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L.A.C. Jorge, R. Minghim, L.G. Nonato, C.I.
Biscegli, E.C. Pedrino, V. O. Roda, M.S.V.

Paiva

3D RECONSTRUCTION,
VISUALIZATION AND
VOLUME CALCULATION OF
FRUITS .

Abstract This work presents a methodology for the three
dimensional (3D) models from 2D'magnelic‘ resonance
image frames, aimed for some studies on fruits. The 3D
models can be employed for precise volumetric description
of objects of interest. Because: the volumetric model is
precise, the methodology lends. itself, to reliable volume
calculation. As an illustration of its use in agriculture, a test
case of a mango tissue collapse is used. The various parts
of interest in the mango are reconstructed and their volume
determined. Validation of the developed methodology was
performed applying it for the reconstruction of two objects
with  known geometry and volumetric properties
(phantoms). This gives an estimate of the error'imposed by
the procedure '(0.15% to 2.3%), thus legitimating the
methodology for 3D model reconstruction. The
contributions of this work include the full description of the
reconstruction process, from acquisition to ‘visualization
and manipulation, and the validation of the model formed.
Additionally, its novelty in the field of agriculture opens
new possibilities for researchers in that field of activity.

Keywords 3D Reconstruction,
Visualization, Fruit Analysis, MRI, VTK

Segmentation,

I Introduction

In scientific visualization, many three-dimensional (3D)
techniques for 2D image data analysis have been put
forward and applied to various fields, opening enormous
possibilities in many research areas, as well as many
questions. New applications appear oflen, and in some of
them invasive procedures may destroy parts of the very
phenomenon one wishes to observe and also may disturb
the measurements accuracy, such as volume. In agriculture,
grcat effort has been put into quantifying fruit quality,
including non-invasive techniques based on data collection
from MRI and CT scans, those are, however, mainly 2D
strategies. The potential benefit from 3D techniques in this
context highlights some questions, for instance: how
reliable are the models? What are the techniques suitable to
evaluate fruit quality in visualization? What types of
properties can be analyzed? This has been the motivation

for the union of efforts between researchers in visualization
and in agriculture to develop the methodology for analysis
of velumetric fruit properties. Because those propertics can
help interpret physical and physiological structures, we
carried out an effort to define what precision could be
obtained from the data collection available. The
fundamental problem solved by the developed
methodology can be stated as: given images collected by a
MRI equipment with 0.2 cm spacing intra-slice with no
spacing between slices and resolution of 256x256 pixels,
what kind of error could be expected in the volume
calculation if a whole process of reconstruction were to be
applied without any particular processing to control
approximation errors?

As a consequence of the effort, we managed to put together
a methodology, uncommon to find in the literature, which
comprises the whole process of creation of volumetric
models, from acquisition to visualization and property
calculation, going through each step. Works published in
related subjects present techniques for each individual step,
or a combination of iwo of the steps (such as segmentation
and reconstruction, or reconstruction and visualization), but
do not give a whole sequence of procedures, from the
collection of data on the phenomenon under observation (in
this case fruits) to a computational object that represents
their structure. Even in those cases (as in medical images)
where these techniques have been widely employed, there
is little effort applied to the validation of the final model.
To complete the methodology, we also provide its
validation by calculating the approximation error of
volume measurements.

The main contributions of this work are: the development
of an effective methodology for 3D model reconstruction
from MRI images devised to produce a robust and precise
volumetric mesh of the reconstructed objects; the
validation of such model for reliability of volume
calculation; and the use of these results in the analysis of
fruit problems, taking as test case the disease that
motivated the effort in the first place: mango tissue
collapse. An additional real life application of the
developed methodology is presented, the volumetric
reconstruction of a cashew nut.

In the! next section we give an overview of the
methodology and related work and justify for the particular
choices of techniques. These techniques are described in
the subsequent sections and a description of the results
follows.

2 Related Work

There have been a number of methods developed to
generate; 3D models from 2D data. Research on these
methods can be found in the field of the scientific
visualization, which has been widely applied in medicine.
We refer to the books edited by Fitzpatrick and Sonka [10],
Kim and Horii [19] and Van Metter et al. [22] as sources of
methods and references on the subject. There are examples
of visualization in combination with other techniques in
artificial neuron visualization and fluid dynamics, as well
as dentistry [31]). Nowadays, the particular sequence of
methods and parameters employed must be individually
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adapted to each problem, in the case of this application on
agriculture.

