill halla
isar de tva varianterna, vilket inte ar gjort har, kan de mekaniska skadorna kallas
for mekanisk vankant, till skillnad fran de "naturliga” som benamns biologisk
vankant. Hallfasthetsmassigt skiljer de sig at, sa till vida att den biologiska inte
nedséatter hallfastheten pa virkesstycket sa mycket som den mekaniska gor, efter-
som fibrerna d&r har skadats.
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Samtliga skador har matts in med utgangspunkt fran sortering enligt Nordiskt Tra
och prEN 1611-1.

Databas med information om sorteringsreglerna samt fragor

Informationen om sorteringsreglerna ligger, liksom informationen om sérdragen, i
ett flertal olika tabeller. Organisationen &r vald sa att bade regeltabeller och fragor
motsvarar bitdatatabellerna. Det gor det enkelt att strukturera bade regler och fra-
gor till databasen, se Figur 23 och Figur 24.

MTFRegelBit MTRegelleformation M THegelkyvist MTRegel adldpak ark
Sort Sort

SnedfibrighetTil IDSida MinT

ToppbrottBreddTill MinT MaxT

TiuralprTill MaxT SpickTyp

k. AdvedyalymTil MinB AndeldvLangd

WreshfolumTil Mad

WYatbvedyalumTill KwistBeskalfent

FastRotavalymTil AndelbyFrizk

LR atavalymTill Starlek.

StockblanadvalpmTil Antal

InsektsStingTill

InsektsHAITl

Genomgdendes prickaFlatsidaT il WanGenerelBredd

Genomgaendes prickak.antT il Wanhd axLangdTill
LangdFlatTil
LangdE nk.antTill
Langdy arderak. antTill
BreddFlatTil
BreddK.antTill

Figur 23. Databasens struktur éver sorteringsreglerna. Exemplet galler Nordiskt Tra.

Med uppdelningen i olika tabeller for de olika sardragen och for deras olika sor-
teringsregler ar det enklare att dels &ndra i reglerna och dels vélja att sortera efter
ett specifikt sardrag. Sorteringen behdver alltsa inte utféras pa alla sardrag som
finns angivna i regeln, utan endast pa dem som anvandaren anger vid varje frage-
stéllning. Med det angreppsséttet kan man analysera vad ett visst sardrag gor for
sorteringsutfallet.

Vid sortering i databasen kombineras ett visst sardrag med motsvarande sorte-
ringsregel. For att gora det kravs en fraga i vilken de anvanda tabellerna samt vill-
koren for kombinationen anges, se exempel i Figur 26. Denna fraga anvander ta-
bell(-er) med sorteringsregler och tabell(-er) med information om virkesstyckena.
Som svar pa fragan erhalls en ny tabell se Figur 27.
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Snedfibrighet

ToppbrattBredd

Tiurvam

Kadvedvolym

resVolum

WattvedWolym

FastRtavolym
LazRdbtatolym
Stockblanady olym
InsektzSting

InzektsHAl

GenomgéendeS prick aFlatsida
GenomadendeS prick ak.antl
Genomgéendes prick ak ant2
SnedfibrighetTil
ToppbrottBreddTil
TiuralymTill

KadvedvolymTill
WresolymTill
WattvedvalprTill
FastRatavolymTil

LasRatat olymTill
StockblanadvolymTill
InzektzStingTil

InsektsHATI
GenomgéendeS prick aFlatsidaTil
GenomgéendeS prick akant Till

BitLopMr

IDEt

Sart

Langd

Tincklek

Bredd

Flatbii

Kantkrak
Skevhet
SkevhetProcent
Kupighet
KupighetProcent
FlatbiTill
K.antkrokTil
KupighetTil
SkevhetTil

BitLopMr
DBt

IDParti
IDSida

Sida

Sart
Tiocklek
BitLangd
SprickLangd
DS pricka
SprickTyp
SprickAndel
AndelteLangdTil

BitLopMr

IDBit

Langd

Tiocklek

Sort

D% ank.anth ek
Defekt
LangdFlat
LangdDubbel
BreddFlat
BreddFlat1
BreddFlat2
Langdk.ant1
Langdk.ant2
Bredd.ant
Breddi.ant2
LangdFlatTill
LangdEnk.antTill
Langdyf arderak.antTill
BreddFlatTill
Breddk.antTill
WanGenerelBredd

BitLophr

IDParti

IDEit

IDSida

Sida

Sortk.vistS Smztabd eter
KvistBeskaffenhet
Kvistdrea
Storlekslndex
FvistéreaTill
Starlek.Till
AntalTil

BitLophr
IDEit
IDParti
IDKIB
Sortk Adlépak ark
IDSida
Sida
Defekt
Langd
Antal
TillL&ngd
Tillantal

BitLophr
IDK.wist
IDParti
Sartk.vistar
IDBit

Sida
IDSida
KvistBeskaffenhet
KvistFom
N

B

Bredd
Antal?
Antall2
TillStarlFlat
FlatStarlek.
TillStorlk ant
FantStorlek

Figur 24. Databasens struktur éver fragor. Exemplet galler Nordiskt Tra.

Vid sorteringen bedoms och klassas varje enskilt sardrag for sig och asétts en sort.
Denna sort ar den "basta” mojliga med avseende pa sardragets storlek och

gallande sorteringsregel. Exempel pa relationerna i en fraga ses i Figur 25 dar
vankanter och mekaniska skador behandlas.
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Partillrval
Bitl_ophr Bl ophr Defekt
IDB# 1DV ankantiek Cort
IDParti IDB MinT
D atum Defekt MaxT
Langd LangdFlat YanGenerelBredd
Sagverkssartering LangdDubbel Wantd axLangdTil
Tratekzortering BreddFlat LangdFlatTil
Densitet BreddFlat1 LangdE nk.antTill
Flatbii BreddFlatz Langdarderak antTil
Kantkrak Langdk.ant1 BreddFlatTil
Skevhet Langdk.ant2 Breddk.antTill
F.uipighet Breddk.antl
Snedfibrighet LI Breddk.ant2

Figur 25. Exempel pa relationerna i en sorteringsfraga pa Vankanter och Mekaniska
skador.

| Figur 26 visas ett exempel pa en fraga formulerad i Access SQL-miljo. Fragan i

detta fall behandlar Vankant och Mekaniska skador. Fragan ar mer omfattande &n
nodvandigt, beroende pa dnskemal att kunna spara informationen bade framat och
bakat vid utvarderingar av sorteringsreglerna
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SELECT DISTINCTROW

VankantMek.BitLOpNr,

VankantMek.IDBit,

Min(Bitar.Langd) AS L&angd,

Min(PartiUrval.Tjocklek) AS Tjocklek,
Min(VankantMekRegel.Sort) AS Sort,
VankantMek.IDVankantMek,

Min(VankantMek.Defekt) AS Defekt,
Min(VankantMek.LangdFlat) AS LangdFlat,
Min(VankantMek.LangdDubbel) AS LangdDubbel,
Min(VankantMek.BreddFlat) AS BreddFlat,
Min(VankantMek.BreddFlatl) AS BreddFlatl,
Min(VankantMek.BreddFlat2) AS BreddFlat2,
Min(VankantMek.L&dngdKantl) AS LangdKant1,
Min(VankantMek.LangdKant2) AS LangdKant2,
Min(VankantMek.BreddKant1) AS BreddKantl,
Min(VankantMek.BreddKant2) AS BreddKant2,
Min(VankantMekRegel.LangdFlatTill) AS LangdFlatTill,
Min(VankantMekRegel.LangdEnKantTill) AS LangdEnKantTill,
Min(VankantMekRegel.LangdVarderaKantTill) AS LangdVarderaKantTill,
Min(VankantMekRegel.BreddFlatTill) AS BreddFlatTill,
Min(VankantMekRegel.BreddKantTill) AS BreddKantTill,
Min(VankantMekRegel.VanGenerellBredd) AS VanGenerellBredd

FROM (PartiUrval

INNER JOIN Bitar

ON PartiUrval.IDParti = Bitar.IDParti)

INNER JOIN (VankantMek

INNER JOIN NTRegelVankantMek AS VankantMekRegel
ON VankantMek.Defekt = VankantMekRegel.Defekt)

ON (PartiUrval.Tjocklek <= VankantMekRegel.MaxT)
AND (PartiUrval.Tjocklek >= VankantMekRegel.MinT)
AND (Bitar.BitLOpNr = VankantMek.BitL&pNr)

WHERE (((VankantMek.Defekt)="Vankant") AND
((VankantMek.BreddFlat)<=([BreddFlatTill[+[VanGenerellBredd])*2) AND
((vVankantMek.BreddFlatl)<=[BreddFlatTill]+[VanGenerellBredd]) AND
((VankantMek.BreddFlat2)<=[BreddFlatTill]+[VanGenerellBredd]) AND
((NZ([BreddKant1],0))<=Tjocklek*[BreddKantTill}/100+[VanGenerellBredd]) AND
((NZ([BreddKant2],0))<=Tjocklek*[BreddKantTill/100+[VanGenerellBredd]) AND
((NZ([LangdDubbel],0))<=[L&angdVarderaKantTill]*[Bitar].[L&ngd]/100) AND
((NZ([L&ngdKant1],0))<=[LangdEnKantTill]*[Bitar].[L&ngd]/100) AND
((NZ([LangdKant2],0))<=[LangdEnKantTill]*[Bitar].[Langd]/100))

OR

(((vankantMek.Defekt)="MekSkada") AND
((VankantMek.BreddFlat)<=([BreddFlatTill[+[VanGenerellBredd])*2) AND
((vankantMek.BreddFlatl)<=[BreddFlatTill]+[VanGenerellBredd]) AND
((vankantMek.BreddFlat2)<=[BreddFlatTill]+[VanGenerellBredd]))

GROUP BY VankantMek.BitL6pNr, VankantMek.IDBit, VankantMek.IDVankantMek;

Figur 26. I figuren visas ett exempel pa en fraga, i detta fall rorande Vankant och

mekaniska skador. Fragan ar mer omfattande an nédvandigt, beroende pa onskemal att
kunna spara informationen bade framat och bakat vid utvarderingar av sorteringsreg-

lerna.

For att sortera i databasen kombineras ett visst sardrag med motsvarande sorterings-
regel i en fraga i vilken de anvanda tabellerna samt villkoren for kombinationen anges.

Fragan ar skriven i Access SQL.
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Pa liknande sétt ar alla fragor uppbyggda och svaren ges i tabellform, se exempel i
Figur 27. | tabellen anges exempelvis virkesstyckets 1D, ldngd, dimension, sort
beroende pa aktuellt sardrag, storleken pa sardraget uttryckt i alla inmatta para-
metrar.

Ditlop| IDBR | Lingd Tjockk| Bor| IDVanks] Ocickt | LingdF| LangdDul] BroddF | BroddFL] BroddFL| LingdKa] LingdKa BreddKal Brodd Kai Ling| Lingd| LingdVard] BreddFI] BreddKan| Vang o
b | 1| FuraBargs| 4300 S0 B 1] antant 100 [] 12 o 12 o 100 o & ) ) 12 15
[ | 4 FuruBengs 450 3000 2 MatSta 280 15 o 3 7 10
[ | 20 FuruBargs 4300 0 E 1 MatSex 210 10 o 12 12 15
[ | 21 FuruBargs 4300 0 4 antan 20 L 15 15 0 260 o 16 o 100 100 =0 200
[ | | FuruBrgs <300 0B 3 vantan 120 L 3 o 3 o 120 o 10 0 pal 12 13
[ | | FuruBargs o300 30 & ‘uantam 1230 200 100 Fal G T30 500 x 10 100 100 50 20
|| & Furibergs| a0 S0 D 7 Wantant an ] 0 ] i 120 ] 3 15 100 00 280 a0
|| a3 Furibergs| a0 S0 D 4 Wantant am ] 19 19 [ a0 [] 18 i 100 00 280 a0
|| & Furibergs| a0 0D 9 Wantant n ] A i 1 i n 1 1 100 00 280 a0
|| e Furibergs a0 @4 10 WatSta 190 7 i 7 7 10
| o8 Furrani 0000 @ 101] MakSta 200 0 15 i 12 15
[ | 23] FureGrani 3000 30 0 102 vantan 170 o 10 10 0 170 a 12| o 100 100 =50 20
[ | % FureSrani 4300 =0 C 100 antan, =0 L a o 9 o =20 o 1 af pul 17 20
[ | 200 FuraGrani 3500 0. 10 vantan, 190 L & o g o 190 o 7 20 10 7 10
[ | 2 FureGrani 4300 S0 C 105 vantan, 20 L 13 o 132 o 20 o 13 af ol 17 pul
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[ | 50 FurGrani a0 a0 ¢ 1] MaeSta 200 15 i i [ ]
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[ | I FureSrani 4000 00n 113 WarSea 40 12/ 10 0 7 10
[ | DG FurgGrani 4400 0. 114 WarSea 130 & a 0 7 10
[ | Sl Furulmgan 3200 0B 163 MatSta dal) 14 1 0 12 13
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|| =7 Furamyan 00 S04 171 vantant 0 ] 10 i 10 [ 410 i a 1 10 7 10
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|| o0 Furamyan 3000 S0 s 172 WarStar 260 10 i 10 7 10
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[ | 613 Furulmyan 4200 3000 176 vantan 300 o a o a o 300 o 7 o 10 7 10
[ | G20 Furalmyan 3600 0 E 177 MerSea 0 10 o 12 12 15 LI
Post 14 4| T pulre] av 52 | | |

Figur 27. Exempel pa hur resultatet av en fraga kan visas. Av utrymmesskal syns en-
dast en del av tabellen i figuren.

Vid sortering i databasen beddms forst varje enskilt sardrag for sig. Sardragets pa-
rametrar jamfors med de parametrar som angetts i sorteringsregeln. Exempel pa
sorteringsparametrar ar storlek och antal. N&r alla sardrag sorterats, var och en for
sig, enligt sin regeluppséttning, se Figur 28, bestdms virkesstyckets sort for res-
pektive sida; splint-, marg- och kantsidor, vilket innebar att man kan halla isar
sorttillnGrighet for respektive sida pa ett virkesstycke tills man vill veta hela vir-
kesstyckets sort. Darefter sammanstalls sidornas sortangivelser till en sortangivel-
se for hela biten, se Figur 29. Man kan darvid ange att en av sidorna far vara av en
sort samre an Gvriga sidor. | Nordiskt Tra ar exempelvis margsidan tillaten att vara
en sort sémre &n de Ovriga.
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Figur 28. Struktur pa sorteringsfrdga med sortering pa alla sardrag. Exemplet géller
Nordiskt Tra.

| denna databas, den manuellt inmétta, har inte priset nagon betydelse for sorte-
ringsbeslutet i forsta skedet, eftersom virkesstyckenas defekter inte ar positions-
bestamda och det darfor inte gar att kapa bort odnskade sardrag i databasen for att
hoja vardet pa virkesstycket. | ett verkligt sorteringsfall kan man "hoja” kvaliteten
genom att kapa bort odnskade defekter.
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| Kvistar | | Kvist sémsta meter | | Sprickor | | Vankant | l Deformation | | Bitfel |

Tabell 6ver

defekter

Sortering av enskild
defekt, temporar
tabell

Sortering av sida
med avseende pa
enskild defekt

Sortering av sida
med avseende pa
alla defekter

Sortering av bit
med avseende pa
alla sidor

Figur 29. Figuren visar den logiska uppbyggnaden av sorteringsfunktionen i data-
basen. Varje enskilt sardrag/defekt sorteras for sig varefter enskild sida sorteras forst
med avseende pa enskild sardragstyp och sedan med avseende pa samtliga sardrag.
Observera skillnaden mellan sidberoende och sid-oberoende sardag. Darefter sor-
teras hela virkesstycket med avseende pa alla sidor.

Pa sa sétt kan man sortera enligt valfritt regelverk. Déarefter kan utfallet fran dessa
sorteringar jamforas. Med angivande av prisrelationer kan man for varje virkes-
stycke avgora i vilken sort i de anvanda sorteringsreglerna som det har hogst
varde, se Figur 30.

istar  Kvist sémsta met ickor Vankant Deformation Bitfel

Tabell Gver =

Sortering av
enskild defekt,
temporér tabell

Sortering av sida
med avseende pa
enskild defekt

Sortering av sida
med avseende pa
alla defekter

Sortering av bit
med avseende p&
alla sidor

Priser

Jamforelse med
andra
sorteringsregler

Figur 30. Figuren visar schematiskt jamforelsefunktionen i databasen. Flera sorterings-
regelsystem sammanstélls, tillsammans med en pristabell, som i det verkliga fallet kan
vara dynamisk, for att avgdra vilket system eller regel som den enskilda virkesbiten bor
sorteras efter for att uppna hogsta varde.
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12 Sortering i databasen
12.1 Berakning av sardrags matt

De flesta sardrags matt ar vid inméatningen angivna pa samma satt som matregeln
enligt Nordiskt Tra och CEN anger. FOr nagra sardrag har vid inméatningen stor-
leken angivits pa fler an ett sétt. Till exempel anges bade yta och volym for vissa
sardrag. Vid sorteringen har det matt som regeln anger anvants.

For kvistarna ar storleken inte inmétt och angiven i de matt som regeln anger som
granser. Sorteringsregeln anger ett storsta tillatet matt. Kvistarna ar inméatta med
tre matt; A- och B-matt, det vill siga kvistens "lill-” och stor-"axel samt kvistens
storsta matt i virkesstyckets tvarsriktning. De olika berakningarna som géller for
olika kvistformer utfors darefter pa kvistarna. For Nordiskt Tra géller att ovala

kvistars storlek pa flatsidan beraknas som
(A+B)

2
hornkvistar beraknas som

(A+B)
3

och bladkvistar berdaknas som
(A+B)

6

Namnarens olika vérde beroende pa kvistform grundar sig pa bland annat hallfast-
hetsskal. En oval kvist ar (oftast) genomgaende och paverkar hallfastheten
mycket. En hornkvist gar inte igenom plankan och en bladkvist ar ofta mycket
ytlig. For kantsideskvistar anvands i Nordiskt Tra kvistens breddmatt. Vid CEN-
sortering beréknas kantsideskvistars storlek pa samma satt som flatsideskvistar,

(A+B)
2

For flatsideskvistar vid Nordiskt Tra-sortering samt for alla kvistar vid CEN-
sortering maste alltsa den sorteringsgrundande kviststorleken framraknas innan
sortering kan ske.

De flesta sardragen &ar, som namnts ovan, inmétta pa ett satt som latt kan 6verforas
till regeln, ibland efter enkla berékningar. Dock finns det undantag, framfor allt i
fraga om kvistarea pa samsta metern, den sa kallade kompensationsregeln for
kvistantal. Aven kadlapor, barkdrag och lyror omfattas av motsvarande kom-
pensationsregel i Nordiskt Tra. Kompensationsregeln kompenserar for begréns-
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ningen i maximalt tillatet antal genom att tillata ett storre antal med mindre stor-
lek. I Nordiskt Tréa s&gs ”Om kviststorleken &r mindre &n vad tabellvardet visar
for resp. SORT ar det tillatet att 6ka antalet kvistar. Man maste alltid halla sig
inom tabellvardet for kviststorlekens totalsumma i mm (=antal kvistar x storlek)
for resp. kvisttyp.”. | en sorteringssituation, dar det finns mojlighet att méta in och
summera alla kvistars storlek, ar det tdmligen enkelt att rakna ut eller uppskatta
kviststorlekens totalsumma. | detta fall, dar endast de tre storsta kvistarna pa
sémsta metern finns inmétta samt det totala antalet kvistar av varje typ storre an

7 mm och stérre an 12 mm pa samsta metern finns angivna, maste en dverslags-
berékning utforas. En kompromiss har darfor utvecklats. Genom att berdkna
medelstorleken av de, av de storsta kvistarna av samma beskaffenhet, som &r an-
givna for samsta metern kan en uppskattning av medelkviststorleken erhallas. Me-
delstorleken multipliceras darefter med 70% (0,7), eftersom det var de storsta
kvistarna som maéttes in och alla kvistar inte &r lika stora som den storsta. Faktorn
0,7 har valts som kompromiss. Kansligheten for faktorns storlek har inte analyse-
rats.

