« « o« Hunkova, Janak: Data Filtration Methods of Electronic Measurement of Log Dimensions

Veronika Hunkova, Karel Jandk'

Data Filtration Methods
of Electronic Measurement
of Log Dimensions

Metode filtriranja podataka elektronic¢kog
mjerenja dimenzija trupaca

Original scientific paper ° Izvorni znanstveni rad
Received — prispjelo: 11. 7. 2013.

Accepted — prihvaceno: 23. 6. 2014.

UDK: 630*832.155

doi:10.5552/drind.2014.1339

ABSTRACT e The article deals with the processing of log dimension data collected by electronic measurement
during reception at sawmills. The subject of the work concerns the filtration of data before their use for calcula-
tion. Filtration methods were designed based on simple mathematical and statistical methods, and compared and
evaluated with the use of a designed comparative methodology. As a result, five filtration methods were selected
that best suit the reception requirements. At the same time, the impact of filtration on the measurement results is
evaluated in relation to the calculation method of wood volume. Furthermore, the calculation by sections is recom-
mended, as it is less affected by filtration errors.
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SAZETAK e Clanak se bavi obradom podataka dobivenih elektronickim mjerenjem dimenzija trupaca pri ulasku u
pilanu. Posebna se pozornost pridaje filtriranju podataka prije upotrebe za izracun. Metode filtriranja dizajnirane
su na osnovi jednostavnih matematickih i statistickih metoda te usporedene i vrednovane primjenom dizajnirane
komparativne metodologije. Rezultat rada je pet odabranih metoda filtriranja podataka koje najbolje odgovaraju
zahtjevima preuzimanja trupaca. Takoder, procijenjen je utjecaj metode filtriranja podataka na metodu proracuna
obujma trupaca. Osim toga, preporucena je metoda za izracun obujma trupaca na koju najmanje utjecu pogreske
pri filtriranju podataka.

Kljucne rijeci: stovariste trupaca, oblo drvo, elektronicki prijem, elektronicko mjerenje, filtriranje podataka

1 INTRODUCTION
1. UVOD

In 2009, electronic receptions of logs were per-
formed in approx 45 plants in the Czech Republic
(Solaf and Janak 2011). Regarding the number of saw-
mills, the number of installed devices is relatively
small. Despite this fact, 6.8 million m’, i.e. 75 % of all
sawlogs, passed through them. The majority (70 %) is
measured by 3D devices, which scan the whole periph-
eral curves of sawlogs. These devices are usually in-
stalled at large plants whose output exceeds 100 000

m? of processed logs per year. 2D devices are typical
for sawmills with the output of 30 000 m* to 100 000
m?. Although these devices prevail in the Czech Re-
public (70 %), only 30 % of the volume of electroni-
cally received material passes through them. 1D scan-
ning for the needs of the reception is rather rare (approx
1 % of electronically received material).

The experience of suppliers and entities process-
ing and buying logs with the results of electronic re-
ception are different. The suppliers are mostly com-
plaining (not always) about the lower final material
volume calculated by 3D measuring. In contrast, the
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entities processing and buying logs are satisfied with
this situation. According to the experience of both
sides, the reception results of 2D measurements are
more or less satisfactory. The experience is always
based on manual measurements of the material in the
forest. The accuracy of measuring diameter and length
of sawlogs by all checked devices is high and balanced.
According to the results of measurements performed
by an accredited calibration laboratory, the mean devi-
ation of sawlog diameter measurements ranges around
+ 2 mm.

On the basis of the conducted research at the Fac-
ulty of Forestry and Wood Technology, Mendel Uni-
versity in Brno (Janak et al., 2005), it is possible to
divide the factors affecting the results of electronic re-
ception into the following areas:

- wood properties (shape, defects, mechanical dam-
age),

- method of dimension scanning (mainly 3D and
2D),

- data processing method (evaluation of dimensions
and volume of sawlogs).

Foreign works mainly deal with the accuracy of
the measuring device itself, simplification of calcula-
tion operations, etc. The work Automated Detection of
Surface Defects on Barked Hardwood Logs and Stems
Using 3-D Laser Scanned Data (Thomas, 2006) can be
mentioned as an example. Similarly, possible methods
of classifying logs for specific purposes on the basis of
surface features, detectable with the use of 3D scan-
ning, are dealt with by Jappinen (2000) in his disserta-
tion. Many works concern improved accuracy of har-
vester measuring devices and their calibration,
respectively. The processes of log dimension and qual-
ity evaluation with different degree of automation is
dealt with by e.g. Marshall (2005). Among others, he
describes the factors affecting the measurement quali-
ty. He considers the type of measuring device, speed of
dimension scanning, degree of automation, tree spe-
cies, and the method of sawlog volume calculation as
the significant factors.

The research, partly addressed by this study, is
focused on processing the collected data.

