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Abstract
An application of optimal tree-stem bucking to the northeastern tree species of
China is reported. The bucking procedures used in this region are summarized, which
are the basic guidelines for the optimal bucking design. The directed graph approach

was adopted to generate the bucking patterns by using the network analysis labeling al-

gorithm. A computer-based bucking model was then developed based on the bucking
procedures and the directed graph of the network analysis. The graphical user interface
was used for the front-end of the system and the back-end was implemented via a rela-
tional data model. Bucking patterns generated by the computer bucking model were
compared with the results from manual bucking for the tree species in the northeast of
China. Results suggest that gains of up to about 14 percent were realized by using com-

puter-aided bucking.

Maximizing tree value by using
correct bucking strategies has always
been a major objective in forest opera-
tions. The maximization oftree value isa
complex process and requires simulta-
neous considerations of species, quality
of tree, log length, diameter, log price,
and other factors. Previous studies have
shown that the average manual log buck-
ing practice typically reduced the poten-
tial value obtainable from a tree by 20
percent compared to what was consid-
ered to be good practice (Faaland and
Briggs 1984). Losses of up to 26 percent
were also reported in New Zealand
{Geerts and Twaddle 1984). A study of
166 northern hardwood trees in Michi-
ganindicated that the gross delivered val-
ues of optimal solutions were 39 to 55
percent higher than those chosen by the

buckers (Pickens et al. 1992). Optimal
bucking has the potential to greatly in-
crease the revenues of forest product en-
terprises.

During the last five decades, optimal
bucking has been addressed by many re-
searchers. The problem of value loss as-
sociated with poor bucking was identi-
fied in the United States as early as 1915
(Lawrence 1986), but it was not widely
addressed until the early 1950s (Fobes
1960). The concept of optimal bucking

has long been recognized in Sweden and
Finland (Haggblom and Pennanen
1983). In the 1950s and 1960s, it was a
common practice to employ a man
whose sole responsibility was marking
for crosscutting in Nordic countries
(Lawrence 1986).

Since the 1960s, computer modeling
techniques associated with tree-stem
bucking have been introduced, which
were mainly derived from operations re-
search. The primary mathematical tech-
niques for tree bucking optimization are
linear programming, dynamic program-
ming, and network analysis.

Linear programming applications to
tree bucking were first presented in
1961 based on the paper cut and trim
programming of Eisman in 1957 (Smith
and Harrell 1961), which took into ac-
count resource and market limitations.
The model assumed that there were a
number of known alternatives for con-
verting trees of specific sizes into logs.
Given those alternatives and their asso-
ciated profits, as well as resource and
market limitations, the objective was to
determine the number of trees of each
size to be cut into logs of the desired
sizes.
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Table 1. — Grading conditions of log products for northeastern China tree species. (CWSC 1986).

Log type Species group Scaling length? Scaling diameter® Grade code
(m) (cm)
Supergrade 1,2 4,5,6,8 026 0
Processing logs 1,2,3,4,5 208,25 o 18 1,2,3
Mine-prop 1,2,3,4,5 2106 12t024 4
Secondary processing logs 1,2,3,4,5 2t06,2.5 o 18 5
Small diameter logs 1,2,3,4,5 2t06 6tol6 4
Firewood 1,2,3,4,5 2106 o6 6

*Supergrade logs require the lengths of 4, 5, 6, and 8 m while the lengths of other logs are within the specified ranges with a scaling increment of 0.2 m and allow-

ance of between 02 cm and +6 cm.
®The increment of scaling diameter is 2 cm.

McPhalan (1978) developed a linear
programming model based on a col-
umn-generating technique that permit-
ted the coordination of log bucking and
sawing subject to market demand con-
straints for lumber. This linear program-
ming model was structured to maximize
lumber revenue by considering alterna-
tive bucking policies for lumber sizes. A
two-stage linear decision model for
bucking and allocation was described by
Mendoza and Bare (1986). This two-
stage optimization procedure simulta-
neously determined optimal log bucking
and allocation. The procedure was based
on the column-generation technique.
The first stage decision problem was a
wood resource allocation model
(WRAM) that included log allocation,
production, and sale of finished prod-
ucts. The second-stage decision prob-
lem was concerned with determining the
“BEST” log bucking policy. Models for-
mulated for each problem were inter-
faced using the structure of the two-level
optimization process of the decomposi-
tion principle. Maness and Adams
(1991) also demonstrated a combined
optimization model of log bucking and
sawing. The model used a three-stage
solution process performed iteratively
until identical solution bases were ob-
tained.