Den darvid berdknade storleken multipliceras med det angivna antalet, vilket
berdknas som

(Antal ) 7 + Antal >12)+
2

till en total storlek. Detta matt jamfors med regelns totalmatt, vilken fas genom att
multiplicera regelns maximala storlek och storsta antal. Samma berékningssatt har
anvénts vid sortering enligt CEN-regler.

Heltalsdelen av

05

12.2 Tidsatgang vid sortering i databasen

For att gora en fullstdndig Nordisk Tré-sortering med alla sérdrag i Access-data-
basen pa ca 100 virkesstycken atgar ca 2 minuter, vid sortering av ca 350 virkes-
stycken atgar 3 minuter och 30 sekunder, vid sortering av ca 1800 virkesstycken
atgar ca 9 minuter. Sorteringarna ar utforda pa en P75 dator med 40Mb RAM.
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13  Virkesfel och 6vriga sorteringsgrundande sardrag i databa-
sen

Det som &r krokigt kan icke bliva rakt, och det som ej finnes kan ej komma med i
nagon rakning.
Predikaren 1:15.

Att skilja mellan defekt, virkesfel och sardrag kan tyckas onddigt, men for syste-
matikens skull finns det beskrivet, se Figur 31.

Defekter &r sardrag som ar odnskade i en viss sorteringsregel. Virkesfel &r oons-
kade sardrag som inte paforts virket utan finns mer eller mindre naturligt i virket.
Naturligtvis kan man diskutera om virkesfel alltid ar att betrakta som defekter,
men med ordet fel som bestdamning kan man latt inse att virkesfel alltid &r att han-
fora till defekter. Ovriga sardrag innefattar allt dvrigt, sdvil produktionsskador
som dimension pa virkesstycket.

Sérdrag

Defekter

Figur 31. Figuren beskriver schematisk férhallandet mellan virkesfel, defekter och sar-
drag. Virkesfelen &r en delmangd av defekterna som i sin tur ar en delmangd av sar-
dragen.

De sdrdrag som syns mest, som finns pa sa gott som alla virkesstycken och som
orsakar flest nedklassningar, ar kvistar. Dessutom finns det sa manga olika typer
av kvistar, vilka var och en kan betraktas som en enskild sardragstyp. Det &r skélet
att sardragsredovisningen koncentreras pa kvistar.

Kvistar

Kvist &r en naturlig del i trd och en ngdvéndighet for trédets tillvaxt och dverlev-
nad. Darfor kan man inte generellt bendamna kvistar i ett framsagat virkesstycke
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som virkesfel eller defekt, utan snarare som ett mer eller mindre Onskat sérdrag. |
vissa fall &r kvistar 6nskade av estetiska skal, i andra sammanhang &r kvistar
oonskade av antingen estetiska eller hallfasthetsskal, och dar ar forstas defekt ett
passande ord.

Kvisttyper

De kvisttyper som ingar i denna studie ar friska kvistar, torra kvistar, delvis fast-
sittande kvistar, barkringade kvistar, rotade kvistar och urfallna kvistar (kvist-
hal). En kvist betraktas enligt Nordiskt Tra som frisk da mer &n 75% av kvistens
omkrets ar fastvuxen med omgivande virke. Vid inmatningen har kvist fastvuxen
mellan 75% och 50% ben&mnts delvis fastvuxen. Kvist med fastvuxenhet mindre
an 50% benamns torr. Nordiskt Tra sérskiljer inte de tva senare kvisttyperna. |
sorteringarna i databasen anvénds Nordiskt Tras bendmningar och grans for torr
kvist (75 %). Barkringad ar kvisten da den innehaller bark, rétad om den innehal-
ler r6ta och urfallen om den har fallit ur, kvisthal.

Storlekar

Virkesstyckena som ingar i denna studie ar 349 furuplankor i dimension 50 x 100
mm, 2 ex-log. Storleken pa kvistarna, som har matts in och storleksberaknats en-
ligt Nordiskt Tré, ligger i intervallet 0 <d < 198 mm. Kvistarna med storlek angi-
ven till 0 mm har bara angetts att de finns, inte deras verkliga storlek. Antalet O-
kvistar &r 4. | samtliga fall &r det mustaschkvistar som angetts. Storleken har an-
getts endast i de fall ndgon av mustaschhalvorna varit den storsta horn- eller blad-
kvisten. Den har i sa fall méatts in och angetts som just horn- eller bladkvist. An-
talet kvistar med en storlek dver 100 mm ar 2: 148 och 198 mm. Bada dessa ar
barkringade, ovala kvistar.

Kviststorlekarnas och -antalens fordelningar kan ses sammanfattat i nedanstaende
tabell och diagram, i vilka visas antalet kvistar fordelat pa storleksklasser. De
kvistar som ingar i studien ar de storsta kvistarna av varje kvisttyp pa varje sida pa
virkesstycket. | tabell och diagram nedan ingar saledes samtliga (storsta) kvistar
pa plankornas alla sidor, se Tabell 4 och Figur 32.
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Tabell 4. Tabell dver antal kvistar samt kumulativa procenttal for samtliga kvisttypers
storsta kvist pa de olika sidorna pa virkesstyckena. Antalet virkesstycken ar 349, dimen-
sionen ar 50 x 100 mm, tréslaget &r furu. Inom parentes anges det summerade kvistan-
talet pa virkesstyckenas respektive sida.

Kvist- |Alla sidor Margsidan Splintsidan Kantsidorna
storlek, d
[mm] |Antal Kumulativ |Antal Kumulativ | Antal Kumulativ| Antal Kumulativ
(2962) a (949) a (786) a| (1227) a
procenttal procenttal procenttal procenttal
0<d<5 17 1% 17 2% 0 0% 0 0%

5<d <10 | 434 15% 138 16% 90 11% 206 17%
10<d <15 | 753 41% 199 37% 199 37% 355 46%
15<d <20 | 681 64% 229 61% 186 60% 266 67%
20<d <25 | 472 80% 165 79% 120 76% 187 83%
25<d <30 | 302 90% 115 91% 80 86% 107 91%

30<d <35 | 164 95% 48 96% 57 93% 59 96%
35<d <40 62 97% 18 98% 21 96% 23 98%
40<d <45 28 98% 3 98% 11 97% 14 99%
45<d <50 22 99% 6 99% 7 98% 9 100%
50<d <55 10 99% 4 99% 5 99% 1 100%
55<d <60 6 100% 3 100% 3 99% 0 100%
60<d <65 1 100% 0 100% 1 99% 0 100%
65<d <70 3  100% 2 100% 1 99% 0 100%
70<d <75 1 100% 1 100% 0 99% 0 100%

75<d 6  100% 1 100% 5  100% 0 100%

I diagrammen som féljer, Figur 32 till och med Figur 35, visas denna tabells infor-
mation uppdelat pa flera diagram. | diagrammen visas dels antalet kvistar i olika
storleksintervall och dels den kumulativa férdelningen av kvistar i intervallen.
Storleksintervallen & 5 mm. | de forsta diagrammen visas en sammanfattning av
alla kvisttyper pa en sidtyp av partiets plankor. Man kan i diagrammen se dels hur
manga kvistar som finns i ett visst intervall, men dven hur stor andel kvistar som
befinner sig 6ver eller under en viss storlek. I diagrammen &r intervallets maxvér-
de angivet. Detta kan vara till stor hjalp da en ny sorteringsregel skall kompone-
ras. Med en blick i diagrammet ser man hur stor andel av partiet som forvantas
klara en viss sortgrans med avseende pa det specifika sardraget samt hur kénslig
sérdragsregeln &r for andringar. En regel &r kdnsligare att &ndra dar den kumulati-
va kurvans derivata &r stor. Se vidare i kapitel 18.

I diagrammen ser man att mérgsidan tycks ha fler kvistar &n splintsidan, vilket be-
ror pa att fler kvisttyper finns representerade pa margsidan. Man kan dock inte
med sakerhet sdga att de storsta kvistarna pa nagon sida nodvandigtvis ar storre an
pa nagon annan sida.
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Vid tolkning av diagrammen, observera foljande:

o skalan varierar mellan de olika diagrammen,

¢ endast den storsta kvisten av varje beskaffenhet pa varje sida ar medraknad och
e plankor vilka inte har kvisttypen i fraga ar inte medraknade i vissa diagram.

Det angivna kvistantalet ar alltsa det totala antalet storsta kvistar av varje beskaf-
fenhet pa respektive sida i partiet. Diagrammen kan anvandas for att se kviststor-
lekens och -beskaffenhetens variation mellan sidorna pa virkesstycken i partiet.

Diagrammen beskriver kvistarnas fordelning pa storlekar och beskaffenheter pa
ett representativt urval furuplankor med dimensionen 50 x 100 mm fran hela Sve-
rige.

Alla kvisttyper pé alla sidor
Furu 50 x 100

7 100%
1 90%
1 80%
1 70%
1 60%
1 50%
1 40%
1 30%
1 20%
1 10%
—— 0%

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 >75
Storlek [mm]

Kumulativ andel

Figur 32. Diagram 6ver antal kvistar samt kumulativa procenttal for samtliga kvistty-
pers storsta kvist pa samtliga sidor pa virkesstyckena. Antalet virkesstycken ar 349,
dimensionen ar 50 x 100 mm, traslag furu. Antal kvistar &r 2962, medelstorleken ar
19,2 mm, medianstorleken ar 17 mm och standardavvikelsen ar 10,0 mm.
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Alla kvisttyper pd méargsidan
Furu 50 x 100

250 100%

90%

200 80%
70% 32
=
= 150 60% o
E 50% 3
100 40% £
o

30%
20%
10%
0%

50

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 >75
Storlek [mm]

Figur 33. Diagram Over antal kvistar samt kumulativa procenttal for samtliga kvistty-
pers storsta kvist p& margsidan pa virkesstyckena. Antalet virkesstycken ar 349, di-
mensionen ar 50 x 100 mm, traslag furu. Antal kvistar ar 949, medelstorleken ar 19,3
mm, medianstorleken &r 18 mm och standardavvikelsen &r 9,9 mm.

Alla kvisttyper pd splintsidan
Furu 50 x 100

250 100%

90%

200 80%
0% 5
E
—_ 150 60% =
H z
z 50% 3
100 40% E
30% *

50 20%

10%
0%

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 >75
Storlek [mm]

Figur 34. Diagram 6ver antal kvistar samt kumulativa procenttal for samtliga kvistty-
pers storsta kvist pa splintsidan pa virkesstyckena. Antalet virkesstycken ar 349, di-
mensionen ar 50 x 100 mm, traslag furu. Antal kvistar ar 786, medelstorleken ar 20,7
mm, medianstorleken &r 18 mm och standardavvikelsen ar 12,3 mm.
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Alla kvistyper pa kantsidorna
Furu 50 x 100
400 7 100%
350 | 199%
1 80%
300 f
1 70% g
_20r {60% %=
= =
2200 150% %
=
150 140% £
130% *
100
1 20%
50 r 4 10%
0 e 0%
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 >75
Storlek [mm]

Figur 35. Diagram Over antal kvistar samt kumulativa procenttal for samtliga kvistty-
pers storsta kvist pa virkesstyckenas bada kantsidor sammanlagt. Antalet virkes-
stycken ar 349, dimensionen ar 50 x 100 mm, traslag furu. Antal kvistar ar 1227, me-
delstorleken ar 18,1 mm, medianstorleken &r 16 mm och standardavvikelsen &r 8,2
mm

Fordelning av kvistarnas storlekar och antal uppdelat pa olika kvisttyper

Exempel pa storleks- och antalsfordelning for de olika kvisttyperna kan ses i ned-
anstaende diagram, som visar fordelningen av friska och torra kvistar pa margsi-
dan och pa splintsidan.
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Friska kvistar p&d margsidan
Furu 50 x 100

7 100%
1 90%
1 80%
1 70%
1 60%
1 50%
1 40%
1 30%
1 20%
1 10%
0%

Kumulativ andel

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 >75
Storlek [mm]

Figur 36. Diagram over storleken pa den storsta friska (ovala, horn eller blad-) kvis-
ten pd margsidan pa 349 furuplankor sorterade i storleksintervall, antalet kvistar
inom storleksintervallet samt den kumulativa férdelningen av kvistarna. Dimension 50
x 100 mm. Antal kvistar &r 747.

Torra kvistar pa margsidan
Furu 50 x 100

7 100%
1 90%
1 80%
1 70%
1 60%
1 50%
1 40%
1 30%
1 20%
1 10%
e 0%

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 >75
Storlek [mm]

Kumulativ andel

Figur 37. Diagram over storleken pa den storsta torra kvisten pa margsidan pa 349
furuplankor sorterade i storleksintervall, antalet kvistar inom storleksintervallet samt
den kumulativa fordelningen av kvistarna. Dimension 50 x 100 mm. Antal kvistar ar
132.
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350

300

250

Antal

150

100

50

- 1 30%

Friska kvistar pa splintsidan

Furu 50 x 100
7 100%

1 90%
1 80%
1 70% =
1 60%
1 50%
1 40%

Kumulativ ande

1 20%

Coanln.. 0 e

0%

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 >75
Storlek [mm]

Figur 38. Diagram over storleken pa den storsta friska kvisten pa splintsidan pa 349 fu-
ruplankor sorterade i storleksintervall, antalet kvistar inom storleksintervallet samt den
kumulativa fordelningen av kvistarna. Dimension 50 x 100 mm. Antal kvistar ar 220.

350

300

100

Torra kvistar pa splintsidan
Furu 50 x 100

7 100%
1 90%
1 80%
7 70%
7 60%
1 50%
1 40%

Kumulativ andel

1 30%

1 20%

L,

0%

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 >75
Storlek [mm]

Figur 39. Diagram over storleken pa den storsta torra kvisten pa splintsidan pa 349
furuplankor sorterade i storleksintervall, antalet kvistar inom storleksintervallet samt
den kumulativa férdelningen av kvistarna. Dimension 50 x 100 mm. Antal kvistar ar

321.

Notera i Figur 38 att ca 40 % av plankorna inte har nagon frisk kvist pa splintsidan
och i Figur 39 att ca 7 % inte har nagon torr kvist pa splintsidan. Det ar dock inte
alls sakert att det ar samma plankor som anges i de bada fallen. Notera aven att
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medelstorleken pa de friska kvistarna ar ca 28 mm, och pa de torra ca 17 mm, det
vill saga medelstorleken pa de torra kvistarna ar ca 60 % av medelstorleken pa de
friska.

Nedklassning pa grund av kvistar

Diagrammet i Figur 44 pa sidan 80 visar klart att kvistar ar det mest nedklassande
sérdraget. Darfor redovisas nedan ett antal jamforelser i sorteringsutfall beroende
pa hur kvistarna beaktas i sorteringen.

For att utreda vilken verkan det har att endast sortera pa kviststorlek och -area,
och inga andra sardrag, gjordes en sortering enligt Figur 40. | Figur 40 visas ut-
fallet vid sortering pa alla sérdrag, endast kviststorlek och -area, endast kviststor-
lek samt endast -area. Man kan tydligt se att sortering endast pa kviststorlek och
sammanlagd kvistarea inte &r tillfyllest for att placera plankorna i ratt klass.

Figur 40 visar att det i detta material inte gar att sortera endast pa kvistarea och fa
ett utfall som tillnarmelsevis liknar sortering pa alla sardrag. Daremot kan man
mycket val lata bli att ta med kvistareaberékningen vid sorteringen och &anda fa ett
“korrekt” resultat.

Sorteringsutfall

Andel i sort
80%
70%
60% [
50% [
<
§ 40% =N
-]
30% [ B
Oc
20% [ Op
10%
0%
Alla sérdrag Kviststorlek och -area Kviststorlek Kvistarea

Sorteringsparameter

Figur 40. Diagrammet visar en jamforelse mellan sortering da héansyn tas till alla sér-
drag, storsta kviststorlek och -area, enbart storsta kviststorlek respektive kvistarea.
Antalet virkesstycken ar 349, dimensionen &r 50 x 100 mm, traslag furu. Antal kvistar
ar 2962.
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Materialet kan delas upp i delpartier, exempelvis beroende pa ursprung. En teori
ar att ett parti fran ett visst fangstomrade, X, generellt har storre kvistar an ett parti
fran ett annat, Y. Det skulle kunna innebéra att virkesstycken fran omrade X oftare
slas ut pa grund av kviststorlek och -area dn ett parti fran omrade Y. | detta parti ar
70 plankor tagna fran omrade X, 139 fran omrade Y och 140 fran omrade Z.

Figur 41 och Figur 42 visar sorttillhérigheten enligt Nordiskt Tra pa virkesstyck-
ena utgaende endast fran kviststorlek och -area pa samsta metern. Man kan se att
andelen virkesstycken som nedklassas pa grund av kvistarea, ljus stapel i B-sort,
ar storre for partiet fran omrade X jamfort med partiet fran omrade Y. Ingen ned-
klassning skedde till C eller D pa grund av kvistarea. Man kan &ven se att kvist-
storleken spelar stor roll for utfallet vid sortering enligt Nordiskt Tré, i omrade X
klarar knappt 10% A-sort medan i partiet fran omrade Y klarar drygt 40% A-sort
med avseende pa kviststorlek.

Sorteringsutfall, Omrade X
Andel i sort

100%

% [

% I Egort Kviststorlek
50%
I:|Sort Kvistarea sémsta m

25% [

A B C D
Sort

0%

Figur 41 Figuren visar sorttillhérighet enligt Nordiskt Tra beroende pa kviststorlek re-
spektive kvistarea pa samsta metern. 70 virkesstycken fran omrade X. 50 x 100 mm furu.
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Sorteringsutfall, Omrade Y
Andel i sort

100% [

% [

50% [ W sort Kviststorlek

Osort Kvistarea simsta m
B C

0%

A D

Sort

Figur 42 Figuren visar sorttillhérighet enligt Nordiskt Tra beroende pa kviststorlek re-
spektive kvistarea pa samsta metern. 139 virkesstycken fran omrade Y. 50 x 100 mm
furu.

P& samma satt som kvistarnas storlek och forekomst redovisats ovan kan dvriga
sérdrag analyseras.

14 Jamforelse mellan Nordiskt Tra och prEN 1611-1

For att askadliggora sorterings- och analysverktyget visas jamforelsen mellan sor-
tering med regler enligt Nordiskt Tré och enligt CEN-regeln prEN 1611-1. Sorte-
ringarna har utforts pa de tidigare beskrivna 349 furuplankorna med dimensionen
50 x 100 mm.

| de foljande tva diagrammen, Figur 43 och Figur 44, redovisas andelen plankor
som paverkats, nedklassats, av nagot sardrag. De forsta staplarna i diagrammen,
den vanstra gruppen, visar andelen plankor i varje sort samt vilka sardrag som
gjort att den hamnat dér. De andra staplarna, den hdgra gruppen, visar hur stor
andel av plankorna som hamnat i respektive sort beroende pa endast ett (1) sardrag
samt vilket sardrag det &r som gjort att plankorna hamnade i just den sorten. Med
hjalp av denna diagramtyp kan man se vilket (vilka) sdrdrag som &r mest ut-
slagsgivande. Man kan se om det (de) &r ensamt utslagsgivande eller om fler sar-
dragstyper samverkar samt till vilken sort sardraget forpassar virkesstycket.
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NT-sortering av 349 furuplank 50 x 100

I I
1 [ ]
— _1=--

Andel plankor

Vankant, mekanisk skada
Deformation

Bitfel (tjurved, rota etc)

Ly L7 Spricka

Kédlapa barkdrag

[/ Kvist samsta meter

Kuvistar

2 2 8 %

Andel bitar pével
Bitar utslagna till B-:

Andel ensam utslagsgivande sérdrag

Figur 43. Diagram over nedklassande sardrag och sorteringsutfall for NT-sortering
av 349 furuplankor, 50 x 100 mm.

Diagrammet ovan, Figur 43, bygger pa tabellen nedan, Tabell 5. | diagrammet ser
man att i detta parti Nordiskt Tré-sorterat virke &r kvistar, tillsammans med de-
formationer, det 6vervdagande vanligaste utslagsgivande sardraget. Tabell 5 visar
att 44% av plankorna klassades ner pa grund av kviststorleken och 39% pa grund
av deformation. Deformationen ensam klassade ner nastan 1/3 av partiet till C
eller D-sort.

80



Tabell 5. Tabellen visar de utslagsgivande sérdragen i NT-sortering av 349 furuplankor,

50 x 100 mm.

