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STUDY OF THE STRUCTURE OF WOOD WITH THE HELP
OF MATHEMATICAL MATRICES

In cross section, the wood of each tree species is unique. Even if its structure varies within certain limits (due to the conditions of
habitat or location in the stem), the picture formed by the cells is very characteristic of each species. The parameters that can be
measured are the diameter and density of the vessels and their exact location as Cartesian coordinates. Using the methods of matrix
calculation and analytical geometry, an attempt was made to present some important characteristics of the structure of wood, for the
purposes of classification of tree species.

Keywords: wood structure, vessels in wood, mathematical matrice.

HUCCIIEAOBAHUE CTPYKTYPbBI IPEBECHUHBbI
C IOMOIIBIO MATEMATHYECKHUX MATPHULL
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Hpesecuna kaxcooti nopoovl 0epesbes 6 NONEPeUHOM CeYeHUU YHUKALbHA. Jlajce eciu ee CMpPYKMypa usMeHsemcs 8 OnpedeieHHbIX
npeodenax (u3-3a ycnosuti cpeobl 0OUMAHUs UL PACROIONCEHUS. 8 CINGOE), KAPMUHA, POopMUpYeMas KIemKaMu, O4eHb Xapakmepha Ois
Kascoo2o suda. Ilapamempel, Komopele Mo2ym Oblmb UsMepenbl, — SMo OUamemp U NIOMHOCMb COCY008 U UX MOYHOE MECMONON0MNiCe-
Hue 6 0eKapmogvlx KoopouHamax. bvina npedonpunsama nonvimka, ucnonb3ys Memoosl MAmMpUiHO20 paciema U aHalumu4eckol 2eo-
Mempuu, NPeOCMasumy HEKOMOPbIE BANHCHbBIE XAPAKMEPUCTNUKI CIPYKMYPbL Opedecutbl 0Jis yenell Kiaccuurayuu nopoo 0epesses.
Knroueswie cnosa: cmpykmypa opesecunsl, cocyobl 6 Opesecute, Mamemamuieckue Mampuybl.
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Introduction

In cross section, the wood of each species is unique. Even if its construction varies depending on envi-
ronmental conditions, position in the stem, the size of the stem, etc., it is within certain narrow limits. The
ratio and location of the three main types of tissues (conductive, mechanical and reserve) are genetically set
and serve to perform the physiological and mechanical functions in the stem. In addition, they help to identi-
fy tree species (Wagenfiihr R. 1984). The location and the quantitative ratio of the conducting cells (vessels)
carry the most diagnostic information (Bardarov N. 2014).

The location of the vessels is set in the cambial layer, during the formation of the wood, changing
greatly in the height of the stem (Burggraaf P. D. 1972). This change may meet some geometric or biophysi-
cal requirements, but to a greater extent depends on the amount and proximity of auxins. This leads to an
increase in the size of the vessels and a decrease in their density from the leaves to the roots (Aloni R., Zim-
mermann M. H. 1983). Various mathematical models have been prepared for the quantification of the optim-
al number of vessels. It is assumed that wood has different ways of optimizing the number of vessels, de-
pending on both the type and the environmental conditions (Ewers, et al. 2007).

In recent years, attempts, using computer vision techniques to automatically recognize tree species,
have been made. However, such recognition requires a formal analytical description of the wood structure.

The aim of this research work was to find a characteristic number that corresponds to a certain tree
species or basic anatomical structure, using the techniques of matrix calculation.

Methodology

If the field of view (shown in Fig. 1) is divided into strips with a width and height of 60 um, then a ta-
ble of 18 rows and 23 columns will be obtained. An anatomical structure indicator can be recorded in each
cell of this table. In order to be able to calculate the parameters of the matrix, it is represented as a square
with 18 rows and 18 columns.

In the process of working on a formal-analytical description of the wood, it became clear that its
construction can be recorded in different ways. It is important to note that each record must meet certain
conditions. The size of the cells (ie these 60 um) must be chosen so that two or more vessels do not fall into
one cell. In practice, the accuracy of recording the center of the vessels here is = 30 pm. It is not necessary to
record with high accuracy, so if a vessel is not recorded correctly with its Cartesian coordinates, but with
a close deviation, this does not greatly affect the result. This achieves continuity of the spatial arrangement of
the vessels. A site for automatic matrix calculation http://matrixcalc.org/” was used.

When compiling the matrices, different information about the structure of the wood is applied, starting
with the simplest variant.

1 option. An incidental matrix of the spatial arrangement of the vessels is 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.

Option 2. A characteristic matrix of the distribution of the vessels by diameters is created. In the cells
in which the center of the vessel falls, the value of its diameter is recorded, and in those which do not fall,
nothing is recorded (Fig. 2).