Clemmons (1966) first proposed us-
ing a dynamic programming routine for
optimizing tree-stem conversion. The
first detailed dynamic programming
model for optimal tree-stem bucking
was developed by Pnevmaticos and
Mann (1972). The optimization was
based on log values and bucking cost.
Although lacking refinement in some of
the basic assumptions and detail, it was
the forerunner of a number of similar
models (Lawrence 1986). Pnevmaticos
and Flann (1974) and Pnevmaticos
(1975} also studied the effects of cross-
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cutting of various combinations of log
lengths on volume yields from subse-
quent processing and methods to im-
prove crosscutting.

In the Pnevmaticos and Mann (1972)
model, the stem was considered to be
made up of a sequence of stages, each
stage representing a single minimum
length of log, and then the bucking prob-
lem was viewed as a sequential decision
process. This process contained as many
stages as there was minimum length of
logs. Thus, at each decision point, one
had to decide whether or not to make a
cut. Whenever a cut was made, the num-
ber of remaining stages was reduced by
the number of minimum lengths that had
been removed from the stem. Gluck and
Koch (1973) showed that the model de-
veloped by Pnevmaticos and Mann
(1972) was effective in their study. Fol-
lowing the work of Pnevmaticos and
Mann, dynamic programming has been
proven to be the most popular of the
techniques for solving the problems in
this field. Deadman and Goulding
(1979) also developed a dynamic pro-
gramming model for accessing the re-
coverable volume by log types of a sin-
gle-species stand of trees shortly before
harvesting. This method considered the
influences on yield of stem quality and
malformation, and of log specifications
and preferences.

Faaland and Briggs (1984) integrated
a dynamic programming bucking model
and a sawing model that could simulta-
neously optimize log bucking, sawing of
logs into live-sawn lumber, and edging
lumber into finished dimensions. Their
model allowed for variation in tree-stem
shape and quality. A VISION system
was developed to link the computer
modeling approach with bucking prac-
tice by Lembersky and Chi (1984). This
system enabled a graphic view of a stem

to be rotated, rolled, cut, and allocated
using either a single saw or multiple saw.
The same dynamic programming ap-
proach was later developed into a more
general regional allocation model (Hay
and Dahl 1984, Lawrence 1986). Eng et
al. (1986) used dynamic programming
in a system for determining crosscutting
strategies consistent with resource char-
acteristics and markets, which maxi-
mized returns subject to various con-
straints.

Network analysis techniques have
been introduced into optimal tree-stem
bucking since the mid-1980s (Nasburg
1985, Sessions 1988, Sessions et al.
1989). It was proven that network analy-
sis was an effective way for solving opti-
mal bucking problems. “BUCK” is a
well-known version of an optimal buck-
ing program developed with network
analysis techniques (Sessions 1988).
Garland et al. (1989) compared value
recovery from manual log making and
from using “BUCK” on a handheld
computer. Olsen et al. (1990, 1991) ex-
tended the bucking strategies generated
by “BUCK” to mechanized harvesting,
site preparation, and timber sale bids.

The log value loss due to poor buck-
ing decisions has been considered one of
three major problems of timber produc-
tion in the northeast of China since 1950
(Che et al. 1990). However, emphasis on
research related to_optimal bucking in
the region did not start until the late
1980s. Wang and Xu (1990) reviewed
and summarized the characteristics of
bucking models with dynamic program-
ming and network analysis and pre-
sented their potential applications in the
northeast of China. A first simple tree-
stem bucking model using network anal-
ysis for the northeastern species of
China was developed and programmed
with BASIC under the DOS environ-
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Table 2. — Log grades and defect limitations for northeastern China tree species. (Che et al. 1990, CWSC 1986).