Three steps are required to generate 3D models, namely:
data acquisition [1], image segmentation [29], [16], and 3D
reconstruction [26].

The first step, data acquisition, obtains two-dimensional
images from three-dimensional objects. It can be performed
by a number of devices, such as CT, MRI, and microscopic
photography. MRI has been used in a number of fruit
studies with good results [7]. This fact and the quality and
resolution of the images produced motivated its use in the
present work. Several non-destructive methods to analyze
and measure internal fruit defects have been presented in
the  literature [38]; [7]; [6]; [14]. In general, these
techniques apply image processing methods that extract
important features to estimate area, shape, and evolution of
fruit-degradation.~These approaches are limited almost
exclusively to two-dimensional (2D) images, impairing the
analysis of three-dimensional (3D) structures, which might
prove useful in certain applications. Making use of
computer tomography (CT) [36] or magnetic resonance
imaging (MRI) [7] devices to obtain 3D models from 2D
data has been a common practice mainly in medical
applications. By extending their use to the fruits analysis
and other agricultural products, it may be possible to
advance our understanding about some diseases and
thereby aid the control of their manifestations. This is
especially true where invasive procedures, such as actually
‘slicing ordicing, are not desirable [37]. '

The second step of the methodology, . segmentation,
processes the. images to identify and select elements of
interest. . There. are many techniques in the literature
devoted to image segmentation and they can be grouped
into several categories: edge-based [5], [24], region-based
[2], Markov random field-based [18], [4], deformable
models [39], and hybrid techniques [16]. Some of these
methods search for regions of interest, while some degree
of similarity inside a region is used to detect its area. Other
methods separate objects of interest by detecting edges that
separate them. Many of them use hybrid approaches. The
goal in the class of problems addressed here is to find
boundaries between regions of interest as well as to
describe the interior of these arcas. The segmentation
technique proposed in [27] and used here was a type
region-based technique. One of its advantages lies in the
fact that contour description is intrinsic of the process,
while other region-based methods need a second pass at the
detected regions to define them. Segmentation step requires
the most processing time of the whole procedure, including
various levels of interaction with the user to achieve good
results.

The last step of the process, three-dimensional
reconstruction,  builds  geometric models from the
segmented images so that they can be used in simulation,
visualization, interaction, and data analysis. In the type of
3D reconstruction known as mesh generation (MG), a
model is defined by a number of cells, which could be
planar cells (such as triangles) or volumetric cells (such as
tetrahedrons). Classes of techniques to obtain such models
include optimal [32], [23], deformable [34], and heuristic
models [9], [3], the latter being the most popular. These

techniques make use of graph theory, geomeltry, and
proximity metrics to achieve a satisfactory model from
contours that define the boundary of regions of interest in
the image set. It is also possible to build meshes from the
original data by ‘detecting’ isosurfaces in the data set (i.e.,
without contour extraction). In this type of approach, the
series of original images are piled up to form a volume, and
each volume unit is checked for surface intersection [20],
[35]. The resulting models obtained from isosurface
detection have additional problems than those built using
contours. Meshes are too large, details have poor
representation, and defining if a particular face of the mesh
is 'inside' or 'outside' regarding a particular surface is a
difficult task [28]. The reconstruction technique employed
in this work falls into the heuristic category, and the metric
used for mesh refinement has a topological nature, more
robust for computational implementation. The choice of
this-method was determined by the characteristics of the
mesh formed, which is volumetric with comparatively low
number of cells, and the aspect of the model makes it
adequate for simulation and visualization, as shown in
previous works [28], [26].

One novel result on the applicability of the 3D models
generated by this methodology is related to the the
validation of the mesh formation based on the calculation
of the volume of the reconstructed parts. An estimation of
the error for the reconstruction process supports the use of
the methodology in a number of applications in agriculture
and. elsewhere.. To validate volume calculation, two
phantom objects ‘were used, for which precise volume
measurements were known. One was shaped as a sphere
and the other was constructed with a more complex, cube-
shaped geometry. By submitting these objects to the three-
step procedure the reconstruction error was obtained.

In order to demonstrate the potential of the tools put
forward in this work for agricultural applications,
measurements of a mango disease, the internal collapse
(Mangifera indica L.) were computed and analyzed. This
disease is characterized by disintegration and de-coloration
of the pulp, with loss of its natural consistency. It makes
the fruit partially or totally inadequate for consumption.
Symptoms are the disintegration of the vascular system in
the region of bond between peduncle and endocarp, while
the fruit'is still in the tree. This causes the seed to be
physically and physiologically insulated from tissues that
keep them together and gives rise to voids between the
regions of the peduncle and endocarp, so that tissues
around this empty space start to lose color. The same
occurs to the pulp, which also begins to lose color, mainly
near the endocarp [8]. These features were not measured
with precision before, and it is our expectation that being
able to do so will open new frontiers in the study of this
problem as well as others in agriculture.