Kvistar | Kvist | K&dlapa [Spricka | Bitfel | Defor-| Vankant,
samsta |barkdrag (tjurved, | mation | mekanisk
meter rita etc) skada
Andel bitar paverkade 44% 7% 2% 7% 9% | 39% 5%
Bitar i A-sort 11%| 11% 11%| 11%| 11%| 11% 11%
Bitar utslagna till B-sort 24% 7% 1% 4% 5% 0% 1%
Bitar utslagna till C-sort 17% 0% 1% 3% 2%| 20% 1%
Bitar utslagna till D-sort 2% 0% 0% 0% 2%| 18% 3%
Andel ensamt 27% 1% 1% 4% 4% | 32% 3%

utslagsgivande sdrdrag
Bitar utslagna till B-sort 13% 1% 0% 2% 1% 0% 0%
Bitar utslagna till C-sort 13% 0% 0% 2% 1%| 14% 0%
Bitar utslagna till D-sort 1% 0% 0% 0% 2% 17% 3%

Motsvarande figur och tabell for sortering enligt prEN 1611-1 visas nedan.

Andel plankor

Andel ensam

Bitar uts

5
5

Bitar utsl;

Kvistar

Bitar utslagna till 5-sort

CEN-sortering av 349 furuplank 50 x 100

Deformation

Bitfel (tjurved, rota etc)
Spricka
Kadlapa barkdrag
Kuvist samsta meter

Vankant, mekanisk skada

Figur 44. Diagram 6ver nedklassande sardrag och sorteringsutfall for CEN-sortering
av furuplankor, 50 x 100 mm

| ovanstaende diagram, Figur 44, och nedanstaende tabell, Tabell 6, ses att kvistar
ar det mest dominerande, utslagsgivande, sérdraget dven i CEN-sortering av detta
parti. Ca 60% av samtliga plankor har nedklassats pa grund av kviststorleken. Av
dessa 60% &r ca 12% av 1-sort, 36% i 2-sort och sa vidare. Man kan &ven har en-
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kelt se att det i detta parti var kviststorlek och deformationer som var de 6vervé-
gande nedklassande sérdragen.

Tabell 6. Tabellen visar de utslagsgivande sardragen i CEN-sortering av 349 furu-
plankor, 50 x 100 mm.

Kvistar | Kuvist | Kédlapa [Spricka| Bitfel | Deforma- | Vankant,
sédmsta |barkdrag (tjurved, tion | mekanisk
meter réta etc) skada
Andel bitar piverkade | 60% | 17% 1%| 7%| 1% 27% 9%
Bitar i 0-sort 1% 1% 1% 1% 1% 1% 1%
Bitar utslagna till 1-sort| 12% 7% 1% 2% 4% 0% 0%
Bitar utslagna till 2-sort| 36% 9% 0% 3% 7% 0% 4%
Bitar utslagna till 3-sort 8% 0% 0% 3% 4% 9% 3%
Bitar utslagna till 4-sort| 5% 0% 0% 0% 1% 18% 1%
Bitar utslagna till 5-sort 0% 0% 0% 0% 1% 1% 1%
Andel ensamt 32% 0% 0% 3% 5% 23% 5%
utslagsgivande séardrag
Bitar utslagna till 1-sort 3% 0% 0% 0% 0% 0% 0%
Bitar utslagna till 2-sort| 19% 0% 0% 1% 1% 0% 1%
Bitar utslagna till 3-sort 6% 0% 0% 1% 2% 6% 1%
Bitar utslagna till 4-sort 3% 0% 0% 0% 1% 17% 1%
Bitar utslagna till 5-sort 0% 0% 0% 0% 1% 1% 1%

Det ar fler virkesstycken paverkade enligt CEN-sorteringen an det ar i Nordiskt
Tré, beroende pa att A-sort i Nordiskt Tra motsvaras av sort 0 och 1 sammanslaget
i CEN. Virkesstycken i CEN-sort 1 alltsa betraktas som nedklassade, vilket inte
virkesstycken i Nordiskt Tréa-sort A gor.

Nedklassningen pa grund av kviststorlek visas i nedanstaende diagram, Figur 45. |
diagrammet jamfors sorteringsutfallet mellan Nordiskt Tr& och CEN. Skillnaden i
utfall kan forklaras med att CEN-regeln ar generdsare pa storleken pa kantsides-
kvistar an Nordiskt Tré, det vill sdga CEN tillater storre kantsideskvistar &n Nor-
diskt Tra, medan de maximalt tillatna flatsideskvistarnas storlek dverensstammer
mycket bra, utom i fallet med de urfallna kvistarna och till viss del de barkringade,
vilket kan ses i diagrammen Gver sorteringsregler, Figur 46 och Figur 47.
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Sorteringsutfall
Andel i sort

100%

90% [

80% [

70%

60%

op, 45
oc,3
mg 2
®A,0-1

50%

40%

30%

20%

10%

0%
NT-sortering av 349 furuplank 50 x 100 CEN-sortering av 349 furuplank 50 x 100

Figur 45. Diagrammet visar sorteringsutfallet i Nordiskt Tra respektive CEN da en-
dast kvistarnas typ och storlek legat till grund for sorteringen. I berékningen jamfors
utfallet i Nordiskt Tras sort A med utfallet i CEN-sorteringens sort 0 — 1. Utfallet i
Nordiskt Tras sort B jamfors med CEN-sort 2, utfallet i Nordiskt Tras sort C jamfors
med CEN-sort 3 samt utfallet i Nordiskt Trés sort D jamférs med CEN-sort 4 — 5

Ett smidigt satt att jamfora olika sorteringsregler, forutom de som vistas i Figur 2

till och med Figur 6, visas i Figur 46 och Figur 47 dar gréansvardena for kvist-
storlekar pa flatsida respektive kantsida for Nordiskt Tra och CEN visas.
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Sorteringsregler
07 50 x 100, flatsida
60
50
— OANT
E 40 81 CEN
% OBNT
g 30 B2 CEN
OcnNT
20 B3 CEN
10
0
Friska Torra Rotade  Barkringade  Urfallna

Figur 46. Diagrammet visar den maximalt tillatna storleken pa flatsideskvistar av
olika typ vid sortering enligt Nordiskt Tra och enligt CEN-reglerna. | de fall d&
staplar saknas &r den tillatna storleken 0, det vill saga sardraget ar icke tillatet i
sorten.

60 Sorteringsregler
ol 50 x 100, kantsida
_ 40T OANT
E B1CEN
£ 30 OB NT
55 B2 CceN
20 + OcnNT
B3 CEN
10
0 -
Friska Torra Rotade  Barkringade Urfallna

Figur 47. Diagrammet visar den maximalt tillatna storleken pa kantsideskvistar av
olika typ vid sortering enligt Nordiskt Tra och enligt CEN-reglerna. | de fall da
staplar saknas ar den tillatna storleken 0, det vill sga sardraget &r icke tillatet i
sorten.
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Tabell 7 och Tabell 8 samt Figur 48 och Figur 49 visar utbytet, bade volyms- och
varde-, for sortering enligt Nordiskt Tra och prEN 1611-1. | tabellerna &r &ven det
ansatta priset i kr/m® for respektive sort angivet. Det vasentliga i denna jamforelse
ar inte prisnivan utan prisrelationerna mellan sorterna.

Tabell 7, Tabell ver sortutfallet och vardeutbytet vid sortering enligt Nordiskt Tra samt
vardeandelen for varje sort.

Nordiskt Tra-sortering av 349 furuplank 50 x 100 mm.
NT-regler med kompensation pa margsidan.
Antal | Andel | Langd Pris Vérde Vaérde-
bitar | bitar | [m] | [SEK/m’] [SEK] andel
Antal bitar av sort A 37 11% | 162 2500 2028 18%
Antal bitar av sort B 98 28% | 409 2000 4085 36%
Antal bitar av sort C 127 36% | 539 1300 3505 31%
Antal bitar av sort D 87 25% | 376 900 1690 15%
Summa 349 1486 11308

Motsvarande vérden kan ocksa visas i diagramform.

NT-sortering av 349 furuplank 50 x 100

50%

45%

40%

35%

30%
o m Andel bitar
5% [ Vardeandel
Totalt varde
1522 kr/m3

Andel

20%

15% r

10% r

5% |

0%

Sort NT-regler med kompensation pé mrgsidan

Figur 48. Diagram 6ver sortutfallet och véardeutbytet vid sortering enligt Nordiskt Tra.
349 furuplankor, dimension 50 x 100 mm. Medelvardet for partiet &r 1522 kr/m®.

For CEN-sortering galler nedanstaende tabell och diagram.
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Tabell 8. Tabell dver sortutfallet och vardeutbytet vid sortering enligt CEN samt vérde-
andelen for varje sort.

CEN-sortering av 349 furuplank 50 x 100 mm.
CEN-regler med kompensation pa margsidan.
Antal | Andel | Langd Pris Varde Varde-
bitar | bitar | [m] | [SEK/m’] [SEK] andel
Antal bitar av sort 0 3 1% 12 3000 180 1%
Antal bitar av sort 1 45 13% | 195 2500 2431 20%
Antal bitar av sort 2 137 39% | 582 2000 5823 48%
Antal bitar av sort 3 74 21% | 311 1300 2023 17%
Antal bitar av sort 4 81 23% | 343 900 1545 13%
Antal bitar av sort 5 9 3% 42 600 126 1%
Summa 349 1486 12129

CEN-sortering av 349 furuplank 50 x 100

50%

45%

40%

35%

30%
. m Andel bitar
2% @ Vardeandel
Totalt varde
1633 kr/m3

Andel

20%

15%

10% r

5%

0%
0 1 2 3 4 5

Sort CEN-regler med kompensation p& mérgsidan

Figur 49. Diagram Over sortutfallet och vardeutbytet vid sortering enligt CEN. 349 fu-
ruplankor, dimension 50 x 100 mm. Medelvardet for partiet &r 1633 kr/m®.

P& ovanstaende séatt ar det alltsa latt att jamfora varde- och volymutfall mellan
olika sorteringsregler eller dimensioner. | exemplet, med de angivna forutsattning-
arna, ses att det &r mer I6nsamt att sortera enligt CEN-regler, med ett medelpris for
partiet p& 1633 kr/m® jamfort med 1522 kr/m? for sortering enligt Nordiskt Tra.

Motsvarande sorteringsanalys kan naturligtvis géras pa vilket material som helst,
med vilka regler och priser som helst. Man kan l&tt se vilken sort som &r Iénsam,
vilket pris som kan (bor) justeras for att fa kalkylen att ga ihop. | detta exempel ar
priserna satta med antagande att allt gar att salja till det ansatta priset.
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15  Jamforelse mellan sortering av plankor med olika kvistregler

For att utreda verkningarna av en skarpning eller mildring av tillaten kviststorlek
kan nedanstaende diagram ritas, Figur 50 och Figur 51. Diagrammen visar utfallet
vid sortering med tillaten kviststorlek som i respektive sort dndrats i ett antal steg
fran halften av normal Nordiskt Tra-storlek till 1,5 * denna. | Figur 50 ar partiet
sorterat med héansyn till alla sardrag och i Figur 51 &r det sorterat endast med han-
syn till kviststorlek. Man ser att dramatiken i utfallet vid en regelandring blir
mindre om fler sérdrag ingar vid sorteringen. Ovriga, icke andrade, regler har,
vilket kan forvantas, en dampande effekt pa forandringen i sorteringsutfallet.

Sortering av plankor enligt Nordiskt Tr& pa alla sardrags regler.
349 plankor, furu 50 x 100

0% 1
60%

50% [ 1

%
40% BsortA

BsortB
Osortc

3% 1 Osort D
20%
10%

s
F05 F0.8 F1,0 F12 F15

Tillaten kviststorlek i forhallande till Nordiskt Tra.
Nordiskt Tra-storlek multiplicerad med faktor F.

Andel plankor

Figur 50. Sortering av 349 virkesstycken av furu, 50 x 100 mm, med hansyn tagen till
alla sardrag. Tillaten kviststorlek varierar fran 0,5 till 1,5 #*Nordiskt Tras matt.
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Sortering av plankor enligt Nordiskt Tra p endast kvistregler.
349 plankor, furu 50 x 100

70%

60%

50% [

0%
40% BsortA

BsortB
Osortc

30% [
Osort D

Antal plankor

20% [

10% r I
0%

F05 F08 F10 F12 F15

Tillaten kviststorlek i forhallande till Nordiskt Tra.
Nordiskt Tra-storlek multiplicerad med faktor F.

Figur 51. Sortering av 349 virkesstycken av furu, 50 x 100 mm, med hénsyn tagen
endast till kviststorleken. Tillaten kviststorlek varierar fran 0,5 till 1,5 #Nordiskt Tras
matt.

16  Jamforelse mellan sortsattande ytor

Vid sortering och da regeln skall komponeras ar det vasentligt att, i statistiska ter-
mer, kénna till vilken sorttillhérighet de enskilda sidorna har samt vilken betydel-
se enskilda sidor har for sorteringsutfallet. I Figur 52 och Figur 53 redovisas en
grov bild av vilka sidor som r sortsattande. En noggrannare utredning kan ge svar
pé fragan vilket sardrag som ar det vanligaste nedklassade for respektive sida.

Utfall vid sortering pa endast en sida

Vid sortering pa endast en sida ar det i detta material splintsidan som ar mest kri-
tisk, forutom sérdrag som drabbar hela biten. Eftersom deformationen ar en kraftig
orsak till nedklassning i detta material, &r sorteringen uppdelad pa nedklassande
sida redovisad bade med, Figur 52, och utan deformation, se Figur 53.

Utifran dessa figurer, Figur 52 och Figur 53, kan man dra slutsatsen att det gar att
sortera 55 — 60% av plankorna korrekt, &ven om endast splintsidan ar synlig. Ge-
nom att sortera pa nagon av flatsidorna, det vill saga splint- eller margsidan, nas
ett battre resultat &n om sorteringen sker pa kantsidorna. Det basta, mest korrekta,
sorteringsresultatet nas naturligtvis om samtliga sidor beaktas och bedéms.
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Utfall vid sortering av varje sida for sig
Furu 50 x 100, 349 plankor

60% r
50% |

S 40% BA

5 0% F

= 30% [ Oc

(T

= Op

=
20% I

< B Totalt
10% |

0%
Bitfel, inkl def Splint Mérg Kant Totalt

Figur 52. Diagrammet visar vilken sida pa virkesstycket som orsakar nedklassning. Man
kan se att splintsidan ar mest kritisk, forutom sérdrag som drabbar hela biten.

Utfall vid sortering av varje sida for sig
Furu 50 x 100, 349 plankor

Deformation ej medréknad

60%
50%

. Oa

S 40%

= 30% Oc

U

= Op

S 20%

< B Totalt
10%

0%

Bitfel, exkl def Splint Mérg Kant Totalt

Figur 53. Diagrammet visar vilken sida pa virkesstycket som orsakar nedklassning.
Deformation som nedklassande orsak &r inte medréknad. Man kan se att splintsidan ar
mest Kkritisk.
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17 Korrelation mellan vissa sorteringsgrundande parametrar

Antag att alla sorteringsgrundande sardragstypers upptradande pa virkesstycket
upptrader oberoende av andra sardragstyper. Da skulle det vara mojligt att sortera
ett virkesparti pa alla sardrag, andra reglerna for ett av sardragen, sortera om en-
bart pa det sardraget samt darefter berdkna utfallet for hela partiet.

Antag vidare att det i majoriteten av alla sorteringar endast ar ett fatal sardrags-
typer som har betydelse for sorteringsutfallet. Ett automatiskt sorteringssystem
som klarade av att detektera de signifikanta sardragen med god sakerhet skulle da
kunna prestera ett gott resultat trots att systemet &r "halvblint”.

Korrelationen mellan de sorteringsgrundande sérdragen har undersokts genom att
stélla de olika sé&rdragens sorttillhérighet mot varandra. Observera att det ar sort-
tillndrighet och inte absoluta matt som har undersokts. Resultatet kan ses i tabeller
nedan. For jamforelsens skull &r bade sortering enligt Nordiskt Tra och sortering
enligt CEN-regler redovisade. Huvuddelen &gnas at Nordiskt Tra, men principerna
ar relevanta dven for andra regelsystem.

Korrelationskoefficienten, py,, beskrivs med nedanstaende formel

-1<p,, <1
%él(x i)Y —Hy) x=ena parameterns varde
Py = oro,  dar y=andra parameternsvarde

p=medelvérde
o=standardavvikelsen

Berakningen av korrelationskoefficienterna mellan sardrags paverkan ar naturligt-
vis beroende pa vilka regler som anvéands. Antag att man har en ytterlighetsregel
som i en sort i stort sett inte tillater nagot och en annan sort tillater allt. Kor-
relationen kan da inte beraknas.

Tabell 9, Figur 54 och Tabell 13 nedan visar korrelationskoefficienten, samban-
det, mellan virkesstyckets och de olika sardragens sorttillhorighet samt mellan tva
sérdrags sorttillhdrighet i Nordiskt Trd och CEN. Om korrelationskoefficienten &ar
stor och positiv, nédra 1, ar det stort samband mellan sardragen, det vill sdga sar-
dragen ger biten samma sorttillnérighet. Om korrelationskoefficienten ar stor och
negativ, ndra -1, ar det ett stort negativt samband mellan sérdragen, det vill sdga
de olika sdrdragen ger biten olika sorttillhdrighet. Tabell 11 och Figur 55 visar
jamforelsen i utfall mellan sorteringssimulering med alla sérdrag beaktade, simu-
lering med utvalda séardrag beaktade och berakning utgaende fran korrelationsko-
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efficienterna med utvalda sardrag beaktade. Ett sardrag som inte medraknats alls i
detta fall ar deformation, eftersom det var sa dominerande i detta parti. Tabell 12

och Figur 56 visar utfallsjamforelsen da endast kvistar och form, sasom deforma-
tion och vankant, medréknats

Tabell 9. Korrelationskoefficienter mellan hela bitens sorttillhérighet och olika sardrags
sorttillhdrighet samt mellan sorttillhrighet for olika sardrag i NT-sortering av 349
furuplankor i dimensionen 50 x 100 mm.

Korrela- | Hela |Kvistar| Kvist |Kadlapa|Spricka| BitFel | Defor- [Vankant,
tionskoef- | biten |storlek | samsta | Bark- (tjurved, | mation | Meka-
ficient meter, | drag réta etc) niska
area skador
Hela biten 1 0,446 | 0,122 | 0,104 | 0,100 | 0,253 0,683 | 0,287
Kvistar, 1 0,384 | 0,030 |-0,130| 0,095 0,083 | 0,029
storlek
Kvist sdémsta 1 0,004 |-0,088| 0,028 0,017 | -0,007
meter, area
Kédlapa, 1 0,039 | 0,043 0,084 | -0,056
Barkdrag
Spricka 1 0,065 |-0,028 | 0,073
BitFel (tjur- 1 -0,026 | 0,036
ved, rota etc)
Deformation 1 0,010
Vankant, 1
Mekaniska
skador
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Korrelationskoefficienter mellan sérdrag
NT-sortering av 349 furuplankor 50 x 100

VankantMek
Deformation
BitFel

Spricka
KadlapaBark

KvistSM

Kvistar

Korrclations-
koefTicient

Hela biten

Kadl&paBark
Spricka
BitFel
Deformation
\ankantMk

Kuist+KuistSM

Figur 54. Korrelationskoefficienter mellan hela bitens sorttillhdrighet och olika séar-
drags sorttillhdrighet samt mellan sorttillhérighet for olika sérdrag i NT-sortering av
349 furuplank 50 x 100 mm.

Med dessa laga korrelationskoefficienter bor det alltsa ga att med tamligen god
sannolikhet forutsdga vad en forandring i regeln for ett enskilt sardrag gor for hela
utfallet. Tabell 10 visar utfallet vid “verklig” sortering jamfoért med en berdknad
sortering utgaende fran utfallen vid sortering av enskilda sérdrag.

Med “verklig” sortering menas en sorteringssimulering i databasen med samtliga
angivna sardrags regler applicerade pa plankpartiet. Med beraknad sortering me-
nas en sorteringssimulering utgaende fran de sorteringsutfall som framkom vid
sortering med enskilda sardrags regler applicerad pa plankpartiet, varvid de en-
skilda sé&rdragens utfall multiplicerats med varandra.
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Tabell 10. Tabellen visar utfallet vid ’verklig” sortering med alla sardrag samt sorter-
ing med enskilda sardrags regler for sig och darefter beréknat utbyte. Berakningen ut-
ford med varje sérdrag helt okorrelerad med andra. NT-sortering av 349 furuplank 50 x
100 mm.

