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Technological development and digitalization have brought new opportunities in many industrial sec-
tors, including forestry. Wood measurement is an important process which in many regions is shifting
from manual methods to the use of digital tools, and the validation of new approaches is necessary to
ensure the sustainability of the sector. This study was set up mainly as a follow-up attempt to validate
results concerning postural risks when using digital tools to measure logs. In addition, the study ex-
plores the postural implications of a new measurement option, namely scanning of wood loaded into
trucks. Generally, the digital measurement options involving the use of smartphones and professional

Keywords LiDAR scanners generated lower postural risks, results which are consistent with and validate previous
wood supply chain findings. Although the studied measurement options displayed statistically significantly different pro-
close range sensing files in terms of postural conditions, manual wood measurement remains challenging in terms of pos-
ergonomics tural risk. From a postural assessment perspective, transition to digital tools in wood measurement
health risk seems to be a sustainable option in the long run, but it will require the further development of existing
comparison algorithms so as to be able to extract useful information from the collected data.
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Introduction completely mechanized harvesting systems and the

integration of the latest technology into machines, the
measurement tasks have been transferred to a com-

Wood measurement is a common activity in the tim-
ber supply chain, because it provides information
about the quantity and quality of the wood (Leahu,
1994), which supports research and decision-making
(Miller et al., 2019). Traditionally, the measurement
of logs in various places along the supply chain has
been done manually. With the development of

" Corresponding author: viorela.marcu@unitbv.ro

puter fed by sensors, contributing to an increase in
measurement efficiency and to the ability to transfer
measurement data along the supply chain (Kemmerer
& Labelle, 2021). However, mechanized harvesting is
so far used only to acertain extent worldwide
(Lundbick et al., 2021; Moskalik et al., 2017), which
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constrains the practice of wood measurement to the
use of manual tools in many regions of the world.

With advancements in technology such as LIDAR
and photo-optical sensing, there has been increased mo-
mentum in the testing, developing and marketing of
technologies that are increasingly replacing traditional
measurement methods. To date, several platforms and
technologies have been tested with good results in cap-
turing the biometrical features of logs, such as mobile
LiDAR scanners (de Miguel-Diez, 2022) and various
smartphone applications (Borz et al, 2022a; Nita
& Borz, 2023; Tomastic et al., 2017). These technologies
have shown a great deal of potential in saving time and
effort (Borz & Proto, 2022), but few studies have ad-
dressed the ergonomic conditions of their use (Borz et
al., 2022b). The basic principle of their operation is scan-
ning, which is characterized by a series of continuous
movements that are usually done smoothly (Forkuo
& Borz, 2023) at a low walking speed; in contrast, the use
of conventional tools such as callipers may require
a higher proportion of stationary work. The weight car-
ried by the operator also depends on the tools used, with
the smartphone platforms demonstrating a high poten-
tial to reduce carrying effort.

At first glance, these new tools may appear very
promising from an ergonomic point of view, since no
direct contact with the measured object is required,
and their weight is low (Borz et al., 2022a). However,
they may require quite frequent changes in working
posture so as to cover the logs by scanning. The liter-
ature on the topic is still underdeveloped, with just
one study that assessed postural risk in wood meas-
urement tasks (Borz et al., 2022b). This comes in
a context where biomechanical exposure is one of the
main concerns today, mainly because it can lead to
musculoskeletal disorders, disabilities, and an in-
crease in health-related costs (Helander, 2006).
In particular, forestry work is known to lead to health
problems such as low back pain (Gallis, 2006;
Grzywinski et al.,, 2016). Most manual and motor-
manual forest operations are known to generate in-
creased risks of developing musculoskeletal disorders
due to factors such as the postures assumed by the
workers (Cheta et al., 2018; Spinelli et al., 2018). Con-
ventional wood measurement is no exception, as in-
dicated by a previous study (Borz et al., 2022b). This
is because measurements are typically taken on logs
placed on the ground, which may require uncomfort-
able postures of the back and legs, or on logs placed
in piles, which may require uncomfortable arm pos-
tures. Additionally, there may be aneed to carry
measurement tools such as forest callipers and tapes,
which are heavier than a smartphone.

The risk of developing musculoskeletal disorders is
commonly evaluated by a postural assessment method.

