Conclusions. Because of the original properties TMW found widespread use and
market dynamic of consumption (demand exceeds supply in order [1]). The technolo-
gies, usually created by the method of "trial and error" and not perfect. To develop ef-
fective modes of production TTW necessary to explore the distribution of moisture and
temperature fields and heat treatment process to intensify the search for effective ways
to prevent avoid possible ignition of wood that is exposed to thermal modification.
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Tepmiuno MogudikoBaHa JepeBUHA:
TEeXHOJIOT i, TeHeHLil Ta NepcneKTHBU PO3BUTKY
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MATHEMATICAL SIMULATION OF SURFACE SHAPE FOR REAL LOG

The features of the mathematical simulation of surface shape for real log were analyzed on the
basis of surface shape scanning for log cross sections along its length. The possible shift of the log axis
under the scanning relative to its geometric (regressive) axis was taken into account in developed
mathematical model.

Key words: log, cross section, scanning, surface shape (form), mathematical simulation, trigo-
nometric polynomial, geometric centre of mass, geometric (regressive) log axis.

Statement of problems and research currency. The significant research work for
search the optimal ways of rational logs sawing into sawn timber was performed. Effective
solution of this problem requires not only the available the reliable information about size
and quality characteristics of logs and sawn timber but also its correct interpretation. The
decision concerning direction choice, method and sawing scheme of logs into sawn timber
based on information about their size and quality characteristics. This decision is should be
also sustained by mathematical and technological calculations. Therefore, information
about dimensional characteristics of real logs (mathematical simulation of surface shape of
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real logs, in particular) as well as availability of quality characteristics used for decision
concerning sawing variants (direction, method and scheme) can be served as a main pre-
condition of rational log sawing into sawn timber. Taking to account all abovementioned
factors this direction of researches is very actually.

Analysis of the available scientific data. Two directions of mathematical descrip-
tion of logs for further development of their mathematical models used for prediction of
sawn-timber recovery are mainly considered by researchers. The first direction involves
the use of complex mathematical methods but it provides an exact or approximate to it
mathematical description of surface shape of real logs [1-3]. However, most researches
[4-9] taking to account the complexity of first direction of investigations use the second
direction. The log is considered as a geometric figure of revolution (circular or elliptic
truncated paraboloid of revolution, truncated cone of revolution, channel surface with
variable generatrix or figure generated by generatrix revolution) in this direction.

It is much easer to study as compared with first but the use of this direction is lim-
ited by different factors. Particularly it is not taking to account the features of surface
shape of real logs such as fluctuation of dimensional log characteristics caused by natural
conditions of tree growth. That’s why it can be used only for preliminary prediction of
sawn-timber recovery. The reliability of the mathematical description of surface shape for
real logs depends on correct interpretation of available data about dimensional character-
istics of logs whereas results of investigations [1-9] indicate that at this time not devel-
oped appropriate method for creation of effective mathematical models of real logs.

Note that the process of rational log sawing into sawn-timber must be involve not
only reliable mathematical description of surface shape for real logs but it also includes
the consideration of technological features of this process.

Method of mathematical simulation of surface shape for real log. Results of
surface shape scanning for log cross sections along its length (fig. 1) can be presented as
follows: {xgl)’ysl)} (1)

j=Lm,i=0,N
where: xj(i) , yj(') — the coordinates of j” points of scanning on the i log cross section
along its length; m — number of scanning points on each log cross section along log
length; N — number of plane cross sections of log along its length (z=0, z=h,..., z=Nh,
where h — scanning step; plane z=0 passes through the top diameter of log and plane
z=Nh passes through bottom diameter of log). Enter the term “conditional center of log
cross section” C?(ex, ¢y, ih) and consider the surface shape of log cross sections,
each of which describes by eight scanning points (7 =8).
Assuming that: exl) = %Zx(,i) ) cy(i) = %zyy) . 2)
J
False co-ordinates of scanning points after displacement to conditional center of

u(l) = x(l) —cx(i)
log cross section C” are determined as follows: o) N 3)
NONNOIING
i :