Defect Limitations

Sound and
Grade code Species unsound knots®” Sapwood rot® Heartwood rot! ~ Worm holes®  Sweep’  Wounds8
(no.) &) (COREEEEEE (%)
0 Softwood 4 15 0 0 0 1 3cm
Hardwood 2 15 0 0 0 1.5 Jcm
1 Softwood 5 15 0 I (butt) 0 15 20%
Hardwood 2 20 0 1 (butt) 0 1.5 20%
2 Softwood 10 40 10 16 20 3 40%
Hardwood 4 40 10 16 5 3 40%
3 Softwood - - 20 36 -- 6 -
Hardwood - - 20 36 - 6 -
4 - - - 10 9 (butt) 10 6 -
5 = - = S 30 50 - -
6 - - - - = i » »

“The number of knots per log for grade 0 and the number of knots per meter grades 1, 2, and 3.
®The size of the knot never exceeds that percentage of scaling diameter.

“Thickness cannot exceed that percentage of scaling diameter.

dArea cannot exceed that percentage of area based on scaling diameter.

®The number of holes per meter allowed.

"The maximum percentage of the maximum departure over the distance between the butt and the top of the sweep log.
EWounds never exceed 3 cm for grade 0 and the specified percentage of scaling diameter.

ment in 1990 (Wang et al: 1991, Wang
and Xu 1992). Another FORTRAN
model was then developed based on the
BASIC model (Yang 1993). This model
was run under the DOS environment.
However, it was a compiled program
and did not require programming know-
ledge for the user to run it. Optimal
bucking of northeastern tree species of
China has not been adequately explored
with today’s computer techniques. Ac-
cordingly, this paper presents an appli-
cation of a user-friendly Windows-
based tree-stem bucking system, and
compares its efficiency with manual
bucking for the northeastern species of
China.

Bucking operations
Production conditions

Tree bucking is traditionally carried
out in a centralized log yard in the north-
east of China. There are mainly 16 com-
mercial tree species in the region, which
are classified into 5 groups depending
on market price and their commercial
uses:

1. Amur cork-tree, Manchurian wal-
nut, Korean pine, Manchurian ash;

2. Yeddo spruce, Manchurian fir,
Siberian spruce, Manchurian linden,
Mongolian oak;

3. Dahurian larch, Siberian fir, Man-
churian maple, Chinese elm;

4. White poplar;
5. Manchurian birch, willow.

The grading conditions for log prod-
ucts are based on species, scaling diam-
eter, scaling length, and defects (Table
1). Common defects measured for grad-
ing include knots, rot, sweep, worm-
holes, and others (Table 2). The sweep is
expressed as a percentage of the maxi-
mum departure over the distance of a
line segment between the top and the
butt of the log. In general, the increment
for scaling diameter is 2 c¢m, and for
scaling length is 0.2 m. The allowance
for scaling length is -2 cm or +6 cm. Log
volume (¥) in cubic meters is calculated
by the following equations (CWSC
1986):

[1] If the scaling diameter (D) is be-
tween 4 cm and 12 cm:

, _OT854L(D +045L + 02)’
- 1000

Here, L refers to scaling length (m).
The value of the log was determined by
log volume and its unit price. The unit
log price was directly related to species,
grade, scaling diameter, and scaling
length, which is decreased as species
group and grade varied from 1 to 5 and 0
to 6, respectively.

[2] If the scaling diameter (D) is over 14 cm:

Current manual procedures
for value maximization

The maximization of both value and
volume of logs is the ultimate objective
when optimally bucking a tree stem
(CWSC 1986). In order to achieve the
objective, the bucking manual used by
the China Wood Standardization Com-
mittee requires that producing a long log
of higher quality should always be the
first priority during tree-stem bucking.
Logs of 4 m or longer are categorized as
long logs. The maximum log lengths of
softwood and hardwood are 8 and 6 m,
respectively. The optimal tree-stem
bucking strategy usually moves from the
butt to the top of a tree. In order to iden-
tify the grade zones (sections) along a
tree stem to be bucked, the bucker needs
first to observe its surface characteris-
tics, including the severity and location
of defect, butt rot, sweep, and dimen-
sions of the tree stem based on the field
bucking requirements and procedures
(Wang and Wang 1992). The grade, butt
diameter, top diameter, and length need
to be recorded for each zone. When
planning the bucking for the first sec-
tion, the first two zones should be con-
sidered. If the second section meets the
requirement of maximum log length for

_07854L[D +05L +0005L* +0.000125L(14 — L)* (D -10)]*

4

1000
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Input tree and grade zone data

No__~Zre bucking data

A

correct?