Andel i sort
Sort Sorterat, Berédknat Skillnad i
Alla sérdrag utfall
A 11% 9% 2,1%
B 28% 29% -1,4%
C 36% 37% -0,9%
D 25% 25% 0,2%
Andel i sort
NT-sortering, "verklig" och berdknad
40%
35%
30% r O Sorterat
2504 B Beraknat
§ 20%
<

15% r

10%

5% r

0% ;

A B C D
Sort

Figur 55. Diagrammet visar utfallet vid "verklig" sortering med alla sardrag samt sor-
tering med enskilda sérdrags regler for sig och darefter berédknat utbyte. Berdkningen
utford med varje sardrags upptradande betraktat som okorrelerat med andra. NT-sor-
tering av 349 furuplank 50 x 100 mm.

For att battre askadliggora och prova hypotesen visas nedanstaende tabell, Tabell
11, och diagram, Figur 56, dar deformationsregeln ignorerats vid berdkningen, till
skillnad fran ovanstaende Tabell 10 och Figur 58 dar deformationen ar med. De-
formationsregeln valdes bort da deformationer, enligt Figur 43, &r en stor orsak till
nedklassning samt, enligt Tabell 9, har hdg korrelation med hela virkesstyckets
sorttillhorighet. Som jamforelse visas dven utfallet da alla sardrag ingar i sorter-
ingen.
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Observera att bitarna ar justerade enligt Nordiskt Tré fore inméatningen, vilket kan
snedvrida resultatets generalitet, men inte s& mycket att resultatet &r ointressant.

Tabell 11. Tabellen visar utfallet vid verklig”” sortering med alla sardrag, “’verklig”
sortering med alla sardrag utom deformation medtagna samt beréknad sortering med
enskilda sardrags regler, utom deformation, for sig och dérefter beréknat utbyte. Be-
rékningen utford med varje sérdrag betraktat som okorrelerat med andra. Nordiskt Tra-
sortering av 349 furuplank 50 x 200 mm.

Andel i sort
Sort| Sorterat, Sorterat, Beraknat Skillnad i utbyte,
alla sérdrag | utan deformation sorterat - berdknat
A 11% 16% 14% 1,6%
B 28% 47% 49% -1,7%
C 36% 30% 29% 0,4%
D 25% 7% 8% -0,4%
Andel i sort
50% r
45% r
40% r
35% [ ]
_ 30% r
-E 25% O Sorterat, alla
> sardrag
20% B Sorterat, utan
15% | = ot
10% [
5% |
0%
A B c D

Sort

Figur 56. Diagrammet visar utfallet vid "’verklig” sortering med alla sérdrag, vanstra
staplarna, "’verklig” sortering med alla sardrag utom deformation medtagna, mitt-
staplarna, samt beréknad sortering med enskilda sardrags regler, utom deformation,
for sig och darefter beraknat utbyte, hdgra staplarna. Berékningen utférd med varje
sardrag betraktad som okorrelerat med andra. Nordiskt Tra-sortering av 349 furu-
plankor 50 x 100 mm.

For att ytterligare utrona vilka sardrag som ar nddvandiga att detektera och méta
for en god sortering, jamfors nedan “verklig” sortering med alla sérdrag, “verklig
sortering med endast kvist, deformation och vankant samt berédknad sortering med
endast kvist, deformation och vankant. Kadlapor, sprickor och biologiska fel,

”
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sdsom tjurved och rota, ar alltsa inte med. Detta kan tas som ett exempel pa vad
som kan vara maojligt att uppna med ett automatiskt sorteringssystem som endast
’ser” kvistar och form.

Tabell 12. Tabellen visar utfallet vid verklig”” sortering med alla sardrag, “’verklig”
sortering med endast sardragen kvistar, deformation och vankant medtagna samt berak-
nad sortering med de enskilda sardragen kvistar, deformation och vankant sorterade for
sig och déarefter berdknat utbyte. Berékningen utford med varje sardrag betraktad som
okorrelerat med andra. Nordiskt Tra-sortering av 349 furuplank 50 x 100 mm.

Andel i sort
Sort | Sorterat, | Sorterat, endast kvist, | Okorrelerat Skillnad i utbyte,
alla sardrag | deformation, vankant beraknat sorterat — beraknat
A 11% 15% 13% 1,9%
B 28% 28% 29% -0,9%
C 36% 34% 35% -1,0%
D 25% 23% 23% -0,1%
Andel i sort
40% [
35% r [ ]
30%
25% —
-E 20% O Sorterat, alla sardrag
-
15% B Sorterat, endast kvist,
deformation, vankant
10% r B Beraknat
5% [
0% : : :
A B c D

Sort

Figur 57. Diagrammet visar utfallet vid ’verklig” sortering med alla sardrag, vanstra
staplarna, ’verklig” sortering med endast sardragen kvistar, deformation och vankant
medtagna, mittstaplarna, samt beréknad sortering med de enskilda sérdragen kvistar,
deformation och vankant sorterade for sig och dérefter berdknat utbyte, htgra stap-
larna. Berékningen utférd med varje sérdrag betraktad som okorrelerat med andra.
Nordiskt Tra-sortering av 349 furuplank 50 x 100 mm.
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Tabell 13. Korrelationer mellan hela bitens sorttillhdrighet och olika sardrags sorttill-
horighet samt korrelationer mellan sorttillnérighet for olika sardrag i CEN-sortering av
349 furuplank 50 x 100 mm.

Korrelations-| Hela |Kvistar,| Kvist |Kadlapa Spricka| BitFel | Defor- |Vankant,
koefficient | biten | storlek | samsta | Bark- (tjurved, | mation | Meka-
meter, drag rota etc) niska
area skador
Hela biten 1 0,461 | 0,270 | 0,038 | 0,103 | 0,320 | 0,663 | 0,332
Kvistar, 1 0,543 | 0,043 |-0,086| 0,180 | 0,075 | 0,138
storlek
Kvist samsta 1 -0,005 |-0,114| 0,094 | 0,083 | 0,028
meter, area
Kédlapa, 1 0,021 | 0,202 | 0,062 | 0,008
Barkdrag
Spricka 1 0,022 |-0,011| 0,063
BitFel (tjur- 1 0,042 | 0,042
ved, rota etc)
Deformation 1 0,044
Vankant, 1
Mekaniska
skador

Tabell 14. Tabellen visar utfallet vid "verklig" sortering med alla sdrdrag samt sortering
med enskilda sardrags regler for sig och dérefter beréknat utbyte. Berdkningen utférd
med varje sardrag helt okorrelerad med andra. CEN-sortering av 349 furuplank.

Andel i sort
Sort| Sorterat, | Okorrelerat berdknat | Skillnad i utfall
alla sérdrag
0 1% 1% 0,1%
1 13% 10% 2,8%
2 39% 38% 0,8%
3 21% 25% -3,6%
4 23% 23% -0,1%
5 3% 2% 0,6%
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Tabell 15.Korrelationer mellan sardragens samt hela virkesstyckets sorttillhdrighet i
NT-sortering och CEN-sortering av 349 furuplank 50 x 100 mm.

Korrela- | Kvistar,| Kvist |Kadlapa|Spricka| BitFel |Defor-|Vankant,| Hela
tionskoeffi- | storlek | sémsta | Bark- (tjurved, | mation| Meka- | biten
cient meter, | drag rota etc) niska
area skador

Kvistar, 0,739
storlek

Kvist samsta 0,466
meter, area

Kadlapa, 0,760
Barkdrag

Spricka 0,849

BitFel (tjur- 0,840
ved, rota etc)

Deformation 0,863

Vankant, 0,827
Mekaniska
skador

Hela biten 0,826

18  Sortering anpassad till "ackumulerat antal”

Antag att man som producent av sagade travaror har en kund med krav pa storsta
friska kvist pa flatsidan pa 20 mm. Med diagram liknande Figur 58 och Figur 59
kan man fa en uppskattning av det forvantade utfallet. | Figur 58, som galler friska
kvistar pa splintsidan, ar den kumulativa andelen kvistar med storlek mindre an 30
mm (gréns for A'i NT) 79%, och andelen med storlek mindre &n 20 mm 54%, en
minskning av antalet med ca 1/3. | Figur 59, géllande for torra kvistar pa
splintsidan, ar den kumulativa andelen 80% for kvistar mindre & 21 mm och 52%
kvistar mindre &n 14 mm (70% av friskkviststorleken), dven har en minskning av
antalet med 1/3. Man kan alltsa anta att andelen A-sort skall minska med ca 1/3
vid minskning av tillaten friskkviststorlek fran 30 till 20 mm.
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Friska kvistar pa splintsidan
Furu 50 x 100

350 7 100%

1 90%
300 [

1 80%
250 E 70%3
1 60% =
F200 >
2 1 50% 3
- =
150 1 40% £
4

100 | 1 30%
1 20%

50 |

LI ]

0 T I Y T 0%

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 Fler
Storlek [mm]

Figur 58. Diagram over storleken pa den storsta friska kvisten pa splintsidan pa 349 fu-
ruplankor sorterade i storleksintervall, antalet kvistar inom storleksintervallet samt den
kumulativa férdelningen av kvistarna. Dimension 50 x 100 mm. Antal kvistar ar 220
(egentligen plankor med kvist). Samtliga plankor & medréknade i den kumulativa
fordelningen.

Torra kvistar pa splintsidan
350 r Furu 50 x 100 1 100%
1 90%
300 |
1 80%
250 | 1 70% -
W
1 oo B
3200 60% =
s 150% %
L =2
150 1 40% £
2
100 1 30%
1 20%
50 |
|_| |_| 1{ 10%
J-HHd e
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 Fler
Storlek [mm]

Figur 59. Diagram over storleken pa den storsta torra kvisten pa splintsidan pa 349 fu-
ruplankor sorterade i storleksintervall, antalet kvistar inom storleksintervallet samt den
kumulativa férdelningen av kvistarna. Dimension 50 x 100 mm. Antal kvistar ar 321
(egentligen plankor med kvist). Samtliga plankor &r medréknade i den kumulativa
fordelningen.
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| Figur 60 kan man se utfallet da den tillatna storleken pa friska flatsideskvistar
satts till 20 mm. Ovriga kvisttyper i A-sort har dndrats motsvarande i sorterings-
regeln. Reglerna for évriga sérdrag ar oférdndrade. Vid jamforelse med Figur 48
pa sidan 85 kan man se att en liten prisandring for sort A och sort B mycket vl
kan motivera en andring i sorteringsreglerna, trots att utfallet i A-sort blir mindre,
bade i volym och varde. Men eftersom vardet for B-sorten i detta fall okar mer, ar
andringen befogad. | detta fall har tillaten storlek for frisk flatsideskvist minskat
fran 30 till 20 mm. Ovriga kvisttypers tillatna storlekar har minskat i motsvarande
grad (70% eller 50% av friskkviststorleken).

NT-sortering av 349 furuplank 50 x 100

Friska A-kvistar pa flatsidan 20mm
50% [
45%
40% [
35% [
30% [

25%

Andel

™ Andel bitar

O vardeandel
20% | Totalt varde

1551 kr/m3
15%

10%

5% [

0%
Sort

Figur 60. Diagrammet visar utfallet da tillaten storlek pa friska flatsideskvistar i A-sort
ar 20 mm. Medelvarde p& partiet &r 1551 kr/m®,

Tabell 16 kan jamfdéras med Tabell 7 pa sidan 85 och Figur 60 kan jamféras med

Figur 48. Partiets medelvarde har 6kat till 1551 kr/m? jamfort med 1522 kr/m® for
den ordinarie sorteringen.
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Tabell 16. Tabell dver sortutfallet och vardeutbytet vid sortering enligt Nordiskt Tra
med andrade kviststorlekar for A-sort samt vardeandelen for varje sort.

Nordiskt Tra-sortering av 349 furuplank 50 x 100 mm.
NT-regler med kompensation pa margsidan.
Tillaten storlek pa A-sortens friska flatsideskvistar ar 20 mm.

: Sort | Antal | Andel |Léngd| Pris Varde | Véardeandel
Antal bitar bitar | bitar | [m] |[SEK/m%]| [SEK]
Antal bitar av sort A 22 6% 94,7 2800 1326 12%
Antal bitar av sort B 113 32% | 476,0 | 2100 4998 43%
Antal bitar av sort C 127 36% | 539,2 | 1300 3505 30%
Antal bitar av sort D 87 25% | 375,6 900 1690 15%
Summa 349 1485,5 11519

Utfallet i A-sort minskade med drygt 1/3, vilket tyder pa att det gar att géra en
grov uppskattning av sorteringsutfallet med hjalp av kurvan ”ackumulerat antal” i
diagrammen for sardragens storlek.

19 Produktionsdatabas

Databasen med produktionsdata ar insamlad pa ett automatiskt kapoptimeringssy-
stem tillverkat av Innovativ Vision AB. Systemet &r en WoodEye2000 som &r in-
stallerad pa en svensk tramanufakturindustri.

Material

Materialet bestar ursprungligen av 200 plankor i dimensionen 50 x 115 mm, in-
handlat som sagfallande fran ett antal sagverk. For att utdka virkesmangden for
denna simulering har ursprungsmaterialet “klonats med mutationer”, se Figur 61.
Det har gjorts genom att lata defektfilerna (en fil per sida, fyra filer per planka)
behandlas i ett av Trétek utvecklat program, Defekteditor. | Defekteditorn kan en
valbar andel defekter i varje defektfil byta typ, raderas, minskas eller tkas i storlek
med valbar forskjutning och spridning. Alla férandringar bygger pa slumpmaés-
sighet, vilket innebér att man inte kan valja vilka specifika defekter som skall
andras, utan endast att en viss andel av defekterna skall &ndras. VVad galler stor-
leksandringen sker den pa de valda defekterna med vald forskjutning samt en
spridning som normalférdelas runt det valda spridningsmattet. Slumpmassigheten
medfor att tva korningar pa samma datafiler inte producerar utdatafiler med sam-
ma utseende som resultat. Programmet har dven anvants for att utreda sarbarheten
och robustheten i automatiska sorteringssystem. Exempel pa programmets utseen-
de visas i Figur 62, Figur 63 och Figur 64.
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B DefectsDowni_def - Notepad [[] 3 || B DefectsDown201.def - Notepad IM[=] E3 || B DefectsDownd0i_def - Notepad M= B

File Edt Seach Hep Ele Edt Search Hep File Edt Search Hep
1871862, 115000 =] |[k871862, 115800 =]|[«871062, 115888 =
Wane, 2602, 61363, 1217, 36818 Uane, 2692, 61363, 522, 37900 Uane, 2692, 61363, 3985, 48348
wane, 1351, 297613, 1217, 55227 vane, 1351, 297613, 376, 55324 Vane, 1351, 297613, 4231, 57975
Wane, 478, 398863, 956, 122727 Uane, 478, 398863, 1166, 123224 Uane, 478, 398863, 4134, 125702
Pitch Pocket, 3027, 778580, 3062, 44884 Pitch Pocket, 3627, 778580, 2486, 4529% Pitch Pocket, 3627, 778588, 6123, 47759
Wane, 0, 549204, 0, 55228 Vane, 8, 549204, -514, 54793 Uane, 0, 540204, 2358, 58258
Wane, 8, 674999, B, 159545 Uane, 0, 674999, 67, 160012 Vane, 8, 674999, 2934, 162895
Black knot, 109218, 1686636, 7904, 10358 Black Knot, 109218, 1686636, 7885, 11085 Sound Knot, 100218, 1686636, 11752, 14337
Black Knot, 91220, 1974935, 10769, 13811 Black Knot, 91228, 1974035, 11661, 13426 Black Knot, 91220, 1974935, 16119, 18848
Black Knot, 42248, 2213170, 3556, 6905 Black Knot, 42248, 2213178, 5247, 6897 Sound Knot, 42248, 2213170, 6942, 7302
Sound Knot, 22850, 2713810, 8101, 13810 Sound Knot, 22858, 2713818, 8893, 14932 Black Knot, 22850, 2713810, 12hAk, 16598
Black Knot, 64968, 2936508, 15314, 17264 Sound Knot, 64968, 2936508, 14645, 15892 Black Knot, 64068, 2936508, 15703, 19363
Black Knot, 92827, 3141942, 9386, 13811 Black Knot, 92827, 3141942, 1622k, 14257 Black Knot, 92827, 3141942, 11836, 17637
Dimension, 57135, 3691879, 112925, 51798 Sound Knot, 39667, 2877148, 18661, 23734 Sound Knot, 30067, 2877148, 19871, 26701
Dimension, 56923, 3148848, 112043, 26716 Black Knot, 38958, 3521738, 9334, 14214 Sound Knot, 38956, 3521738, 1a471, 17523
Sound Knot, 39067, 2877148, 17692, 24435 Black Knot, 100258, 3685741, 3296, 10648 Black Knot, 100258, 3685741, 5358, 12750
Sound Knot, 38958, 3521738, 16374, 13811 Sound Knot, 43933, 3903268, 6287, 18252 Black Knot, 43933, 3903268, 11850, 13567
Black Knot, 100258, 3685741, 3359, 18358 Black Knot, 108734, 3906713, 13160, 10517 Sound Knot, 108734, 3906713, 12995, 13696
Black Knot, 43033, 3003260, 7500, 10358 Sound Knot, 111989, 3987858, 4959, 15151 Black Knot, 111989, 3987858, 9132, 17635
Black Knot, 108734, 3906713, 10473, 10358 Sound Knot, 56517, 4139768, 13412, 13564 Sound Knot, 56517, 4139768, 16668, 16996
Sound Knot, 111989, 3987850, Lii6, 13811 vane, B, 4289318, 174, 37064 Uane, 8, 4289318, 2552, 48527
Sound Knot, 56517, 4139768, 13140, 13841 Sound Knot, 73535, 4538554, 1343k, 16917 Sound Knot, 73535, H538554, 16867, 20466
vane, 0, 4289318, 0, 36818 Black Knot, 106662, 4585165, 12904, 19957 Black Knot, 106662, 4585165, 17728, 24648
Sound Knot, 73535, 4538554, 13832, 17264 Sound Knot, 27314, 4080542, 16293, 24166 Sound Knot, 27314, uP8O542, 18904, 28729
Black Knot, 106662, 4585165, 14918, 268716 Sound Knot, 75929, 4788874, 18830, 18893 Sound Knot, 75929, 4788874, 22651, 22961
Sound Knot, 27314, 4880542, 17603, 2443L Sound Knot, 48461, HuBE6764, 22203, 17118 Sound Knot, 48461, 4486764, 25858, 21948
Sound Knot, 75929, 4788874, 19266, 26716 Sound Knot, 51858, 4734162, 27654, 24880 Sound Knot, 51858, 4734162, 28002, 27219
Sound Knot, 48u61, 4486764, 22115, 18326
Sound Knot, 51850, 4734162, 26538, 24434

| = [ |

Figur 61. Exempel pa en defektfil som "klonats och muterats". Ursprungsfilen
langst till vanster. | filen anges alla detekterade sardrag pa en sida med typ och
storlek. Storleken pa sardragen anges som de diagonala koordinaterna i en ram.

% Defekteditor [_[O] %]
Frén biblitek:
|| Go for it
Till biblitek:

e

T2 bort defekter ] Byt defektyp | Andra defektstorsk |

Defeklyp Aindek:

Sound Knot 1o OBS! Alla dimensionsfel tas bort
Black Knot F

Hole | E—

Wane  —

Fitch Pocket |m—

Crack [

Laige Crack |

Blue Stain | E—

Pith E—

Figur 62. Figuren visar en valmdjlighet i Defekteditorn. | programmet kan man ange
hur stor andel av sardragen av vald typ som skall raderas.

Vilka sérdrag (exempelvis vilka 3 kvistar av plankans 12) som skall &ndras valjs

slumpmassigt under kérning. Pa samma sétt beraknas vilka sardrag som skall byta
typnamn och storlek.
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% Defekteditor [_[O] %]
Fién bibliatel:
|| Gofor it
Till bibliotek:
e

Tabort defekter | Byt defeityn | Andra defektstorek |

Defektyp: Andel Till defekttyp:
Sound Knot o [ =l
Black Knot s | IW[
Hole [ IW[
Ywlane lg— l—;[
Fitch Pocket lg_ l—;[
Crack o l—;[

Ll

Large Crack fo [fn

Blue Stain

I
I

Pith

Figur 63. Figuren visar en valmdjlighet i Defekteditorn. | programmet kan man ange
hur stor andel av sardragen av vald typ som skall &ndras samt till vilken annan typ.