The method to determine sawlog dimensions and
volumes is specified in regulations and standards, ac-
cording to which the electronic reception is performed.
The regulation defines directions and intervals of saw-
log diameter scanning, the method of data conversion
from mm into cm, determination of diameter at the
measurement place, bark measurement, sawlog mid di-
ameter calculation, and the method of volume calcula-
tion. The mentioned steps can be performed by differ-
ent methods, with different accuracy, and in different
order. The specific regulation used for a given recep-
tion is always agreed on between the supplier of logs
and customer.

The determination of volume from the measured
data is performed by two methods: calculation based on
mid diameter (so-called Huber method), or calculation
by sections into which the sawlog is divided (e.g. of the
length of 10 cm). Previous research makes it clear that
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the use of Huber method is subjected to measurement
errors significantly more than the calculation by sections
(Smelko, 2003). This author claims that other errors oc-
cur due to the trunk shape and position of the sawlog in
the stem. The volume determined by Huber method is
lower for butt logs by approx 4 %, and by approx 5 % for
top parts than the real volume. In the central part of saw-
logs, the error does not exceed 1 %.

The experimental verification of the difference be-
tween the above mentioned methods of determining
sawlog volume (Janak and Peter, 2004) confirmed that
the total deviation of the method by sections from Huber
method was 1.0 %, when calculated without rounding.

Measuring systems provide just a raw source sig-
nal with a number of errors occurring at the optical
scanning of sawlog surface (shape anomalies of saw-
logs, surface damage, torn grains, branch rests, bark,
dirt, etc). Before using the collected data for the calcu-
lation specified in the regulations, it is necessary to
eliminate the errors. This is the role of filtration, which
then becomes a necessary step for the processing of the
measured results. 2D scanning devices currently use
the filtration based on simple methods, predominantly
on moving average. Apart from the elimination of er-
rors, the filtration may distort the data on shape and
dimensions of the measured logs and thus affect the
resultant volume. However, the filtration is not de-
scribed in the regulations at all and neither is the meth-
od of its performance.

The aim of this study is to design different simple
and complex filtration methods, evaluate their influ-
ence on the evaluated shape and volume of stem saw-
logs, and recommend suitable filtration procedures for
reception. A subsequent aim is to evaluate the effect of
filtration methods on the evaluated volume of sawlogs.

2 MATERIAL AND METHODS
2. MATERIJAL | METODE

The designed filtration methods will be used for
the correction of data collected within a common
measurement for the needs of reception and processing
of sawlogs. Therefore, they need to be based on the
standard and currently used structure of scanned data.

Therefore, the data used for the research come
from 2D measurement of sawlog diameter (Fig. 1). The
measurements were performed vertically and horizon-
tally. The values of pairs of mutually perpendicular saw-
log diameter (hereinafter marked X and Y) are available
in millimetres for every 10 cm of sawlog length.

The data were scanned by Inframat 760.2, made
by Eltes Sumperk, and long-term stored on discs of
computers in the plants of Pila Tetcice, a.s. and JILOS
Horka, s.r.o. in 2008 and 2009. In total, data on
250 000 measured logs were stored.

For comparisons of simple filtration methods,
data on 189 sawlogs were selected at random, and for
comparisons of complex filtration methods, data on
901 sawlogs were selected.

In order to perform tests of filtration methods for
end values, the pieces with defects close to the fronts
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Length of the stem Diameter
duljina trupca promjer

a X Y
cm mm mm

0 354 348

10 336 357

20 345 351

30 369 357

v 40 354 351
50 336 351

60 336 351

70 339 357
80 345 360

90 345 375

Figure 1 2D measurement scheme and example of measured values

Slika 1. Shema 2D mjerenja i primjer izmjerenih vrijednosti

were selected. The selection was performed on the ba-
sis of a visual assessment of a graphic display of saw-
log surface curve. The data set contained 27 sawlogs.

All filtration method tests were performed on
sawlogs of 4 m length.

2.1 Used filtration methods

2.1. Primijenjene metode filtriranja

Filtration methods were designed in consecutive
steps.

In the first phase, simple methods were designed.
They were evaluated according to the effectiveness
when removing values significantly differing from
standard values. These methods were reliable regard-
ing the sawlogs without shape anomalies. However,
regarding more complicated shapes (buttresses, under-
cuts), they considerably distorted the total evaluated
sawlog shape. Therefore, filtration methods focused
only on these problematic sawlogs, and usually end
parts of sawlogs were designed and evaluated. Based
on the findings, more complex methods were designed
that combine the advantages of individual simple
methods and methods for end values. These methods
were marked by letter f'and a sequence number.

In total, 69 methods were designed for the filtra-
tion of measured data. They can be divided according
to their purpose into:

- methods focused on filtration of values + even
course of sawlog shapes (mainly in the middle of
the log),

- methods focused on identification and filtration of
values of more complicated sawlog parts in terms
of shape (mainly in their end parts),

- combined methods taking into account both types
(both parts) of their courses.