Check the grade of first or last

A

No

Figure 1. — Flow diagram of the bucking optimization system.

processing logs, the bucking can be
started from the end of the second zone.
If'a portion of section 2 is left over after
the bucking cut, that portion could be
combined either into section 1 or section
3. However, as a rule, only log segments
with higher grades can be combined into
the lower grade sections.

One-grade sections. — A long log
should always be bucked from a section
with one grade. For example, if the first
section is 9 m of grade 1 and the second
section is 3 m of grade 2, the first section
(grade 1,9 m) is termed a one-grade sec-
tion and a long log should be bucked.
Since the maximum log length for hard-
wood species is 6 m, the first section
should be bucked as a 6-m log of grade
1, the rest this section, 3 m (grade 1),
should be combined into the second sec-
tion and bucked as a 6-m log of grade 2.
For softwood species, the maximum log
length is 8 m. An 8-m log of grade 1
could be bucked from section 1, and the
leftover segment of 1 m should be incor-
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porated into the second section and
bucked as a 4-m log of grade 2.

Sections with two consecutive grades.
— For sections with two consecutive
grades, if the length of the higher grade
section is at least two times longer than
that of the lower grade section, these two
sections need to be bucked separately;
otherwise, they should be combined. For
example, suppose the first section of a
tree stem is 4 m with grade 1 and the sec-
ond section is 4 m with grade 2. Since
the length of the first section is not two
times as long as the second section,
these two sections should be combined
and bucked as an 8-m log of grade 2 for
softwood species. The bucking pattern
will be different for hardwoods because
the maximum log length is 6 m. The
above two sections should be cut sepa-
rately based on the bucking regulations.
The first section should be bucked as a
4-m log of grade 1 and the second sec-
tion as a 4-m log of grade 2. If a 6-m log
of grade 2 is bucked, the length of the
first portion of that log (4 m, grade 1) is

grade zone
I
v v v
Supergrade and Small diam., pulpwood, firewood Mi
processing logs secondary processing logs 1ne props
I ]
A
Set diam. limit and stage interval
) 2 v
| Back —I l Bucking design | [ Save I
4—] *
Optimization Y
v
Solution data
Database

twice as long as the second portion (2 m,
grade 2), which violates the rule.

Sections with two inconsecutive
grades. — For softwood species, if both
sections are long logs (s 4 m), they
should be bucked as two logs. For exam-
ple, if the first section is 4 m long with
grade 1 and the second section is 4 m
long with grade 3, two 4-m logs of grade
1 and grade 3 should be bucked sepa-
rately. If both sections are short logs (< 4
m), for example, the first section is 2 m
long (grade 1) and the second section is
also 2 m long (grade 3), these two sec-
tions need to be combined and bucked as
a 4-m log of grade 3. If one section is a
long log and the other section is a short
log, two bucking situations may occur. If
the grade of the longer section is higher
than that of shorter section, these two
sections should be bucked separately.
Otherwise, they should be combined
and bucked as a single long log. For ex-
ample, if the first section is 4 m of grade
1 and the second section is 2 m of grade
3, a bucking pattern with a 4-m log of
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grade 1 and a 2-m log of grade 3 should
be bucked. If the first section is 4 m with
grade 3 and the second section is 2 m
with grade 1, a 6-m log of grade 3
should be bucked.