Rotational positions of scanning points (i']-(i), goj(i)) are defined based on false co-
ordinates of scanning points after their displacement to conditional center of log cross

49



| 0
section C”; A= u@2+v?, am@{n +apl), (),
if

J j NG
J
where: A(Dg)z—ﬂ' Af uE) <0, v( i) <0;or A(p , 1 uﬁ’ <0, v >O and equals zero in
other cases.
A
Y

b) design diagram of scanning

Fig. 1. Scanning of surface shape of log cross sections along its length

Scanning points is described as a partial sum of Fourier trigonometric polynomial
which approximates the contour line of form for i ” log cross section (fig. 2):

r(i) = f(i)(qo): A(()i)+ iA](C")cosk(p+ iB](j)sin ko, (%)
= =

O .

where: 4 l),A](Ci ),B(i )_ unknown coefficients of a trigonometric polynomial.

J=6 j=8

\ 4

Fig. 2. Design diagram of contour line approximation
oth . . . .
of form for i log cross section by trigonometric polynomial
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Substituting in (5) the co-ordinates of eight scanning points for each cross sec-
tion, we obtain the system of equations:
A9 4 iA(i) coskgo(?) + iB(i)sin kqo(?) =l j=18 (6)
0 " =% IETk Jooi o
Solving a system of eight equations with eight unknown quantities, we find the
coefficients of trigonometric polynomial (5) which describes the contour of form for i

A0 g 03,
. : o k
log cross section based on scanning points:

. o (7
BIEZ) k=14.

The area of i” log cross section for the scanning points is determined from the

(l) 1+7Z' 2
formula: S = [re(p)de. (8)
Due to orthogonality of trigonometric system {l,cosk,sinkg} on [-,7] the
quantity (8) is easy calculated as:

A P ) e () N e O S N U L U
S =5 2A0 +A1 +A2 +A3 +B1 +B2 +B3 +B4 . 9
Co-ordinates of the geometric center of the mass for i” log cross section is de-
termined according to formulas:
(1) 1 +7 3 (l) 1 + 7 3 .
u =5s [ r*(p)cosgpdp, vy =3¢ [ (p)sinpdp. (10)

c
—-T -

These formulas can be calculated by direct integration or they can be found by
trapezoid rule using within selected mathematical package. The volume of routine work
is considerably decreased as a result of second operation application.

Turning to the initial reference system we obtained the co-ordinates of the geo-
metric center of the mass for i log cross section (fig. 3):

) = ) (00— 0 (0, (11)
v A VA
C(i)

OUV U
\ & g

Oxy X

v Vv

Fig. 3. Scheme of co-ordinates recalculation of the geometric center
of the mass for i" log cross section concerning initial reference system
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After determination the co-ordinates of the geometric center of mass, we intro-
duce the relative co-ordinates of scanning points relative to the geometric center of mass
W0 00

J J c

@) 60 _6)
v =y -

J y] yc

Using formulas (4-11) for the repeated recalculation, we get the co-ordinates of
corrected center of mass for i" log cross section C%(ex?, cy”, ih)e R, the area of i” log
cross section 7 and coefficients of trigonometric polynomial (5) which describes the

)

contour of form for i log cross section for scanning points (function r”= f?(p), pre-
sented by four coefficients AI(:) (k = ()_,3) and four coefficients BI((’) (k = 171))

Determination of the geometric axis of log. The geometric axis of real log in
most cases has a curvature which caused by natural fluctuations of dimensional charac-
teristics of log and its use is non-effective for further study of log sawing. So we pro-
pose that the geometric axis of real log can be presented by linear regression equation
which provides appropriate description of geometric centers of mass of each i log
cross section along its length and will be effective for further researches of log sawing.
The term “regressive axis of log” can be applied for definition of geometric axis of log
which presented by linear regression equation.