Simple methods (f7-f7) use basic procedures for
data processing and for the determination of general
characteristics of individual files. They include moving
averages and linear regressions. A method was derived
for the filtration of data for electronic log reception.
This method is based on the same principle as moving
average, but it replaces the average with a median.
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The moving average is calculated as an arithme-
tic average from a row of consecutive measurements
and replaces its value with a value of this measurement
which is in the middle of the row. When using the even
number of values, it is necessary to further calculate
the assigned value. Therefore, it is easier to use an odd
number of values for the filtration purposes. The mov-
ing median works similarly, but assigns a median in-
stead of arithmetic average. Thus, it is not affected by
extreme values. The number of elements from which
the moving average (median) is calculated is the
smoothing width. Neither moving average nor median
are able to calculate the values for data at the edges of
data sets.

Simple filtration methods used in this study con-
sist of moving average with the smoothing width of 3,
5 and 7 (fI-f3), moving median with the smoothing
width of 3, 5 and 7 (f4—f6) and linear regression (f7).

Filtration methods for end values (/8—f17) focus
on areas near sawlog ends. There are often outstanding
values caused by buttresses, undercuts, or oblique cuts.
During a common filtration process, these values may
influence the course of the whole evaluated sawlog
shape. An undercut or an oblique cut are defects whose
presence reduces the usable length of a sawlog. After its
identification, it is necessary to reduce (filter) the sawlog
length by the length of such defect. A buttress is a stem
butt swelling, which, after detection, only needs to be
smoothed by filtration, not removed. Each of the meth-
ods designed for the filtration of end values thus consists
of a part for the identification of both defect types and
subsequently for their filtration.

In order to detect an undercut or an oblique cut, the
methods are based on the comparisons of sawlog diam-
eter values measured in both mutually perpendicular di-
rections. The difference between these values is com-
pared with the selected limit value (methods /8, f74
—value 150; /9, f15 — value 100) or with one fifth (f70),
or one quarter (f1/) of the median, respectively, of nine
values corresponding with the position measured 130
cm from the end of the sawlog. The last two methods
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compare the difference of a measured value on a given
position and the median of all measured values in one
direction with the value of 100 (f76) and one fifth of the
median of all values (f77). In case the difference is great-
er than the compared value, the measured piece has most
likely a large undercut or an oblique cut.

The second part of the methods for end values
focuses on the detection of buttresses. In the Recom-
mended Guidelines for measuring and classification of
wood in the Czech Republic (composite authors 2007),
an instruction is given to remove buttresses, so that
their height over the round area does not exceed 3 cm.
Based on this regulation, boundary values are deter-
mined as 73 (f8), 53 (f9), one sixth of the median at the
position of 130 cm (f10, f12), one seventh of the same
median (f1/, f13), with which the difference between
the measured value and the median on the position of
130 cm is compared.

Other methods determine the presence of the but-
tress with the use of a median from all values and the
following values are considered the limit difference: 80
(f14), 60 (f15, f16) and one sixth of the median of all
values (f17).

The above limit values (150, 100; 73, 80, 60)
were derived from typical or permitted shape devia-
tions of sawlogs and subsequently adjusted according
to the filtration results.

Complex filtration methods (78 fo f69) consist
of simple methods and end value methods for the eval-
uation of their advantages and drawbacks.

They can be divided into two groups. The first
group includes the methods working on the principle of
moving medians of different degrees of smoothing (3
to 7), which have the end values complemented with
moved medians or with minimum values. The second
group contains methods that compare the measured
values with medians in order to detect the extreme. In
case their difference or quotient exceeds the limit value
(15, 20, 25 mm or 1.05 and 1.08), the initial measured
value is replaced with a new one. In case it is not ex-

500

ceeded, the initial value is still valid. New values are
based on the calculation of a median of a different de-
gree of smoothing or on the detection of the minimum.

2.2 Evaluation of filtration methods
2.2. Evaluacija metoda filtriranja podataka

2.2.1 Visual evaluation of filtration methods for
end values

2.2.1. Vizualna evaluacija metoda filtriranja za
vrijednosti na kraju trupca

When testing the filtration methods for end val-
ues, the ability of the methods to identify individual
defects is determined first (undercut or oblique cut,
buttress). The values collected at the place of these de-
fects are thus not replaced with new values, but only
with numbers (U for undercuts, B for buttresses, / inva-
lid value). Therefore, the values corresponding with
the standard sawlog shape stay unmarked. That is the
reason why the identification results are very compre-
hensible, but they can be evaluated only visually. In the
next step, the unsatisfactory values behind the begin-
ning of undercut are replaced with zero (as if the under-
cut would not continue), and the values at the areas of
buttresses are replaced with the values calculated from
the median. This completes the filtration.

The first evaluating criterion is the detection and
replacement of buttresses, respectively. In Fig. 2, the
scanned values corresponding with buttresses are
marked with the area B, the values after the filtration
are below them on the curve F.

The second criterion is an invalid insertion of a
zero value in the place where an extreme value was
measured. Fig. 2 shows a replacement of the upper ex-
treme (UE) with zero value during the filtration
(marked by number 0). The method erroneously identi-
fies an extreme as an undercut and filters it out.

The third criterion is the failure to identify an un-
dercut or an oblique cut. The values identifying this
defect are shown in Fig. 2 in the area U. The defect is
evaluated and filtered out correctly there.

