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It is shown that the application of prototyping technologies allows to

improve the efficiency of the development process by reducing the design
time, the number of errors and provides opportunities to improve the
functional characteristics, shape, weight, and dimensions of the designed
biomedical products.
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Abstract. Improving the methods and means of computer planning of functional and aesthetic
mterventions on the human face based on realistic 3D visualization methods is an urgent task of modern
biomedical engineering. Despite a sufficient amount of work in the field of medical imaging and image
processing, a more accurate and realistic presentation of data is needed for imaging systems aimed at
modifying the initial data to predict the results of surgery. Software for 3D visualization in computer
modeling of functional and aesthetic surgical nterventions should ensure the solution of the following set
of tasks: initial computer processing of tomographic data and 3D surface scanning data; selection of a
visualization window and tone mapping; segmentation of anatomical structures on tomographic images;
determination of the contours of segmented objects on tomographic images; construction and
visualization of polygonal models of the anatomical structures of the investigated area.

Keywords: Surface Scanning, Tomographic Images, Visualization.
1 Introduction

An increase in the efficiency of preoperative planning of plastic interventions
can be achieved through the use of 3D visualization methods and modeling of
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the deformation of structures subject to plastic correction with maximum
realism. Initial data for such visualization can be obtained as a result of
tomographic studies of internal structures and surface 3D scanning. In
accordance with this, software systems should be developed that allow for
realistic visualization and correction of the obtained 3D images, taking into
account the biophysical properties of the operated area [1,2].

The wide application of this approach requires the use of universal (non-
specialized) computer systems. This achieves the flexibility of improving
and expanding the capabilities of software for planning operations in rhino
surgery [3,4,5].

Creation of three-dimensional computer models of the human head
precedes the stage of modelling changes in various anatomical parts of the
head in order to obtain an optimal model corresponding to the wishes of the
patient and the capabilities of the surgeon [6,7,8]. Such modeling requires the
development of segmentation algorithms, complex or separate visualization
and virtual deformation of anatomical structures.

2 Analysis of literary sources

Improving the methods and means of computer planning of functional and
aesthetic interventions on the human face based on realistic 3D visualization
methods 1s an urgent task of modern biomedical engineering.

The purpose of considering the features of the developed models and
methods is to create a concept for the presentation, processing and analysis
of tomographic data for computer planning systems in functional-aesthetic
rhinosurgery.

Analysis of literature sources showed that, despite a sufficient number of
works in the field of medical imaging [1,8] and image processing [9,10,11],
a more accurate and realistic presentation of data is needed for imaging
systems aimed at modifying the initial data to predict the results of surgery
[12,13,14].

Software for 3D visualization in computer modeling of functional and
aesthetic surgical interventions should provide a solution to the following set
of tasks:

- initial computer processing of tomographic data and 3D surface
scanning data;



- selection of the visualization window and carrying out tone mapping;

- segmentation of anatomical structures on tomographic images;

- determination of the contours of segmented objects on tomographic
images;

- construction and visualization of polygonal models of the anatomical
structures of the investigated area [15,16,17].

The main source of input data for the operation of the software for
planning functional-aesthetic surgeries is a set of images of tomographic
slices (DataSet) [1], represented as a series of files in DICOM (Digital
Imaging and Communications in Medicine) format. The DICOM format is a
standard for the generation, storage and transmission of radiological images
and other medical information. This format, in addition to the direct results of
an introscopic examination, contains data about the patient, the conditions of
the study, data about the medical institution, the operators of medical
equipment, the technical characteristics of the introscopic devices, the values
of the physical fields underlying the study, etc. The standard enables digital
interconnection between different diagnostic and therapeutic equipment from
different manufacturers.

In a DICOM file, information about the study performed is stored as a set
of information elements - special information structures that can store data
about the patient, the study being carried out, and diagnostic equipment. The
order of the elements of the tomographic dataset is such that as the element
address increases, first the voxel number in the line increases, then the line
number, and then the number of the slice in the axial projection [18,19,20].

3 Preliminary data preparation

Computed tomography images are gray-scale. Each slice element determines
the average value of X-ray absorption in the corresponding area of the object
under study during tomography. Such a 2D dataset can also be represented as
anarray of brightnessor discrete intensity function, where x, y, and z are

integer variables defining voxel coordinates. The domain of the function V' is:

|.r ef0.w-1], (1)
svef0.h-1],
|_"' ef[0.d-1];



where w, 4, d are the sizes of the dataset in voxels.