For determination of linear regression equation which describes the geometric
centers of mass of each i log cross section along its length the co-ordinates of the geo-
metric centers of mass of each i log cross section along its length are renamed as
(u=x.", v=p.”). Then a linear regression equation can be represented in parametric
form of regression system of abscissa (#=ai+b) and ordinate (v=ci+d) on applicate z
(z=ih). Coefficients a, b, ¢, d of regression equations are determined by least square
method [10]:

for each section:

N N
Z(ui—ai—b)z — min; Z(vi—ci—d)z — min ; (12)
i=0 i=0
L N, NN
adY'i +bZl—2m cYit+dyi=)iv.
=0 =0 i =0 = = ! 3)
N N N N
a i+b(N+1)=Zu. Sli+d(N+1)=>v,
=0 =0 ! =0 =0 !
N N
where Zi:0+...+N:N(A£+1), Ziz —0%+..+N2 :N(NJFI6X2N+1).
= =0

Solving (13) by Cramer formulas, we find:

a<l &2 |- N~Z_N(N+1)2(2N+1)_N2(N+1)2—(N+1)2N(N+2)
0t =t A oo
:i[(NJrl)%iul N(N”)% J
Thus: =0 (14)

b=

1| N(N+1)2N +1) %u _N(N+1) N
A 6 - i 9 il
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1 Y. N(N+1)Q
c= (N+1)Zlvi—(2) vk
i=0 i=0 (15)
N N
gL N(N+1)(2N+1)ZV._N(N+1)ziv. '
A 6 i ) i

i=0 i=0

Let directing vector of regressive axis of log through ?(a,c,h).
Deviation of the log (regressive) axis concerning the scanning axis (fig. 4) can be

2.2
, (16)

a~+c
where: a — angle of deviation of the log axis concerning the scanning axis; a, ¢ — an-

determined from the dependence: tga = -
gular coefficients of deviation at the X-axis and Y-axis respectively.

B pmm—— e— -
} ’
Scanning axis and regressive axis
0) 1——-— Scanning axis =000 ————7 r
0
_'———-======:-Z: —————————————— s d

Regressive axis

Fig. 4. Scheme of log scanning: a) the log (regressive) axis and the scanning axis is
coincided; b) the log (regressive) axis and the scanning axis is deviated

Quantity |£ga| can be considered as an equality criterion of log location concern-
ing its regressive axis. For particular cases:
o if the log axis is shifted from the scanning axis in the horizontal plane (fig. 5a), that the log
must be rotate/shift at the angle arctg(a/h);
o if the log axis is shifted from the scanning axis in the vertical plane (fig. 5b), that the log must
be rotate/shift at the angle arctg(c/h).

a) in the horizontal plane; b) in the vertical plane
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If the plane of log location is parallel to the cut plane under log sawing then ¢>0
(log sawing is begun from top) and ¢<0 (log sawing is begun from bottom). Instead of,
if the plane of log location is perpendicular to the cut plane under log sawing then a>0
(log sawing is begun from top) and a<0 (log sawing is begun from bottom). These re-
sults indicate that the log because of its shape along length (taper) and Earth gravity is
mainly based on its generatrix. The forced shifting of certain log part or availability of
shape defects of log, strongly pronounced curvature, in particular cannot be considered.
Points of i cross sections lying on a regressive axis of log have the co-ordinates
(ai+b, ci+d). Relative coordinates of the geometric centers of i cross sections of log
concerning to its regressive axis can be represented by such dependencies:
{xCi =u;—ai=b
g (17)
Yoy =Vi—ci= d
Co-ordinates of j” points of log cross section concerning to its regressive log
u(l) = x(.i)—ai—b
axis are presented as follows: / ] J ) . (18)
W) = y(.’)—ci—d
J J
In the case of shifting of the log axis relative to its scanning axis the received val-
ues of cross section areas are overestimated that’s why we calculated corrected co-

ordinates of j” points for i” log cross section concerning its linear regressive axis (0).
w02,
/ / Va? +h?
v’.(i) =V )__h
/ 7 \e? + 2