400

—1C e F

300

200

100

Log diameter / promejr trupca, mm

150

200

250 300 350

Log length / duljina trupca, cm

Figure 2 Graphic display of filtration methods for end values (X — measured values in direction X; 7C — comparison curve;
F — values determined by filtration; B — buttresses; 0 —invalid zero value; U — undercut or oblique cut; UE — upper extreme)
Slika 2. Graficki prikaz metoda filtriranja za vrijednosti na kraju trupca (X — izmjerena vrijednost u smjeru X; 7C — krivulja za
usporedbu; F'— vrijednosti utvrdene filtriranjem; B — dno debla; 0 — pogresna nula vrijednost; U — kosi rez; UE — gornji ekstrem)
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700

600

500

400

300
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100

Log diameter / promejr trupca, mm

0 T T T

— -UE

— -LE

50 100 150

200

250 300 350 400

Log length / duljina trupca, cm

Figure 3 Graphic display of convergence line 7C and limits for the upper (UE) and lower (LE) extremes. X curve represents

the measured values in the horizontal direction

Slika 3. Graficki prikaz krivulje konvergencije 7C i limita za gornje (UE) i donje ekstreme (LE); krivulja X predocuje

vrijednosti izmjerene u horizontalnom smjeru

The errors are determined on the basis of a visual
evaluation of curves and incorrectly identified values
are summed.

2.2.2 Evaluation with the use of comparison curve
2.2.2. Procjena primjenom krivulje za usporedbu

In order to evaluate the filtration result without a
visual check of every sawlog, a procedure is designed
on the basis of a comparison of the measured values
with the assumed values (a line corresponding with the
normal rising gradient) and with the values calculated
with the application of the filtration method.

The rising gradient line is calculated according to
the rising gradient common for spruce in the Czech Re-
public, i.e. diameter increment of 1 cm per 1 cm of
sawlog length. The line is interspersed with the median
of all measured values in a given direction (X or ¥). In
the next step, a difference is calculated between the
value determined by the given filtration method and the
value according to the comparison line.

The values of the above mentioned differences of
measured values, comparison values, and filtered val-
ues are compared, and it is evaluated whether:
the value determined by filtration is identical to the
measured value (not applicable to extreme values),
the value determined by filtration stays in the field
of extreme (measured value was marked as ex-
treme),
the measured extreme value above (below) the
comparison line is replaced with a permissible val-
ue by the filtration,
the measured value (despite not being extreme) is
replaced with a new one — the value calculated by
filtration,
the calculated value, affected by an extreme, is at
another position (an extreme is not removed by the
filtration, it is just transferred).

With this method of evaluation of filtration pro-
cedures, the extreme values are those for which the fil-
tration deviation of the calculated or initial value and
comparison value is higher than 15 mm. An example of
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measured data in direction X, inserted comparison line
TC and limits for marking values for the upper (UE) or
lower extreme (LE) is shown in Fig. 3.

The classified values are summed in both the fil-
tered data files and the initial measured data files. The
difference is expressed in percentages. After the evalu-
ation (in the next step), the numbers of extreme values
are determined.

All criteria of effectiveness evaluation of filtra-
tion methods for individual sawlogs are gathered in
data files that are statistically processed. The basic de-
scriptive statistical indicators are calculated. The files
do not have a normal classification, given by the meth-
od of effectiveness evaluation. The analysis of variance
(ANOVA), which requires normality, cannot be used
for the determination of the statistical significance of
the difference between data files.

2.2.3 Evaluation of filtration selected methods by
volume

2.2.3. Procjena odabranih metoda filtriranja primjenom
obujma

Filtration methods are compared by their impact
on the total sawlog volume. Two alternatives are se-
lected for the calculation: from the sawlog mid diame-
ter and by 10 cm long sections.

Diameter values (mid or of individual section)
for the volume calculation are used in millimetres,
without cm conversion, which excludes the impact of
the conversion on the evaluation of filtration results.

4 Overall evaluation of filtration methods
4. Ukupna procjena metode filtriranja

2.2,

2.2.
Statistically processed evaluating criteria are

ranked from the best to the worst regarding the re-

quired properties:

upper extreme filtering rate (as many as possible

should be filtered out),

lower extreme filtering rate (as few as possible),

rate of keeping initial values (as many as possible),

rate of transfer of extremes (as few as possible),
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- value of the sum of upper extremes (as low as pos-
sible),

- impact on the resultant sawlog volumes (as low as
possible).

The methods are ranked with the use of robust
characteristics of the descriptive statistics, i.e. median,
modus, and the frequency of modus while taking into
account outliers and extreme values.

According to the evaluated properties of the test-
ed methods, methods for the use in practice are de-
signed that best meet practical requirements under spe-
cific conditions. They are characterized by:

- prevalent dimensions or quality of measured logs,

- requirements for accuracy of the determination of
individual log dimensions,

- speed of data processing on a given device,

- share of an operator in the course of reception,

- type of a scanning device and performance of the
control system.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Simple filtration methods
3.1. Jednostavne metode filtriranja

Simple filtration methods were applied to values
scanned from 189 sawlogs. The evaluation of their ef-
fectiveness was performed with the use of a compari-
son curve.

