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ABSTRACT: The objective of this study was to find an efficient method to improve the work time and yield of
volumetric use and utilities of the sawmills that process the pruned logs of Pinus radiata, linking the external
information provided by an industrial scanner and the simulation of defective cylindrical core (DCC) in the constitution
of a three-dimensional log, where the optimal cutting patterns were established by means of a dynamic programming
algorithm. Sawing was simulated with a sample of 100 logs obtained randomly by an industrial scanning process. The
results were compared with those obtained by a heuristic, perform by a company, based on practice. Dynamic
programming algorithms reached a yield of the gross material of 64% and in relative terms a net utility average of 11

US$/log is obtained.
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1 INTRODUCTION

In Chile, the species Pinus radiata dominates with 64%
of the national area planted, so the presence in sawmills
reaches 95% of total production in the country, (INFOR
2012a). Pruning, as silvicultural intervention pursues the
develop of knots-free wood, resulting in truncation of the
branches, reflected in an occlusion area between the
DCC and the boundary with the clear wood, such region
varies depending of the tree height and cutting technique
used, (O'Hara 2007).

According to Lin et al. (2011), principal primary pro-
cessing operations (debarking, sawing, resawing, edging
and trimming) are complicated by the logs geometry and
quality, the sawing method used and the mixture of the
demanded products, thus Thomas (2008) points that the
accurate information about the size, the shape and loca-
tion of internal log defects it’s the key to improve the
value and quality of sawn wood. In this context, Rojas &
Ortiz (2009) and Aguilera et al. (2002) reported methods
to the identification of DCC through X-rays and CT
respectively, although, away from the margins of pro-
ductive time.

Mcphalen (1978) points that, in mathematical terms,
determine optimal sawing patterns is a problem of Cut-
ting and Stock (CSP) in two or more dimensions. As an
example of the proposed models and techniques for
solving problems in sawmilling industry, we found the
optimal allocation of parts to logs. Gilmore & Gomory
(1961 & 1963) report a knapsack integer linear pro-
gramming algorithm, which do not throw good cutting
patterns cause the impossibility to locate small rectangu-
lar elements. Faaland & Briggs (1984) evaluated the
sequence of production dump and processing in sawmill,
for which they made a dynamic model where decision
criteria produced a short sequence of steps or subprob-
lems to solve. Geerts (1984) reported a mathematical
solution to a cutting problem of two-dimensions in an

irregular spot that could be extended to a third dimen-
sion. In its computational implementation, the algorithm,
uses the commercial information of the wood orders
required to improve the sawing patterns for one specific
log with a defined DCC. Maness & Adams (1991) shows
a linear programming model whose core is the bucking
and the sawing politics to maximize profit according to
distribution of the gross material input. The output of the
product depends of the price-volume relation that simu-
late the curves of product demand. Reinders (1992),
proposes an integral solution of the production chain in
three levels : bucking, bases and tables. The determina-
tion of the optimal cut pattern, it’s performed, through a
knapsack problem of 2D. Todoroki & Rénngvist (1999)
raised, according to the principles of dynamic program-
ming, two models of recurrence that maximize the value
of production, based on scanning logs and maximizing
the value of this, in terms of efficient allocation of the
products taking the foresight to avoid possible defects
presences in the log in regard to width and length. Novak
(2007) as Mcphalen (1978), supports its formulation
under two complementary modules. The first is respon-
sible for generating the possible cutting patterns by di-
ameter class through a recurrent formulation. The results
form the initial set of solution in a column generation
algorithm, that constitute the tool of the second solution
module of the proposed model. Carnieri & Mendoza
(2000) raised a fractional formulation based on the prin-
ciples of Gilmore and Gomory (knapsack problem) and
generated different validation scenarios, as demand flex-
ibility and variation in time. Quintero & Rosso (2001)
generated a diagrams cutting simulator based on the
characteristics of the log (shape, defects, specie). They
also raised a log stocktaking model and kinds of machin-
ery used in the transformation process. Caballero et al.
(2009) established a multi-agent model, in order to max-
imize profit and reduce production time in the efficient
allocation of goods to logs. Maturana et al. (2010) eval-
uated the programming of the timber production from an
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accurate model, compared to that achieved by the im-
plementation of heuristics. Herrera & Leal (2012) pro-
pose a methodology for generating cutting patterns,
minimizing waste levels, using a linear programming
model that provides feasible cutting patterns for different
diameter classes. Lin et al. (2010), Lin et al. (2011), Lin
& Wang (2012) developed a dynamic programming
algorithm based on Bhandarkar et al. (2008) to optimize
a log of hardwood species reconstructed a three-
dimensional model of internal defects developed by
Thomas (2008).