The recalculation with using of formulas (4—11) is carried out after determination
of corrected co-ordinates of /* points of i” log cross section concerning linear regressive

(19)

They can be presented as:

axis of log (7)) with consideration of log location. The co-ordinates of corrected center

i" log cross section C?(")(cx(i),cy(i),ih), the area of i log cross section Sz(i) and the
coefficients of trigonometric polynomial, which describes form contour of i log cross

section according to scanning points (function r(i) =f (l)(go) entered through four coef-
ficients Ak (k = (B) and four coefficients Bk (k = 171)) are the results of performed re-

calculation. In addition, it allows to complete the building of model for real log oriented
concerning its geometric (regressive) axis with consideration of cut plane.

Thus, as results of empirical data processing, we get:

1) the co-ordinates of /* scanning points of each i log cross section concerning

j=Lm,i=0,N
2) the co-ordinates of geometric centers of mass of each i log cross section con-

its linear regressive axis of log (0) {ug),vg.l),ih}

cerning linear regression axis of log (/) which can be represented as follows
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C(i){xCi’yCi’ih} i=0N

3) the areas of i log cross sections with error that occurred due to the difference

between linear regressive axis (?) and scanning axis {S (i )}

i=0,N

Discussion. Use of mathematical simulation of surface shape for real log based
on results of scanning of shape for surface of cross sections along log length provides
development of a reliable mathematical 3D model of log surface. This model is taken to
account the probability of the log axis deviation concerning the scanning axis. The de-
veloped mathematical model is effective for prediction of sawn-timber volume recovery
and optimization of sawing scheme. In addition, this model is considered natural fluc-
tuations of dimensional characteristics for real log in contrast to mathematical 3D model
of surface for real log described by figures of revolution.

Conclusions

1. The mathematical 3D model of surface for real log based on results of scan-
ning of form of cross sections of log along its length is created. Its realization will allow
to take into account natural fluctuations of dimensional characteristics for real log. This
method is mathematically proved and suitable for further scientific researches, effective
prediction of sawn-timber volume recovery and optimization of log sawing scheme in
particular.

2. The algorithm of method modification for development of mathematical 3D
model of surface for real log which considered the probable deviation of the log axis
concerning the scanning axis is proposed.

3. Results of sawing simulation performed with using of mathematical 3D model
of surface for log real will allow to define the real influence of different factors (dimen-
sional and qualitative characteristics as well as shape of log; directions, methods and
schemes of log sawing; log positioning etc) on the sawn-timber recovery.

References

1. Pfeifer N. Modelling of tree cross sections from terrestrial laser scanning data with free-form
curves / Pfeifer N., Winterhalder D. // International archives of photogrammetry, remote sensing and
spatial information sciences. Laser-Scanners for Forest and Landscape Assessment — Proceedings of
the ISPRS working group VIII/2 (Freiburg, Germany, Europe). — 2004. — P. 76-81.

2. Thomas L. Analysis of 3-D hardwood log surface data using robust estimation and filtering
methods, 2002 / Thomas L. // http://www.csgrad.cs.vt.edu/ ~lithomas/ robustestimation.

3. SxosaeB M.K. CoBepieHCTBOBaHHE YUETAa U PACKPOSI KPYTIIBIX JIECOMATEPUANIOB HA OCHOBE
MeTolla MHIMUBHIYalbHEIX Mojenel: Aroped. muc... kaHa. TexH. Hayk: 05.21.05 / Benop. roc. Tex-
HOJI. YH-TeT. — MuHck, 1995. — 19 c.

4. Beaozepos U.JI. PanmoHanbHbIi packpoil MWIOBOYHOTO ChIPbs TAJIbHEBOCTOYHOI'O PErHOHa!
ABtoped. auc...10kT. TexH. Hayk: 05.21.05. / Mock. roc. yH-TeT jieca. — M., 1999. — 47 c.