To date, there are several postural assessment methods
used in industry (David, 2005), of which the OWAS
method (Karhu et al.,, 1977) has been widely adopted
due to its low complexity, ease of use, coverage of all
body parts, and usability in various work environments,
including forestry (Corella Justavino et al., 2015; Calvo,
2009). One of the main concerns related to the use of
postural assessment methods is their validity (David,
2005), where the repeatability of outcomes is important
to validate their results.

This work was designed mainly as a follow-up
study. As a first objective, the study checked the re-
peatability of results on postural assessment when us-
ing digital tools to measure wood, by considering new
datasets which were collected by observing several
subjects in new work conditions. A second objective
of the study was to explore and evaluate the postural
implications of a new way of measuring wood,
namely the scanning of logs loaded into trucks. The
objectives were operationalized by computing the
postural risk indices and the frequencies of activities
per action category. This was complemented by a de-
tailed description of the frequencies of body part pos-
tural conditions according to the OWAS method, as
well as statistical comparison tests to check for signif-
icant differences in the outcomes of postural assess-
ment factored by the measurement method used.

Materials and methods

1. Measurement instrumentation and data
collection

Data supporting this study were collected between
14 February and 12 May 2022 in Romania, at the wood
storage facility of HS Timber Group Reci, located at
46°4'34"N, 25°54’16”E. Four types of activities were cov-
ered by this study, reflecting the use of conventional and
advanced wood measurement options. Table 1 gives
adescription of the activities divided into elemental
tasks, with abbreviations for the compared datasets
based on the type of measurement method (scanning —
S; manual measurement — MM), location of the logs (on
the ground - G; loaded in a truck - T), and the platform
used for measurement by scanning (professional LIDAR
- Z; scanner and smartphone - P).

The logs used in the study were mostly sourced
from Norway spruce trees harvested from Romanian
forests, predominantly in thinning operations. The
timing relative to the stands’ age, and the time span
between the interventions, commonly generate large
variability in the harvested tree sizes. Typically, the
logs processed by the company have a length of about
3 or 4 meters, and a mid-diameter ranging from
about 20 to 40 cm.
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Table 1. Description of the observed activities

Activity
(abbreviation)

Description

Tasks (abbreviation)

Scanning groups of
logs at the ground by
a professional Li-
DAR scanner
(SLGZ)

Scanning piles of
logs in the trucks by
a professional Li-
DAR scanner (SLTZ)

Scanning individual
logs at the ground by
a smartphone
(SLGP)

Measuring manually
individual logs at the
ground by a calliper
and a tape (MM)

The subject prepares the instrument, runs
the effective scanning by surrounding
groups of logs (50 to 250 logs) placed at the
ground at a distance of approximately
60 cm each other

The subject prepares the instrument, runs
the effective scanning by surrounding
a given truck and, when the case, moves to
another location for scanning

The subject prepares the instrument, runs
the effective scanning by surrounding each
log from a group of logs (50 to 250 logs)
placed at the ground at a distance of approx-
imately 60 cm each other

The subject prepares the instruments and
runs the effective measurements on each log
from a group of logs (50 to 250 logs) placed
at the ground at a distance of approximately

The subject prepares the instrument for scan-
ning (P)

The subject uses the instrument to effectively
scan the logs (GS)

The subject saves the data in the memory of the
instrument (SD)

The subject prepares the instrument for scan-
ning (P)

The subject uses the instrument to effectively
scan the logs (GS)

The subject moves to another place of work (M)
The subject saves the data in the memory of the
instrument (SD)

The subject prepares the instrument for scan-
ning (P)

The subject uses the instrument to effectively
scan a given log (PS)

The subject saves the data in the memory of the
instrument (SD)

The subject carries on other tasks which are not
related to the scanning work (PD)

The subject prepares the instruments for meas-
urement (P)

The subject moves to another log or place of
work (M)

60 cm each other

The subject measures the log (ML)
The subject carries on other tasks which are not
related to the measuring work (PD)

The logs were scanned individually with a smart-
phone, measured individually by manual tools, or
scanned as groups. As regards location, the logs were
either placed on the ground or as piles into trucks.
A professional LiDAR scanner (Zeb Revo, GeoSLAM)
was used to scan groups of logs placed on the ground
or loaded into trucks, due to its capability in terms
of scanning range, which is up to 30 m. A Huawei
P40 Pro equipped with the Forest Design Scanner ap-
plication (https://forestdesign.ro/index.php/ro/) was
used to scan the logs individually, with a shorter
scanning range of typically less than 5 m. Finally,
manual measurements were taken by a calliper and
a tape on individual logs, following a protocol devel-
oped in the Hypercube 4.0 project (see, for instance,

Nitd & Borz, 2023), which aimed to collect reference
biometric figures to check the accuracy of digital
measurements. Examples of the methods used for
measurement are shown in Figure 1.