¥ Defekteditor [_ O] ]
Fin bibliotek,
[ Goforit
Till bibliatek:
i
Ta bart defekter ] Byt defekttyp ] Andra defektstarlek ]
Defiekitpp: Spridning: Offset Langs Twdrs
Saund Knot B [z S
Black Knot F B F &
Hole 5 [ r ~
Wane i i = L]
Pitch Pocket 0 0 o o
Crack | R R N
Large Crack | — =
Blue Stain | O =
Fith n 0 a u

Figur 64. Figuren visar en valmajlighet i Defekteditorn. | programmet kan man, i mm,
ange hur storleken pa de olika sardragen skall forandras. Férandringen kan ske i bade
langs- och tvarsled.

Sorteringsregler och resultat fran sorteringarna

De plankor som finns lagrade i produktionsdatabasen har sorterats enligt nedan-
staende regler, se Figur 65, vilka 6verensstammer i stort med Nordiskt Tra. Plank-
orna har dven sorterats med en gronkvintasort inlagd. | grénkvinta (GV) ér tillaten
friskkviststorlek pa flatsidan satt till 60 mm och pa kantsidan 50 mm, medan den
tillatna torrkviststorlek ar satt till 10 mm pa bade flat- och kantsidan. Det motsva-
rar C-storlek pa friskkvist och béttre 4n A-sort pa torrkvist. Man kan alltsa anta att
plankorna i gronkvinta tas bade fran A-, B- och C-sort. Resultaten fran sortering-
arna syns i Figur 66 och Figur 67.
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A Flat A Kant B Flat B Kant C Flat C Kant
Defect Tests 5,115 50x115  50x115 50s115  50x115  50x115

Sound Knot 30 an 45 40 1] 60
Black Knot 20 20 35 an 1] 60
_CEEI‘_- 2x 1000 2x1000 2x1600 2x1500 3x3000 33000
Pitch Pocket  50x50  50x50 100100 100100 150x150 150150
Pith 3= 150 3= 150 Ix150  3x160 4 300 4 300
Wane 10500 110 2650015800 15 25800 202000 120 %5 %200
Hole 0x0 0x0 0x0 0x0 15x15 15x15
Dimension all all all all all all

Blue Stain 0L0x00 00x00 00x00 00x00 00x00 00x00
Collect 2 2 b 2 e 2

Figur 65. Sorteringsregler vid korning i WE2000. Matten angivna i mm.

Priserna som ansatts vid sorteringen visas i Tabell 17. Da det i detta fall antogs att
“urplockandet” av gronkvinta ur de 6vriga sorterna inte skulle stora kundrelation-
erna, har prisnivaerna for de 6vriga sorterna inte justerats.

Tabell 17. Priserna som anvants vid sortering i produktionsdatabasen.

[SEK] A B C D GrénV
Vanlig 2000 1700 1300 300
sortering
Gronkvinta | 2000 1700 1300 300 1900
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Utfall vid sortering av 600 furuplank 50 x 115

50%
45%
40%
35%
30% [

Bv/olymandel
O virdeandel

Andel

25% [

0 -
20% Totalt véarde

15% [ 1357 kr/m3
10% [

5% r

0%
Sort

Figur 66. Figuren visar utfallet vid "vanlig" sortering enligt Nordiskt tré. 600 automat-
iskt sorterade furuplankor i dimension 50 x 115 mm. Medelvarde for partiet ar 1357
kr/m®,

Utfall vid sortering av 600 furuplank 50 x 115

50% [
45% |
40% |
35% |
30%

= |
T 5% f Volymandel
< O virdeandel

o, b

20% Totalt varde

15% 1364 kr/m3

10%

o ‘ L sl

0% L L L L

A B C D GV
Sort

Figur 67. Figuren visar utfallet vid gronkvinta-sortering enligt Nordiskt tr&. 600 auto-
matiskt sorterade furuplankor i dimension 50 x 115 mm. Medelvarde for partiet &r 1364
kr/m?.

Av dessa sorteringar kan man dra slutsatsen att det i detta fall troligen inte I16nar
sig att ta ut gronkvinta, eftersom fortjansten endast ar 0,5 %. Med andra sorter-
ingsregler och annan ravara kan det daremot vara lonsamt.
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For att prova den teorin klonades samma material i Defekteditorn, med 90 % av
torrkvistarna bortmuterade. Det kan motsvara vad som hander om man har en tim-
mersortering, i vilken friskkviststockar sorteras ut att sdga gronkvinta av. Re-
sultatet vid sortering utan och med gronkvinta pa den muterade ravara ses i Figur
68 och Figur 69 nedan.

Utfall vid sortering av 600 furuplank 50 x 115

50%
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e B
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Figur 68. Figuren visar utfallet vid "’vanlig” sortering enligt Nordiskt tra. 600 automat-
iskt sorterade furuplankor i dimension 50 x 115 mm. Fdre sorteringen har 90 % av torr-
kvistarna tagits bort. Medelvérde for partiet &r 1458 kr/m®.
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Utfall vid sortering av 600 furuplank 50 x 115
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Figur 69. Figuren visar utfallet vid gronkvinta-sortering enligt Nordiskt Tr&. 600 auto-
matiskt sorterade furuplankor i dimension 50 x 115 mm. Fére sorteringen har 90 % av
torrkvistarna tagits bort. Medelvarde fér partiet ar 1530 kr/m°.

Tabell 18. Medelvéardet for partiet beroende pa ravara och sorteringsregler.

Medelvérde for partiet ”Vanlig” Nordiskt Tréa- Gronkvinta-
[kr/m3] sortering sortering
Ursprungliga plankor 1357 1364
Friskkvistiga 1458 1530

Vardedkningen ar ca 13 % for partiet med friskkvistiga plankor som grénkvinta-
sorterats jamfort med vanlig sortering av ursprungliga plankor. For partiet med
friskkvistiga plankor &r vardedkningen ca 5 %, om gronkvinta ocksa sorteras
fram. FOr gronkvintasortering utan forsorterade stockar blir vardekningen endast
ca 0,5 %. Vardedkningen for "vanlig” Nordiskt Tra-sortering blir ca 7% om frisk-
kvistiga stockar anvands vid sagningen jamfor med vanliga stockar.

| fallet med sortering av friskkvistvirke syns det i Figur 68 och Figur 69 att gron-
kvintan tagits fran bade A-, B- och C-sort. Det kan motivera ett lagre pris pa de
sorterna, eftersom de urvattnats pa plankor med utseende som kunden ar van
vid”. A andra sidan kan det vara sa att de stérsta kvistarna i B- och C-sort var
friska pa i dvrigt friskkvistiga plankor, och att medelkviststorleken alltsa minskat i
ovriga sorter efter uttag av gronkvinta, vilket kan motivera ett hdgre pris dven pa
Ovriga sorter. For att utreda och se om det & mgjligt kan man anvéanda den positi-
va sortbeskrivningen, se kapitel 6.1.
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Man inser dven att utsortering av friskkvistiga stockar innebér att den 6vriga sag-
ade varan andrar utseende, jamfort med ett “normalfall” utan kvalitetsstyrd tim-
mersortering. Vad en kvalificerad timmersortering innebér i ekonomiskt utbyte tas
inte upp hér. Det kan dock antagas att vardeutbytet kan 6ka betydligt om sortering
och optimering kan genomforas i flera led fran timmersortering genom rasortering
till justerverk, med dubbelriktad kvalitetskoppling och resultataterforing genom
hela forédlingsprocessen.

107



20 Diskussion och slutsats

Ty dar mycken vishet &r, dar & mycken gramelse; och den som férokar sin insikt,
han forokar sin plaga.
Predikaren 1:18.

For skogségaren, liksom for den som koper och tanker anvanda stockarna, galler
det att aptera stammen pa ett sa bra satt som majligt. Ingen tjanar pa att aptera
slarvigt och forstora vardet som finns i stammen. Pa samma satt géller det for sag-
verket att tillvarata det varde som finns i det kopta timret. Saledes kan sagverkets
optimeringsproblem formuleras som att det i forsta hand handlar om att spara
pengar inte om att tjana pengar. Detta skall goras genom att pa basta satt varda de
inneboende egenskaperna och kvaliteterna som redan kopts, istéallet for att spolie-
ra/forkasta de mojligheter till intéakt som finns. Vanligare ar dock att i traditionell
vokabular tala om fortjanst istallet for besparing. Det kan mojligen bero pa ett
“forséljarorienterat” betraktelseséatt, istallet for att se till vad virket bast kan anvan-
das till och vem som é&r villig att betala for det. Ett sétt att vacka virkets vérde ar
att optimera vardeutbytet genom att stalla de sortbestimmande parametrarna i ra-
varan och fardigvaran mot olika kundénskemal och olika processparametrar.

Nér kraftfulla flexibla och totaloptimerande” verktyg for optimering av hela
verksamheten skall tas i drift, kravs ett engagemang i hela foretaget. Det maste
finnas nagon eldsjél, som har mandat och resurser att prova sig fram och utveckla
metoderna efter de lokala forutsattningarna samt att darefter underhalla och upp-
ratthalla kompetensen, sa att optimeringsdata inte foraldras. Detsamma galler for
mindre, “suboptimerande”, system som exempelvis automatiska sorteringssystem.
Aven de systemen kréaver uppsikt och kontroll.

Optimering i sdgverksproduktionen blir med nédvéndighet komplicerad, beroende
pa det stora antalet ingdende parametrar, vilket visats bland annat i kapitel 3. Oav-
sett hur komplicerad eller férenklad optimeringsmodell som anvands kravs det att
modellen underhalls och att sagverket lar sig anvanda verktyget. For att verktyget
skall kunna anvéndas aktivt maste man inse att sagverket inte lever isolerat i en
statisk miljo. Parametrarna andras standigt och helt andra foérhallanden kan gélla
(galler) nasta dag, vecka eller manad.

Med det verktyg som beskrivits i uppsatsen kan man komma en god bit pa vag

mot en lonsammare sagverksproduktion, genom att man ser att det gar att vélja
eller vélja bort vissa produkter i sortimentet.
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I Figur 70 ses en schematisk figur Over verkan av optimering i olika hog grad, och
vad som hander om man siktar mot optimum men inte nar dnda fram. Y-axeln
motsvarar “fortjanst”. X-axeln motsvarar “optimeringsparametrarna”. Den hel-
dragna linjen motsvarar traditionell styrning utan skarp kontroll pa styrparamet-
rar. Den streckade och den prickade linjen motsvarar optimering med 6kande styr-
barhet och precision, men dven med storre kénslighet for storningar.

Fortjanst

Verkan av optimering

L
Riktvérde

Figur 70. Schematisk figur dver verkan av optimering vid olika skarpa optimeringar. Ett
system med trubbiga optimeringsparametrar, heldragen linje, ger mindre optimal for-
tjanst, men &r taligare mot stérningar och dalig styrning &n ett hardare optimerat sys-
tem, streckad och prickad linje. Ett system med skarpare optimeringar kan déaremot ge
storre fortjanst om det ar korrekt styrt.

Man kan se att med en liten optimeringsgrad, heldragen linje, blir &ndringen i for-
tjanst vid avvikelse fran optimum, riktvardet, inte sa stor. Med 6kande optime-
ringsgrad, inneb&rande skarpare parameterstyrning, 6kar &ven fortjanstmaojligheten
(besparingen), men fortjanstfallet blir stérre om man misslyckas med styrningen.
Ett system med skarpa optimeringsparametrar blir alltsa generellt sett kansligare
for storningar &n ett med trubbigare. Det skarpare kan daremot ge en hogre
fortjanst om det styrs optimalt. Ett valutvecklat optimeringssystem bor ha nagon
form av skyddsnat for att minska fallet vid felaktig styrning. En sadan inbyggd
“fallddmpare” medfor dock att den maximala fortjansten minskar.

En annan risk vid optimering &r att styra mot fel riktvarde. Optimeringen kan da
goras helt enligt planerna, men fortjansten minskar kraftigt eller uteblir helt.

Som exempel pa ovanstaende resonemang kan ges de varden som presenteras i
diagram och tabeller i uppsatsen. De &r inte att betrakta som allmént géllande for
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hela Sveriges alla sagverk. Om enskilda sagverk optimerar efter de basta regler
som kan framréknas ur diagram och tabeller, styrs optimeringen mot fel riktvarde
och optimeringen” far inte 6nskad effekt.

Om det enskilda sagverket daremot samlar data om den egna produktionen kan ett
utmarkt material skapas, att utga fran vid forbattring av vardeutbytet. Detta kan
ske genom en aktiv styrning av produktmixen genom att justera sorteringsreglerna
efter ingaende ravara och kundénskemal.

En automatisk sorteringsanlaggning for sagat virke ar alltsa i detta ssmmanhang
mycket mer an bara ett system for att lagga plankor och bréder i rétta sorter. Sy-
stemet kan generera ovarderlig information for att utveckla sagverkets upplagg-
ning av sorteringsregler, kundvéardesanalys och forséljningsstrategi.

Uppsatsen visar att en forbattring av vardeutbytet for ett sagverk ar enkel att
astadkomma med hjalp av ratt verktyg. Det gar att utnyttja traets potential om man
vet potentialen. For detta kravs att man vet vad som efterfragas och kan stélla det i
relation till vad som kan produceras.

Denna uppsats visar pa ett omrade inom sagverksindustrin som har enorm poten-
tial: data- och informationsféradling. For att kunna géra goda affarer maste ratt in-
formation finnas tillganglig i ratt tid i ratt form. Genom att samla in data fran de
maskiner som anda genererar dem, kan informationstatheten 6ka dramatiskt. Ge-
nom att raffinera insamlade data pa ett intelligent sétt kan en stor mangd informa-
tion synliggoras och anvandas, information som annars helt faller bort.

Ett hogonskligt tillstand att uppna, &r att varje sagverk kanner sin ravara och sina

kunder, sa att sagverket praktiskt i vardagen kan forbattra sin situation och tillva-
rata de maojligheter som finns. Dessa mojligheter ar i manga fall inte ens fordolda.
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21  Framtida forskning

Och for Gvrigt ar utom detta att saga: Min son, lat varna dig! Ingen ande ar pa
det myckna bokskrivandet, och mycket studerande gor kroppen trott.
Predikaren 12:12.

Fortsatt forskning bor inriktas pa avancerad optimering av hela trakedjan, fran
apteringen av timret till fardig produkt, och inte néja sig med enstaka fristaende
lankar.

Pa detaljniva har man lange kunnat studera och optimera sma delar av flodet i tra-
kedjan. Optimering i hela kedjan har daremot varit svart, for att inte saga omojligt,
annat an pa en hogt aggregerad niva. Med dagens databasteknik och med teknik
for automatisk sparning av virke, ar det inte langre utopiskt att samla in data om
(bland annat) skogsforhallanden, avverkning, transport, inmétning, sénderdelning,
torkning, sortering, forsaljning och slutanvandning. Det finns alltsa inte langre
nagra egentliga tekniska hinder. Hindren &r snarare ekonomiska och mentala: det
kostar mycket pengar och andra resurser att bygga upp och utveckla kompetens
inom omradet; innan det finns uppvisade resultat ar intresset svalt att satsa medel
pa ett nytt omrade.

De lankar i kedjan som dr intressanta att koppla ihop ar exempelvis:

stamdata — timmermatning — sdgmonster — torkning — egenskaper pa sagvaran —
anvandningsomrade — forsaljning.

Med information fran dessa besluts- och bedémningstillfallen galler det for sag-
verket att optimera sin ravaruanvandning och sina produktionsresurser i forhallan-
de till de kundvarden som kan skapas. Dessutom skall sagverket kunna ta betalt
for dessa varden. Allt med syftet uthallig I6nsamhet.

En gigantisk utmaning for forskning och utveckling!
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Comparison between automatic and manual quality grading of
sawn softwood

Anders Lycken

Abstract

An investigation has been performed to determine the repeatability and the accuracy of
automatic and manual grading in a sawmill’s final grading station. In total, approximately 400 boards
of pine (Pinus sylvestris L) and spruce (Picea abies) of different dimensions are included in the study.
The most common automatic grading system for sawmills in the Nordic countries is studied. The
study shows that in many cases it is possible to replace manual graders with an automatic system and,
at the same time, make production more effective and improve grading, which results in higher value
yield. The value yield produced by the automatic system is over 90 percent (91% to 98%) for both
boards and planks for both species. The manual grader reached over 92 percent value yield for planks,
but only 83 percent for boards. The quality yield for the automatic system is between 52 and 75
percent. The manual grader reached between 31 and 61 percent. The repeatability for the value yield
varied between 85 and 96 percent for the manual grader and between 85 and 94 percent for the
system. An overshadowing problem in this kind of study is how to obtain an irrefutably true grading
result, as all grading of wood is subjective by nature.
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In connection to the introduction of systems for automatic grading and sorting in
sawmills, it is becoming more and more interesting to know how well human graders can
stand up to the competition from automatic systems. In the Nordic countries, automatic
systems for sorting and grading have become common in secondary processing, where they
function as cutting optimizers, and in sawmills, where they function as green sorters.
Functional systems for final grading in sawmills have not been commercially available until
the last few years. Depending on wood species, type of defects, grading rules, user interface,
and other demands, the time from installation to full production can take from a few days up
to several months, as the problems of fine tuning the systems vary.

By tradition, there has normally not been any quality grading in the green sorting station,
the sorting of undried sawn wood. The sorting performed on green timber is has been based
only on dimension, i.e., thickness, width, and sometimes length. Manual quality grading is
very seldom performed on green timber. By quality grading green timber, it is possible to
direct the lumber to the right kiln dryer and drying program according to quality. The final
quality grading is performed in the final sorting station. The reasons for investing in
automatic grading systems for final grading vary from sawmill to sawmill. The main reasons
are to make grading more homogenous and to create a more flexible way to set and maintain
the many complicated grading rules. The grading rules are mostly based on Nordic Timber
rules (Anon. 1994) or the older rules, called the Green Book (Anon. 1980). Sawmills have
their own interpretation of the rules according to customer needs. After grading, the boards
are stamped with suitable shipping marks.

The final grading takes place after drying of the timber. Each board is fed in front of the
grader, or into the grading system. The boards are inspected on all four sides, and the features
such as knots, cracks, wane, etc., are recognized and classified. A decision on economical
revenue in proportion to length and quality has to be taken before the next board is fed into
view. The grader or the grading system has to decide on cutting position in both ends of the
board and the quality of the remaining board to make the most economical choice for each
board. For the manual grader, the time for inspection and decision is approximately 2 to 3
seconds per board. Some automatic systems are able to run at speeds of up to 180 boards per
minute, which is up to 9 times faster than the human grader.

A number of studies have been performed on grading accuracy, but only a few have been
published. There is only a little information on appearance grading of sawn softwood in the
sawmill. The main part of the published material is about hardwood grading and optimization
or secondary processing (Huber et al. 1985; Klinkhachorn et al. 1989; Huber et al. 1990;
Regalado et al. 1992a, 1992b; Kline et al. 2000; Buehlmann and Thomas 2002; Kline et al.
2003) or strength grading (Thunell 1969, 1972, 1973, 1980, 1982, 1985; Wagner et al. 1991,
Zeng et al. 1996) or grading of logs in relation to lumber quality (J&ppinen 2000; Lemieux et
al. 2000; Oja et al. 2001, 2002, 2003; Chiorescu and Grdnlund 2003). Of course, some of the
results are applicable also to appearance grading of softwoods (Grénlund and Broman 1995,
Hagman 1996, Lycken 2000). Only very few compare different grading systems or graders
(Grénlund 1995).

The studies regarding grading accuracy, performed more or less regularly at the sawmills,
are often very simple and mostly consist of checking a number of ready-made packages to
see that the graders are at the same level and that not too many pieces are off grade. The
Nordic Timber grading rules state, “at least 90% of the pieces in the batch shall not have
wood features with values exceeding the maximum permitted values for a contracted
GRADE” (Anon. 1994). By checking the lumber this way, it is impossible to see the real cost
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of grading errors. That is because the cutoff pieces are chipped and the possibility to see an
alternative cutting position starting from the whole board is wasted. If the board is uncut at
the time of judging, it is possible to evaluate whether the grader’s decision is accurate and
optimal.