The results of comparisons of simple filtration
methods are as follows:

- Regression analysis is unsuitable for data filtration,
since it considerably simplifies the stem shape and
is too affected by extreme values. The diversion of
the regression line from the initial direction may
cause a significant error in the estimate of end val-
ues, which are important for the classification of
logs (an example shown in Fig. 4). The method can
be used for finding the end values only if they are
used for data which have already been smoothed by
moving averages or medians, i.e. if extremes have
been removed.

- Regarding moving averages, the wider the smooth-
ing, the smoother the curve, but also the more dis-
torted values by a single extreme value. An exam-
ple of an affected result by a single extreme value is
shown in Fig. 4. The transfer of an extreme to adja-
cent values is an important negative property of this
method.

- The issue of end values also applies to median
methods. It is necessary to complement them with
another method (e.g. regression, use of minimum
values or initial values, calculation of a median
from another section). The advantage is that there is
no impact on adjacent values by extremes (Fig. 4).
Median methods reliably filter high solitary ex-
tremes, which may be represented by branch stubs
and hanging bark. If more extreme values are pre-
sent next to each other, which may be caused by
e.g. larger tree burls, it is more probable that the
information on such fault is not lost.

3.2 Filtration methods for end values
3.2. Metode filtriranja za vrijednosti na kraju trupca

Filtration methods for end values were tested on
27 samples, which had buttresses, undercuts, and
oblique cuts. The evaluation is divided by evaluation
criteria specified by the methodology.

3.2.1 Visual evaluation of filtration methods for
end values

3.2.1. Vizualna procjena metoda filtriranja za
vrijednosti na kraju trupca

a) Failure to detect buttresses

Regarding the filtering out of buttresses, the most
effective seems to be the method 7/ (it compares the
difference between sawlog diameter in both mutually
perpendicular directions with one fourth of the median
of nine values at the position of 130 cm) and f73 (it
compares the difference between the measured value
and the median at the position of 130 cm with one sev-
enth of the same median). When using these methods,
the highest smoothing of the curve occurs in the area of
buttresses with the lowest error rate (the failure to de-
tect buttresses only occurred in six cases and it con-

280
260 b4
240 A .
220 A
200

180

Log diameter / promejr trupca, mm

A= M5

Tt - 45

160 T T T
0 50 100 150

200 250 300 350 400

Log length / duljina trupca, cm

Figure 4 Impact on moving averages by a single extreme of sawlog No. 112 (X — measured values; M5 — median out of five
values; 45 — moving average with the smoothing width 5; R — linear regression)

Slika 4. Utjecaj jednog ekstrema na trupcu broj 112 na pomiéne prosjeke (X — izmjerene vrijednosti; M5 — medijan od
ukupno pet vrijednosti, A5 — pomic¢ni prosjek sa Sirinom poravnanja 5; R — linearna regresija)
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cerned just one value, in one case two values). The
methods /8 and f74 (they compare the difference of
sawlog diameter in both mutually perpendicular direc-
tions with a fixed value) filter insufficiently, buttresses
stayed undetected with 17 sawlogs. Most commonly,
three values marked as buttresses stayed unfiltered, but
in some cases there were five extremes.

The difference between the results of filtration of
buttresses by individual methods is given by a deter-
mined comparison criterion. The methods /8 and f74
have the highest set fixed value for comparison. An-
other group consists of methods f9, f15 and f76, where
this value is lower. The third group consists of methods
with a relative comparison criterion derived from the
diameter of the measured sawlog (f77). Regarding
sawlogs of smaller diameter, this approach reacts to
small deviations. Regarding very thin pieces, high
curve smoothing occurs. In contrast, even large devia-
tions are tolerated in the cases of large sawlogs.

The search for extreme values with the help of a
quotient of sawlog diameters brings a new calculation
to the filtration process, which means higher demands
on information technology and longer evaluation
times.

b) Invalid insertion of zero value

Invalid insertion of zero value is the most impor-
tant error in terms of the calculation of final sawlog
volume. The visual checking makes it obvious that the
error occurs due to an incorrect interpretation of a large
difference between X and Y (sawlog diameter values
scanned in both mutually perpendicular directions),
such as an undercut or oblique cut. The lower the value
with which the difference is compared, the more likely
the difference between X and Y marked as an extreme.

The statistical evaluation of a visual check of the
invalid insertion of zero value shows that the differ-
ences between the tested filtration methods are mini-
mal. The occurrence of invalid values lies within the
boundaries of statistical insignificance for all methods.

¢) Undercut or oblique cut detection

The result of the evaluation of an undercut or
oblique cut has only two alternatives: it was or it was
not detected. The first four methods, /8 — f11, are very
effective for the detection based on comparisons of the
measured values in both directions (X and Y). The de-
gree of effectiveness of other methods is about half of
the above value. Despite this fact, the methods cannot
be recommended due to their high error rate when in-
serting the zero value.