The present study had the overall objective to develop an
efficient method that allows time and performance in-
crease volume use and usefulness of the sawmills that
process logs-das pruning of Pinus radiata, through the
3D optimization of the log, considering the DCC.

2 MATERIALS & METHODS

In the sawmill, the log is moved by a conveyor chain,
being longitudinally scanned by sensors (scanners),
usually three. Each captures an arc of points of a semi-
circumference of the log mantle, (Figure 1).

Figure 1: Disposition for industrial scanner.

Each arch is formed by about 90 points in two dimen-
sions (2D), which are grouped into ranges or intervals,
separately stored in a variable, within a class, to form
cross sections that are spaced at 0.1 meters. Subsequent-
ly, the data is filtered to obtain a range of points to be a
variable, which account with about 2500 points within a
section. Consecutively treated with these points, the
ellipse having major adjustment for all of these points is
calculated, obtaining the model of the ellipse, which is
adjusted to the actual points of measurement for the
model called polar. Internally, there are three profiles of
points: gross from the scanner, which make up the pat-
tern and polar ellipse based on the ellipse, but fit the
gross score of the log mantle.

The projection of points referenced in the average of the
three axis: centroids of first and last sections of the log,
allows projecting straight from the axle to the centroid,
in the cartesian planes XZ and YZ, which determines
magnitude and angle vector with respect to the axis X.
Consecutively rotated vectors in space for the component
in the Y axis. The above method, the sum of the magni-

tudes of each section is determined by storing the larger
angle and the largest magnitude of this, for determining
the maximum common area of all polar sections in order
to analyze the variation of the log in the Z axis (Figure
2), and avoid the presence of pieces of wood with bark.

7 -
N~ 3
v P \
/I X ~ ' \\\. ).
[ :
‘ .
{ '.
‘\\ | // =< AT 7\\
A - N
// 7 \\
/ \
/’ \
( | X
\ /
N >

/

NN >
] 7

Figure 2: 3D log reconstruction.
2.1 Mathematical Model

Based on Bhandarkar et al. (2008), Lin et al. (2010), Lin
et al. (2011) and Lin &Wang (2012), who has generated
a mathematical model and algorithm for logs of broad-
leaf species, where internal nodes, that forms a whorl,
are predicted through a system developed by Thomas
(2008), the model and algorithm that breaks the slice of
the cross section of the log was established, intending to
generate the pattern cut into quarters, pursuing to encap-
sulate the core base that contains the DCC, to ensure that
the lateral areas of the log are maximized in its use, since
this area has clear wood that has a higher price in the
market, (Figure 3).

>
¢

<------=

Figure 3: Cant Sawing

The mathematical model to maximize the production of
sawed wood can be expressed by the following function
objective (F):
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F = [L3, Ly (L3), Ly (L3, Ly), Ly (L3, L, L3),
ST(L3), S5 (L, L), S3(Li, Ly, L), )
Si(Li, Ly, L3, Ly)]

Where:

It is the optimal value of
the timber produced.

*

v

It is the set of demanded

Ty ={Ly, Ly, .. Li}: thicknesses of sawed wood.

The set of widths of the

Ws=Wi,Wa - Wik Gomanded sawer wood.

Where

Ly, L, Ls, Ly:  Are the sawing plane of each part.
S1,5,,53,84: Are the sawing patterns of each part.
V: It is the value of the wood.

*: Indicates an optimum value.

Are the width and thickness

c1 &cy: .
15072 ranges, respectively.