Four subjects were observed during the field data
collection. However, no differentiations were made to
identify a given subject working in a given type of
task. GoPro Hero 10 video cameras were set up to col-
lect video files continuously so as to record the ob-
served tasks. The collected films were each 12 minutes
in length, and they covered all of the tasks carried out
on a given day. In total, 80 high-quality films, cover-
ing all of the observed wood measurement activities,
were selected for data processing.
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Fig. 1. Examples from measurement activities taken into study: a — scanning groups of logs at the ground by a profes-
sional LiDAR scanner (SLGZ), b - scanning piles of logs in the trucks by a professional LiDAR scanner (SLTZ),
¢ - scanning individual logs at the ground by a smartphone (SLGP), d - measuring manually individual logs
at the ground by a caliper and a tape (MM)

2. Data processing

Frames were extracted from each film, resulting in about
709 still images extracted from each file. This step was
carried out using the Free Video to JPG Convertor soft-
ware (https://www.dvdvideosoft v5.1.1), resulting in
82 sets of still images. Sets of random numbers between
1 and 180 were then generated in Microsoft Excel and
used to select images from each dataset based on their
identification number. A total of 14,940 still images were
extracted and checked for usability in the postural anal-
ysis (Table 2). Of these, all images that failed to show all
of the body parts required by the analysis were removed
from the dataset. The retained images accounted for
28% to 71% of the original datasets, and overall close to
49% of the data (Table 2). The percentages of valid im-
ages for measurement methods and their elemental
tasks are given in Table 3. As shown, images depicting
effective measurement were dominant, accounting for
close to 60% in the case of scanning of individual logs
with a smartphone, and close to 70% for the remaining
measurement methods.

Valid images were evaluated, and codes for the
posture of the back, arms and legs, and for the level of

force exertion were assigned to each image, in accord-
ance with the OWAS method (Karhu et al., 1997;
Helander, 2006; Corella Justavino et al., 2015). Pos-
tural codes included a text code characterizing the
task, as described in Table 1. The OWAS method in-
cludes four possible postures of the back, three pos-
tures of the arms, seven postures of the legs, and three
levels of force exertion. These are combined in a four-
digit sequence based on which a given instance is as-
signed to one of the four possible action categories
(ACs). The four action categories describe the sever-
ity of postural condition in terms of the timing of er-
gonomic interventions to be taken. According to the
first AC, no ergonomic intervention is required,
whereas the second, third and fourth ACs indicate re-
spectively that corrective actions are required in the
near future, as soon as possible, and immediately
(Karhu et al., 1997; Helander, 2006; Corella Justavino
etal.,, 2015). Since the tools used for measurement in-
volved either carrying a smartphone or a mobile Li-
DAR scanner in a backpack while using the scanning
device with the arm, or carrying and using a calliper,
the force exertion was assumed to be less than 10 kg
in all cases.
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Table 2. Description of the used data

Number . Number Number .
. Number Film length . Share of valid
Activity of observed of extracted of valid
. of films (s) frames (%)
subjects frames frames
SLGZ 4 21 14.901 3780 1175 31.08
SLTZ 3 21 9.448 3780 2684 71.01
SLGP 2 20 14.193 3780 1079 28.54
MM 2 20 14.195 3600 2370 65.83
Total 4 82 52.737 14940 7308 48.92
Table 3. Share of data on activities and elemental tasks
Task’
Activity
GS M ML P PD PS SD
SLGZ 69.02 7.49 23.49
SLTZ 68.77 0.37 5.84 25.02
SLGP 8.01 11.07 61.85 19.07
MM 15.99 74.22 0.13 9.66
Total

Note: ! The tasks abbreviated in Table 3 are described in Table 1.