When discussing the matter of grading error with sawmill managers and personnel, the
general impression is that a good grader is correct up to approximately 80 percent over time
and a normal grader around 60 to 70 percent, which is in line with other studies, where rough
mill employees performed at 68 percent of perfect (Huber et al. 1985) and where value
recovery was between 62 and 78 percent (Regalado et al. 1992a).

As it is with almost every test situation, the problem with “correct” and subjectivity arises
when grading lumber. Subjectivity has been a norm in the older Swedish grading rules, which
stated that “A piece having a minor such defect as would place it in a lower grade may,
nevertheless, remain in the higher grade if, in respect of other defects, it can be classed
among the best pieces within that grade” (Anon. 1980). The problem with borderline defects
has been reported in Kline et al. (2000) and Lycken (2000), while the problem with
subjectivity and exactitude is expressed in Kline et al. (2003) and Huber et al. (1990).

Objective

The objective of the study was to examine a way to determine the accuracy and
repeatability of automatic grading systems for final grading of dried lumber in sawmills and
to compare one of the existing systems with manual graders. By doing that, it is possible to
set the right demands when planning for investment in grading systems as well as to point out
where system development needs an extra push. This paper does not cover the issue of
investment costs, but it is intended to be a help to calculate the cost of grading differences
between automatic and manual grading.

Materials and methods

In this study, one system for automatic grading was investigated and compared to a
manual grader. The tests were performed at a Swedish sawmill during the spring of 2003.
The system has transverse feeding and needs a turning device to be able to scan all four sides
of the board. In one scanning station one face and the two edges are scanned; in the other
scanning station the other face side is scanned. The system is installed as a final grading
system in line with three manual graders as a complement. When the sawmill is confident in
the function and all the different grading rules have been tested and tuned, the manual graders
will be relieved.

Material

All material was taken from the running production. In the study, 100 boards of spruce
(Picea abies) dimensioned 50 by 125 mm, 100 boards of spruce dimensioned 22 by 100 mm,
100 boards of pine (Pinus sylvestris L) dimensioned 63 by 125 mm and 100 boards of pine
dimensioned 25 by 125 mm were used. Due to some difficulties during the test, not all boards
made it to the end. The exact number in each test group is shown in Table 1. In addition to
that, 20 boards of pine 25 by 175 mm were used for repetition tests.

The moisture content was 18 percent for all boards.
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Grading rules

The grading rules used in the test were rules for appearance grading similar to the Nordic
Timber grading rules (Anon. 1994) in the following sense: the allowed defect sizes are,
according to the dimension of the lumber, defined in millimeters or part of board width,
thickness, or length, and the grading system is hierarchical (Lycken 2000), i.e., a lower grade
allows defects the same size or larger than those of a better grade. The intention of Nordic
Timber is that “Numerical limit values have been given to all measurable features” (Anon.
1994). The number of grades in Nordic Timber is up to seven. In the present case, four
different grades were used. Generally, the more grades used, the harder it is to grade the
pieces correctly (Lycken 2000). The grade of a board is “determined on the basis of the
number, location, type, and the maximum permitted values of the wood features according to
the tables” (Anon. 1994). In addition, the Nordic Timber rules contain the following
directions (Anon. 1994, p. 21):

e Each side of the piece shall be graded separately;

o The maximum values of wood features which in each GRADE are permitted on the worst one meter of
length are given in the tables;

e The GRADE is decided on the basis of the outside face and both edges;
e The inside face may be one GRADE lower.

Table 2 shows the allowed knot sizes for the different grades and dimensions in Nordic
Timber. The rules for other features are defined in similar ways. The actual limits used in the
test are company secrets. The boards may be cut at both ends to eliminate downgrading
defects in order to increase the quality of the remaining board and maximize value. No actual
cuts were made during the test, but the cutting positions were registered. Up to a 15-cm
difference between runs and between actual and optimal cut is considered as acceptable

Methods
The grading test can be divided into four components:

1. Grading accuracy for manual grading at production speed;
2. Grading accuracy for the automatic grading system;
3. Repeatability for the manual graders at production speed;

4. Repeatability for the automatic grading system.

All 420 pieces were numbered, fed through the system, and in front of the manual grader.
This was repeated once for the planks, so they were graded two times. The 20 boards of pine
25 by 175 mm were run 3 times through the system and manual grading. “Free lengths” were
used in the test, which means that cuts are allowed at any length. No actual cuts were made.
In the system, all defect files were saved for all boards. By this means, it is possible to check
the grading and see why the system behaved as it did. The system is designed to recognize
defects such as knots of different types, cracks, scar, wane, and bark.

The grading rules were supposed to be the same for both the system and the manual
grading, but the rules actually used by the manual grader are impossible to know, as the ones
used in practice always are interpretations of the written rules.

The feed speed through the system and in front of the three manual grading chairs was
approximately 60 carriers per minute. With one board on every third carrier, the speed for the
manual grader in operation was 20 boards per minute, which is the normal speed for a manual
grader. The automatic system was able to run up to 140 boards per minute.
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To get optimal grading, the boards were graded manually between run 1 and run 2 by the
sawmill’s head grader together with one other grader, the system manufacturer and the test
leader, a total of four people. The decisions were taken unanimously. The use of this method
opens possibilities to say if the system was right or wrong in its decision, and also why. In the
attempt to establish the irrefutable truth, all help was used, such as written grading rules,
caliper, measuring tape, etc. As stated earlier, grading is always subjective in some ways. On
almost every board there is at least one defect that that “might” downgrade the board, but
other factors will affect that decision. In Lycken (2000), examples are shown of how
borderline defects can change the quality yield by as much as 15 to 20 percent, depending on
how they are treated. The value yield does not vary as much.

The assumption of the test was that borderline defects were to be treated in favor of the
system, which was done in most cases. The manual grading did not enjoy that favor to the
same extent. In test run 2, no favor was given.

Calculations
To calculate the repeatability of the runs, the following formulas were used:
The repeatability, Ry, for the value of the batch is calculated as:

where

k = number of the board;

m = total amount of boards;

r, = repeatability for individual board.

r, = 1-s/M
where

s = standard deviation for the value for each individual board;
M = mean value for the value for each individual board.

The repeatability, Rp, for length, quality, and defect detection can be calculated as:
1 m
=— Z Ra
mi=
where

1if dk=djand j=k

———>"> 51 *100% where §,;=

dl n(n l)k 1j=1

0 otherwise

where

Rqi = repeatability for individual board;
= individual board;

d = quality (length, defect, etc.);

j =run number;

k = run number;

| = board number;
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m = total amount of boards;
n = total amount of runs.

When calculating repeatability, the correctness of the grading decision is not considered.
A 100 percent repeatability level can be reached if all boards in a test are given the same
grade, length, and value, regardless of whether everything is totally wrong.

The value yield, Yy, for each board is calculated as:

OoO-Vv-0
(-0 -0 .
where

O = optimal value;

V = assumed value of the board (automatic or manual grading);

|V —OJ = the unsigned difference between the two values.

Every board that is classified different from the optimal receives a value yield less than
optimal, regardless of whether the assumed value is higher or lower than optimal. The value
yield can thus never be more than 100 percent, and the direction of the error is insignificant.

The value yield for the batch, Yg, is calculated as the average of the boards’ yields:

1 m
Yo=— )Y, 6
om I=1 ’ ©
where

Yp = value yield for each board,;

| = board number;

m = total amount of boards.

The quality yield for a batch is calculated as the amount of correctly graded boards
divided by the total amount of boards. A board is regarded as correct quality if it is of the
same grade and is the same length as or shorter than the optimal length. If a higher quality
board is placed in a lower grade, it is considered incorrectly graded, as is the reverse. In this
study, an approved board has to be strictly on grade.

Quality yield = Number of approved boards / Total number of boards W)

Results

As shown in Figure 1, the value yield for the automatic grading system in run 1 was
between 91 and 98 percent, depending on species and dimension. For manual grading, the
value yield varied between 83 and 92 percent. In run 2, the value yield was between 87 and
92 percent for the automatic grading system and between 82 and 88 percent for the manual
grader.

Figure 2 shows that the quality yield is much lower for the manual grader than for the
automatic system except for pine 63 by 125 mm in run 2. The quality yield is also lower than
the value yield. In run 1 the quality yield for the automatic grading system varied between 66
percent and 93 percent. For manual grading, the quality yield varied between 36 percent and
60 percent. In run 2 the variation was 52 percent to 54 percent for the automatic grading
system and 31 percent to 61 percent for the manual grader.
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It turned out that there were disproportionately more oil stains on the boards in this study,
compared to boards in normal production, due to handling procedures during the test. It also
turned out that some boards had been graded wrong by the system due to rot, both actual rot
and “ghost” rot. As the system was not fully trimmed to distinguish rot from other features,
such as heartwood and annual rings, an adjustment was made in which the boards were
graded without taking rot and extra oil into consideration. The results from the adjusted
gradings are 2 to 3 percent better than the results presented in Figure 1.

The results from the repeatability test are shown in Figure 3. The value yield varied
between 85 and 96 percent for the manual grader and between 85 and 94 percent for the
automatic grading system. The automatic grading system had 80 percent of the 20 boards of
pine 25 by 175 mm in the same quality all three runs; 90 percent were in the same quality in 2
out of 3 runs. The manual grader had 90 percent of the boards in the same quality all three
runs; 100 percent were in the same quality 2 out of 3 runs.

Discussion

This study shows that in many cases it is possible to replace the manual grader with an
automatic system. The output will probably not be the same, but not necessarily wrong. This
study is to be used as a basis for discussion about how good automatic grading is compared to
manual grading. During the test, it was obvious that the choice of test material matters to a
great extent. A “difficult” material with a lot of hard-to-define knots will probably give other
results compared to an “easy” material. In this test, we tried to get a representative sample of
boards from the ordinary production, but found that due to drying at higher temperature than
normal, the resin in the knots formed drops that could be mistaken for knots. This was to
some extent taken into consideration in calculating the result. Another factor in run 2 is that
the boards were mistreated during handling and “ghost” defects such as dirt, oil stains, and
chain marks were introduced, which made the grading results appear worse than they really
were. In real production, the handling is gentler and the number of ghost defects is smaller.

After the test, the manufacturer of the automatic grading system reprogrammed the
defect-detection algorithm, and the boards were graded in a simulation. This time the value
repeatability for pine 63 by 125 mm was close to 100 percent, and quality repeatability was
97 percent.

As seen in Figures 1 and 2, the value yield can differ considerably from the quality yield.
That is because the quality yield is binary, 0 or 1, for each piece of lumber, whereas the value
yield is analogue, 0 to 100 percent. The assumed grade for a board can be B of a certain
length, while the optimum is grade A of a shorter length. For that board, the value yield can
be well over 90 percent, but the quality yield is O percent.

When comparing systems for grading, it is important to choose the right grading rules and
to be aware of what the system is supposed to manage. The test method must have defined
whether all defects included in the rules are to be regarded, or only the ones the system is
able to detect. If defects that the system is unable to detect are visible on the board, the test
method must define whether such defects are to be ignored or recognized. It is possible to
make two calculations of the performance: one “relative” that states the system performance
in relation to what it is supposed to do, and one “absolute” that states the system performance
without considering the system’s limitations. As wood grading is “subjective” work, it is
important that all persons involved in the test be aware of the meaning of the grading rules.
One of the most crucial points in doing tests like these is to establish an indisputable truth, or
at least a trustworthy solution, that all participants can agree upon.
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The automatic system in this test is doing very well compared to the manual grader when
compared in a production line with ordinary grading rules and normal material to grade. The
manual grader is able to see and classify unusual “new” defects better than the system. The
automatic system needs to have every defect type specified, whereas the human grader can
make a decision based on common sense. If the lumber contains many boards with defects
that are hard to define, automation can be a difficult task. If, on the other hand, the properties
of the lumber are well defined and the grading rules are defined, tested, and approved, the
automatic system can replace the often tiresome and monotonous work of manual grading
with a very good result.

Problems might arise when a small temporary change in the rules has to be made. It is
easy to tell a grader to “allow slightly larger knots on the edges but not so much wane” if you
need a change just for a small amount of lumber. In some automatic systems it is necessary to
make a definition of a new grade, which might take a long time if the user interface is not
fully developed to be user friendly. On the other hand, grading rules are often very
complicated and difficult to simplify. If all degrees of freedom are to be allowed, the system
is hard to grasp thoroughly. A general simplification of the grading rules would also make the
interface easier to simplify.

After a change in the grading rules, it is not certain that the human grader will stay on the
right track. It is very easy to fall back into old routines and thoughts, so a change might not
be in effect for very long. Industrial experience shows that human graders tend to produce
similar quality distribution regardless of incoming material, which means that when the
timber is of “good quality,” the “lower” grades are better than when the timber has a lot of
defects.

A change in the system’s rules will stay in effect until the next change. By using
automatic grading systems, it is possible to collect data and information about the material
and processes for control of raw material, yield, and machine behavior.

As with all automatic systems, the need for human supervision is not excluded. There
have to be routines for cleaning and maintenance. It is not possible to “set and forget” a
system.

Conclusion

According to these results, it is possible to replace manual grading with an automatic
grading system. In the tests, the automatic system slightly outperformed the human graders in
value repeatability, quality yield, and value yield for spruce planks, while the manual grading
was better for pine planks. The differences were larger for the boards, both spruce and pine,
where the system was much more accurate than the manual grader.

It is easier to automatically grade spruce than pine. The study shows, however, that an
adjustment of the defect detection algorithm can make the system almost 100 percent correct
even for pine planks. What was not analyzed in this study was what happens if timber with a
different appearance is to be graded. The robustness of the system was never tested. More
tests need to be done to verify the accuracy and robustness over a longer time.

One of the main problems involved in grading tests is to establish the irrefutable grading
truth. To accomplish that, great thoroughness is required.
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Table 1. — The number of boards used.

No. of boards

Pine 63 by 125 mm 100
Spruce 50 by 125 mm 81
Pine 25 by 125 mm 99
Spruce 22 by 100 mm 100

Table 2. — Allowed knot sizes in Nordic Timber grading. The allowed sizes in the test were similar, but not
exactly the same.

Knot size
Timber thickness Timber width Grade A Grade B Grade C
(mm)
Sound knots

Faces 16 to 25 7510 115 20 35 50
125 to 150 25 40 55

175 to 225 30 45 60

321t0 38 7510115 25 40 55

125 to 150 30 45 60

175 t0 225 35 50 65

44-50 75to0 115 30 45 60

125 to 150 35 50 65

175 to 225 40 55 70

63to0 75 75to 115 35 50 65

125 to 150 40 55 70

175t0 225 45 60 75

Edges 16 to 19 - 15 *a *

22t0 25 - 20 * *

321038 -- 25 30 *

44 t0 50 -- 30 40 *

63t0 75 -- 35 50 *

Type of knot Reduced to percent of sound knot size
(%)

Other knots Knot cluster, per knot 70 70 80
Dead knot 70 70 100

Barkringed knot 50 60 90

Unsound knot -- 50 90

®Asterisk indicates a knot size equal to the timber thickness.
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Figure 1. The value yield for manual grading and the automatic grading system.
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Figure 2. The quality yield for manual grading and the automatic grading system.

Page 12 of 13

OManual run 1
B System run 1
BManual run 2
R System run 2

OManual run 1
B System run 1
BHManual run 2
B System run 2



Repeatability

100%
90% ] 1
80%
70% —
60%
50%
OValue
40%
W Quality
30% [ ELength
20% @ Quality and
length
10%
0% “—

Spruce 50 x 125 Spruce 50 x 125  Pine 63 x 125 Pine 63 x 125 Pine 25x 175 Pine 25 x 175
Manual System Manual System Manual System

Figure 3. Repeatability for different parameters for the automatic grading system and the manual grader.

Page 13 of 13






Paper Il






A multivariate approach to automatic grading of Pinus sylvestris
sawn timber

ANDERS LYCKEN"? & JOHAN 0JA?

'Division of Wood Technology, Lule& University of Technology, Skellefted, Sweden, and
2Sp Swedish National Testing and Research Institute, Skellefted, Sweden

Abstract

The objective of this study was to create an easier way to handle the often complicated and
intricate situations with which the operator of an automatic grading system is faced each time
a change to the grading rules is proposed. The scope of the study was the possibility of a
holistic method of automatic appearance grading of sawn wood similar to manual grading and
based on multivariate statistics. The study was based on 90 Scots pine (Pinus sylvestris L.)
sawlogs. The logs were sawn and the boards were scanned and manually graded. The result of
the manual grading was defined as the true grade. Models for prediction of board grade based
on aggregated defect variables were calibrated using partial least squares regression. The
classification based on the multivariate models resulted in 80-85% of the boards being
correctly graded according to the manual grading. In conclusion, this paper shows that a
multivariate statistical approach for grading timber is a possible way to simplify the process
of grading and to customize the grading rules when using an automatic grading system.

Keywords: Appearance grading, automatic grading, partial least squares, Pinus sylvestris L.,
sawn timber, sorting.



Introduction
The scope of this study was the possibility of a holistic method of automatic appearance
grading of sawn wood similar to manual grading and based on multivariate statistics.

Manual grading of sawn wood is monotonous and tiresome work (Ager et al., 1977). The
difference between grades is sometimes very hard to see, even if the rules are written down in
an organized manner (Gronlund, 1995). Traditional automatic grading systems require very
concise rules, as the systems are unable to interpret subtle and inconsistent information
supplied by the operator. The need for very concise rules and threshold levels makes fine-
tuning and changes a difficult process. Because of this there is a need for new methods that
make it easier to fine-tune and continuously adjust the grading system in order to fulfil ever-
changing market demands.

When using grading rules such as Nordic Timber (Anon., 1994), the grader has to take into
consideration all the features on all four sides of the board. The outcome has to be optimized
for value, so the grader has to know the price for each class to be able, if necessary, to cut the
board to increase its value by removing unwanted degrading defects. Typically, the grader has
2-3 s to judge the board and make the decision.

Manual grading in practice is by nature subjective (Gronlund, 1995), in contrast to the written
rules. In Gronlund (1995), only 57% of 2045 boards were given the same grade when graded
by two graders using the Nordic Timber grading rules. In some cases subjectivity is wanted by
the customer because the written rules are often only an attempt to describe a product that will
fulfil the needs of the customer. Therefore, the struggle continues to achieve an automatic
grading system that simulates manual grading.

The grading rules stipulate the maximum allowed size and number of the different defects for
each grading class. The grading rules are in most cases hierarchical in the sense that each
feature or defect is allowed to the same or greater extent in a lower, less valuable, grade than
in a higher grade (Lycken, 2000). In some cases, however, the grades are not hierarchical,
which means that one kind of defect is allowed to a larger extent in a higher, more valuable,
grade at the expense of some other defect, which is judged harder. One example is the grade
“green V”, a non-standard grade often used for furniture, where sound green knots are
allowed to a greater extent than in ordinary V, whereas fewer dead knots are allowed.

According to the Nordic Timber grading rules, the minimum hit rate is 90%, which in this
case means that “at least 90% of the pieces in the lot shall not have wood features with values
exceeding the maximum permitted values for a contracted grade” (Anon., 1994, p. 24). There
is a limit towards the higher grade, but not towards the lower. It is thus allowable to place a
higher grade board in a lower grade, but not a lower grade board in a higher grade. In
measurements of the hit rate for grading accuracy in this study, the boards were considered
correctly graded only if they were of the correct grade. The hit rate is defined as the number
of correctly graded boards divided by the total number of boards. Boards placed in too high a
grade are as wrong as boards placed in too low a grade, in contrast to the Nordic Timber
grading rules. In practice, a sawmill grader will achieve a grading accuracy hit rate between
70 and 90% over a long time (Gronlund, 1995; Pham & Alcock, 1998; Lycken, 2004). For
brief periods the hit rate can be up to 100%, but that is not expected even by the sawmill
managers to last for long. The hit rate will be lower when more grades are in use, as there are
more possibilities for error.