The objective of this equation is to find the locations of
Ly, L, Ly and L, to maximize the total value of sawed
wood. To generate the required sides, each part of the
log is divided into n equidistant sawing planes, with a
resolution of c. A sawing plan is denoted by L, in the first
portion.

Then ¢ = {1, 2, .... N} is a finite set of all potential saw-
ing planes, and S = {s,, sy, ... s} is a subset of ¢ satisfy-
ing the following constraints:

(si—si_l—[ﬂ)xc ET, V i>1i<N (2

SO = 1, SN = N (3)
Where:

It is the cut slot of sawing

k: (kerf)

Is a set of timber thickness
(mm), m is the total number of
considered wood thicknesses.

T = (Tl' Tz, Tm):

It is the thickness of the cutt
slot, Kerf (mm).

Is the total number of sawing
planes in the sawing cut range.
Therefore, the possible cutting

CR. planes are numbered as

¢’ 1,2,...N. While, CR is the
cutting range (mm) between
the first cutting plane and the
central base.

A cutting pattern that satisfies equations (2) and (3) is
considered as a possible solution to the log. The optimal
cutting pattern is determined by the dynamic program-
ming algorithm described by Bhandarkar et al. (2008),
integrating the recursive equation of uniform sawing
reported by Lin et al. (2011) and the recursive relation
for edgings proposed by Lin & Wang (2012), which can
be expressed as follows:

v'(i+1,j+1,)=
max | max [max(v*(i+1—&—[£],j+
relo,l] | se[1,m] | te[1,n] C1 C1

-2 - [ +g(i+1-[Fi+1j+1- @

T )|

However, to determine the optimal value of [, and [,;
and l; and [, is used a exhaustive search algorithm de-
scribed by Bhandarkar et al. (2008).

2.2 Implementation & Validation

The computational implementation was done in comput-
er language C#, using the editor and compiler Visual
Studio 2010 Professional with JoeScan to capture imag-
es of the mantle of the log and DirectX v.9 to graph cut
patterns.
The statistical validation of the results was performed by
means of two-sample t test compared to a heuristic de-
veloped by an industry of the region that arises concep-
tually as it shows next:
o  Determine amount of curvature of the log.
o Determination of parameters to determine cen-
tering position.
e Position the maximum sweep of the log up-
wards.
e Find the greatest common area between the
cross sections of the log.
e Build a rectangle with base A and higher B.

(Figure 4)
e Building plan of cuts in zones: lateral and base
central.
— A —o
’—-
B 5

p

v
Figure 4: Parameters rectangle built by heuristic.

2.3 Definition of Parameters

According INFOR (2005), the use of the species Pinus

radiata, depends on the height of the tree in which the
log is removed, these being: roundwood debobinable, up
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to 5 meters; wood sawlog, between 5 and 10 meters;
roundwood pulpwood, between 10 and 15 meters and the
remaining fuelwood.

Therefore, based on Karsulovic et al. (2005) and Toledo
(2007), it was determined that for the case of the spe-
cies, in question is considered in its harvest period, a
diameter of DCC of 10 cm, a length of internode aver-
aging 70 cm. with whorls of four knots centered pith
simulated as truncated cones and oriented at 24° to the
pith (Figure 5), which is complemented with the mantle
of the log through the images provided by the industrial
scanner.

Figure 5: Parameters of log.

These are initial values, because: DCC diameter, inter-
node length and width kerf are parameters that can be
defined, in sawing conditions terms of the log and the
machines involved in the sawing process.

Are utilize sawed wood for general use with the most
demand in the country, according CORMA (2007),
while the length correspond to the log process longitude.
While, to evaluate the yield of the log using the follow-
ing expression:
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30%

_ VST
Yleld(%) = W x 100

VL: Volume of the log, (m3]AS).

VST: Volume of sawn timber, (m?3).