The mutual comparison of values X and Y can
also be used for detecting an undercut or oblique cut
and for the subsequent determination of sawlog length
in compliance with Recommended Guidelines (com-
posite authors, 2007). This operation can be performed
only for end values as the first step before the filtration.
When the difference between the end values X and Y'is
lower than a given criterion, the values can be consid-
ered as the new initial values, and with their use, it is
possible to determine the sawlog length and the begin-
ning of filtration.
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3.2.2 Evaluation of filtration methods for end
values according to a comparison line

3.2.2. Procjena metoda filtriranja za vrijednosti na
kraju trupca primjenom usporedne krivulje

Similarly to the visual evaluation, when perform-
ing the evaluation according to a comparison line, it is
impossible to claim with statistical significance that the
methods differ from each other in a larger degree.
However, it is obvious that some of them are stronger
and some are weaker in terms of filtration.

The results of the evaluation of undetected but-
tresses are confirmed by the sum of the remaining up-
per extremes expressed as percentage. Regarding the
filtration, buttresses are considered extreme values.
Therefore, the sum of their deviations is relatively
high. The statistical evaluation shows that filtration
methods f7/ and f13 are the strongest ones. Compara-
ble results are reached by the method /77, which com-
pares the difference of sawlog diameter values collect-
ed at a given place in both mutually perpendicular
directions with one fifth of the median of all values.
The highest sums of deviations were detected with
methods f8 and f74, comparing the same difference
with a constant value of 150 (the highest use value).

When evaluating the sum of lower extremes, no
difference was detected between the majority of meth-
ods, with the exception of methods /8 and f74, which
contained more errors. Nevertheless, the selected set of
sawlogs contained very few extreme values under the
comparison line (they occur exceptionally). Thus, the
evaluation is based on a small number of observations.

A similar result can be seen when comparing the
sums of deviations above and below the comparison
line. The highest smoothing of the initial curve occurs
with the use of filtration methods f7/ and 13, and the
lowest with methods /8 and f74.

Regarding the preservation of the initial values,
which were not marked as extreme, it can be asserted
that there is almost no difference between the filtration
methods, and that the testing sawlogs mostly kept 78—
79 % of the initial values. No transfer of extremes oc-
curred in the used data file.

The evaluation of all criteria shows that the most
acceptable method for the filtration of end values is the
method /73 and f17, respectively.

The method f73 compares a measured value with
the median of nine values at the position of 130 cm
from the end of the sawlog. In case their difference is
higher than a quarter of this median, the value is con-
sidered an undercut and replaced with zero. The calcu-
lation of an opposite difference with the aim to detect
buttresses follows. The difference is compared with
one seventh of the same median as in the previous step.
In case the difference is higher, it is replaced with a
value increased by 15 mm. The method is only applied
to 10 end values.

The method 77 works on a similar principle with
the exception that a value of a median of all values in a
given direction is used for the comparisons and calcu-
lations. The limit value for undercuts is one fifth of the
median and one sixth for buttresses. A value marked as
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a buttress is, in this case, replaced with a median in-
creased by 25 mm.

Both these methods are relatively strong at the
filtration of buttresses and extreme values, and do not
show errors of invalid zero insertion, which is an im-
portant factor in practice. In order to search for extreme
values, both methods use criteria based on a quotient
from sawlog diameter. Therefore, the degree of curve
smoothing is dependent on diameter. This is not in con-
trast with the real variability of log surface, which is
lower with thinner pieces. In contrast, higher uneven-
ness, occurring with thicker pieces, is shown in the
sawlog value even after the filtration.

3.3 Complex filtration methods
3.3. Slozene metode filtriranja

The evaluation of individual criteria leads to the
following conclusions:

Simpler complex methods are very effective in
removing the upper extremes, but rank among the
weakest in other criteria. Their only advantage is their
simplicity and speed of data processing.

Contrasting results are shown by the methods
where the difference between the original measured
value and the median of three or six elements is com-
pared with the limit value of 25 mm. They are less ef-
fective in removing the upper extremes, but keep the
initial values and do not transfer extremes. Thus, the
lowest differences occur between sawlog volumes, cal-
culated from the measured and filtered values.

Regarding the number of positively evaluated
properties, the previous methods are ranked before the
method f55. It is a double-step method. In the first step,
it filters end values by the above mentioned method
f13. Afterwards, all the calculated values are compared
with the median of three values. In case the difference
is higher than 25 mm, the value is replaced with this
median. However, it keeps fewer initial values.

In the majority of criteria, even the methods
which replace the detected extremes by the minimum
are considered favourable. However, they are weaker
in removing extremes. They also show an increase in
values below the comparison curve. In addition, f49
shows weaker filtration of extremes, even though other
characteristics rank among the better evaluated ones.
This method compares the ratio of the initial value and
the median of three elements with the value of 1.08
(i.e. 8% tolerance). It is influenced by the measured log
thickness.