Cut-off sections. — Logs with rotten
butts are classified as secondary pro-
cessing logs or firewood. Ifthe rot is | m
deep or less, it should be cut off. If the
rot depth is between 1.0 and 1.5 m, it can
be cut off or bucked as a short secondary
processing log. For example, if there is a
hardwood tree-length of 14 m in length,
the grade zones (sections) from the butt
to the top are as follows: 0 to1.5 m sec-
ondary processing log with rotten butt,
1.5 to 8 m grade 1, and 8 to14 m grade 2.
A bucking pattern should be used that
produces a 2-m secondary processing
log and two 6-m logs of grade 1 and
grade 2, respectively. If the tree-length is
13.5 mlong, a 1.5-m-long segment from
the butt should be removed and two 6-m
logs could be bucked. If there is a soft-
wood tree-length of 16 m long with I m
deep butt rot, it should be bucked into
2-m-long firewood and- 6-m and 8-m
processing logs. If that tree-stem is 15 m
long, the 1-m-deep butt rot should be cut
off, and then 8-m and 6-m logs should
be bucked.

Small-diameter and sweep tree stems.
— For small-diameter tree stems, the
bucking strategy should be based on the
utilization of each individual section,
such as mine props and pulpwood. For
tree stems with sweep, the bucking strat-
egy depends on how much sweep there
is. The major objectives here are to re-
duce the sweep and maximize the value
and volume of logs via improving log
grades. If the sweep exceeds the limita-
tions listed in Table 2, a “must-cut”
point should be considered. The buck-
ing usually starts from the point with
maximum departure to both the butt and
the top of a tree stem. If a portion with
severe sweep is 1.5 m long or less and its
quality is poorer than a log of grade 3, it
should be removed.

Bucking algorithm

Based on the above modeled bucking
procedures, a directed graph of network
analysis was adopted for optimal buck-
ing. Suppose the potential cutting points
along the tree from butt to top are de-
noted by X; (i =1, 2, ..., n), the interval
between two potential cutting points is
identified as ¥, (k= 1, 2, ..., K), and the
weight on the arc W(i,j) is denoted by the
value of the log, then the directed graph

(S) for tree-stem bucking can be ex-
pressed by the point set (X}, X3, ..., Xp) £
X, the arc set (Y1, Ya, ..., Yx) 2 ¥, and the
weight set W(i,j) # W,ie,S={X, Y, W}.
Here, n refers to maximum number of
potential cutting points, and K to total
number of potential arcs.

Network paths from X to X, depend
on the interval between two potential
cutting points and log length. The inter-
val between the two closest potential
cutting points is called stage interval.
The stage interval is a very important
factor in the model. If the stage interval
is longer, the solution time will be less
and it may not meet the requirements of
accuracy, and vice versa. Since 0.2, 0.5,
and 1.0 m are the standard increments
for scaling lengths for log products in
China (Che et al. 1990, CWSC 1986),
the stage interval in the model is deter-
mined based on these values.

The Dijkstra algorithm known as the
labeling algorithm has been shown to be
among the fastest algorithms available
for solving the minimum path problem
and is particularly well suited to being
programmed on a computer (Dykstra
1984). The principle of the Dijkstra al-
gorithm for the shortest path problem
was adopted to find the longest path in
the directed graph of tree-stem bucking
(Sessions 1988).

Bucking system

The optimal tree-stem bucking sys-
tem used in this research was written
with Visual Basic (VB) Version 6.0, an
event-driven programming language
that runs under the MS Windows envi-
ronment. An object-oriented structure
model using a graphical user interface
(GUI) was employed with a three-level
hierarchy of built-in methods and cus-
tom controls. Error handler and tool tip
texts were provided for major controls in
the system.

The optimal bucking system consists
of the following modules: File, Run,
View, and Help. The Run module con-
tains the main part of this tree-stem
bucking system, which can be used to
edit log prices, analyze defects, and opti-
mize bucking processes (Fig. 1). These
procedures can be performed sequen-
tially and independently.

User input to the computer-based
bucking system includes species, butt
diameter, and the number of grade zones
for each tree to be bucked. The user
must then enter the grade, butt diameter,
top diameter, and length for each grade
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zone on that tree. A VB flex grid was
used to display the grade zone data. The
system allows the user to go back to edit
the data, save the data into the database,
print the data, and/or proceed to the opti-
mal bucking process. The output of the
system is the optimal bucking solution
for that tree, which includes number of
logs, dimensions, grades, gross values,
and volume of each log. The bucking so-
lution can then be displayed on the com-
puter screen once the optimal bucking
process is completed. The system was
also designed to allow the user to save
the solution data in the database and
then process the next tree.