3. Data analysis

Data analysis was carried out in Microsoft Excel at the
elemental task and measurement method levels.
Based on the codes attributed to each body part, the
action category of each image was determined by
means of Visual Basic for Applications code devel-
oped in the Visual Basic Editor of Microsoft Excel.
The matrix used to place a given instance in an action
category is described, for instance, in Calvo (2009).
The data on action categories were sorted by ele-
mental task and measurement method, and analysed
at those levels of data organization. To characterize
the ergonomic risk for elemental tasks and measure-
ment methods, the postural risk index (PRI) was
used, as described for instance by Zanuttini et al.
(2005). This metric weights the action categories by
their relative frequency in a dataset, and provides
a numerical result between 100 and 400 to character-
ize the overall risk of a task or activity. Based on the
analysis steps described, the data was organized by el-
emental task and measurement method in the form of
graphics showing the relative frequencies of action
categories and the computed postural indices. To de-
tect potential statistical differences between the distri-
butions characterizing the four datasets at the action

category level, the Real Statistics add-in running un-
der Microsoft Excel was used to implement nonpara-
metric statistical comparison tests. In the statistical
comparison, a given measurement method was in-
cluded as a nominal input variable, whereas the ac-
tion category was included as an ordinal outcome var-
iable, since it describes actions to be taken in
increasing order of urgency. Comparisons were im-
plemented between each possible pair of datasets,
characterizing the action category data wusing
a Mann-Whitney test, with the confidence threshold
to detect differences set at a = 0.05 (p<0.05). Mann—
Whitney tests were implemented using (i) tie correc-
tion, since the likelihood of ties was large, (ii) a con-
tinuity correction, since the data were limited to four
ordinal values, and (iii) an effect size statistic (ef-
fect r), which basically explains the differences in var-
iance. For instance, values of 0.3 to 0.5 indicate a me-
dium to large effect size.

Results and discussion
1. Postural risk

The main results of this study are shown in Figs. 2 to 5.
Opverall, measuring the logs by scanning returned the
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best postural condition, irrespective of the platform
used, location, and degree of grouping of the logs
(Figs. 1 to 3). The postural risk indices were 147 for
SLGZ (Fig. 2), 159 for SLTZ (Fig. 3) and 167 for SLGP
(Fig. 4). Clearly this is an effect of the dominance of the
first action category in these datasets. However, the
first option (SLGZ) gave the best postural condition.
This can be attributed to the way in which effective
scanning is performed. For instance, the frequencies of
action categories differed between SLGZ and SLTZ,
with a higher frequency of the second action category
in the latter dataset. Here, the way in which the instru-
ment is used differs mainly in terms of the posture of
the arms, since it is required to point the scanning de-
vices upwards to cover the logs piled into trucks. This
means that, in some cases, the posture of the arms was
changed sufficiently that changes in the action category
occurred. Scanning individual logs on the ground us-
ing a smartphone is far easier in terms of weight car-
ried. However, to properly cover the logs by scanning,
some back bending may be required, given the location
of the measured objects and the scanning range capa-
bilities. This is made clear in Fig. 4, which shows the
completely different distribution of the action catego-
ries, where the first action category accounted for
slightly less than 50% of the data.

Instrument preparation and data saving are ele-
mental tasks that entail different approaches in the
way that the instruments are used. In the first two ac-
tivities (SLGZ, SLTZ) the instrument is usually oper-
ated from near the ground when it is set up and when
the data are saved (Borz & Proto, 2022). In contrast,

100,00 1
50,00 4
80,00 4
70,00 4
60,00
50,00 4
40,00 4
30,00

Share of action categories (%)

20,00 1
10,00 A

0,00 A
SLGZ (PRI= 147)

GS (PRI=104)

preparation of the instrument and data saving after
scanning with a smartphone are usually done from
a standing position (based on the data supporting this
study), while the effective scanning process is similar
to that used with a professional LiDAR scanner, by
scanning in a closed loop (Nitd & Borz, 2023). These
differences may be clearly seen in the postural risk in-
dices and distribution of data on action categories, as
shown for elemental tasks P and SD in Figs. 2 to 4. For
the first two activities (SLGZ, SLTZ), the postural risk
indices for preparation (P) and saving data (SD) were
respectively 238 and 243, and 290 and 260. For the
third activity, the postural risk indices of these ele-
mental tasks were 213 and 114, respectively.