Ti T2 T3 T4 Ts Te
Acer 1 60pm  120pm 180 pm 240 pm 300 pm 360 pm
R1 60 um
R2 120 um 56
R3 180 pm 70
R4 240 um
Rs 300 um 55 79
R6 360 um 70
R7 420 ym 54
R8s 480 pm 51
Ro 540 pm 42
Rio 600 pm 50 63
Rit 660 pm 73 42
Fig. 1. Anatomical structure of maple Fig. 2. Characteristic matrix of the distribution of vessels
(Acer sp., Cross section at 100x magnification) by diameters (fragment)

Option 3. A characteristic matrix of the distribution of vessels and fibers by diameters is created. In
the cells in which the center of the vessel falls, the value of its diameter is recorded, and in those which do
not fall, the value of the average diameter of the fibers is recorded. The fibers are recorded with their tabular
values of 18 um, as they vary slightly and it is not necessary and impossible to measure them all.
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4 option. A characteristic matrix of the distribution of the vessels and the fibers according to their wall
is created. In anatomy, the ,,cell wall thickness* indicator is often used when working with mechanical tissue
(in German Wandigkeit; Wagenfiihr R., 1996). This is the ratio of the diameter of the wall (2W) to the di-
ameter of the cavity (L) of the cell. This is considered a good characteristic number, although it is mainly
used for fibers (ie mechanical fabric). Then the matrix proposed above will take the form.

The main doubt in this work is whether the result obtained does not show the average value of the area
of the vessels. Then the studied characteristic numbers will be very close for all trees growing close to each
other in a given habitat. This will not determine the difference between tree species, but between the condi-
tions (especially the amount of water) under which they grew.

The second thing that is very likely from an anatomical point of view is to record a vessels in the adja-
cent cell (but not further away). Then the matrices must achieve continuity of the spatial arrangement of the
vessels, ie. there should be no big difference in the values. However, option 1, 2 and 3 thus proposed showed
large differences in the random transfer of values to adjacent cells.

Following what has been said so far, we have taken a different approach. If only parts of the annual ring are
measured, typical wood structures such as radial groups, clusters, tangential bands or dendrites can be examined
(Fig. 3). That is why we turned our attention to the ring-porous tree species — ash, mulberry, elm and oak.

Ring-porous is this wood in which there is a clear division of early-large and late-small vessels (Wagenfiihr
R., 1989). Thus, we examined only the areas of late wood, measuring the structures that form the vessels there.

7 8o 0 <

Fig. 3. Main groups in the mutual arrangement of the vessels:
a —radial; b — tangential; ¢ — diagonal; e — clusters. In some vessels they touch only at one point,
while in others the border is in a significant part of the wall

d

For a more detailed description of the wood, it is necessary to include the other tissues of the wood.
We have already included the fibers as values of their diameter and wall. Now it remains to turn on the cells
of the tree parenchyma and the wood rays. However, they are much smaller. Therefore, it was necessary to
change the size of the cells of the matrix. The current 60x60 um was reduced to 20x20 pm. In this way, each
of the wood structures can be covered. Disadvantages here are the reduced study area and the description of
cells that are significantly larger in size than the vessels. If the area of the wood studied so far was
1080x1080 um, now it has been reduced to 360x360 wm. This is provided that the size of the matrix is pre-
served. However, larger matrices are really very difficult to calculate.

Ti T2 T3 Ta Ts Te T7 Ts To Tio T
20 pm 40 pm 60 pm 80pum  100pum 120 pum 140 pm 160 um 180 um = 200 pm = 220 pm
Ri 20 um 2 2 4 2 2 2 3 3
Rz 40 um 2 2 2 2 2 3 3
R3 60 um 2 2 4 2 2 2 3 1 3
Ra 80 um 2 2 2 2 2 3 3
Rs 100 pm 2 2 4 2 2 2 3 3
Rs 120 um 2 2 2 2 2 3 3
R7 140 pm 2 2 4 2 2 2 3 3
Rs 160 um 2 2 2 2 2 3 1 3
Ro 180 um 2 2 4 2 2 2 3 3
Rio 200 um 2 2 2 2 2 3 3
Ri1 220 um 2 2 4 2 2 2 3 3
Ri2 240 um 2 2 2 2 2 3 3
Riz 260 um 2 2 4 2 2 2 3 1 3
Ri4 280 um 2 2 2 2 2 3 3
Ris 300 um 2 2 4 2 2 2 3 3
Ri6 320 um 2 2 2 2 2 3 3
R17 340 um 2 2 4 2 2 2 3 3
Ris 360 um 2 2 2 2 2 3 1 3

Fig. 4. Detailed matrix covering all fabrics in the wood:
1 — vessels; 2 — fibers; 3 — parenchyma; 4 — wood rays
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Conclusions

