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Abstract: Effective wood evaluation necessitates a thorough consideration of technical pa-
rameters, including both quantitative and qualitative features. The study aimed to practically
verify the accuracy and applicability of the ARBOTOM acoustic stress tomograph under vari-
ous forestry operations and research conditions. The tomograph was tested in a forest stand
and a poplar plantation. A total of 165 standing tree trunks were evaluated using the acoustic
tomograph: 108 oaks, 53 lindens, 4 pines, 1 fir in the forest, and 2 poplar trunks at the planta-
tion. The median value for damage identified in the red color spectrum was 41.4% for oak and
58.3% for linden. In the violet color spectrum, the median values for damage were 13.75% for
oak and 9.5% for linden. The results also indicated that the number of sensors did not signifi-
cantly affect the identification of the extent of red or violet damage zones. The application
on poplar trunks showed that the tomograph is not suitable for very thin trunks with naturally
thinner wood. Integrating these technologies into forestry operations could help create favor-
able conditions for the use of modern information technologies in conjunction with the sus-

tainable management of forest resources.
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1. INTRODUCTION

Accurately determining the value of wood is
essential for the forestry industry, as wood
sales constitute a significant portion of its
revenue. Effective wood evaluation necessi-
tates a thorough consideration of technical
parameters, including both guantitative and
gualitative features. Furthermore, it is crucial
to account for negative factors such as dis-
eases, damage, and growth abnormalities,
which can impact the wood'’s intended use
and overall economic value. These aspects
underscore the importance of precise mea-
surement and evaluation in determining the
final worth of wood [1].

Various methods are available for the qual-
itative assessment of wood, categorized by
their degree of invasiveness into destructive,
semi-destructive, and non-destructive tech-
nigues, each employing different operational
principles [2]. However, assessing the quality
of standing trees poses significant challeng-
es. Current evaluation methods often involve

a high degree of subjectivity on the part of
the evaluator or rely on time-consuming ap-
proaches that necessitate the extraction of
wood samples, particularly in the case of de-
structive methods. This complexity highlights
the need for more reliable and efficient strat-
egies for evaluating wood quality, ensuring
that all relevant factors are taken into account
to enhance accuracy and objectivity in valu-
ation.

A quick and relatively accurate alternative
is semi-destructive and non-destructive
methods based on acoustic tomography or
measuring the resistance of penetration in-
side the trunk. Both methods demonstrate
a relatively high correlation in identifying in-
ternal damage in standing trees [3]. Howev-
er, the complexity of internal qualitative fea-
tures can significantly impact the accuracy
of the results. Tomographs that operate on
the same principle but are made by differ-
ent manufacturers may show considerable
differences in accuracy [4]. When used by
experienced operators, these devices can
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achieve an accuracy level of 90% in detect-
ing quality features and 83% in determining
their location [5]. Most existing studies focus
on the deployment of these devices in for-
est stands or plantations [6]. Assessing the
quality of standing trees remains challeng-
ing, often involving a high degree of evalua-
tor subjectivity or requiring time-consuming,
destructive methods tied to wood extraction.
In some cases, it has been found that the
acoustic tomography method tends to over-
estimate the area affected by damage while
underestimating the extent of healthy wood,
compared to the real state [7]. This study
aimed to practically verify the accuracy and
applicability of the ARBOTOM acoustic stress
tomograph under different forestry opera-
tions and research conditions.

2. MATERIAL AND METHODS

2.1. Measurement equipment

For field measurements, an ARBOTOM acous-
tic tomograph from Rinntech (Germany) was
used, in a technical version with 24 sensors
(further technological modifications can be 6,
12, and 18 sensors) with Arbotom v2 software.
The measurements were carried out from
2022 to 2024.

The freely available ImageJ software was
used for image analysis and graphic evalu-
ation, and the STATISTICA 12.0 software was
used for statistical evaluations.

2.2. Tested applications

The tomograph was tested under conditions
of non-homogeneous and uneven forest
stand at the National Forestry Center. The re-
search area is located in the Zvolen - Straze
region, within forest district Budca I., forest
stand no. 911, which covers an area of 1.47
hectares and consists of two layers with di-
verse vegetation. Economically, the area is
classified as a forest of special purpose, des-
ignated for forestry research and education.
The tree composition is predominantly de-
ciduous, including Winter oak (Quercus pet-
raea) (63%), Small-leaved linden (Tilia corda-
ta) (15%), Hornbeam (Carpinus betulus) (15%),
Summer oak (Quercus robur) (5%), and Scots
pine (Pinus sylvestris) (2%).

A total of 165 standing tree trunks were eval-
uated using the acoustic tomograph in this
forest: 108 oaks, 53 lindens, 4 pines, and 1 fir.