Compared with a previous study on the postural as-
sessment of manual and scanning options in log meas-
urement (Borz et al., 2022b), the results indicate a cer-
tain degree of similarity in terms of postural risk
indices. In this study, scanning groups of logs placed
on the ground with a professional mobile LIDAR scan-
ner returned a postural risk index of 147, whereas Borz
et al. (2022b) reported a postural risk index of 150.
Also, scanning individual logs with a smartphone pro-
duced a postural risk index of 213 in this study, which
was close to the value of 180 reported by Borz et al.
(2022b). In addition, this study evaluated the postural
implications of scanning piles of logs located in a truck
using a mobile LIDAR scanner. Although this was sim-
ilar to the case of scanning of logs placed on the
ground, it returned a higher value for the postural risk
index (159) and indicated assignment of this activity
to the second action category.

mACH
OAC3
OAC2

HAC1

P (PRI=238)
Job & tasks

SD (PRI =243)

Fig. 2. Share on action categories and postural risk index when scanning groups of logs at the ground by a professional
LiDAR scanner (SLGZ). Legend: AC1 to AC4 stand for the action categories 1 to 4. Note: GS - effective scanning by
the instrument, P - preparing the instrument for scanning and SD - data saving
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SLTZ(PRI=159) G5(PRI=111) M(PRI=150) P(PRI=200)  SD(PRI=260)
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20,00
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Fig. 3. Share on action categories and postural risk index when scanning piles of logs into a truck by a professional
LiDAR scanner (SLTZ). Legend: AC1 to AC4 stand for the action categories 1 to 4. Note: GS - effective scanning
by the instrument, M — moving to another place of work, P - preparing the instrument for scanning and SD - data
saving

IS
W
=]
0
# mACd
5 DAC3
S OAC2
o
ﬁ mACT
L)

SLGP(PRI=167 P(PRI=213) PD(PRI=122) PS(PRI=18) GSD(PRI=114)
Job & tasks

Fig. 4. Share on action categories and postural risk index when scanning individual logs at the ground by a smartphone
(SLGP). Legend: AC1 to AC4 stand for the action categories 1 to 4. Note: P - preparing the instrument for scanning,
PD - carrying on other tasks not related to the work, PS - effective scanning by the smartphone and SD - data saving

100,00 -
90,00 -
80,00 1
70,00 -
60,00 A
50,00 -
40,00 -
30,00 -
20,00 -
10,00 1 13,19

0,00 - T T r
MM (PRI M (PRI= ML (PRI= P (PRI= PD (PRI=
=251)  124) 295) 267) 129)

Job & tasks

14,41

66,67
75,50 mAC4
DAC3
OAC2

Share of action categories (%)

33,33 BACI

Fig. 5. Share on action categories and postural risk index for manual measurement (MM). Legend: AC1 to AC4 stand for
the action categories 1 to 4. Note: M - moving to another log or place of work, ML - measuring the log, P - preparing the
instruments for measurement, and PD - carrying on other tasks not related to measuring work
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Similarly as in the study by Borz et al. (2022b;
PRI = 250.5), manual measurement returned the
highest postural risk index in this study, equal to 251,
resulting largely from effective measurement and
preparation of tools (Figure 5), which were tasks gen-
erally assigned to the second and third action catego-
ries. Altogether, the first three activities seem to re-
quire no urgent corrective actions, indicating insi-
gnificant risks of developing musculoskeletal disor-
ders. Consistently with the work of Borz et al. (2022b),
however, it was found that manual measurement ap-
pears to require corrective measures as soon as possi-
ble. By visual analysis of the data in the frequency do-
main, the distribution of data indicates clear
differences between the two first (SLGZ, SLTZ) and
two last (SLGP, MM) datasets. The former appeared to
be similar in terms of the distribution of instances to
action categories, whereas the third and fourth action
categories indicated different relative distributions.

Table 4. Share of data on activities and elemental tasks

2. Body part posture

Frequencies of postures of body parts are given in
Table 4. As shown, scanning by a smartphone led to
a significant proportion of cases with the back being
bent and twisted, or bent forward and sideways, which
is consistent with the way in which the scanning was
done. This comes mostly from the data covering prep-
aration and effective scanning tasks (data not shown
here). When scanning piles of logs loaded into trucks,
most of the changes in arm postures occurred in a sig-
nificant proportion of the analysed images in which at
least one arm was at or above shoulder level. However,
these occurred mostly with a straight back. For manual
measurement, there was a higher proportion of cases
where the back was bent forward, which is natural
when diameters of logs are measured with a calliper, as
well as a significant proportion of images in which one
or both arms were at or above shoulder level.