An additional example of applicability of the technique is
the volumetric reconstruction of the cashew nut. The goal
with the reconstruction of this fruit is to build a geometrical
model that will be useful to simulate forces applied during
extraction of the almond. In this case the precision of the
model is' essential for the reliability of the numerical
simulation involved.
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The next several sections cover each step of the process in
turn. It is not our intent to give detailed description of the
individual techniques employed, rather to offer an
overview of the various techniques employed, and to
reflect the work performed in tuning and validating these
techniques for the applications presented. This is followed
by the method used for validating the volume reconstructed
and by the results of the work.

3 2D Imaging

3.1 Magnetic resonance in fruits

An MRI experiment has as result a signal map of the

hydrogen (1H) present in the analyzed sample, making it

possible to distinguish differences in density and mobility
of I1H nuclei. In fruits, these signals essentially come from
IH in free water molecules (¥95%). When nuclei, which
have magnetic moments, are subjected to an external
magnetic field, they align in different energy levels. For
IH, the nuclear 'spin 2 will have two possible orientations
with respect to the external field: parallel or anti-parallel.
The difference in energy between these two levels is
proportional ‘to' the external magnetic field strength. Like
other spectroscopic methods, the purpose is to induce
transitions between energy levels to obtain a non-
equilibrium state. Then, relaxation .to equilibrium is
observed:and recorded. MRI images are obtained by
applying radio-frequency pulses at the Larmor frequency of
IH nuclei, adequately combined. with magnetic field
gradient . pulses. Such pulses provide the location of the
plane under observation as well as.its thickness and its 1H
nuclei distribution. ¥

3.2 Data Acquisition

The images used in this work were obtained with the
Varian 2 Tesla Magnetic Resonance Imaging System at
Embrapa Agriculture Instrumentation, Sio Carlos (SP),
Brazil. Forty-six equally spaced magnetic resonance
images of each fruit were collected in the sagital
orientation. MR images of intact and diseased fruits were
acquired using a birdcage radio frequency coil, with a
diameter of 14 cm and 30 cm in length, at a proton resonant
frequency of 85.5 MHz. Data was acquired using the Spin-
Echo Multi Slice pulse sequence, with a 2s repetition time
and an a 0.015s echo time. Slices were 0.2 cm thick with
no gap between slices. Acquisition time for the complete
set of 46 tomograms was approximately 12 minutes.
Because the signal to noise ratio is high, a single-pass is
sufficient for acquiring data. Complex data points were
acquired from this system by a workstation, producing a
256x256 pixels image. A 2D Fourier transform converted
the original image to a magnetic resonance image. Two
examples of MRI images of mangos with corresponding
photographs can be seen in figure 1. A dark region means
absence of 1H, while the white regions indicate presence of
“frec” TH. The several gray shades indicate the regions in
which TH has low mobility. Experiments were carried out
on mangos of the varicty Tommy Atkins (Mangifera

indica, L.). The same process was applied to the validation
phantoms (see validation section), and to other fruits.

Fig. 1 a) One MRI slice of a mango presenting an internal
collapse disease. b) Digital photography of the mango slice
in figure la. ¢) One MRI slice of a healthy mango for
comparison. d) Digital photography of the slice in figure
lc.

4 Image Segmentation

In 3D reconstruction, the boundary curves (contours) of the
interest region segmentation need to be detected to be used
as inputs for constructing a three-dimensional model.
Describing the interior of these areas is also useful.

The segmentation technique employed here is region-based
and relies on a homogeneity function to partition the image
into regions. The overall idea of this type of segmentation
algorithm is to verify, from an initial chosen region (or
seed) in the image, if each neighboring pixel to this region
should be added to it. The process continues, until there are
no more neighboring pixels to be attached to the region. In
the case of the images for the mango collapse, seeds for
inside %md outside regions were chosen individually for
core, hole, and pulp.