The function V takes non-negative integer values in the range [0...V,,,,].
The value V,,,, depends on the bit depth NV of the dataset and 1s determined
by the formula

Vi =2V -1 (2)

In turn, the number of bits allocated for encoding the brightness of one
element of the tomographic raster N usually takes values from 8 to 16,
depending on the tomograph and the study protocol. Thus, one voxel can
occupy 1 or 2 bytes in computer memory, which significantly complicates the
effective processing of tomographic data and requires writing software
implementations for both voxel bit widths and using generalized
programming principles [21,22,23].

If the number of bits per one voxel of the initial tomographic data is not a
multiple of 8, then it is advisable to round this value to the nearest higher
multiple of 8, since This approach will greatly simplify the addressing of the
brightness values of the voxels of the dataset and will make the software
processing of tomographic data faster.

Storing tomographic slices in PC memory can require significant amounts
of RAM. The content of all voxels in one memory block is preferable from
the point of view of convenience and speed of programmatic access to
dataset elements. However, this approach with sequential storage of voxels
is not always possible due to the fact that the program may fail when
allocating memory necessary to store the entire dataset in a single block.
Therefore, when developing software for processing tomographic slices, it is
advisable to implement the data loading algorithm in such a way that, in the
event of a failure on a new memory block requested from the operating
system, memory allocation is performed for each slice separately [24,25,26].

The most used strategies for storing tomographic data in RAM are slice-
by-slice storage of elements and storage of elements in cubic blocks, as
shown in Fig. 1.

The slice-by-cut arrangement of elements in memory involves storing
raster lines sequentially one after another. The pixels in a row are stored
linearly in ascending order of the x coordinate in the row. The element next
to the last pixel in a line in memory is the first element of the next line. The



advantage of this way of storing voxels is the simplicity of addressing an
arbitrary element of the dataset.

Y

Fig. 1. Cut-by-slice presentation of tomographic study data (w=h=16, number
of slices - 4).

The address of the voxel in RAM, depending on its coordinates (x, y, z), 1s
easily calculated in accordance with the following expression:

Prt . (x, 3, 2) = Put g, 2y - w+x) - C(b) 3)

where Pnt g, (z) 1s the function that determines the memory address of the
beginning of the z-th axial slice;

w - the width of the dataset in voxels;

b 1s the number of bits used to encode one voxel;

C (b) is a function that returns the number of bytes required to store b bits,
i.e. rounding b to 8 upwards, and

i :‘;W:]JH ‘ (4)

When storing a dataset as a set of cubic blocks (see Fig. 2), all voxels are
combined into smaller volumes with dimensions (D,,D,,D,). Reading voxels
located inside a block is also performed by progressive scanning, but within
the block, not a slice. Access to the elements of the dataset with a block
structure 1s performed in accordance with the expression
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where mod(i,j) is a function that returns the remainder of dividing i by ;.

Fig. 2. Block storage of tomographic dataset voxels (D, =D, =D, = 8).

As can be seen from expressions (2) and (4), addressing an arbitrary voxel
of a dataset when using a block strategy for storing bulk data requires more
computations than with other storage methods, but for some tasks (for
example, tracing or casting rays), this approach shows higher productivity.
The general increase in the performance of algorithms that actively use the
operation of fetching voxel values when dividing a dataset into blocks occurs
primarily due to more efficient use of the caching mechanism by the central
processor of cells stored in RAM [27,28,29].

Note also that it is possible to locally reduce the bit depth of some entire
dataset blocks. So you can reduce the number of bits, which encodes the
brightness of the voxels of this block, to N if the following conditions are
met:

=

Vir —Vamy = 2" -1 (6)
N { 4 .



This approach also makes it possible to somewhat reduce the average access
time to the elements of a three-dimensional array of tomographic data and, as
a rule, significantly reduce the amount of memory required for storing the
tomographic dataset as a whole. A three-dimensional array of luminosities
using the described approach to storing elements is called a sparse dataset
[30,31].

Storing tomographic data in the form of a sparse dataset and its
corresponding software processing are in some cases the only possible
effective way to work with datasets characterized by large sizes or in
conditions of a small available amount of RAM.

4 Tone Mapping

The next step is tone mapping, which allows more efficient use of the
dynamic range of tomographic imaging and promotes better perception of the
obtained images by the operator, allows better differentiation in the image of
tissues of various kinds that differ in density, and, consequently, in brightness
in the output images.

