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This paper deals with the determination of cross-sectional pieces of wood using acoustic
tomography by means of the physical principle of emission and acoustic waves path. In order to
evaluate this method three wooden samples were tested with the Acoustic Tomography Arbor
Sonic 3D equipment. The objective was to verify the influence of the arrangement of the
transducers in diametric portion of the logs and along its longitudinal direction, through the
quality of information provided on its phytosanitary status. A visual analysis of the images
generated by the software and subsequently an overlay of the imageswere made and the
overlapping images were compared to the photographic images. The results showed a variation of
images according to the arrangement of the transducers in the diametral portion and the
overlapping provided a representative image of the real state of the logs. Regarding the
arrangement along the longitudinal axis, it was possible to determine the phytosanitary status of

the entire log. It was possible to conclude that the position of the transducers influences the
acoustic tomography quality and that the proposed method enables to determine a more robust
image to assess the levels of degradation of the wooden parts.
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INTRODUCTION

Forests are an extremely valuable resource for humans. The
internal decay of trees threatens the health of forests and
reduces the quality and added value of wood. The detection of
this deterioration in trees is important not only for forest
management, but also for public safety in urban communities.
Early detection of internal decay in hardwoods can provide a
significant benefit to the industry in terms of making accurate
assessments of quality and volume estimates and resource use.
It can also help foresters in prescribing silvicultural treatments
to improve decision-making and management, thus helping to
maintain a healthy forest (Wang et al., 2009). The method of
stress waves has been widely recognized as a non-destructive,
robust inexpensive technique for evaluating the internal
structure of living trees and the wooden structure. The
transmission time of the stress wave increases dramatically in
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damaged areas and internal defects can be detected by the
difference between the measured time and the reference value
(Pellerin and Ross, 2002, Chimenti, 2014). There are several
commercially available accessories to perform stress waves
tests to measure path-time of these individual waves in timber.
However, some acoustic tomography equipment (for example,
2D ArboSonic, Picus Sonic tomograph and Arbotom) have
been developed to produce and measure stress wave
"multipath" in trees and construct two dimensional or three
dimensional scans of a tree cross section. The principle of
operation is simple, Figure 1: i) several sensors are placed
around the trunk, which are coupled to the wood by steel nails;
ii) each sensor is tapped by a hammer; iii) the unit measures
the travel-time of the sound wave generated by the hammer tap
between each sensor; iv) if there is a hole, then the sound
waves have to pass around the hole and therefore it requires
more time to reach the opposite sensors, Fakopp, 2012. A
precise understanding of the velocity patterns of these waves
in trees is important for the diagnosis of internal deterioration
and is also required to develop an efficient imaging software to
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analyze the internal deterioration of the tree or wood (Bucur,
2003). The application of this technology was first
demonstrated using wood poles (Tomikawa et al. 1990) to
inspect the internal condition of the poles. Later, many
researchers have investigated the applicability of the
technology to detect internal decay in living trees (Comino et
al 2000; Devos and Szalai 2003; Gilbert and Smiley 2004;
Wang et al. 2004b; Wang and Allison 2007; Allison et al.
2007; Deflorio et al. 2008; Lin et al. 2008, Nanami et al.,
1992, Lawday and Hodges 2000, Rinn 2003, 2004 and Wang

et al. 2004a).
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Figure 1. Stress waves principle, Fakopp (2012)
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So far, laboratory and field research applying acoustic
tomography have been largely focused on urban trees with the
main objective of ensuring the stability of trees to minimize
the risk of falls and accidents. Deflorio ef al. (2008) concluded
that the incipient detection of deterioration in the periphery of
the tree needs to be improved. Such techniques have proven to
be effective not only in the green wood, but also to detect
deterioration in antique wood (Lee and Oh, 1999). To improve
the accuracy of deterioration detection, many researchers have
studied the relationship between the mechanical properties of
wood and the stress wave velocity (Wang et al., 2001a,
Chauhan et al., 2005, Grabianowski et al., 2006, Alves et al.,
2015). Dikrallah et al. (2006) presented an experimental
analysis of acoustic anisotropy of wood, in particular the
dependence of the velocity of propagation of stress waves in
the principal axes of anisotropy in the cross section. They
found a significant difference in terms of wave velocity,
between waves propagating throughout the volume and
directed waves in each transducer.

Maurer et al. (2005) studied the effects of anisotropy in travel
time of the waves that allowed to perform tomography,
assuming elliptical anisotropy and indicated that the velocity
of the wave depends on the angle at which the transducer is
placed and also on the anisotropic factor of the timber. Kazemi
et al. (2009) found out that the ultrasonic velocities changed in
different heights of the logs and in different directions. They
also concluded that the ultrasonic velocity in the tangential
direction was minimal, then it increased up to a maximum in
the radial direction. Liang et al. (2010) showed that the
velocity of the stress wave also increased as the number of
annual growth rings increased. Gao et al. (2012) investigated
the effect of temperature on the velocity of the acoustic wave
in living trees and freshly cut stems, developing robust models
to compensate these temperature differences. Measurements
were carried out in different climates and seasons. According
to Li et al. (2012) and Li et al. (2014), the potential of this
technology has not been fully investigated, although studies on
urban forestry using acoustic tomography proved to be
efficient to detect moderate to severe internal decay within a
log. The detection of the initial phase of this deterioration
using this technology is still a challenge, due to the facts that
(1) the acoustic tomography techniques currently used are
largely based on travel time measurements of acoustic waves,