The algorithm described in [27] employs a similarity
function to decide if a neighbor pixel p should be added to
a region R. This function associate, to each pair of regions
Rin and Rout, a real value between 0 and 1, where Rin and
Rout are the neighborhoods of p located respectively inside
and outside R. If the value of the similarity function is
close to 1, then p must be added to R. In this work, the
similarity function used was:

I

E(R,)-E(R))
exp(E ,")Jﬁ( 0,

O(R ,R.)=

in? " out

(1)

Where E represents the mean of pixel values within each
region and o’ is the variance of the values in R,,\UR,,,. The
algorithm is based on the concept of digital planar surfaces,
defined as the union of a set of 8-connected disjoint regions
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planar cells [40]. To add a cell (or pixel) p to R, the
algorithm employs a set of Morse operators that controls
the topology and the boundary curves of R. There is a set
of 5 classes of operators named k-handles used to construct
the surface by adding one cell (-1<k<3). It can be proven
that given an object S with Euler characteristic ¥(S) and a
k-handle o then x(Swo)=x(S)-k. This property gives
control over the topology of the region (and boundary)
during construction. With this capability, it is possible, for
instance, to control the number of holes in a region. If there
is previous knowledge of the expected shape of the region
under construction, as in the case of some of the problems
studied, the procedure is capable of “filling out” undesirable
holes in the object thus eliminating noise. Other examples
of similarity functions and a precise definition of all Morse
operators for digital planar surfaces can be found in [27].

_An additional advantage of this segmentation algorithm is

the fact that, at the same time that it separates regions in the
image, it also provides well defined curves representing
their contours. Figure 2 illustrates segmentation of the
image in figure la.

Figi 2 Contours extracted from image in figure la.

Before further processing, the bordering curves generated
~were simplified by point reduction, to avoid an excessive
number of geometric primitives in the final model. The
algorithm used takes into account the curvature along the
contour [15].

53D Reconstruction and Visualization

The reconstruction algorithm employed in this work was
based on Delaunay 3D Reconstruction [26). It begins by
generating a 3D Delaunay triangulation [11] from the
oriented set of contour points. It then classifies the formed
tetrahedrons as internal, external or on the contours, in
accordance with their position. Next, reverse tetrahedrons
are identified. These are tetrahedrons that have just one
edge in each slice, without being contour edges. They
appear cvery time two contours are well positioned
geometrically [26], giving an extremely useful heuristic for
branching and merging. These reverse tetrahedrons are
therefore used to determine which contours should be
connected. Then, external tetrahedrons between
components are eliminated to disconnect them. The
technique also includes procedures to ensure the model is
consistent with the original contours and avoid singularities
so that they can be used for numerical simulation. Adaptive
refinement however would be a useful additional feature
[30]. Interactive exploration benefits from the algorithm
because the resulting mesh is not as large as those created
by other methods. The technique was qualitatively

compared before with traditional isosurface construction
approaches [28] and to other Delaunay based
reconstruction  techniques  [40], presenting some
advantages. Figure 3 shows the resulting model built for
the mango in this study.

Fig. 3 Model of the three objects of interest in the mango
reconstructed from p[anar MRl slices.

The basic visualization software used is VTK - The
Visualization Toolkit [33] which is an extensible library
that implements many visualization methods.

Before proceeding to analyze the results of modeling and
visualizing 3D structures in the diseased mango, a
validation procedure was carried out using two real life
objects, for which the volume could be calculated with high
precision. This validation procedure, described in the next
section, estimates the reconstruction error.

6 Validation Regarding Volume Calculation

[t is important to know how reliable are the models
obtained by reconstruction, although this is rarely discussed
in the literature. Important issues when judging reliability
refer to the aspect of the model and of its individual cells.
The most desirable features in a modeling mesh are:
absence of singularities, consistency with original object
slicing, reduced number of cells and cell aspect ratio. These
features are intrinsic of the reconstruction method [26). An
additional picce of information to validate its use for a
number of applications is its effectiveness for volume
calculation. This would indicate adequacy of the model to
define Well the region inside the object boundaries. In the
case of fruit diseases it would be possible to estimate the
portion affected.

A useful method for the purpose of validation employs an
object with known geometry and volume, called a
‘phantom’. Because the exact internal dimensions of a
particular phantom and the value of its volume are known,
it can be compared with the volume calculated from a
reconstructed version of the same phanfom. Due (o the
large number of approximations used in the reconstruction
process, a certain degree of inaccuracy is expected. A
measurement of this inaccuracy is the target of the
validation procedure.