In the case of linear transformation of brightness ranges during tone
mapping, the brightness of an image element after /,, compression depends on
the brightness of the corresponding pixel I in the original image according to
the expression

(IS_WSL)'( i'!R_FFTDI] (7)
Wa =Wy

I =W, +

where [W,, ...W ;] 1s the brightness range (brightness window) used to
display the image to which the tonal range has been applied;

[W, ...W 4] - the tonal range of the original image.

The results of the method according to formula (7) (see Fig. 3).
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Fig. 3. Tomographic section of the patient's head: a) before tone mapping (W
o =30920, W, =40375); b) after tone mapping (W ,, =35760, W .=
44760).

5 Segmentation of Anatomical Structures

In the automated analysis of tomographic data, one of the most important
operations preceding the main stages of processing the original images is the
task of segmentation - determining which image pixels carry information
about the amount of X-ray absorption by the object under study, and which do
not belong to it. It is advisable to perform this operation by recursive filling
of connected pixels that have passed binarization with a lower threshold,
which will be discussed in detail below.

During the segmentation and classification of tomographic slices, an
additional twodimensional array A4 is created for each tomographic image
with the same dimensions as the raster being processed. Before the start of
segmentation, all elements of this array are initialized to zero. The result of
the classification of any voxel in the dataset is entering one of the nonzero
values T, T, or T; into the cell of array 4. These values are determined by
the type of region to which this voxel belongs, and as a result, this voxel
becomes an element of one of the following segmented sets D,, D,, D,, for
which

(.12 €D, ifAR 3 2)=T,i=1,2,3) 8)



When binarization with a lower threshold, if the brightness of a given voxelV
(x, ¥, z) 1s less than or equal to a certain threshold value (V,), then the value
of the element in array 4 remains unchanged. If the brightness is greater than
V., then A(x, y, z) = T,. Thus, for binarization with a lower threshold, the
following expression is valid:

bl Vix.y.z)>¥
Alx,v.z )=+
A(x,y,z), V(x,y.z)<V

9)

After isolating the background pixels of the slices, the stage of isolating and
classifying the tissues of the human head on the images of tomographic slices
begins using the operation of filling connected pixels that satisfy the
following binarization condition with an upper threshold:

i Vix,y.z) <V, (10)
Af 1',‘1',__):-: - | 2
|.f‘1f x.yv.z) V(x.y.z)zVF,

where V, is some threshold value.

Another type of threshold classification that is used at the stage of
segmentation and classification of tissues imaged on tomographic sections is
binarization with double limitation in accordance with the expression:

‘fﬂr’x’}::‘:)} er-'}:?: I_E (11)

/ V,>V(x.y.2)> W
A(x,y.z), V(x,y.z)2V,

Afx,y,z )=+

As a result of this operation, those elements of the raster are selected, the
brightness of which lies in the range. This operation can be useful, for
example, when recognizing soft tissues on tomographic sections.

The first stage of the fill operation is to determine the initial (seed)
pixels, starting from which the operation of growing the segmented area will
take place. In the case of automated background selection on a slice image,
such points are usually selected pixels located at the edges and corners of the
slice, provided that their brightness is not higher than the threshold value.

If it 1s necessary to fill the pixels of the biological object under study, the
operator chooses pixels that exactly belong to the biological object as
starting points. Segmentation of the airway anatomical structures, such as the



upper airways, usually requires manual setting of the initial filling points in
an interactive mode, as well as the definition of special limiters that do not
allow many segmented pixels to expand through specified areas of the image
(some nasal passages, anastomosis) that satisfy the threshold condition.
classification.

The specified starting points of the fill are added to a special data
structure that has a stack organization. This structure is necessary, since
during each iteration of the filling cycle, for each processed element there
can be up to 4 neighboring elements in the case of filling a four-connected
area, or up to 8 neighbors in the case of processing an eight-connected
environment, which are to be processed in subsequent iterations of the
algorithm. By its principle of operation, a stack is similar to a queue with the
only difference that the first element added to the stack will be popped last,
and the last added element, on the contrary, will be the first. This difference
between a queue and a stack makes it easier and more efficient to use the
latter for storing image elements waiting to be processed by this
segmentation algorithm with the same final result.

In case of multi-slice segmentation of a human head in a tomographic
dataset, in addition to 4 or 8 pixels of this slice, which are adjacent to the
considered pixel, it is also necessary to check the values of voxels having the
same two-dimensional coordinates, but located on adjacent slices. This
approach is used when pouring on sections of head tissue and, as a rule,
makes it possible to select all the space occupied by the patient's head tissue
at one time.