Double-step methods, which provide more in-
tense (“stronger”) log curve smoothing, are more reli-
able for the filtration of the upper extremes. However,
the consequence is a decrease in the resultant sawlog
volumes. In addition, higher effectiveness methods
lead to more complicated calculations.

3.4 Recommendations
3.4. Preporuke

Based on the analysis of properties, advantages
and drawbacks of individual methods, the following
methods are recommended for different conditions:
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/21 —moving median of three values, for end val-
ues a median of the last two values is used

Advantages: simplicity, fast calculation, strong
filtration of the upper extremes.

Drawbacks: removal of lower extremes, higher
curve smoothing, lower percentage of preservation of
initial values, transfer of extremes.

The method can be used for lower demands on
accuracy, for measuring logs with bark (errors gener-
ated by the measurement with bark are usually higher
than the errors caused by filtration). This corresponds
with the practices of log conversion depots or small
sawmills, where no high accuracy is required, as the
classification is performed slowly and with cheaper
machines, and an operator can significantly influence
the process.

/32 — the measured value is compared with a
moving median of three values; in case the difference
is higher than 20 mm, the value is replaced with this
median

Advantages: no complicated calculation algo-
rithm, identical for all values, preservation of lower
extremes, higher percentage of preservation of initial
values.

Its drawback is a weaker filtration of the upper
extremes.

This method is suitable for medium demands on
speed, medium demands on accuracy, for logs of lower
quality (keeping information on more complicated
shapes of logs). This corresponds with the practices of
small and meddle-size sawmills, where the classifica-
tion is performed with cheaper machines, and where an
operator can significantly influence the process.

/49 — quotient of the measured value and moving
median of three values is compared with the value of
1.08; in case the quotient is higher, the value is re-
placed with this median

Advantages: the same (medium complex) calcu-
lation algorithm for all values, preservation of lower
extremes, higher percentage of preserved initial values.

Drawbacks include a different degree of filtration
for individual thickness classes, weaker filtration of the
upper extremes.

The filtration method is suitable for medium de-
mands on speed and accuracy, logs of lower quality
(keeping information on more complicated shapes of
logs), for logs with a wide range of thicknesses (more
initial values are preserved with high thickness), for
measurements with conveyors (effective filtration of
extremes — driving dogs). This is suitable for small and
middle-size operations, where medium accuracy is re-
quired, the classification is slower and performed with
cheaper machines, and where an operator can signifi-
cantly influence the process, logs of different thick-
nesses and quality are supplied, or a conveyor with
driving dogs passes through a measurement frame.

/56 — the method works in two steps: coarse fil-

tration is performed by the method f73 (it compares the
difference between the measured value and the median
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at the position of 130 cm with one seventh of the same
median) and these values are subsequently filtered with
the use of a moving median of three values. The other
step is a comparison of the values from the first and the
second filtration phase — the limit value for the differ-
ence is 20 mm; in case the value is exceeded, a value
from the median from the second filtration phase is in-
serted.

Advantages: preservation of the lower extremes,
higher percentage of preservation of initial values,
stronger filtration of the upper extremes.

Drawbacks: more complicated calculation algo-
rithm, different algorithms for end values, higher curve
smoothing.

The method is suitable for higher demands on ac-
curacy, for logs of higher quality (extremes are often
caused by surrounding effects, their filtration does not
lead to the loss of information on the curve shape), for
logs with buttresses, oblique cuts and undercuts (the fil-
tration includes algorithms only applicable to end val-
ues). This corresponds with middle-size sawmills, where
higher speed and accuracy is required, and where higher
performance control systems are available.

159 (the method works in two steps: coarse filtra-
tion is performed by the method f73 and these “fil-
tered” values are subsequently filtered with the use of a
median of five values; then follows a comparison of
values from the first and the second filtration phases —
the limit value for the difference is 20 mm; in case the
value is exceeded, a value from the median from the
second filtration phase is inserted)

Advantages: preservation of the lower extremes,
higher percentage of preservation of initial values,
stronger filtration of the upper extremes, low error rate.

Drawbacks: complicated calculation algorithm,
different algorithms for end values, higher curve
smoothing.

The method is suitable for high demands on accu-
racy, for logs of higher quality (extremes are more often
caused by surrounding effects, their filtration does not
lead to the loss of information on the curve shape), for
logs with buttresses, oblique cuts and undercuts (the fil-
tration includes algorithms only applicable to end val-
ues). This corresponds with middle-size and large saw-
mill operations with higher quality equipment, where an
operator rarely influences the measurement.

3.5 Impact of data filtration on electronic
reception of logs

3.5. Utjecaj filtriranja podataka na elektronicki prijem
trupaca u pilani

Wood volume is essential when selling and buy-
ing wood with the electronic reception of logs. Huber
method is usually used to determine the volume. When
using Huber method, the volume of the whole sawlog
is dependent on the mid diameter. With the electronic
reception of logs the diameter is determined by four
measurements near the sawlog centre and their average
value is calculated.