which limits accuracy and resolution of the obtained
tomographic images;, (2) the construction of acoustic
tomography waves from traveling time is affected by the
pronounced anisotropy of the tree species in terms of
microstructure and properties of wood,; and (3) interpretation
of the scans is not a quantitative nature and often needs
further confirmation or verification by other methods.
Considering that the quality of the scan depends on the number
of travel time measurements of acoustic waves, the aim of this
experimental study was to evaluate quantitatively the influence
of the arrangement of transducers in diametric portion of the
log and along its longitudinal direction, as well as the quality
of information provided on the phytosanitary status of wood.
The research approach was to overlapping several scans
performed in a cross-section for a bi and three-dimensional
tomography.

MATERIALS AND METHODS

For this study tree logs sectioned from different reforestation
species collected in the Pampulha campus of the Federal
University of Minas Gerais (UFMG) have been used. The tests
were performed at the Nondestructive Testing Laboratory of
the Structural Engineering Department at Engineering School.
The samples had the characteristics described in Table 1.

Table 1. Characteristics of samples tested

Sample Density Height Circumference Shell thickness
(gem) ___(cm) (cm) (cm)
1 0.58 40.5 124.0 1.0
0.59 54.0 77.0 1.0
3 0.47 27.0 121.0 1.0

For the tests the acoustic tomography of ArborSonic 3D
equipment, with eight piezoelectric transducers, was used. The
transducers were inserted, evenly spaced, in a cross section of
the samples, using a rubber hammer, about 1cm deep. For each
sample data in Table 1 were saved in the software. A metal
hammer was hit three times in each transducer for generating
sound waves. The ArboSonic 3D equipment measured the
travel time of each wave with an accuracy of approximately 2
microseconds, and then transmitted the data via a USB cable to
the computer. With the distribution of the internal sound in the
log, the software calculated and generated a matrix of average
velocities between the transducers, and from it, a velocity
graph was created. From this graph, an image was generated
with the representation of the phytosanitary status of the cross
section of the log, highlighting the gaps, cracks, etc. The
experiment was repeatedtwofurther times, varying the
transducers positions along the same cross section, so that they
reached different parts of that section. This change was made
by rotating the transducers, each time, approximately 15°
clockwise. Subsequently, the position of the transducers along
the longitudinal direction of the log was changed. Six
tomographic images were generated for each sample tested,
each image represented a different position of the transducers.
A visual analysis of the images was made and, with an
imaging software, the three images of the same cross-sectional
were rotated, so they matched the same position, followed by
the overlapping of these images. After the overlapping, the
images were compared with the corresponding photographic
image as the position, size and shape of the defects. The
degradation maps of the sections generated by the software
were compared and the degradation levels in each section and
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in image were analyzed. For the analysis of the images
variation along the longitudinal direction, the extrusion of
images generated by tests performed on both cross sections of
each sample was made.

RESULTS ND DISCUSSION

The generated images are represented by a range of colors
ranging from green, when the timber is intact, blue, occurs
when hollow, through red, which means the presence of
deterioration. Figure 2 shows the representation in scale of
each sample images generated by the transverse variation of
the transducers in a section.
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Figure 2. Tomographic images generated by the variation of the
transducer in the transverse direction (a) Sample 1, (b) Sample 2
(c) Sample 3

Figure 3. Degradation maps and their levels of degradation of a
section (a) Sample 1 (b) Sample 2 (c) sample 3

Each image was generated by the transducers in different
positions. It can be observed a subtle variation of the same
section images, on the level of degradation. To analyze the
level of degradation in each image, Figure 3 shows the map of
degradation of images of the same sections shown in Figure 2,
and the respective level of degradation percentage. It can be
observed for all samples, a variation in level of degradation of
a same section according to the variation of the position
transducers. So, for a better comparison of tomographic
images with photographic images, the tomographic images
were treated in each section, trying to cover a greater level of
detail of the sections.
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Figure 4. Superposed image and the corresponding photographic
image (a) Sample 1, (b) Sample 2 (c) Sample 3
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Figure S. Extruded image (a) Sample 1, (b) Sample (2) and (c)
Sample 3
Figure 4 shows the tomographic image treated with the
corresponding photograph of each section. It can be observed a
good level of detail. Figure 5 shows the extruded images of
samples 1, 2 and 3.

Conclusion

The main conclusion of this work was that acoustic
tomography is an efficient technique for non-destructive
evaluation of the inner timber logs. The variation of the
transducers positions in the transverse direction influences the
tomographic image so that, the more changes in the
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transducers position, the greater is the level of detail obtained
in tomographic images. Moreover, the variation of the
transducers in the longitudinal direction of the log sections
allows to evaluate the position, shape and extent of defects
throughout the entire sample volume. The proposed method
has identified hollow and small deteriorations in a very precise
way, and also allowed well capture of the intact parts of the
analyzed sections. The results of this and other future studies
will be important in the art of diffusion, especially for the
evaluation of living trees, identifying, if any, falls risks.
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