It is easier to customize the grading when the grader knows the customer’s needs and the
function of the product than it is when the rules are formulated in general written terms. There
are many reasons why grading rules are complicated and difficult to specify in a strict and
irrefutable way. One example is that the wood user often tolerates a few defects larger than
the general rules would tolerate if the rest of the board is better than the average board in the
grade. To handle this, the grader must have a holistic and subjective way of looking at the
boards that goes beyond the written rules. Customization regarding grading rules is becoming
more and more specialized, because sawmills have to be able to deliver what the customers
are willing to pay for (Alkbring, 2003). Sawmills also have to be able to deliver smaller
batches that satisfy the needs of demanding customers.

Systems for automatic edging or grading of sawn wood have been in use in Nordic sawmills
for more than two decades. The first systems were rather simple compared with those of
today. Nowadays the systems are installed in all parts of the process as green sorters, for final
grading and in secondary processing. Today’s automatic grading systems are able to grade the
lumber in an almost infinite number of grades. The limits are set by logistics. When it comes
to changing parameters in a grade, there are often too many tables to go through and make
changes in, so changes are seldom made. Nordmark (2002, 2003) demonstrated the use of
neural networks to identify and model knots in computer tomographic (CT) images of
sawlogs. There have been experiments with neural networks, fuzzy logic and self-organizing
maps (SOMs) to detect and classify board defects, as well as to grade boards for appearance
(Labeda, 1997; Kauppinen, 1999; Niskanen, 2003; Kline et al., 2003). The experiments have
not been particularly successful, as neural networks used for optimization have not yet been
introduced in commercial systems on a large scale, but at least one system uses SOMs to
classify defects. The reason for the slow commercial introduction is partially the complicated
system for changing and formulating new grading rules, where the system has to be “shown”
good examples of each new grade or defect type. In some cases there are thousands of boards
in the test set (Lee et al., 2003; Klein et al., 2003). With partial least squares (PLS) methods
of grading, some of the problems associated with neural networks are diminished or removed.
The PLS method gives a transparency impossible to reach with neural networks, which in turn
engenders confidence in the system. A PLS regression model can be analysed by using plots,
such as score plots, loading plots, coefficient plots and VIP plots (Eriksson et al., 2001).
These tools are helpful in interpreting and analysing the model and thereby making the model
transparent. A transparent model is easy to interpret and understand and thus also easy to
validate. In addition to the general holistic view, similar to a human grader’s view, that can be
achieved with the PLS method, it is possible to define fixed limits for specific features, for
example maximum size of dry knots or length of cracks.

Using PLS methods it is possible easily to control and change the settings and thereby
influence the quality yield and the value yield. With a traditional automatic grading system,
the change often takes a lot of work, going through a lot of tables. Industrial experience shows
that for a manual grader it is easy to change the grading rules a little, but the grader very often
falls back into the usual rules. Industrial experience also shows that the manual grader is very
“distribution conscious”, which means that quality distribution is very similar over time,
regardless of the quality of the incoming material (oral communication with sawmill
personnel). An automatic system handles each board for itself with no respect to the other
boards’ grades.



The approach using multivariate PLS methods has successfully been introduced in grading of
logs (Oja et al., 2004), where logs were sorted in three classes based on exterior and interior
data extracted from X-ray and three-dimensional scanners. Several commercial systems based
on these methods are presently in use at Swedish sawmills.

One of the aims in formulating the Nordic Timber grading rules was to create rules that could
be implemented by computerized vision systems. In spite of this, the Nordic Timber grading
rules are not often used “by the book” for either automatic or manual grading, as the sawmills
have their own grading rules which are suited to specific customers, even if the bases for the
different grades are similar to those found in the Nordic Timber grading rules.

The objective of this study was to develop a more efficient method of defining and fine-tuning
grading rules used in automatic grading systems. Such a method should simplify the process
with which the operator of an automatic grading system is faced each time a change in the
grading rules is to be made. One proposed way in which to handle the problem is the use of a
holistic view based on multivariate statistical methods.

Materials and methods

The materials used were Scots pine (Pinus sylvestris L. ) boards taken from Moelven’s
sawmill in Valasen, central Sweden. The boards were sawn from 90 sawlogs chosen at
random from the timber yard with a controlled, equal distribution regarding dimension class
(top diameter 21 cm and 25 cm) and log type (butt, middle and top). A butt log was defined as
the first log in a stem, top logs were logs within the green crown of the stem, and the rest of
the logs were defined as middle logs. Fifteen sawlogs of each combination (log type and
diameter class) were selected, making 90 logs in total. The logs were sawn with two centre
pieces from each log. During handling some logs and some boards were lost. The boards used
were 71 boards of dimensions 50 x 150 mm and 83 boards of 50 x 200 mm. The boards were
graded manually by the sawmill’s head grader. The rules used were based on, but did not
strictly follow, the Nordic Timber grading rules. A grade called Vm was introduced in
addition to the common OS, V and VI, where OS is the “best” and V1 is the “worst” grade.
Vm is a type of green V, which allows larger sound knots but fewer dead knots than ordinary
V. When grading, the grader did not take into consideration defects such as blue stain, decay
or cracks. In addition, the grading was done in a holistic manner, so a board with one or two
large defects was not necessarily downgraded if the rest of the board was classed among the
best pieces in that grade.

The boards were scanned semimanually, one side at a time, in the VTT Wood Laboratory in
Esbo, Finland. The scanner was built on an RGB CCD camera (Temet Vision Industry OY,
MSC-1024 RGB12), with 1024 pixel width and 12 bit colour depth. A resolution of 0.5 x 0.5
mm was used. The feed was lengthwise and the speed was 0.5 m s™. The pictures of the
boards were manually scrutinized and the defects were manually classified and measured. The
type, size and position of defects were stored in a data file in text format, one file per board.
The defects in the files were reorganized in an aggregated way. The aggregated parameters
were maximum size, mean area and the number of defects calculated for each defect type and
board side. The ratio between the number of dead knots and the number of sound knots was
calculated. The total number of defects on each side, all types together, was also calculated.
This was done in an attempt to simulate the manual view of grading, taking more than just the
size and position of the single defect into consideration. The position of the knots lengthwise
and across the board was not considered. In a real grading situation, knot position is



important, as it is possible to cut away unwanted defects to increase the value of a board.
However, in this study this simplification was done, as it was in the manual grading. For each
side of the board, a table similar to the one in Table I was created. Between 35 and 60
variables were included in the models, depending on board dimension and the search for
model simplicity.

The statistical model for predicting the grade of the boards based on the aggregated variables
was then calibrated using PLS regression (Geladi & Kowalski, 1986) and SIMCA-P+ 10
software (Anon., 2002). PLS regression was chosen because it is based on the assumptions
that the x variables are correlated, that there is noise in the data and that there can be
structures in the residuals (Lindgren, 1994). PLS regression has been used in prediction of
board values in sawlogs (Nordmark & Oja, 2004). The use of PLS regression has also been
successful in the grading of logs (Oja et al., 2004), an application that from a statistical point
of view has many similarities with the grading of boards. Because of this, PLS regression was
considered well suited to the investigation.

One model was created for each dimension of boards and one for the two dimensions
together, in all three models. Both dimensions were graded with all three models. For each
model, both the coefficient of determination (R%) and a Q*value based on cross-validation
were calculated (Martens & Naes, 1989). When cross-validating, n models are built, each time
excluding an nth part of the observations and thereby creating a training set. Each model is
then tested on the observations that were excluded when building the model (the test set). Q?
represents the proportion of variance of y values in the test sets that is explained by the model.
Hence, Q?is a measure of the model’s ability to predict future observations, i.e. observations
that were not included when building the model. A model that explains random variations in
the training set will fail when testing on new observations, and hence Q*will be low for such
a model (Martens & Naes, 1989). The variables included in the models were chosen by
removing the variables with the least significant VIP values (Eriksson et al., 2001), to obtain
sufficiently large values for R? and Q2.

Using the PLS model to predict the grade of boards gives a probability value for each board
and grade. A high probability value means that, according to the PLS model, the probability is
high that the board fits that grade. In the same way, a low probability value indicates that the
board does not belong to that grade. In the model it is possible to skew the distribution to a
better fit by adding a term, an offset, to the predicted probability value to maximize the hit
rate, either for the whole batch or for a single grade. If, for example, a large enough number is
added to grade V, the probability in the model arises that each board is a V board, and all
boards are graded as V and all grade V boards are graded correctly and thus found. At the
same time, a lot of non-V boards are wrongly graded as V. If a large negative number is
added to grade V, no board is graded as V and all V boards are missed. When changing the
offsets for the grades, it is important to consider how many false positives and false negatives
are acceptable. By using the offset, it is possible to find all boards in a specific grade, with a
risk of also obtaining some false positive boards that do not belong to that grade. It is also
possible to find only boards belonging to a certain grade, with a risk of missing some boards
of that grade. So, by choosing the value of the offset, it is possible to choose a level of risk
and to choose on which side of false positive and false negative to be. To achieve the best
model, the highest hit rate, the offset in this study was set to a small value for some of the
grades.



Results

When testing the model on the same dimensions as the model was created with, the hit rate,
defined as the number of correctly graded boards divided by the total number of boards, was
80% for the 50 x 200 mm boards and 85% for the 50 x 150 mm boards (Table 11). When the
model created with one set of dimensions was tested on boards of the other dimensions, the
hit rate was 70% for the 50 x 200 mm boards and 59% for the 50 x 150 boards. The hit rate
was 80% for the 50 x 200 mm boards and 81% for the 50 x 150 mm boards in the model for
the two dimensions together. In this model the R? value was 0.41 and the Q? value was 0.31,
which means that 41% of the variation can be explained by the model and that 31% can be
predicted according to the cross-validation.

This shows that a model created for more than one dimension is sufficient to handle more
dimensions, but that a model created for just one dimension may be unsuitable for other
dimensions. Looking at Figure 1, the separation between grade O/S (squares) and grade Vm
(diamonds) is clear. There are mixed zones between grades O/S and V (circles) and between
grades Vm and V. Grade VI (triangles) is spread all over the plot, mainly because these
boards have some single defects that are larger than allowed, and that the model does not take
into consideration in this case. Another reason is that the number of boards in grade VI was so
small that it was not possible to obtain a good model for that grade (Table I11).

The loading plot in Figure 2 shows which defects have the greatest influence on the different
grades. Small and few defects lead to grade O/S (lower right corner), while sound knots and
sound knot ratio influence grade Vm and dead knots influence grade V.

The coefficient plot in Figure 3 shows the influence of the different defects. The mean size of
sound knots and mean size of dead knots on the outer side, side 1, and mean and maximum
sizes of dead knots on the two edges together, side 3, have a have a large impact on the
model.

Discussion

The results of this study show that there is great potential in this grading method. As the
results show, it is possible to separate boards of different grades based on overall holistic
defect parameters. The reasons for using a system with a holistic approach instead of the
conventional table-based grading are that it is easier to use and it is similar to the manual way
of grading, which is what most wood users want. The user interface can be very simple, which
makes the changing of grading rules easier and more transparent than current systems. When
changing the rules in today’s systems, there are often so many tables to go through that the
operator is afraid to make changes, as the risk of mistakes is significant (oral communication
with system operators).

This study was performed on boards with exactly defined defects. In practice, defect detection
and classification is a great challenge and one of the reasons automatic grading systems are
not more widespread. The hit rate for defect classification in automatic systems is around 70 —
80% (Lycken, 2003). The rate for manual detection and classification is of the same
magnitude, but the human errors are of a different kind to the errors made by automatic
systems, which make the former easier to forgive. They are easier to forget, as the errors are
of a kind that a wood user might make. An error made by an automatic system can be very
obvious to the wood user, but the defect is not defined in the system, so it passes as a non-
defect. Huber et al. (1985) found that operators grading red oak achieved a 68% score, based



on the operators’ ability to recognize the number, type and location of defects as a percentage
of their actual occurrence. Automatic grading systems in the Nordic sawmill industry with
rule-based defect detection and grading typically have a hit rate for board grade and value
yield of 80-90%, sometimes up to 95%, depending on grading rules and raw material
(Lycken, 2006). One problem expressed by the users of automatic grading systems is the
troublesome work of defining new grades or changing them once in use. There is a need for
an easier method of defining grades.

The knot structure of a board is dependent on log dimension and where in the tree the log
comes from (Jappinen, 2000; Nordmark, 2005). The boards in this test were taken from logs
of different sizes and different positions in the tree. As the test logs were mixed in a
controlled way, with an equal number of logs in each dimension class and log type, the knot
structure is mainly dependent on board size and not on log parameters. According to Nordic
Timber, larger knots are allowed in larger boards, which is why different models for different
dimensions are tested and probably also give different grading results.

To calibrate a robust and reliable model, the PLS algorithm, as with any statistical method,
needs to have a representative data set (Eriksson et al., 2000). The number of boards needed
for this depends on the rule of complexity and defect frequency. In the calibration of models
for log sorting, industrial experience shows that the required number of logs per grade is
somewhere between 30 and 50 (Oja et al., 2003, 2004). The complexity of grading boards,
compared with grading logs, makes the necessary number of boards larger than that. A
qualified guess would be that around 100 boards per grade will be needed to calibrate an
accurate and robust model.

An interesting result emerged when using dedicated models for the different dimensions. The
model created with both dimensions produced a hit rate for 50 x 200 mm boards that was as
good as the more dedicated model. This may be because the dedicated method is too
specialized, so noise emanating from single defects or defect types influences the model to too
large an extent. When a general model created with more boards is used, a single defect or
defect type does not have as large an impact on the resulting model. This result is probably
also an effect of the limited number of boards included in the study. With more boards to start
from, the models might have been even more reliable. A solution to that problem in
production is to use a larger population to obtain more boards in each grade and not to have
only a few in any grade.

As always when performing a study of this kind, it is a difficult task to establish the basic
facts. The grading result depends on the consistency of the grader, which is based both on
grading skill and on customer acceptance of discrepancies with the written rules.

Future work could test the models on a larger amount of material and to test them on boards
scanned by an industrial grading system. In that way it would be possible to include more
dimensions with more defect types. It would thereby be possible to refine the choice of
variables included in the models. In this case, the grading rules used are appearance-grading
rules. Strength grading is a prioritized field, so it would be appropriate in the very near future
to test the models on rules for visual strength grading.

In conclusion, this paper shows that a multivariable approach for grading timber is a possible
way to simplify the process of grading and to customize the grading rules when using an
automatic grading system.
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Table I. The aggregated defect table used for model creation and grading. One table for each side, outer, inner
and edges, was created.

Amount Largest Mean size

Super sound knot
Sound knot

Dead knot
Bark-ringed knot
Rotten knot
Splay knot

Spike knot

Black knot

Scar

Total number of defects
Ratio between dead and sound knots

Tablell. The hit rate, percent correctly graded boards, for the different models and dimensions.

Board Model based on Model based on Model based on
dimension “own” dimension “wrong” dimension both dimensions
50 x 150 85% 59% 81%
50 x 200 80% 70% 80%

Table I1l. The number and the percentage of boards in each grade, observed and predicted, using a model
created with all boards.

Number of boards

[Percentage of boards] Predicted Predicted Predicted Predicted

Sum

Predicted/Observed 0s v vm Vi
Observed OS 42 [93%)] 3 [7%] 0 [0%] 0 [0%)] 45 [100%)]
Observed V 9[12%] 61 [82%] 3 [4%] 1 [1%)] 74 [100%)]
Observed Vm 0 [0%] 6 [25%)] 18 [75%] 0 [0%] 24 [100%)]
Observed VI 0 [0%] 7 [64%)] 1 [9%)] 3[27%] 11[100%]

124 [81%]
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Figure 1. Score plot showing the different grades and their formation in the principal component model plan.
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Figure 3. The figure shows the coefficients included in the model created with all boards.



Paper IV






Grading accuracy on sawn timber depending on number of
graded sides.

Anders Lycken 12

! Sp Swedish National Testing and Research Institute, Skeria 2, SE-931 77 Skellefted,
Sweden

Z Luled University of Technology, Division of Wood Technology, Skellefte& Campus, Skeria
3, SE-931 87 Skellefted, Sweden

ABSTRACT

An investigation of the dependence of grading accuracy on the number of inspected sides of
sawn softwood timber has been performed. The results show that anything less than a four-
sided inspection leads to less accurate grading. The material was 710 boards of Scots pine
(Pinus sylvestris L.) and Norway spruce (Picea abies) taken from Swedish, Norwegian and
Finnish sawmills. The grading was performed in a computerized grading simulator, SortSim.
The rules used were the Nordic Timber grading rules, which is a grading guideline based on
four-sided inspection used in the Nordic countries. The reason for performing the study is the
need for higher production speed, which might be reached by only inspecting some of the
sides of the timber.

The accuracy when using Nordic Timber was between 28% and 98%, compared to four-sided
grading, depending on species and number of graded sides, with the lowest score for edge
grading of pine planks and the highest for grading spruce side boards on outer face and edges.

Keywords
grading, sorting, sawmill, timber, face, edge
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INTRODUCTION

Final grading in Nordic sawmills is traditionally carried out by manual visual inspection of
the sawn timber. A grader has typically 2 to 3 seconds to inspect, decide on possible cuts and
decide the grade for each board. The grader shall inspect all four sides of the board during this
short time, if the grading is performed according to the Nordic Timber Grading Rules. (Anon.
1994). In order to increase capacity, large sawmills have several (usually 2 to 4) graders, each
of whom grades only a part (50%-25%)of the total flow of boards. Despite the short time
used to judge a board and the increased number of graders, final grading of sawn wood is
often a bottleneck in the sawmill’s production.

In order to get rid of this bottleneck, different strategies have been discussed in the Nordic
industrial society, and to some extent adopted. The following strategies can be mentioned:
1. Grade as in central Europe, where only the faces are graded (Anon. 1990; Anon 2000).
2. Install an automatic grading system in the final grading station.
3. Do more or less of the final grading in the green sorting plant, automatically or
manually.
4. Enrich some of the grades along the saw line.

For all these strategies, it is interesting to know what the grading result will be if the grading
is based on 1, 2 or 3 sides compared to the situation today, in which the board’s grade is set
based on all four sides. This knowledge is also valuable for the design of flexible feature-
controlled breakdown processes, where each process step is monitored and controlled by
automatic inspection of the newly sawn surfaces.

One reason for face grading is that it is possible to place the timbers adjacent to each other, as
in central Europe, and by so doing to increase the feed speed in boards per minute. It makes it
hard or impossible to inspect the edges, so the face grading has to be good enough, and the
grading rules set only to the faces.

When installing an automatic grading system as final grader, concerns expressed from
sawmills are that the automatic grading has to be at least as good as the manual grading. The
errors made by the system cannot easily be repaired by a manual grader, as the concept is
built on an automatic, fast handling. Timber graded in the green sorting station often goes
directly to secondary processing after drying, with no further inspection.

If the final grading is done in the green sorting station, with no grading after drying, there is a
need to have good control over the drying process so the timber will be as good after drying
as before. The timber can only degenerate in grade during drying, never improve.

By enriching some grades along the production line, the remaining products will look
different compared to their appearance when all grading is done at the end of production, after
drying. With some grading done after each process step, the possibility to treat all products
according to their actual value increases. Low-grade timber can, for instance, be dried faster,
with a risk of more deformation, cracks, and checks as a result, while high grade timber can
be treated more carefully.

The studies performed on the accuracy of appearance grading of sawn timber have focused on
human and scanning system accuracy or defect detection, mainly in the hardwood industry or
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in secondary processing (Kline et al. 2003; Buehlmann and Thomas 2002; Regalado et al.
1992a, b; Huber et al. 1990; Huber et al. 1985) or on comparison of human graders (Grénlund
1995). Some of the results concern appearance grading of softwoods (Backman 2003; Lycken
2005; Lycken 2000; Grénlund and Broman 1995).

In Klein et al. (2003), the problem with manual grading accuracy is addressed, and a multiple
sensor scanning system for hardwood is presented. The accuracy of the human grader in the
study was 48%, and the automated system’s accuracy was 63%. The paper also discusses the
problem of establishing the true grade of a board.

Buehlmann and Thomas (2002) show that three quarters of the human operators’ decisions
when grading hardwood for furniture are erroneous in some way, resulting in a yield loss of
approximately 16%.

Regalado et al. (1992a) found that three different mills had a value recovery of between 62%
and 70% of the optimum value. 120 red oak boards were trimmed and edged by manual
operators and by a computer optimization program.