Postural codes of the body parts!

Activity
B1 B2 B3 B4 Al A2 A3 L1 L2 L3 L4 L5 L6 L7
SLGZ 36.7 153 425 55 982 1.1 0.7 - 0.5 89 192 22 - 69.2
SLTZ 643 257 85 1.5 606 236 158 - 1.9 7.0 258 39 - 61.4
SLGP 458 254 111 17.7 983 1.0 0.7 21 24 261 47 133 - 51.4
MM 273 635 4.1 51 842 9.8 6.0 - 4.2 58 474 263 - 16.3

Note: ! Postural codes of the body parts according to the OWAS method: B1 - straight, B2 - bent forward or backward, B3 - twisted or
bent sideways, B4 - bent and twisted or bent forward and sideways, A1 - both arms below shoulder level, A2 - one arm is at or above
the shoulder level, A3 - both arms are at or above shoulder level, L1 - sitting, L2 - standing with both legs straight, L3 - standing with
the weight on one straight leg, L4 - standing or squatting with both knees bent, L5 - standing or squatting with one knee bent, L6 -
kneeling on one or both knees, L7 - walking or moving.

Table 5. Results of comparison tests between the measurement methods

Results of the Mann-Whitney test

Compared variables’
a p-value? effect r*
SLGZ-SLTZ 0.05 0.00001 0.092
SLGZ-SLGP 0.05 0.00000 0.159
SLGZ-MM 0.05 0.00000 0.482
SLGP-SLTZ 0.05 0.00003 0.068
SLGP-MM 0.05 0.00000 0.440
SLTZ-MM 0.05 0.00000 0.430

Note: ! The values of action categories were considered ordinal variables since they designate, from 1 to 4, increasing concerns and
ergonomic interventions to be taken; 2 p - values of less than 0.05 indicate significant statistical differences (a = 0.05, p < 0.05) in terms
of distribution on action categories in the compared datasets; * values of the effect r are judged against the commonly used comparison
scales where 0.1 is a small effect, 0.3 is a medium effect and 0.5 is a large effect.
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Except for manual measurement, all of the meas-
urement methods involved a high degree of movement
(L7 for the legs). However, because scanning with
a smartphone was done piece by piece, it produced less
leg movement during scanning. For reference, accord-
ing to the classification matrix of the OWAS method,
a posture for the back coded with 2, 3 or 4, coupled
with a posture of the arms coded with 2 or 3, and with
a posture of the legs coded with 4 or 5, leads to assign-
ment to the fourth action category (Calvo, 2009; Co-
rella Justavino et al., 2015). The present results confirm
and validate the finding that measuring logs by mobile
scanning carries less risk than manual measurement.
This finding is also supported by the median values of
the action category data, which were always 1 for meas-
urement methods based on scanning and 3 for the
manual measurement (explicit data not shown here).
The comparison tests indicated significant differences
between all pairs of measurement methods, as shown
in Table 5. However, the effect sizes were consistently
larger (> 0.4) when comparing the distribution of data
from MM against any of the scanning-based measure-
ment methods (Table 5).

In addition, wood measurement by scanning ap-
pears to carry less risk than motor-manual felling (Cheta
et al., 2018; PRI = 275), motor-manual willow felling
with brush cutters (Borz et al., 2019; PRI = 191-192),
manual cultivation of poplar (Marogel-Popa et al., 2019;
PRI = 179.9), and manual planting of poplar seedlings
and cuttings (Marogel-Popa et al., 2020; PRI = 250-
259), and similar or greater risk compared with wood
debarking (Spinelli et al., 2018; PRI = 114-150). Also,
the results confirm the repeatability of outcomes, as sim-
ilar data for postural risk indices were obtained for three
wood measurement options. Scanning the logs piled
into trucks, however, seems to be at an intermediate po-
sition in terms of postural risks, placing this activity be-
tween the scanning of logs placed on the ground using
a professional mobile LiDAR scanner and similar scan-
ning using a smartphone.
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