The filtration should remove shape anomalies
and prevent a distortion of the sawlog volume calcu-
lated by an extreme value. However, the filtration of
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an extreme value collected near the measured area in
the sawlog centre may cause the replacement of a cor-
rect value for an incorrect one (extreme transfer). The
result of filtration may be contradictory to the initial
intention.

Simple filtration methods do not allow determin-
ing the limit criterion for an extreme, which is to be
filtered or which is not be filtered. Complex methods
allow taking this limit into account.

In order to evaluate the properties of individual
filtration methods, the differences in volumes deter-
mined from two values near the sawlog centre from the
initial and the filtered vales were also calculated. Re-
garding simple methods, the difference of volume from
the initial and filtered values can be both positive and
negative. The difference is positive only with complex
methods. Positive differences indicate lower volume
after the filtration, i.e. the diameter was reduced by the
filtration. Therefore, the positive extreme was filtered
out. The filtration of negative extremes is undesirable.

Although the percentage deviations of extremes
may reach the limit values of over 30 %, majority of
extremes ranges in the area of 10 %. It is necessary to
point out that the deviations in volumes only occurred
at approx 10 % of all sawlogs. The total deviation,
which may occur during the measurement, would then
range in the area of around 1 %.

Negative deviations were also indicated with
simple methods, i.e. after the filtration, the volume is
higher than before the filtration. This phenomenon is
caused by an impact on initially normal value by a po-
tentially extreme adjacent value. Subsequently, the di-
ameter increase occurs.

Therefore, it is more suitable to apply more com-
plex methods.

In order to evaluate the effect of filtration meth-
ods on the resultant sawlog volume, it is more suitable
to determine sawlog volume by sections, since it takes
into account the filtration of the whole curve. The men-
tioned effect of filtration is expressed as the volume of
a cylinder of the diameter that is equal to the log mid
diameter (Huber method). When determining the saw-
log volume by sections, the effect is much lower, since
it only has an impact on the section affected by an er-
ror, not the whole sawlog. Therefore, it is more accu-
rate to use the method by sections, in order to deter-
mine the effect of filtration methods on the calculated
sawlog volumes.

This study determined the log mid diameter as an
average value of four measurements near the sawlog
centre. The same method is used for the determination
of a section diameter, when determining the volume by
sections. The compared sawlog volumes were deter-
mined from diameter values in mm, i.e. without con-
version into cm. The difference of the volumes of saw-
logs determined by the calculation from the mid
diameter and by sections was only set in this work for
illustrative purposes and substantially simplified. The
finding that the sawlog volume determined by sections
is on average by 1.0 % higher than the volume deter-
mined from the mid diameter is in line with the previ-
ous works (Janak and Peter, 2004).
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4 CONCLUSION
4. ZAKLJUCAK

Data filtration is a necessary step for processing
data collected by the electronic measurement of saw-
log dimensions. It is also a factor affecting the evalu-
ated shape and volume of sawlogs. Therefore, the fil-
tration method has an impact on the results of the
whole electronic reception and, up to a certain extent,
on supplier-customer relations of wood trading.

69 methods were designed and evaluated for the
analysis and recommendations of suitable data filtra-
tion methods. The methods were applied to sets of val-
ues collected from sawlogs in sawmills (not laborato-
ries). The methods differ from each other in the
calculation method (moving average, median, smooth-
ing width) and in the type of application (simple or
combined, different processing of individual sawlog
parts). The impact of individual filtration methods on
the resulting sawlog values was evaluated visually as
well as by a comparison procedure based on the taper.

The evaluation shows that simple methods deform
mainly the parts of sawlogs with buttresses and are unre-
liable concerning oblique cuts and bounced cuts at saw-
log ends. The combined methods are more reliable but
more demanding in the performance of the control sys-
tem. Five filtration methods are recommended, which
differ in their accuracy and calculation demands. There-
fore, they are suitable for different areas of use (volume
and predominant dimensions or measured log quality,
requirements as to the accuracy of sawlog dimensions,
degree of participation of an operator during electronic
reception, type of scanning device and equipment).

The impact of filtration on the value of the calcu-
lated volume during electronic reception is mainly given
by the method and effectiveness of filtration; the method
of log volume calculation also plays an important role.

When calculating sawlog volume by Huber
method (from the mid diameter, typical for Central Eu-
rope), the total volume of a given piece is given by four
diameter values scanned near the sawlog centre. An
initially correct value may be affected by an adjacent
extreme value and changed when applying simple fil-
tration methods based on moving the most common
averages or medians. An error, which thus occurs, has
a significant impact on the volume value of the whole
piece. Therefore, it is recommended to apply more
complex methods (searching for extreme values while
using set criteria).

When calculating sawlog volume by sections,
only one section is affected by a given error. Therefore,
the calculation of sawlog volume by sections signifi-
cantly reduces the impact of filtration and scanning er-
rors, and is hence more suitable.

The research was performed in cooperation with
the representatives of suppliers and customers of saw
timber. Our aim was to satisfy all requirements that
were identified during the research. The research re-
sults shall lead to complementing and improving the
regulations for electronic log reception in the Czech
Republic, and, as we believe, to improving the log re-
ception itself.
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