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ABSTRACT

The construction of wood can be represented by both quantitative and qualitative charac-
teristics. Each anatomical element has quantitative indicators. These are the size of the cell gap
(lumen), the thickness of the cell wall, the diameter and the length of the cell. The arrangement
of these cells relative to each other is very characteristic of each species and varies relatively
slightly. It is a qualitative characteristic that can also be represented by quantitative methods.
Although the structure of wood varies under the influence of environmental conditions and
location in the stem, the most characteristic structures remain relatively constant.

The article considers the possibility of using a formal-analytical description of the wood
structure, applying abstract measurement methods. The obtained data are identical and can be
processed by different mathematical methods. The proposed abstract methods give different
classifications of the wood structure. Thus, a tree species in one method falls into one group
with some species, in another — with others.

Key words: vessels, classification of wood, wood structure, abstract methods.

racy. The cases they occupy can also be de-
termined. In some species, the wood rays can
also be measured. Exactly this "meso" struc-
ture has been used in recent years in an at-
tempt to determine the tree species using var-
ious computer techniques. (da Silva N.R. et
al. 2017; Yadav A.R. et al. 2017).

INTRODUCTION

Wood is a product of the activity of
woody plants, which is characterized by fi-
brous structure and anisotropy. There are
three directions in it, which define three main
sections (relative to the axis of the tree) —
transverse, tangential and radial (Blaskova G.
2009, Enchev E., 1984).

When studying wood, one can choose at
what level it will be described and studied.
Depending on this level (ie increase) one can
speak of (Wagenfiihr, R. 1984):

e Macroscopic (morphological) struc-

ture;

e Microscopic (anatomical) structure;

e Submicroscopic (nano-) structure.

However, there is another group that we
can call meso-construction. The magnifica-
tions used here are from 10x to 20x. They
show the conducting cells and their charac-
teristics can be measured with relative accu-

Figure 1: Ash, sycamore and walnut in a cross cut
and magnification around 15x

The wood structure is relatively unique
and permanent for each tree species. It
changes depending on the climatic character-
istics, the conditions under which the tree
grows or the position of the studied wood in
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the stem. However, it remains so constant
that any student or specialist can identify the
tree species by it (Schweingruber Fr.H.
2007).

Quickly identifying tree species is of
great scientific and practical importance. It
will be possible to determine the types of
wood (juvenile or mature) in an attempt to
improve the quality of materials. It will be
possible to study various ecological and bio-
logical factors for their influence on the wood
structure. Decisive resistance will be given in
the fight against illegal logging (Fang F.Ch.,
et al. 2010).

Even when using the best technique,
identifying involves a few difficulties — cre-
ating a database, finding a typical structure
on the test sample, pre-qualification of the
people who work with them, etc.

There are several main reasons why a
formal-analytical description of wood is
needed.

1) Any student who has completed a
course in Botany or Wood Science can easily
recognize the conducting cells;

2) The arrangement of these conducting
cells is unique to each species;

3) Modern methods for scanning and
pattern recognition (including neural net-
works) can recognize and separate vessels
from other wood (da Silva N.R. et al. 2017;
Yadav A.R. et al. 2017; Fang F.Ch., et al.
2010).

4) With the help of computer vision
techniques, the characteristics of the vessels
(diameter, density and location) can be deter-
mined quickly and accurately;

5) Classical recognition requires high
qualifications. For example, the recognition
of ash requires about 61 scars that need to be
found and described (Bardarov N., 2014).

Another problem is that these quantita-
tive methods that are possible require the
measurement of the characteristics of each

vessel. This is very slow and difficult by clas-
sical methods. That is why all attempts so far
to classify or recognize wood are aimed at the
automatic recognition of vessels. Last but not
least, there is the problem of interdiscipli-
narity. It is difficult for a specialist in wood
anatomy to present the problem convincingly
enough to specialists in mathematics or elec-
tronics, and for them this is probably not dis-
sertable enough. In addition, a streamlined
database acquisition system (similar to chess
games in Chess Base) needs to be created.

After all that has been said so far, it can
be concluded that not the identification of the
species but the categorization of the wood
structure is the right way to conduct research.

The aim of the work is to find abstract
methods that can analytically describe the
structure of wood in digital form, using them
to classify tree species according to their an-
atomical structure.