6 Voxel Rendering and Surface Rendering

A simpler implementation of the fill function is also possible, recursively
calling itself when checking for connected pixels. If the traversal of
connected areas is implemented using a regular recursive call of the
subroutine for checking neighboring pixels, then with each call, the address
from which this function was called, its arguments, local variables, and the
current values of general-purpose registers are saved on the stack. This leads
to an avalanche-like increase in the amount of used memory of the system
stack and, ultimately, can lead to its overflow and, consequently, to the
abnormal termination of the program. Therefore, the use of the filling
algorithm using recursive calls is fraught with overflow of the system stack at



a large depth of recursion nesting and is not suitable for stable and fast
segmentation of large and medium volumes of tomographic data.

It is possible to speed up the segmentation procedure for large
tomographic volumes even more by using the principle of row-wise filling.
The main difference between this method and the filling of connected pixels
is that during one iteration of the cycle, a series of pixels are filled
sequentially to the left and right of the element processed during this iteration
of the fill cycle. This approach is much more efficient by processing more
pixels per loop iteration, reducing the number of repetitions, and also by
reducing the amount of stack used. Below is table 1 containing data reflecting
the pouring processes, the stages of which are shown in Fig. 4 and 5.

The characteristics given in Table 1 prove the significant superiority of
the row-byrow fill method over the four-connected pixel fill method for such
tasks of processing tomographic images as highlighting the background in a
tomographic image, as well as segmenting the tissues of the head and upper
respiratory tract. Line-by-line filling is the most optimal not only for reasons
of the general performance of the algorithm, but also because of the
significantly less use of additional memory. In addition, the line-by-line pixel
traversal also improves the speed of such segmentation by taking into account
the organization of the CPU's cache memory. The stage of identifying the
contours of anatomical structures on tomographic images is necessary for a
clear morphological separation of models of these structures [32,33,34].

Table 1. Comparison of the characteristics that determine the effectiveness of
the threshold segmentation algorithms when filling the background of the test

slicen.

Seg- Number of fill it-  The amount of used Algorithm ex-

mented erations per- stack memory, Bytes ecution time,

area. % formed s
Quadruple fill 10 8414 33528 1370

40 33731 133812 3230

70 63778 215176 5174

100 128108 159408 9507
Line-by-line fill 10 41 12 214

40 510 a0 930

70 1045 36 1445

100 1225 12 1848
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Fig. 4. Stages of selecting the background of a tomographic slice by the
method of filling a fourconnected area: a) 10% of the background is filled; b)
40%; ¢) 70%; d) 100%.

Fig. 5. Stages of separation of tissues of the human head on a tomographic
section: a) 10% of the pixels of the head are filled in; b) 40%; ¢) 70%; d)
100%.

Algorithms of this kind make it possible to clearly distinguish
morphologically on the sections of biological structures (objects) after their
preliminary classification according to the necessary attribute and to form a
set of segments describing a closed broken line of the contour. The
information obtained at this stage about the contours of objects subsequently
forms the basis of the wire 3D model.

The marking of segmented areas is necessary for the subsequent selection
of the contours of the selected areas and preparation for building wire
models.

At this stage, each element of the auxiliary buffer is filled according to
the type of area to which it belongs. Now, in this buffer, it is necessary to
select separate areas and number the segmented voxels, so that later it will
be possible to determine to which area each segmented element of the
tomographic data array belongs.



Further, upon completion of the stage of marking the segmented parts of
the image, the pixels located on the inner border of the segmented areas are
selected. Let the matrix /" have the following form:

1. 1 1)

1 -8 1
1 1 1

(12)

F

A pixel 1s considered to be on the border of the segmented area if, during the
check in the auxiliary array of its eight-connected environment by the sliding
window F, the result is nonzero. This condition is true if at least one of the
eight pixels surrounding the given one does not belong to the processed area.
In order not to start another additional array for storing the results of the
operation of selecting the boundaries of the segmented regions, the edge
pixels are marked in the previously used auxiliary array by setting a certain
bit to one state. The setting of a bit can be done either by performing the
"logical or" operation with the number C, or by performing the operation:

A, v, 2) = Afx, v, 2) + C (13)

moreover A(x, y, z) < C.

To set this bit not to affect the bits of the auxiliary array, which are
responsible for encoding the segmented area number, the value of the number
C must be calculated in accordance with the following formula:

C = Dliog, al (14)

where a i1s the number of segmented areas in the tomographic image.