The second round of testing took place at a
purpose-built facility of the Technical Univer-
sity in Zvolen (Arboretum Borova hora) on as-
pen poplar (Populus tremula) clones labeled
T-14. The tomograph was verified on two
trunks of these clones.

The measurement methodology remained
consistent across all experiments, following
the procedures specified in the tomograph’s
operating instructions. The results of the
measurements were visualized as tomograms
generated by the tomograph’s software.
2.3. Image analysis

The methodology for analyzing qualitative
features using ImagedJ software was adapted
from the paper [8]. The process involves man-
ually marking the area of the cross-section
and the area of the qualitative feature depict-
ed in the tomograms.

3. RESULTS

3.1. Identified areas of damage

The sample size for fir trees (1 specimen) and
pine trees (3 specimens) was too small for
statistical evaluation. The limited abundance
of these species was significantly influenced
by the overall tree composition of the forest
stand where the experiment was conducted.

The tomograph primarily displays the speed
of propagation of the generated acoustic
wave using a color spectrum ranging from the
highest to the lowest speed. The color code
is as follows: green represents healthy wood
with high density (where the wave propaga-
tion speed is highest), yellow and orange indi-
cate healthy wood with lower density, red sig-
nifies the limit value for potentially damaged
wood, and purple indicates significantly low-
er density and wood rot damage (where the
wave speed is the lowest) — see Fig. 1.
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Fig. 1: Image of the assessed tree from Arbot-
om v2 software

Image analysis of the tomograph output was
used to determine the percentages of the
cross-sectional areas corresponding to the
red and purple zones, which indicate poten-
tial internal damage in the trunks of standing
trees. The results of the statistical analysis of
these proportions are presented in Fig. 2.
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Fig. 2: Analysis of damaged zones detected by
tomograph in red and purple zone on stand-
ing tree species (1 — Oak, 2 — Linden, 3 — Fir,
4 — Pine)

The median value for the red zone was 41.4%
for oak and 58.3% for linden, while the identi-
fied ranges for the purple zone were signifi-
cantly lower. The median value for the purple
zone was 13.75% for oak and 9.5% for linden.
Based on subsequent verification of some af-
fected individuals and similar research con-
ducted in other studies [1-2], it can be inferred
that damage is more likely to occur in the pur-
ple zone.

3.2. Analysis of the effect of the number
of sensors on the accuracy and ex-
tent of detected damage

Figure 3 presents ternary graphs showing
the parameters of the identified zones of po-
tential damage, trunk circumference, and the
number of sensors for individual tree species.
Individual zones for the fir tree could not be
drawn since only one tree was measured.

The results indicate that the number of sen-
sors did not significantly impact the iden-
tification of the extent of the red or purple
damage zones. The range of these zones in-
creased only slightly with the number of sen-
sors. In most analyzed trees, the number of
sensors ranged from 6 to 10 (corresponding
to the orange to dark red zones). The extent
of damage was more significantly influenced
by the trunk circumference; as the circum-
ference increased, so did the extent of the
identified red and purple zones in the trunk
cross-section.
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Fig. 3: Ternary plots for the damaged zones
and trunk girth according to used number of
sensors

3.3. The use of a tomograph in a planta-
tion of fast-growing trees

To verify the suitability of using the tomo-
graph on thinner individuals of fast-growing
trees, two Populus tremula specimens with
diameters of 13 cm and 15 cm were selected,
representing the average thickness of all in-
dividuals in the research area. Four sensors
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were placed on each trunk. Although these
trees were demonstrably healthy, the tomo-
graph indicated a relatively high proportion of
damage in the violet spectrum (Fig. 4).
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Fig. 4: Analyzed poplar trunk with 13 cm thick-
ness

The Arbotom software evaluates statisti-
cal deviations in acoustic wave propagation
speeds between individual sensors (Delta in
%). According to the manual, if this deviation
exceeds 10%, the measurement cannot be
considered valid. In both cases, the measure-
ments showed statistical deviations exceed-
ing 20% (with maximum deviations of 26%
and 22%), rendering the tomograph unreliable
for small tree diameters (Fig. 5).

This application demonstrates that the tomo-
graphis unsuitable for use onvery thin trunks,
which also have physiologically thinner wood.
Therefore, it is not recommended to use the
tomograph for qualitative analysis of individ-
uals with a trunk thickness of less than 20 cm.

The reliability of the acoustic tomograph
method can also be influenced by the soft-
ware algorithms used to calculate wave
speeds for different wood types. In addition to
wood types, factors such as relative humidity,
season, atmospheric conditions, provenance,
and variations among wood species and sub-
varieties can also affect wave propagation
speed.