PROBLEM STATUS

The main problem in classifying the
wood structure is finding ways for its formal-
analytical description. It has already been
stated that identifying tree species with the
help of computer techniques requires the cre-
ation of a sufficiently large database. The
problem with the effectiveness of these meth-
ods is that the bases created so far are mainly
for industrially used wood species (da Silva
N.R., et al.). Trees banned from felling are
significantly less common and less studied.
The methods used so far are for such species.
There are automated systems in place that
can answer the question of whether a ship-
ment is included in the banned logging lists
(eg CITES).

Therefore, not the obligatory identifica-
tion of each studied species, but its classifi-
cation according to its anatomical character-
istics is an achievable goal. The question is,
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to what extent can existing sciences and sci-
entific methods be used to describe the struc-
ture of wood analytically. Then we can talk
about such a classification. It should be noted
that the studied species are currently only de-
ciduous, due to the presence of vessels. Ves-
sels can be represented as small, numerous
objects connected to each other. We will look
for ready-made mathematical solutions that
are applied in various parts of science and
practice.

METHODOLOGY

The methods discussed in this paper will
be applicable to magnifications of 20 x to
100 %, but some methods may require a
larger one. For greater applicability of the
methods, a database with about 50-70 tree
species can be created and gradually ex-
panded.

Each of the methods can be asked iden-

tical questions and tasks:

e Question 1. Reliability: How to calcu-
late their reliability?

e Question 2. Representativeness. In
what range of the number of measure-
ments can sufficient accuracy of the
obtained results be expected?

e Question 3. Optimality: How to show
the minimum number of measure-
ments?

e Question 4. Repeatability: Do they
use a database based on measure-
ments of a reference photo showing
the best structure or do they work re-
gardless of the quality of the photo?

e Question 5. Continuity. The accuracy
of the resulting model should not be
affected by the accuracy of position-
ing of the measured area in the photo.
If the photo is positioned slightly to
the left or right, the values of the data
which the model is based do not
change significantly.

There are other issues, such as sampling
requirements and standards, such as:

e To determine which of the methods
can be applied to all sections and
which only to the cross-section.

e To determine which methods process
the data from one line and which from
a wide strip (or the whole field of
view).

e To determine whether a small number
of lines in the most characteristic
places of the photo with detailed
measurements on them or a large
number of lines with few measure-
ments (thus covering a larger meas-
urement area) are the appropriate way
to study the structure of wood.

e What is the continuity of the spatial
arrangement of the vessels? If by
slightly ,,moving” the measured area
of the photo a little to the left or right,
and the input data changes, how much
will the resulting change?

In some methods, all vessels in the vis-
ual field need to be measured, while in others
only a few cells can be measured. They can
also perform the work on the classical meas-
urements, while the former will require com-
puter vision techniques. In anatomical tests
for identification, something very important
must be pointed out. With some methods, it
will be possible to measure any photos. We
do not call them in accurate, because it is not
the quality of the photo, but the typicality of
the structure that makes one photo good and
another not.

Some of the methods will have to de-
velop a database of the best representatives
of microscopic slides. Many slides can be
found. The initial data obtained will be used
to compare each subsequently measured
sample. An approximation will then be made
and it will be determined with some probabil-
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ity what the species is. Most methods, how-
ever, will not be able to give a definite assess-
ment of what the tree species is, but will bring
it to some range, but this is not a small
amount. Each of the methods examines easily
measurable anatomical parameters and di-
vides all tree species into different groups.

DESCRIPTION OF METHODS

The use of the studied methods aims to
assess their usability in solving the general
problem of classification of tree species ac-
cording to the peculiarities of the anatomical
structure of their wood. The location of the
vessels is studied as the main distinguishing
feature. In addition to a qualitative descrip-
tion of the construction, the methods allow
this structure to be described quantitatively.
The formal-analytical description of the
wood shows that its structure can be recorded
in different ways.

MATRIX METHODS

Here is worked in the cross-section, and
different magnifications can be used. The
field of view is divided into strips with a
width and height of 60 um. In the cells of the
obtained table, a specific indicator of the an-
atomical structure of the wood is recorded.
The formal-analytical description of the
wood shows that its construction can be rec-
orded in different ways. A random matrix of
the spatial arrangement of the vessels can be
created. In the cells in which the center of the
vessel falls, a value of 1 is recorded, and in
those which do not fall, nothing is recorded.

In the second variant, a characteristic
matrix of the distribution of the vessels by di-
ameters is created. In the cells in which the
center of the vessel falls, the value of its di-
ameter is recorded, and in those which do not
fall, nothing is recorded. In another variant, a
characteristic matrix of the distribution of the
vessels and the fibers according to their wall
is created. Thus, in each cell of the table, the

value of the cell wall thickness (in German
,Wandigkeit”; Wagenfuhr, R., 1996) of the
vessel, fiber, or parenchymal cell is recorded.