— For now, the difficulties in describing the structure of wood are more technical than mathematical

— With the advent of computer technology, in particular computer vision techniques, it will be possible
to analyze and measure the cells of the various tissues that make up wood. This will lead to the use of cell
wall as an input value with high accuracy.
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IKOJIOTMYECKHUE ACIIEKTbBI CTPOEHUSA JPEBECHUHBI — yacts 1

Anamomus opegecunvi He 8 NOAHOU Mepe Y4umvleaem enusHUue OUHAMUKY PAKMOPO8 OKpydicalowell cpedbl Ha anamomuyecKue xa-
paxkmepucmuku opesecunsl. [o cux nop ¢ CmpykmypHou Hayke o opesecuine dmoil npobieme e YOeisanoch 00NHCHO20 BHUMAHUS U3-
3a OMCYMCmeus, COOMEEMCMEYIOUUX Memo008 U UHCIPYMEHMOS 05l ee U3yUeHUus. IMO CLONHCHbIL MEeHCOUCYUNTUHAPHBI BONPOC,
6 KOMOpoM credyem UCKamb U Haxo0ums adekeamuvle meopemuyecKue, Memoooio2uieckue U npaKxmudeckue nooxoobl U peueHus.
Hcnonvzosanue u cunmes apcenana Kax MUHUMYM HECKONbKUX HAVK U HAYYHO-NPAKMUYECKUX OUCYUNIUH. (Hanpumep, bomanuxa,
CUCIEMAMUKA, IKOL02US, YUSUONO2US) IMY NPOOIEMY MOHCHO PEeUUnib.

B cmamuve uccneoyemcs cmenens, 8 Komopou anamomuieckue 0co6eHHOCMU KOHKPemHo20 oopasya u / unu 6uod, a maxoice Heko-
mopule dKon02utecKue 0cobeHHocmu cpedsl 0OUMAaHUs ABNAIOMCI HAUUMBIMU, NOBMOPAIOWUMUCS U NPEOCKA3YeMbIMU pakmopamu
Gopmuposanus enympenneli cmpykmypol opegecutsl. IIpeomemom uccie008anus A6AAemcs cucmemMamuyeckas ungopmayus, npe-
docmasnsaemas HaAM Pa3TudHbIMU AHAMOMUYECKUMU CIMPYKIMYPAMU, d MAKIce YCMAHOBIEHHAs C8513b MeAHCOY HEeKOMOopbiMu Gaxmo-
pamu okpyscaioueri cpedbl U USMEHEHUAMU 8 CIMPYKIMYpe Opesecubl, KOMopble OHU BbI3bI6AIOM.

Knrouegvie cnosa: opesecuna, cmpykmypa, anamomuyeckue 0coOeHHOCIU, OKPYICaiowas cpeod.
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ECOLOGICAL ASPECTS OF WOOD STRUCTURE - PART 1

The anatomy of wood does not fully take into account the influence of the dynamics of environmental factors on the anatomical cha-
racteristics of wood. Until now, the structural science of wood has not paid enough attention to this problem due to the lack of ap-
propriate methods and tools to study it. This is a complex interdisciplinary issue in which adequate theoretical, methodological and
practical approaches and solutions should be sought and found. Using and synthesizing the arsenal of at least several sciences and
scientific and practical disciplines (for example, botany, systematics, ecology, physiology), this problem can be solved.

The article examines the extent to which the anatomical features of a particular specimen and / or species, as well as some environ-
mental features of the habitat, are significant, repetitive and predictable factors in the formation of the internal structure of wood.
The subject of the study is the systematic information provided to us by various anatomical structures, as well as the established rela-
tionship between certain environmental factors and the changes in the structure of wood that they cause.

Keywords: wood, structure, anatomical features, environment.

IKO0JIOrHYECKasi AHATOMUS IPeBeCHHbI

DKOJIOTHS — ATO HayKa, M3ydalolas B3anMOOTHOIIICHUSI OPTaHI3MOB ¢ OKpy»Karomiei ux cpemoit (Ka-
nuHKOoB, B. 1969). Xopoliiee 3HaHHE SKOJIOTUN PACTECHHUI OCHOBAHO HA BBISCHCHUU BIIUSHUS (PAaKTOPOB OK-
py’Xaromieil cpelibl — a0HOTUYECKNX, OMOTHYECKUX W aHTPOIIOTEHHBIX HA (DM3HOJIOTHUIO U aHATOMHIO pacTe-
HUH, pacCMaTpUBaEeMBIX WHANBHIYaJTHHO WM KaK YJIEHOB COOOIIeCcTBa. DKOJIOTHYECKass aHaTOMUS JIPEBECH-
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