5.  Komeiikun A.M. TexHom0THIeCKHE OCHOBHI 3()(EKTUBHOTO MCIONB30BAHUS IPEBECHHBI M-
TKOJIMCTBEHHBIX TIOPOJ] B MPOU3BOACTBE MWJIOMPOAYKUUH: ABTOped. IHC... JOKT. TEXH. HAyK:
05.21.05. / ApxaHr. Toc. TexH. YH-TET. — ApxaHreibck, 2002. — 40 c.

6. IHanaes B.C. CoBepLIeHCTBOBaHUE TEOPUU PACKPOS APEBECHOIO ChIPbs HA MUIIOIPOAYKIHUIO
3aJJTaHHBIX Pa3MEPOB M KadecTBa: ABToped. HC... JOKT. TexH. Hayk: 05.21.05 / Mock. roc. yH-TET Jie-
ca.— M., 1995. — 46 c.

7. MaeBcbknii B.O. MatemarnyHa Mo/ielb pO3MMIIFOBAHHS PO3BAIILHUM CIIOCOOOM Kotof 3 (o-
PMOIO TIOTIEPEYHOTO TIEpeTHHY Y BUTIIsAAL ertinca / MaeBchkuit B.O., MakcumiB B.M., ['opbaueBcrkuit

55



1.41., MucekiB €.M., Marrok P.1. // Jlic. rocn-Bo, Jiic., marmep. Ta 1epeBood. mpoM-cThb // MixBia. HayK.-
texH. 30. — JIpBiB: HJITY Vkpainu. — 2008, Bum. 34. — C. 123-130.

8. Mayevskyy V. The mathematical model of sawing by breakdown and segment method for
logs with elliptic form of cross section / Mayevskyy V., Maksymiv V., Mys’kiv Euvs. // Jlic. rocn-Bo,
JIic., marnep. Ta 1epeBood. mpoM-cTh // MixBia. Hayk.-TexH. 30. — JIbBiB: HIITY Ykpainu. — 2009, But.
35.—-C. 56-62.

9. MucbkiB €.M. MaremaTiHyHa MOJICTb PO3IIIIOBAHHS KOJOM 3 (POPMOIO MOMIEPEIHOTO TIepe-
THHY Y BUTJIA] eJlilca CeKTOPHMUM CIIOcOOOM Ha pajiaibHi munomarepiamy / Mucekis €. M., Maesch-
kuii B.O., Makcumi B.M., Mauumun f.B. // Hayk. Bichuk HIITY Vkpainu : 36. HayK.-TeXH. Tpaib. —
JIegiB : PBB HIITY Vkpainun. — 2010, Bum. 20.13. — C. 314-322.

10. Ko63aps A.WU. [Ipuknaanas MmaTeMaTHyecKas CTaTUCTUKA. 111 HH)KEHEPOB U HAY4HBIX paboT-
HrkoB / Ko63aps A. U. — M.: DU3MATIINT, 2006. — 816 c.

VK 674-412:674.09:519.87 ou. B.O. Maescvkuii, kano. mexu. nayk — HIITY
Ykpainu; oou. A.A. Byc, kano. ¢iz.-mam. nayk —JIHY im. lIeana ®@panka