4. DISCUSSION

Current research focuses primarily on devel-
oping optimization algorithms to enhance the
accuracy of identified qualitative features and
on creating neural networks to improve the
results provided by the tomograph. The work
of the authors [3] confirmed that an appropri-
ately chosen mathematical algorithm can sig-
nificantly enhance the tomograph’'s results.
In their study of acoustic tomography on
oak trees in Croatian conditions, the authors
found an 80-90% agreement between the
identified internal damage in standing trees
and the actual extent of damage after felling.

531 [arboretum1.abt] - ARBOTOM 2.11 (c) 1999-2022 Frank Rinn / RINNTECH.
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Fig. 5: Detected error by tomograph on poplar
trunk

The acoustic tomography method tended to
underestimate the area of healthy wood and
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overestimate the presence of incipient wood
rot compared to the actual cross-section
conditions, while accurately representing the
area of active degraded wood and cavities [7].

When using a different type of PICUS® tomo-
graph, it was found that the structure of the
individual qualitative features detected by the
device can significantly impact its accuracy.
Acoustic tomography tends to underestimate
heartwood decay whenitis the primary struc-
tural quality feature of tree trunks. Converse-
ly, when internal cracks are present, acous-
tic tomography often overestimates their
size. The presence of exfoliating cracks in
the cross-section creates acoustic shadows,
which can mimic the appearance of extensive
heartwood decay and lateral cracks [9].

Another study confirmed that increasing the
number of sensors and their positioning can
enhance the accuracy of identifying quality
features, particularly in cases of centric de-
fects [10].

Acoustic tomographs commercially avail-
able for tree assessment have two main dis-
advantages [11]. First, the properties of the
‘input signal’ of the acoustic shock wave are
unknown due to variable hammer impacts on
the sensors and frequencies that may not al-
ways provide the necessary resolution [12].
Although higher frequencies are expected to
yield better resolution, they are attenuated by
the anisotropic and highly elastic behavior of
wood and frequency dispersion [13]. Conse-
guently, the frequency response is influenced
by filtering (transfer functions) from both the
transmitting and receiving transducers in the
sensors, as well as the coupling medium.

Wang et al. (2007) [14] recommend using at
least 12 sensors for trunks between 20 cm and
40 cm in thickness to ensure ‘high accuracy.’
They suggest 10 sensors for assessing the
possible localization of quality features, while
6 sensors are sufficient to detect the exis-
tence of a quality feature without determining
its location or size. In our case, we consistent-
ly used at least 6 sensors; however, they did
not always reliably confirm the presence of a
quality feature. To enhance accuracy, interpo-
lation methods can be employed, which op-
erate on the principle of image interpolation
after reconstruction or projection data inter-
polation before inversion [15]. For effective in-

terpolation, the data must be precise, and the
number of experimental measurements must
be sufficient to observe the desired proper-
ties, as interpolation does not create new in-
formation.

The number of sensors should be selected
to maximize the number of measurements
taken from the tree trunk, thereby ensuring
a rich data set. If the number of acquisitions
is low, the output resolution may need en-
hancement, making interpolation necessary.
From a practical perspective, the optimal in-
version algorithm should be chosen based on
its performance and time efficiency. The goal
is to achieve outputs with higher resolution—
characterized by fewer artifacts and a higher
sighal-to-noise ratio—despite a low number
of acquisitions. Therefore, reconstruction al-
gorithms should be tailored to the specific
experimental conditions and technical capa-
bilities of the device [11].

5. CONCLUSION

Practical deployments of the acoustic tomo-
graph for detailed assessments of the quali-
ty state and features of standing trees have
revealed certain limitations in identifying the
extent and location of specific quality fea-
tures. The accuracy of the device in determin-
ing the range of quality features and classify-
ing potential assortments into quality classes
appears insufficient for this application. How-
ever, this equipment was primarily developed
to detect the existence of qualitative features
and assess their potential impact on the sta-
bility and overall health of the evaluated tree.

Several factors can influence accuracy, in-
cluding the frequency used, the signal-to-
noise ratio, the number of sensors and their
placement, and the inverse algorithms em-
ployed. In addition to a methodical approach
and practical field applications, utilizing op-
timization algorithms and trained neural net-
works can further enhance accuracy.

Evaluating the internal qualitative state of
standing trees in precision forestry will pres-
ent a technological challenge in the future,
particularly regarding the simplicity and
speed of device use. A combination of various
technological and technical approaches—
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such as integrating laser ground scanning
with acoustic tomography—uwill be necessary
for improved accuracy. This integration could
automate the qualitative assessment process
and reduce errors stemming from subjective
human evaluations. However, the necessary
technical resources remain relatively high in
acquisition costs.

This approach has the potential to improve
timber records, enhance strategic planning
and logging interventions, and optimize busi-
ness strategies in the trade of quality raw
wood assortments. Integrating these new
technologies into forestry operations could
foster the sustainable use of forest resources

while leveraging modern information technol-
ogies.
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