In Regalado et al. (1992b), the output value dependent on defect information during edging
and trimming of red oak is tested. The conclusion is that it is not necessary to detect all
defects to get an efficient grading. No test, however, is made on the output’s dependency on
number of graded sides.

Gronlund (1995) showed that manual graders had different opinions on up to 40% of graded
boards when grading the same boards for the same use.

Backman (2003) has studied the reasons for downgrading of Norway spruce (Picea abies)
boards at a Swedish sawmill. Her results show that on average only 1 percent of the planks
and 2 percent of the side boards were downgraded due to defects on the edge sides of the
timber pieces. The downgrading caused by face defects was on average 65 percent. The
grading rules were company specific. Backman’s result is contradictory to a rather general
opinion among many sawmill graders. They claim that it is often the edges that are decisive
for the grade of a piece of timber. Backman’s conclusion is that it is possible, in this
company-specific case, to inspect only the faces in the green sorting plant. One possible
explanation for this disagreement can be that the graders” opinion mainly is based on
experiences from grading of Scots pine (Pinus sylvestris), and Backman’s study was
performed on spruce. This shows, however, that it is necessary to study the importance of the
number of graded sides for the final grade for different species and different timber sizes.

Lycken (2000) presents a description of which side of a board is most important in grading.
The study is performed on 349 pine planks, 50 x 150 mm, where only the largest defect of
each type is registered and collected in a database. The results show that grading on outer face
gives an accuracy of 55%-60%; grading on only the edges gives an accuracy of around 40%.
As only the largest defect of each type was included, a more thorough study was called for,
where all defects were included.

Gronlund and Broman (1995) conclude that there is not enough correlation between the
properties in a piece of wood. It is therefore impossible to reduce and simplify grading by
measuring only a few characteristics.
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Lycken (2005) compares manual graders with an automatic grading system for final grading
in a Swedish sawmill. The result was that the system outperformed the manual graders in
some, but not all dimensions. The material was both pine and spruce, both centre yield and
side boards. The automatic system was better on spruce and on boards than on pine and on
planks. The manual grader was better than the system only on pine planks. The conclusion
was that a system could replace manual grading in most cases and at the same time increase
productivity.

Huber et al. (1990) studied the objectivity of defect classification in hardwood products. The
conclusions were that defect classification is sometimes subjective. One defect group is based
on the fact that the defect is well defined with natural borders, such as knots, holes and
checks, while another group, with defects such as colour, stain and decay, is judged more
subjectively, and the defects are evaluated more in terms of the end use of the product.

Huber et al. (1985) found that operators in six mills performed at about 60% of perfect when
remanufacturing red oak for furniture. The conclusion was that an automatic system need not
be 100% perfect to improve the yield.

The scope of this study is to illuminate the problem of how many sides of a board it is
necessary to inspect in order to grade the board correctly. The study includes different timber
sizes of Scots pine and Norway spruce. No manual judgements have been involved in the
comparisons of the different grading strategies.

MATERIALS AND METHODS

The material used is timber of Scots pine (Pinus sylvestris L.) and Norway spruce (Picea
abies) taken from Swedish, Norwegian and Finnish sawmills. The dimensions, origin and
number of the timber used are shown in Table 1.

The boards were digitized, and all the board features, such as knots, cracks and other defects,
were manually classified and collected in data files. The information on each defect consisted
of defect type and enough coordinates to define the defect’s shape and size. The timber was
not trimmed, so all features stemming from the log and the process were visible and
influenced the grade of the board.

To simulate a grader or a grading system capable of seeing only some of the sides of the
boards, the defects on the “unseen” sides were deleted in the defect files. In this way, systems
capable of grading on either
— outer face and edges,
— inner face and edges,
both faces,
— both edges or
outer face
were simulated.

The boards’ profile data, which include wane data, were not changed, so wane is always part
of the grading in the simulations. The results shown are thus slightly better than they would
be in practice where wane is not seen on uninspected sides of the timber.



Lycken 5

The boards created this way are never of a lower quality than the original, as the removed
sides are considered clean, without defects.

The boards were graded in a grading instructor and simulator, SortSim. When using SortSim
as a grading instructor, the boards are shown on the screen as high-resolution pictures in
which it is possible to turn the boards, zoom in on interesting defects and other details, cut at
lengths chosen by the user and choose grade. After the user has decided on grade and cutting
positions, the program calculates the optimum decision and presents the results.

SortSim can also, as in this study, function as a grading simulator to test and compare
different rules and price lists. It is possible to create new customized grading rules to test how
the yields, both value and number of boards in the different grades, are influenced by the
change. Inputs to the program are defect files and grading rules. The defect files include
profile data and defect data, one file per board. The profile data is used to calculate length,
width, thickness and wane. The defect data provide information about the defects’ type, size,
side of the board and position. The grading rules possible to use in SortSim are Nordic
Timber, EN 1611-1 (Anon. 2000) and INSTA 142 (Anon. 1997) and modified rules based on
Nordic Timber and EN 1611-1. Nordic Timber and EN 1611-1 are rules for appearance
grading, and INSTA 142 is a set of rules for visual strength grading. The rules in the program
are “hard” rules in so far as the rules, once specified, are followed strictly. No subjectivity,
such as is common in manual grading, is possible. Subjectivity is not permitted in the grading
rules, but often practiced. Therefore, it is possible to say that the true grade is what the
program says.

The grading rules used in the study were the Nordic Timber rules, which were used without
modifications. The grading was done automatically without human subjectivity. Four grades
were used, A, B, C and D, where A is the “best” and D is the “worst”. Nordic Timber gives
the maximum permitted values of wood feature for each grade. If one feature is larger than the
permitted value, the timber is downgraded. According to Nordic Timber, the grade of a piece
of wood is determined by the worst side of the outer face and the edges, while the inner face
may be one grade lower. If the inner side is two steps lower than the worst of the outer face or
edges, the board’s grade is set to one step higher than the inner face’s grade.

After grading the boards which were graded on one, two or three sides, the quality, length and
value were compared to the boards which were graded on all four sides. The amount of
correctly graded boards was calculated as accepted percentage.

The Nordic Timber grading rules for knots are shown in Table 2. The tables for the other
features look similar, with specified limits for all grades except for Grade D, where
everything is permitted as long as the piece holds together. The prices used in the test were
based on prices collected from different sawmills and compiled to an average (see Table 3).
However, the absolute price is not important, as it is the relations between the prices for
different grades that are important.

When calculating the results from grading on fewer than four sides, one of three outcomes is
possible (see Figure 1).
1. The board is correctly graded equivalent to four-sided grading. The board is accepted.
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2. The board is of a correct grade, but too long. It is possible for a customer to cut the
board to the correct grade and length at a later stage in the process. The board is
accepted.

3. The board is placed in a grade that is too high. It is not possible to cut the board to get
the correct grade. The board is not accepted.

The first and the third outcomes are easy to understand. The second outcome is based on the
assumption that a customer can cut incoming material, perhaps in a window or furniture
factory, and that the customer is aware that it might be necessary to cut some boards in the
batch to get the right, usable grade. The price for a batch with boards that are too long will be
subject to negotiations between seller and buyer, as the buyer has to do some work and the
actual yield in each batch is uncertain and unspecified. In this study, the boards were treated
as accepted but too long (see Figure 4 and Figure 5). In Figure 1, outcomes 1 to 3 are
pictured.

In order to test if a three-sided inspection is sufficient for side boards, one grading with outer
face and edges and two with inner face and edges were performed. As the inner face may be
one grade lower than the rest of the sides, one grading was performed where the inner face
was judged as inner face and one grading was performed with the inner face judged as outer
face. As the automatic grading systems may have trouble differentiating between inner and
outer face if the boards are sharp edged, it is of interest to know how to treat the visible
face—as inner face or outer face. The results from these gradings are shown separately in
Figure 6. In practice, if the grading is set to treat the inspected face as outer face, regardless of
which face is seen, the result will be somewhere close to the average between these values.

RESULTS

The results show that all deviations from four-sided grading lead to less accurate grading. The
amount of timber that is graded wrong (the number of incorrectly graded timber divided by
the total number) is between close to 0% and approximately 70 %, depending on species,
graded sides and dimension (see Figure 2 through Figure 8) with the most correctly graded
boards in the thinnest dimension of spruce, which is the only side board dimension in the
study. There are no strict correlations between grading result and species, thickness or width
for the thicker timber (the centre yield).

It is obvious that it is not enough to look only at the edges or only at the faces to get an
accurate grade. The average of correctly graded timber is between 75% and 80% for face
grading, with a maximum of 91% and on average below 40% to 50% for edge grading, with a
maximum of 59% (see Figure 2, Figure 3, Figure 7 and Figure 8). That is a contradiction to
what the manual graders usually assert. The common saying is that the edges are the most
important sides to inspect.

The three-sided grading of centre yield seems to be more sensitive to dimension in pine than
in spruce. The yield differences are larger between the pine dimensions than between the
similar spruce dimensions.

When comparing the pine three-sided grading and grading on only the edges (see Figure 2), it
can be seen that the three-sided grading was better for all dimensions. It can also be seen that
one dimension, 63 x 150 mm, is the worst in the three-sided grading and the best in the edge
grading. For spruce there is a similar relationship if three-sided grading is compared to both
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face grading and edge grading (see Figure 3). Different dimensions are better in different
grading modes.

If using a three-sided grading, with outer face and edges inspected, the amount of correctly
graded boards is on average over 80%. The problem in that case is to turn the board outer face
up in order to grade it correctly.

In only two cases is the grading over 90% correct.

Figure 2 and Figure 3 represent outcome 1 as presented in Figure 1. Figure 4 and Figure 5
represent the sum of outcomes 1 and 2.

A special study was performed to see what happens if side boards are graded three sided, with
or without knowing which face is graded. As seen in Figure 6, the difference in accuracy
depending on which face is graded is considerable.

The inner face may be one grade lower than the piece itself, and the test shows what happens
if outer or inner face is inspected. If the outer face is graded and treated as outer face, the
accuracy is 99%. If the inner face is inspected and treated as outer face, the accuracy is 88%.
If the inner face is treated as inner face, which may be one grade lower than the outer face, the
accuracy is 58%. In this case, the grade is set to the edges’ grade or one step higher than the
inner face’s grade, whichever is lowest. If side boards are graded three sided without turning
the piece, with the inspected face treated as the outer face, the accuracy is somewhere
between the two first alternatives, around 95%. One problem with only three-sided inspection
of sideboards is the wane, which is not seen if the board arrives with inner face up. Therefore,
the accuracy might be significantly lower than mentioned here if the saw pattern is set to
produce much wane.

In Figure 7 and Figure 8, the mean accepted percentage is shown for pine and spruce
respectively.

DISCUSSION

In only two cases is the grading over 90% correct. This points up the necessity to inspect all
sides of the timber if a four-sided grading rule is used.

The number of sides of a board that need to be graded depends on the appearance of the
incoming material. Some downgrading defects are seen mainly on one side of the board,
sometimes the inner face, such as top rupture and ring shakes, while others, such as wane, are
found on outer face and edges, and still others can appear on any of the sides. A batch with
many top ruptures has to be inspected on the inner face also, while another batch might be
very well graded by only looking at the outer face and edges.

Human graders, due to their underlying knowledge of timber, find some of the “unseen”
defects. This knowledge makes it possible to “see” a defect by recognizing the fibre structure
that reveals that something, perhaps an unwanted feature, is present even if the inspected area
is clear. This factor has not yet been incorporated into any working automatic scanning
system. It might therefore be possible for a good human grader to inspect only one side of thin
boards with good results, but it is not possible for an automatic system.
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Some sawmills see the possibility of using a three-sided scanner, mainly to grade thinner
boards. The thinner the board, the more similar the two faces are, apart from wane. The
grading of the side boards in this study gave almost the same result when grading on the outer
face and the edges as when grading on all four sides. It is not possible, though, to grade on
only the faces or on only the edges, as both the faces and the edges contribute to the grade. It
is also necessary to turn the side boards in order to see the wane: otherwise, the side boards
with the wane turned down will be incorrectly graded. In this study, wane is taken into
account, regardless of which side is inspected. According to the Nordic Timber grading rules,
the inner face may be one grade worse than the outer face, but it is of no use to inspect the
inner face and treat it as inner face (see Figure 6).

Even if it is almost impossible to achieve correct grading by looking at fewer than all four
sides, it is possible to enrich the output by grading on only one or more sides, and reject
timber that contains unwanted defects at an early stage in the process. A one- or two-sided
grading might be sufficient after the first saw or in the green sorting station as a means to
enrich the grades.

If the edges on thicker timber yield enough information to grade a board correctly, it would be
possible to scan the cant after the first saw and set the next saws to a dimension that optimizes
the grade of the boards, as the faces of the cant become the edges on the timber. The edges do
not yield enough information to decide the grade of the sawn timber. But if the edges are of a
low grade, the lumber as a whole will not be of a higher grade. It is thus possible to make an
enrichment of grades by inspecting the cant and setting dimensions according to the timber
edges.

As grading becomes more customized, it is necessary for sawmills to know the sensitivities of
their customers. How many incorrectly graded boards are the buyers willing to accept? How
much work are the buyers willing to do themselves?

If a customer is willing to cut the timber to length, it is possible to use a 2- or 3-sided scanner
and give the customer uncut timber, which will statistically contain the ordered amount of
timber of a certain grade, but the user will have to cut away some defects.

One important point is whether the grading rules mirror the actual needs. Does a customer
really care if there is a large knot on the inner face if he is going to use the outer face as the
visible surface? Are edge knots important other than in constructions where strength is
needed? As the grading rules become more customized, it is possible that a more thorough
grading will be necessary, but the possibility is also that a less rigid grading might be
sufficient for some products and some customers.

In the Nordic Timber rules, up to 10% of a batch might be off grade. Discussions with
sawmill personnel give the impression that a good grader is correct up to approximately 80%
over time, and a normal grader around 60%—70%. Exactly what is meant by “correct” is hard
to specify. Sawmills usually only check how much in a package is acceptable, with some
subjectivity. Other studies have shown that manual graders make errors: (cf. Huber et al.
(1985), in which rough mill employees performed at 68% of perfect; Regalado et al. (1992a),
in which value recovery was between 62% and 78%; and Grénlund (1994), in which manual
graders had different opinions on 40% of the boards graded).
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The amount of correctly graded timber needed in a batch is heavily dependent on grading
rule, how familiar the customer is to a certain supplier and the appearance of the timber from
certain sawmills or companies. A customer who is used to receiving 100% on grade, even
though the rule or contract allows 10% off grade, will be discontented with 95% on grade. A
sawmill that is considering a change in grading procedure might want to discuss the
consequences with its most important customers to make sure that the new way of grading the
timber is satisfactory to the customers needs. Otherwise there is a risk that the customer will
change supplier, which might be very costly for the sawmill.

A three-sided grading is wanted in order to eliminate the need for a turning device, which is
expensive and often slows down the feed speed or causes logistic problems. A three-sided
grading of boards, knowing that the outer face is inspected, is possible if the inspection is
performed right after the edger, where the side boards are turned outside face up. Then it is
also possible to grade according to remaining wane.

In Figure 2 and Figure 3 it is seen that the number of correctly graded boards is between 27%
and 98%, depending on species, dimension and number of graded sides. So it might be
possible to use fewer than 4 sides for grading for special dimensions or products, but the loss
could be very large if used on the wrong products.

The sensitivity grading accuracy to the number of graded sides is very dependent on grading
rule. In Backman’s case (2003), the rules used were company specific, and this study uses the
Nordic Timber rules. In Backman’s study, the timber was examined after trimming in the
final grading station, which means that some of the downgrading defects had already been
removed. The results may differ because of that, but the general tendency is the same: it is not
generally sufficient to inspect only the edges or only the faces to achieve a correct final
grading.

In Nordic Timber, the edges have a prominent role. In other rules, the edges might be
uninteresting, with more or less everything permitted. In those cases, a two-sided face grading
is sufficient. When grading for strength, the edges have a more obvious role, and a two-sided
face grading seems even more risky.

The results in this study are built upon the assumption that all defects and other features are
apprehended correctly. That is not the case in practice. Some defects are misinterpreted, some
are missed and some are fictitious. That means that the grading results in practice probably
are worse than this study shows. With a system that is 100% correct in defect detection it
would be possible to reach at least 70% correctness if only the faces or outer face and edges
are inspected. Unfortunately, the automated systems are like humans; they make errors, but
different errors from human operators. The errors the automated systems make are often
harder to accept by the end user, as these errors are of a new kind and sometimes totally
incomprehensible. In the best of worlds there is a system that is 100% correct in defect
detection and irrefutable in optimization. But today it is futile to hope for a faultless grading
system.
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Table 1. Species, dimensions, origin and number of boards included in the study.

Species, dimension Origin Number of boards
Pine 50 x 150 Sweden 73
Pine 50 x 200 Sweden 83
Pine 63 x 150 Norway 87

Spruce 22 x 100 — 150 Finland 93
Spruce 38 x 115 Finland 104
Spruce 50 x 150 Sweden 86
Spruce 50 x 200 Sweden 88
Spruce 63 x 150 Norway 96

Total 710
Table 2. Allowed knot sizes in Nordic Timber grading.
Grade

Wood features A | B | c

Sound Timber thickness Tlmber .
width Knot size mm

knots mm
mm

Faces 16-25 75-115( 20 | 35 | 50
125-150| 25 40 55
175-225] 30 | 45 60
32-38 75-115| 25 | 40 | 55
125-150] 30 | 45 60
175-225| 35 | 50 65
44-50 75-115 | 30 45 60
125-150| 35 50 65
175-225] 40 | 55 70
63-75 75-115| 35 50 65
125-150]| 40 55 70
175-225| 45 60 75

Sound Timber thickness mm Knot size mm

knots

Edges 16-19 15 * *

22-25 20 * *
32-38 25 30 *
44-50 30 | 40 *
63-75 35 | 50 *
Other Type of knot Reduced to % of
knots sound knot size
Knot cluster, per knot 70 | 70 | 80
Dead knot 70 | 70 | 100
Barkringed knot 50 | 60 | 90
Unsound knot - 50 | 90

* equal to timber thickness
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Table 3. Prices for the different dimensions and species.

Prices in SEK/m3 A B C D Chips
Pine 50 x 150, 50 x 200, 63 x 150 | 1900 | 1500 | 1300 |800 | 150
Spruce 50 x 150, 50 x 200, 63 x

150 1900 | 1500 |1300 |800 | 150
Spruce 38 x 100 2000 | 1500 | 1300 |800 |150
Spruce 22 x 100-150 2300 | 1500 | 1300 |800 |150
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Figure 1. Possible grading outcomes
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Accepted percentage. Only correct graded boards are accepted
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Figure 2. The percentage of correctly graded pine boards. Only correctly graded boards are accepted.

Accepted percentage. Only correct graded boards are accepted
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Figure 3. The percentage of correctly graded spruce boards. Only correctly graded boards are accepted.
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Accepted percentage. Boards are accepted with further cut
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Figure 4. The percentage of pine boards that are correctly graded or too long but accepted with further cutting.

Accepted percentage. Boards are accepted with further cut
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Figure 5. The percentage of spruce boards that are correctly graded or too long but accepted with further
cutting.
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B Only correct
graded

O Correct graded
or too long

Inner face as outer face
and edges and edges

Outer face and edges

Inner face as inner face

Figure 6. The accepted percentage of spruce side boards when grading based only on three sides. The inner face
may be one grade lower than the piece itself, and the test shows the difference that arises depending on whether

the outer or inner face is inspected. Regarding correctly graded boards:
- If outer face is inspected and treated as outer face the accuracy is 99%.
- If inner face is inspected and treated as outer face, the accuracy is 88%

- lif the inner face is treated as inner face, which may be one grade lower than the outer face, the accuracy is

58%.

In this latter case, the grade is set to the edges’ grade or one step higher than the inner face’s grade, whichever
is lowest. If the boards that are of correct grade but also the boards that are too long are accepted, the accepted

percentage is higher.
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Mean accepted percentage
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Figure 7. The mean percentage of correctly graded timber of pine, depending on sides graded. The timber is
accepted if it is correctly graded or if it is possible to cut it to remove unwanted defects and obtain the correct
grade.
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Figure 8. The mean percentage of correctly graded timber of spruce, depending on sides graded. The timber is
accepted if it is correctly graded or if it is possible to cut it to remove unwanted defects and obtain the correct
grade.