MaremMaTHYHe MO/IeTI0OBAHHS (l)OpMI/I l'lOBerHi peaJIbHOI KOJIOaHn

EdexTuBHe BupimeHHs mpoOiIeMy parioHAIEHOTO PO3MUIIOBAHHS JlicoMaTepia-
7B (KOJI0/1) Ha MWIONPOAYKIIIO MOTpedye He JUIIe HAsIBHOCTI IOCTOBIpHOI iHpopMartii
PO iX PO3MIPHO-SAKICHI XapaKTepUCTHKH, aje i MpaBUILHOI iHTeppeTaii i€l iHpop-
Mallii, 30KpeMa IUIIXOM CTBOPEHHS a[IeKBaTHUX MaTeMaTHYHUX MOJIENeH peaTbHUX KO-
non. HesBakatoum Ha TpoOBeAeHY 3HAYHY AOCTIAHULBKY POOOTY MIOA0 BHUPIMICHHS
JaHoi mpoOieMu, BiloMi pe3yJabTaTH MOCIiPKeHb CBi4aTh, 0 HA JaHWK Yac He po3-
poOIieHo 1i€BOT METOAMKH JJIsi CTBOPEHHS a/IeKBaTHUX MAaTEMaTUYHUX MOJIENEH pealib-
HUX KooA. [IpuifHATTS pimeHHs mo10 BHOOPY BapiaHTy (HAIpsiMy, METOY, CIIOCO0Y i
CXEMH) PO3MWIIOBaHHsS KOJIOJ Ha MHIOMPOAYKIII0 Ha miacTaBi iHopmarii mpo ix
PO3MIpHO-SIKICHI XapaKTePUCTUKA TMOBMHHO OyTH MaTeMaTH4YHO 1 TEXHOJIOTIYHO
obrpynaroBano. Tomy ypaxyBaHHs iH(pOpMaIii PO Po3MipHI XapaKTEPUCTHKH PeaTbHIX
KOJIOJZI, 30KpeMa MaTeMaTHYHEe MOJCITIOBaHHS (popMu (MaTeMaTHYHHI OMHUC) IX TOBEp-
XOHb, HapiBHI 3 ypaxyBaHHAM iH(opMaIii Mpo sIKICHI XapaKTepUCTHUKH, Ha MiJACTaBi
SKUX TPUAMAEThCA PIIICHHS MIOZ0 BapiaHTy PO3IMWIIOBAHHS, € OCHOBHOIO IE€peIyMo-
BOIO PAalliOHAIBHOTO PO3MMJIIOBAHHS KOJOJA Ha IWIONPOAYKIIIO, a caM Hamlpsam
JIOCIIJKEHb — O€3MepeUHO aKTyaJIbHHM.

Po3pobneno MeToanKy MaTeMaTHYHOTO MOIETIOBaHHS (POPMH TOBEPXHI peanbHOT
KOJIOZIW 32 pe3yJIbTaTaMH CKaHyBaHHS (POPMHU MOBEPXOHH IMMONIEPEIHUX MTEPETUHIB KOJIO-
I 3a ii JOBKHHOIO 3 YpaxyBaHHSIM MOXKJIMBOTO 3MIIIEHHS OCI KOJIOJH ITiJ] Yac CKaHy-
BaHHs BITHOCHO ii reoMeTpuuHoi (perpeciitHoi) oci. CTBOpeHa 3a HaBEJEHOW y poOoTi
METOAMKOI0 MaTemaTnyHa 3D Mojens MOBEpXHI peanbHOi KOoJIoAau e(eKTHBHA JUis
BCTAHOBJICHHS BIUIMBY pi3HHX (pakTopiB (PO3MIpHO-SIKICHUX XapaKTEpUCTUK 1 GopMu
KOJIOJI, HAMpsIMiB, CIIOCOOIB Ta CXeM PO3MMJIIOBAHHS KOJI0[, 0a3yBaHHS KOJOJ TOILO) Ha
BUXIJl THJIONPOAYKLii, MPOTHO3YBaHHSI 00 €MHOTO BHXOJy MWJIOMPOIYKINi Ta
onTuMi3amii IUTaHy pO3MWIIOBAaHHS, 1 Ha BiIMiHY Bix MaremarwmdHoi 3D wmopeni
MOBEPXHI pealibHOi KOJOAM, OHHCaHOi (irypaMu oOepTaHHs, BPaxOBYE MPUPOJHI
(haykTyallii po3aMipHUX XapaKTEPUCTHK PeaTbHOI KOJIOH.

Knrwuosi cnosa: xonona, nomnepevyHuil NepeTHH, CKaHyBaHHA, (popMa MoOBEepXHi,
MaTeMaTHYHE MOJICIIOBAaHHS, TPUTOHOMETPUYHUN MHOTOUICH, T€OMETPUYHUN IICHTP
Mac, reoMeTpuvHa (perpeciiiia) BiCh KOJIO/IH.
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