A ratio of the distance between the cen-
ters of the vessels and their diameter (pu/d)
can be created. This number for the various
anatomical elements can then be written in
the matrix cell. The matrix method provides
another possibility. If only parts of the annual
ring are measured, typical wood structures
such as radial groups, clusters, tangential
bands or dendrites can be examined.

In practice, the accuracy of recording the
center of the vessels here is £30 um. High-
precision recording is unnecessary, so if a
vessel is not recorded correctly with its Car-
tesian coordinates but with a close deviation,
this does not significantly affect the result.
This achieves continuity of the spatial ar-
rangement of the vessels.

Probabilistic methods. Characteristic
number method

This method examines the diameter and
density of the vessels as a mean and coeffi-
cient of variation. To achieve this, the density
of the vessels is represented by the distances
between them. Several main groups are iden-
tified according to these anatomical indica-
tors.

For each group, according to the diame-
ter or density, three subgroups of coefficient
of variation are determined. For more preci-
sion, the ratio of the smallest and largest
value to the arithmetic mean is studied. The
method is simple and reliable for the classifi-
cation of species according to the studied an-
atomical characteristics.

It can also be successfully applied to
wood rays. The only question is whether the
subgroups will have the same values of the
coefficient of variation. In case of insuffi-
cient number of experiments, the Mann-
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Whitney method can be used to compare the
studied tree species.

Probabilistic methods

Here again we work in the cross-section,
but at a higher magnification (at least 100x).
This method can also be applied to the tan-
gential section. Several lines parallel to the
boundary of the annual ring and several par-
allels to the core rays are drawn through the
field of view.

The cells of the conducting (vessels),
mechanical (fibers) and reserve (paren-
chyma) tissue are recorded. The layout of the
lines can be even and uneven. With an even
arrangement, more lines must be drawn to
cover the wood structure more fully. In case
of unevenness, only 2-3 lines can be drawn
through the most characteristic areas in the
wood.

After describing the cells, a probabilistic
model is created to answer several questions:
What is the probability of a fiber, vessel, or
parenchymal cell next to the fiber. The same
is repeated for the other cells. The other ques-
tions are related to the accumulation of cells,
namely: What is the probability of two, three,
etc. fibers to have a fiber, vessel or parenchy-
mal cell located.

Tetris method

The cross-section is examined, but it can
also be applied to the tangential section. The
arrangement of the cells is arbitrary in itself,
but repetitive in each species. One annual
ring or a previously accepted relative width
(for tropical species) is examined. A dense
strip of cells are formed, and the vessels
»move”, similar to the popular game. The
path of each cell to its appropriate location is
analyzed using the methods of linear algebra.

End group method

This method is similar to the probabilis-
tic one. The difference is in the way data is
recorded and analyzed. These two methods

are used first in microscopic slides showing
the typical structure of the wood of a given
tree species, and then the variation of the
structure within the species is studied.

Here the data are recorded sequentially,
for the different types of tissues. The longer
the record, the greater the variety of wood
structures. The match of the records is exam-
ined by monitoring the cell type.

This method is a continuation and devel-
opment of another, in which was develop ear-
lier, based on the main elements of the ana-
tomical structure are presented as chemical
elements. A similar description is used in
botany, where the taxonomy divides the indi-
vidual families. Its purpose is to describe the
particular species in short records showing
the ranges of variation of each element.

Cluster analysis method

This method is mainly used for cross-
sectional vessels. By measuring the coordi-
nates of each of the vessels, this is their ,,real”
location in a given tree species. They are lo-
cated according to the rules of biology, ecol-
ogy and genetics. However, if their centers
are taken, a network can be built in which
they are completely evenly spaced. This uni-
form network on the field of view, we can
call the ,,ideal” location. The analysis of the
differences between the real and the ideal lo-
cation shows different characteristic num-
bers. They can categorize the construction of
wood. In this method, both the number of
vessels in the field of view and their location
will be important.

Botvinnik method

The chess method is aimed at cluster
analysis. The vessels are considered to be
chess pieces placed on the board. Each of
them has a different weight and threatens (at-
tacks) a different maximum number of fields
depending on its location in the field of view.
Like the figures, the vessels have a different
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number. Considering the weight of the cells,
their number and the fields that can attack,
different ratios can be obtained for each cell
(vessel).