For the methodology presented here, two phantoms were
employed, to account for two different geometrical forms.
A cubical phantom (see figure 4) was designed and built
using small plates of polymethylmethacrylate. A spherical
phantom (a table-tennis ball) was also used. Both phantoms
were filled with 1% water solution of Copper Sulphate
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(Cu?SOd), to lower the relaxation times T1 and T2 below
the values for tap water, imaged using the same MRI
acquisition method described above, and processed by the
same set 3-D reconstruction procedures applied to the
mango. The cubic phantom was built with a designed
volume of 108.0 cm3, while the actual amount of water
solution of copper sulphate it was capable of holding was
107.84 cm3. The sphere had an external diameter of 3.76
cm, with an external volume of 27.83 cm3 and filled
volume of 25.95 em3. Both phantoms were ‘sliced’ every
0.2cm with no gap between slices (same approach as with
the mango). No steps were taken to reduce error during the
various phases of the procedure.

= N =S N
T ...IL.

a) [ U b)

Fig. 4 Phantom, designed and built to validate volume
calculation from reconstructed models.

7 Results and Discussion

Applying MRI to investigate the internal quality of fresh
fruits is a natural and very important extension of its
historical introduction in medicine as an imaging technique
for diagnosis [13], [21], [12], [25]. The main advantage of
MRI over other investigative approaches is its non-invasive
and non-destructive nature. Figure la presents a sagital
tomography of a mango with tissue collapse. The core, the
void, and the pulp are all visible. Figure 1b presents a
digital photograph of the same mango opened with a
hacksaw approximately at the same location. Figures lc
and 1d illustrate a healthy mango for comparison. Because
there is no tissue collapse in the healthy mango, the dark
gray regions around the core (figure lc) are due to the
weak magnetic resonance signal from the low mobility 1H
of the external solid and dry tissues of the core. Due to the
nature of the segmentation process used here, that gray
region, if segmented, could be interactively included either
in the core or in the pulp region, at user’s choice. Including
it in the core would be the correct choice.

The method employed here for segmentation behaves
particularly well when boundaries have uniform intensities
over their complete extent. For instance, the separation
between hole and pulp to the right of the core in figure la
is well captured by the method (see figure 2), even where
the actual boundary is just slightly visible (that is, dark
regions are visually mixed with clear regions). Depending
on user needs, cither of the attained properties (region or
conlour) can be used. In this case, we used all the contours
generated by the segmentation procedure for every slice,
that is, the boundary curves presented in black in figure 2.

From the contours extracted in the whole set of slices, a
model was built for the parts of interest in the fruit, which
was further cxplored. One set of models, formed by

processing all frames with three regions of interest (pulp,
hole and core), is presented in figure 5, and the triangular
mesh of its exterior part is shown in figure 6. This
geomelric model was used for interaction, analysis and
calculation. It is actually composed of tetrahedrons though
on the screen only the boundary of the model is displayed.
Figure 7 shows a part of the reconstruction of one of the
phantoms to illustrate this property. Volume calculations
involved summing the volumes of each of its internal
tetrahedrons.

B T 7 (e}

Fig. 5 Reconstruction of the three parts of interest in the
diseased mango. a) Core b) Void caused by physiological
disturbance. c) Pulp.

Fig. 6 Mesh for the exterior surface of the mango.

A model was created for each of the phantoms described
previously (figure 8b and 8d) using the same scanning
parameters as for the mango (see figure 8a and 8c for
particular slices). For MRI scanning of the cubic phantom,
it was placed at a 45-degree inclination to the equipment
axis. The approximations imposed by the reconstruction
process have a visual effect in the resulting models, which
can be, observed in figure 8b. For the cubic phantom, 23
slices were generated, while for the sphere, 19 slices were
produced. :

Fig.7 Tetrahedrons in a reconstructed object. A shrinking
algorithm was used to split the individual tetrahedrons
apart.
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Fig.8 Phantom reconstruction. a) MRI 'of the cubic
phantom. b) reconstructed model for the cubic phantom. c)
MRI of the spherical phantom. d) reconstructed model for
the spherical phantom.