The data in the system are stored in an
MS Access database. A relational
database model is used for holding four
entities of Tree_Stem, Grade_Zone,
Log, and Log_Price, and it was imple-
mented through the entity-relationship
(ER) model (Fig. 2). An entity repre-
sents a data table in the ER model and
has attributes (fields) that are the de-
scriptive properties of the entity. For
example, the entity Tree_Stem has
Tree_No, Species, NoOfGZ, and ButtD
attributes. Three relationships such as
“Contains” and “Has” were built in this
ER data model: one-to-many
relationship between Tree_Stem and
Grade_Zone and Log, and one-to-one
between Log and Log_Price. A derived
attribute “Value” was used in entity Log
to indicate that its value was computed
based on other attributes: Grade, Spe-
cies, Scale_D, and Scale_L.

Since tree-stem and bucking solution
data are saved in the database, the sys-
tem allows the user to view and print out
the data for other uses. For example, the
bucking production reports could be
produced on a daily or monthly basis.
Database connectivity is conducted
through both VB data control and data
access objects (DAQO). However, secu-
rity was set for not deleting a record
from the tables. The detailed help file
for the system was provided and written
in rich text format and displayed using
an Object Linking and Embedding
(OLE) technique.

Bucking application
Data for a total of 51 trees from 10 dif-
ferent species that were bucked manu-
ally by a logger were investigated. The
logger is an experienced crosscutter and
has many years of experience on buck-

‘ing operations with the logging com-

pany in the region. The distribution of
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Tree_Stem

Grade Zone

Log Price

Figure 2. — Entity-relationship data model of the bucking system.

trees by species group is as follows: 14
trees in group 1, 16 trees in group 2, 4
trees in group 3, 5 trees in group 4, and
12 trees in group 5. Accordingly, these
51 trees were virtually bucked by the
computer so as to evaluate the optimal
bucking model. Variables measured for
each individual tree stem include butt
diameter, top diameter, length, bucking
pattern (number of logs being bucked),
volume yield, and the gross value of logs
bucked. A general linear model (GLM)
was used to test for differences in vol-
ume yield and value of logs between op-
timal and manual bucking operations,
among species, and butt diameter
classes. The GLM can be stated as fol-
lows:

V,//d v+S8G; +BK+
BDk+BK *BDk+BK -

SG;+ G, * BD; + myu

i=12345
Jj=12
k=12345
I=12,.n

where:
V.. = the lth tree-stem of value
or volume yield under the
ith species group, the jth

bucking method, and kzh
butt diameter class,

p = the mean of each response

variable
SG, = the effect of ith species
group
= the jth bucking method
BD,l the kth butt diameter class

Tyw = an error component
that represents all
uncontrolled variability

= the number of
observations within each
treatment

The average butt and top diameters of
measured trees was 44.94 and 17.61 cm,
respectively, and total length of the trees
varied from 8.5 to 26.4 m with an aver-
age of 17.43 m (Table 3). Butt diameters
were regrouped into 30 cm (e030 cm), 40
cm (> 30 and w40 cm), 50 cm (> 40 and
50), 60 cm (> 50 and 60 cm), and 70
cm (> 60 cm) for GLM analyses. About
60 percent of bucking patterns gener-
ated by the computer were different
from the patterns bucked manually. The
gross value of logs bucked from a tree
stem by the computer algorithm was
13.8 percent more than the gross value
of the bucked logs by the logger. How-

r

ever, there was no significant difference
for gross values between two bucking
methods (F = 0.90; df = 1, 101; p =
0.3453). Similarly, volume yield of
bucked logs per tree-stem by the com-
puter did not differ significantly from
the volume yield per tree produced by
the logger (F = 0.03; df = 1, 101; p =
0.8621). The volume yield of 1.43 m’
generated by the computer was about
2.1 percent more than that provided by
the logger. The gross value of bucked
logs per tree-stem varied decreasingly
from species group 1 to 5 while it varied
increasingly from butt diameter class 30
cm to 70 cm. The volume yield of
bucked logs did not change significantly
among species groups but varied in-
creasingly from butt diameter class 30
cm to 70 cm.