The obtained results can be presented
graphically, and analyzes can be performed.
For more in-depth analyzes, a known method
for analysis of chess pieces and positions can
be used (Botvinik, M. 1968). This method
has been successfully applied in several very
different areas of chess.

Cell wall thickness method

In this method, only the cross-section is
examined. Several parallel lines are con-
structed in the radial direction. The cell wall
thickness of each cell (not only the vessels)
that fell below the line is calculated. Cell wall
thickness diagrams are constructed to com-
pare the results. Fourier frequency analysis
for data processing is used. These lines can
be longer and cover more than one annual
ring.

Thus, the analysis can be traced to the
influence of environmental conditions on
wood structure. The differences between ju-
venile, central and peripheral wood can also
be sought. The construction of lines in the
tangential direction is related to the cross-
analysis of the data, as well as to the method-
ology of placement of these lines.

Method on diagrams on VVoronoi

This method examines the cross-section,
but it can also be used to study the location of
the core beams in a tangential section. The
space is decomposed, taking only the center
of the cell for analysis on each vessel. The
distances between the cells are examined,
and they are assumed to be multiple points.
In its simplest form, flush with the vessels,
the VVoronoi diagram is a set of convex poly-
gons, the boundaries of these polygons being

the closest lines to both points. The most suc-
cessful solution of this method is with partial
differential equations of de Lune.

Coordinate method

In this method, the coordinates of each
of the vessels refer to the initial coordinates
of the image. The fact is used that each of the
images is oriented so that the core beam
(which is the carrier of the radial direction) is
parallel to one of the sides of the image. Thus
the other side becomes the bearer of the tan-
gential direction. In addition, in the tangen-
tial direction (ie left or right) the structure of
the wood remains relatively constant.

That is why the selection of the prepara-
tion (photo) with the most typical structure is
made for anatomical reasons. Relationships
are created between the coordinates of the
vessels and the initial coordinates of the
photo. The ratios of the distance to each sub-
sequent vessel and its diameter are calcu-
lated. In this way its belonging to a given
group to determine. The variance of the coor-
dinates in the radial and tangential directions
is calculated for the vessels that are located
closest to each other.

Graphic method

This method is applied only in cross-
section. The ability of the computer to
quickly analyze the cross-sectional shape of
the cells is used. Most of them (not only the
vessels) are irregularly shaped, with a pre-
dominant diameter. It analyses the dimen-
sions of the diameters and the orientation of
the large diameter that depends on the tree
species, the group structure, etc.

For example, the shape of the fibers and
parenchymal cells varies depending on their
distance to the vessel. Studying these ana-
tomical features over time (ie in the radial di-
rection) can lead to the description of a se-
quence in the structure of tropical wood.
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Music box method

This method is borrowed from the tex-
ture they leave in the plane, and the spikes of
the music boxes. This texture is very similar
to the structure of tropical wood in cross-sec-
tion. A description of the mutual arrangement
of the vessels is made. The location of each
of the vessels relative to the others is investi-
gated, looking for the repeatability of the
model. Mathematical dependencies are used
in the construction of the shaft of music
boxes. Like musical works, every vessel has
a precise arrangement. If the repeatability of
the model is established, the annual rings in
the tropics can be successfully delineated
(which is very difficult for now).

CONCLUSIONS

The stage of Wood Science shows that
research related to structural wood science
solves problems for which the achievements
of other basic and applied sciences are
needed and are rapidly and widely mastered.
This is especially true of the use of computer
vision methods in the analysis of wood struc-
tures. Interdisciplinary research is being con-
ducted more and more successfully, in which
two or more sciences are engaged in solving
scientific and applied problems in this and
similar fields of Wood Science. Using meth-
ods from similar sciences and scientific di-
rections makes Wood Science a modern in-
terdisciplinary science. It should be noted
that this process is in its infancy. It is yet to
be developed, and by combining various sci-
ences related to the quantitative anatomy of
wood, it will establish and develop its own
issues and methodology related to computer
structural Wood Science.

There are successful achievements at the
level of micro and meso structure of wood.
Abstract methods will be developed sepa-
rately to develop independent methods for

the classification of tree species. Many scien-
tific institutes are already developing meth-
ods for automatic recognition. Suppose these
methods using computer vision are placed on
a routine basis with the considered abstract
methods. In that case the effectiveness of
solving one of the critical problems of wood
science, namely — visual recognition of spe-
cies, will increase. We cannot predict which
of the methods will be most effective at this
stage.
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