The volume of the reconstructed spherical phantom was
0.15% higher than the actual sphere and the volume of the
cubical phantom was 2.3% higher than the actual volume
of the original object (25.988447 ¢m3 for the sphere and
11025 cm3 for the cubic object). The number of
tetrahedrons is an indication of the size of the mesh and
therefore of the time needed to calculate volumetric
properties. The number of tetrahedrons generated here
(2565 for the sphere, 7636 for the cube, and 11081 for the
whole mango) can be handled easily by most computers
running the software, and the processing time for volume
calculation is not a significant portion of the full process.
The void caused by the disease in the studied case was
calculated to be 4.04% of the volume of the mango.
Because the pulp is 92.47% of the mango, the collapsed
part would correspond to 4.37% of the volume of the pulp.
The resulting values for the volumes were considered
satisfactory, taking into account that errors can occur in
many parts of image manipulation, including acquisition
(for instance, there is always a slice of the object missing
from each end of the image set). Therefore, errors of 0.15
to 2.3% were found for the phantoms. So, if the
segmentation process for the application of fruit analysis is
acceptable, it is possible to have the same rates of errors in
the reconstruction, especially because it was reduced noise
in the intermediate steps of reconstruction. If more
accuracy is needed, approximation errors could be reduced
by a series of extra precautions during processing, such as
mesh smoothing, active noise reduction and control of
approximation error.

An additional model, for the case of a cashew nut (see
figure 9) was also built. The intention with this model is to
use its geometric representation to simulate forces on the
nut during the extraction of the almond. By studying its
behavior under such forces, it may be possible to
manufacture a device to improve the unsatisfactory manual
extraction process currently used.

a)

Fig.9 Reconstruction of a cashew nut and almond. a)
boundary of meshes of both nut and almond. b)
Visualization of the cashew nut.

Besides providing 3D measurements, reconstruction
models can also provide internal views of the object under
analysis that would be impossible to see unless the fruit had
been sliced, diced, or actually cut in any way. For instance,
~figure~10 shows-some manipulation of the model using an
interactive technique implemented in the system. A
‘cursor’ is used to mark a path on the fruit surfaces, starting
with the external object. When the path is closed, the
surface enclosed by it can be ‘cut’, and the cut can be
treated as a separate object (figures 10a to 10d). This object
can be manipulated separately, or even deleted from the
scenc. With this ‘opening’, the user can actually walk
through the mango and explore its structures internally.
The process can be repeated for internal objects. Figure 10¢e
illustrates the view of the core through cuts in both the
external object and the hole. This technology allows
nonphysical operations and insights that would be
impossible in the real world, such as ‘seeing a hole in 3D’,
or even ‘cutting a hole’ to see the core. This flexibility
could be useful for a number of known or novel
applications.

Fig.10 Various levels of interaction with the mango
models.,

8 Conclusions

The methodology developed in this work represents an
innovative contribution where the reliability of 3D model
construction is important. First, because it covers the whole
process from acquisition to model manipulation, offering
detailed instruction for potential users. Second, because it
validates the model created against volume calculation, a
quality missing in other reconstruction efforts which has
restricted their use.
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The qualities inherent of the segmentation and
reconstruction methods were favorable here. In the
segmentation algorithm, the topological control over the
surface construction speeds up the reconstruction process.
By having an idea of the shape of the objects undergoing
reconstruction it was possible to eliminate noisy regions in
the data while maintaining the actual ‘holes’ that were part
of the structure under analysis. In the volume
reconstruction step, the topological tests and the quality of
the mesh formed gave robustness and good definition of
the object formed.

Many areas in agriculture can benefit from the use of the
developed methodology. Examples include study of
diseases in fruits, analysis of structure of fruit elements (as
in the cashew nut case), study of soil behavior and analysis
of factors that influence fat and water content in meat, to
mention a few. For instance, the accuracy of the 3D mesh
~is necessary fo allow a reliable simulation of the forces
applied on the cashew nut during extraction of the almond.
This work has just started with the reconstruction of
cashew models. In the case of soil, a study is being planned
for development of a metric of porosity through the
calculation of volume of capillaries reconstructed from soil
samples. As for the mango, the measurement of volume of
tissue collapse serves as starting point for the development
of a biophysical model that describes the phenomenon.
This model, together with additional data on mango
plantations could support the description of the evolution of
the disturbance and guide the manipulation of the problem
therein. J ¢ -

Being the only methodology for 3D reconstruction
currently that had the volume calculation validated, it is
expected that the. contribution presented here will have
application in many other fields of science. This aspect,
added to the intrinsic qualities of the volumetric model
generated by the reconstruction method, allows for
expansion of its use for other applications, such as medical.

It must be noticed that the methodology requires good
quality images for its accuracy, reason why the use of MRI
is important as the acquisition method. Low quality images
that produced noise on the boundary of the regions of
interest would generate imprecise contour definition,
impairing the creation of reliable models.

Besides providing a full methodology for data
manipulation from image to interaction, this work gives a
contribution  for the discussion of validation of
reconstruction methods, particularly in the case where
volume calculation is of concern.
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