Meanwhile, the determination of the volume of lumber is
carried out considering the dimensions (thickness, width
and length) and number of parts obtained from the log.
Moreover, to assess volume obtaining lumber free of
knots, namely, the economic performance, trading
prices, are referenced as published by INFOR (2012b),
which reports in the last 17 years the wood clear in-
tended export has reached an average price of 218,1
(US$/m?3), while the lumber with presence of knots are in
the domestic market at an average price of 143,8
(US$/m?), having a price reduction by 34% compared to
wood distributed in foreign markets. The logs commer-
cialized by ruma meter (Im x 1m x 2.44 m) reach a
value of US$ 50, deducted the amount of 21 US$/m?.
The implemented dynamic programming algorithm sta-
tistically validated with a sample of 100 logs, comparing
the yield of logs and net utility of lumber with that ob-
tained by the heuristics developed by an industry of the
region.

3 RESULTS & DISCUSSION
3.1 Gross Material Yield
The behavior of the utilization of the gross material on

the diameter of the log, differentiated optimization
method used is shown in Figure 6.
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Figure 6: Comparison of the yield of gross material.
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In regard to the yield of the gross material, it is possible
to state that there was an average percentage difference
of 2% in favor of the dynamic programming algorithm
(DPA) over comparative heuristics. In the first method
used a range of 19% yield with an average of 63% utili-
zation of the logs is reached, while the second method
reached a range of 35% yield with an average of 61%
utilization of logs. In comparison, the utilization re-
corded by DPA has less fluctuation, reflected in lower
utilization interval of logs with respect to heuristic con-
fronted, in turn, is also interesting to note the stability

20,00
18,00
16,00
14,00

12,00

10,00

Net Utility (US$)

8,00

6,00

that has tested the algorithm in the distribution of the
diameters of logs used, point it is not possible to
highlight the method collated.

3.2 Net Utility
Figure 7 shows the behavior of the net utility of lumber

according to the diameter of the log, differentiated by
optimization method used.
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Figure 7: Comparison of net utility of lumber.

In terms of net utility from the timber, PDA prevails
over the comparative method. In the first case an average
of US$ 10,86 is achieved with a standard deviation of
US$ 2,03 in contrast to the US$ 9,99 average and stan-
dard deviation of US$ 1,53 that records the heuristic.
PDA focuses on a global optimization (volume and val-
ue) of the log, privileging the economic utility of the
timber, while the heuristic comparison only optimizes
the use of the log, which in some cases yields better use
of the method of comparison.

Meanwhile, with a confidence interval of 95%, it can be
stated that there is a statistical difference between the
two optimization methods in terms of the yield of the log
and net utility of lumber, being observed that economic
statistical comparison is significantly for the dynamic
programming algorithm (p-value = 0.00037).

The proposed optimization method lacks consideration
of contingencies that arise only in the daily operation of
a sawmill, since only have run simulations sawmilling
process, unable to ascertain the possible impact of using

different methods of sawing and/or redistribution of
machines in the production line.

Using parameters collected in the literature review to
determine the size and behavior of the DCC in the log,
confers instability to the proposed optimization cuts logs
method, since the biological origin of the tree gives a
low uniformity parameters of logs, however, a promising
progress in the techniques of non-destructive detection
on the internal condition of the logs, contribute to an
accurate three-dimensional reconstruction of the log in
order to establish with certainty the regions of clear
lumber.

4 CONCLUSIONS

The possibility of finding an efficient optimization
method sawing time and performance that would in-
crease the volumetric utilization of the gross material,
positive impact on the profits of the sawmills that pro-
cess logs pruned Pinus radiata was investigated. The
dynamic programming algorithm used, is the most sui-
table, as it seeks the best solution based on recursive
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relationship described, involving behavior DCC, cross
sections and over logs. The increase in profits was
achieved because the model studied, favors optimization
of regions free of defects in logs, sawn obtaining clear
higher-value wood pieces that have knots, still, possible
to assert that the scheduling algorithm abundantly dyna-
mic achieves significant increase utility sawmill, recor-
ding a significant increase in the use of logs.

The dynamic programming algorithm with a confidence
interval of 95% shows a statistically significant diffe-
rence with respect to heuristics developed by the com-
pany local in harnessing the gross material and net utility
of lumber, reflected in obtaining a greater volume of
lumber free of defects.
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