The effects of three interactions
among species group, butt diameter
class, and bucking method were tested
on gross value and volume yield of
bucked logs per tree. The interaction of
species group and diameter class
significantly affected the gross value (F
=4.35; df = 10, 101; p = 0.0001) while
the gross value was not significantly af-
fected by the interactions of species
group and bucking method (F = 0.04; df
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Table 3. — Means and significance levels of statistics of tree stems bucked by a logger and a computer for northeastern China tree

species.’
Top diameter Butt diameter Length Gross value of bucked logs Volume yield
_________ (CM) -mmmmmnnn (m) (Yuan) (m’)
Bucking method Logger 17.61 A 44.94 A 1743 A 646.68 A 1.40 A
Computer 17.61 A 4494 A 1743 A 73585 A 143 A
Species group 1 18.29 CD 51.14C 18.47C 1349.50 C 205C
2 19.13C 47.13D 19.93C 675.70 D 148D
3 12.50E 37.50E 13.53C 19750 E 0.68E
4 13.60 DE 344E 17.77C 241.60 E 0.87E
5 18.17CD 41.67F 14.06 C 296.10E 1.08 DE
Butt diameter class (cm) 30 1240 H 2820 H 1475 H 196.90 H 0.53H
40 15.50 HI 38001 1943 H 456.70 HI 1.0L 1
50 18.221 45.78J 15.67H 549.40 1 1201
60 19.201 54.00 K 1778 H 928.901] 1897
70 28.33J 75.00L 18.62H 1957.40 K 351K

Means with the same capital letter in a column are not significantly different at the 5 percent level with Duncan’s multiple-range test.

=4,101; p=0.9969), and diameter class
and bucking method (F = 0.17; df = 4,
101; p = 0.9517). The interactions of
species group and diameter class (F =
1.0; df = 10, 101; p = 0.4486), species
group and bucking method (F = 0.12; df
=4,101; p=0.9762), and diameter class
and bucking method (F = 0.05; df = 4,
101; p=0.9949) did not significantly af-
fect the volume yield of bucked logs per
tree.

Discussion

Although there was no significant
statistical difference, the optimal com-
puter-based bucking system resulted in
a 13.8 percent increase in potential gross
log value. The reason for the differences
was due to some straight stems with few
defects used for bucking comparisons.
For an experienced bucker, he/she will
be able to produce the same patterns as
the computer system does when bucking
straighter stems with few defects. This
presents a unique opportunity for
forestland owners and forest enterprises
to enhance their profitability. It is even
more essential and significant for forest
companies in China to adopt this buck-
ing system to handle the limited forest
resources. Differences of value gain
were found across tree species or spe-
cies groups simply because of market
prices of different species. Bucking
hardwood trees is inherently more com-
plex than bucking softwoods due to their
irregular stem shapes. The value gain

generally decreased from the most valu-
able to the least valuable species.
However, the total value gains depend
on the unit value gains and the volume
yield for each species. The results sug-
gest that more attention should be paid
to valuable species, especially to where
the potential gains are, during the buck-
Ing processes. :

The system developed in this applica-
tion adopted object-oriented program-
ming (OOP) techniques with a graphical
user interface. It provides online docu-
mentation and allows the user to access
any part of the system while the optimi-
zation is performed. The system can be
compiled for installation either on a
handheld computer that can be used in
the woods or on a PC located in a cen-
tralized log yard. The system presented
here can be used as a training tool for
students or loggers. The system could be
applied to other species in other regions.
However, modifications have to be
made to species codes, grading rules,
and log prices.

The input of grade zones currently re-
quired by the system depends on surface
characteristics of a tree and the bucker’s
views, which affect the bucking accu-
racy of this program. Since some trees
have irregular shapes or complex sur-
faces and internal defects, a more accu-
rate grading system is needed to inte-
grate these into the bucking program.
Efforts should be made to estimate the
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implementation costs of this bucking
system and to further examine its eco-
nomic efficiency for different tree spe-
cies in different regions. Bucking a tree
with complex surface conditions by us-
ing this system might not yield a satis-
factory solution. If a new module or ex-
pert bucking system is added to the
bucking program, it can further enhance
and aid the system to generate the de-
sired bucking patterns.
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