In order to build a contour model in the future, it is necessary to find a set
of line segments that describe the boundaries of the selected areas. This stage
begins with the creation of an array of chain codes, into which a bit mask is
written, corresponding to the presence of border pixels in the eight-
connected region of a certain raster element (see Fig. 6).

An array of chained codes is another auxiliary two-dimensional array, the
number of rows and columns in which is the same as in the original
tomographic raster. To store information about the presence or absence of a
contour pixel in a certain position of an eight-connected environment, 1 bit of



information is enough. Based on this, the size of the element of the chain
codes buffer from the point of view of minimizing the use of the RAM
resource should be chosen equal to 1 byte.

8, 4 2
16 |

Xy 1
32 64128

Fig. 6. The value of the bit mask of the element of chain codes, depending on
the location of the associated edge pixels.

It is possible to determine the value of the chain code for a certain element of
the tomographic image, based on its eight-connected environment, in
accordance with the following expression:

BF’I,_]',:,;':ij;'wj-i Al x,¥;,2) (15)
. C

where 7 is the number of the pixel (x, y, z) in the array of the eight-
connected environment of the considered pixel (x, y, z) (see Fig. 6);

ang (dx,dy) - function, which calculates the angle, plotted in the
counterclockwise direction, between the segment given by the points (x, y),
(x, y,) and the horizontal ray emitted from the point (X, y) in the positive
direction along the X axis;

m'c.-‘g?,dx >0,dy >0 (16)
by

1 ﬂr &
ang(dx,dy) =1 arctg ﬂ?—‘} +m,dx <0
»

dv

|arctg—+ 2m,dx > 0,dy <0

o

where dx =x,—x ;dy=y,—y.

The set of connected segments that form a polyline of a contour is
obtained as a result of sequential traversal of nonzero elements of the array



of chain codes. If a certain pixel belongs to the contour (see Fig. 7, a) and
has no more than two contour neighbors in an eight-connected area, then the
centers of these pixels are connected by segments, otherwise the traversal
occurs in a certain angular direction, for example, clockwise (see Fig. 7, c)
in order to avoid the appearance of transverse lines that do not define the
border of the segmented area (see Fig. 7, b). The resulting contour can be
simplified by combining into one segment a sequential series of connected
segments (see Fig. 7, d), having the same direction.
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Fig. 7. Construction of a polyline based on the data of contour pixelsa)
original contour pixels; b) incorrect connection of the contour nodes; c)
angular traversal of contour pixels; d) the contour after its simplification and
triangulation

It is considered that one segment of the contour given by the points (x,,
y,;) and (x,, y,) is a continuation of another segment with coordinates (x,, v,),
(x; ;) if the condition specified in the expression

L~h _XB—N% (17)
V=W Yi=W

In this way, as a rule, it is possible to achieve a significant reduction in
the geometric complexity of the contour of the segmented area, which reduces



the amount of memory required for its storage, and accelerates its subsequent
processing,

Having received a closed outline of the selected area, you can calculate
such its characteristics as the perimeter and area. In the context of planning
surgical interventions on the upper respiratory tract and the human face, this
can be useful, for example, to assess the geometry of the anatomical
structures of the face or to calculate the functional parameters of the patient's
nasal breathing [15,16]. An illustration of the results of the algorithm for
segmentation of the contours of the airways of the upper respiratory tract is
shown in Fig. 8.

The advantage of the algorithm created in the work is, first of all, the
lower complexity of the contours of the selected areas in the images, which
simplifies and accelerates the further processing of these images, in
particular, their specified contours.

By presenting a set of contours of different slices of one tomographic
dataset in three-dimensional space, it is possible to form a spatial wire
model (see Fig. 9, a).

Fig. 8. Selection of the contours of the upper respiratory tract on the
tomographic image: a) the processed area of the original image; b) the result
of constructing a contour for a given area of the image using the proposed
method

Operations such as segmentation of anatomical structures and the
selection of their contours often need to be performed not only in the axial,
but also in other projections (see Fig. 9, b, Fig. 9, ¢). In this case, the
operation of multiplanar reconstruction is performed, in which the initial set
of slices (usually axial) 1s recalculated into the same set of slices, but



corresponding to a different projection (see Fig. 10). In particular, this is
necessary when calculating the geometric characteristics of the air-
conducting paths of the nose based on the results of processing a series of
frontal tomographic sections [13,14].

Fig. 9. Spatial contour models obtained as a result of cut-through processing
of tomographic data: a) a model of the face, built from axial slices; b) a
model of the face, built on sagittal sections; ¢) model of the upper respiratory
tract.

One of the widely used methods of visualization of the studied biological
objects based on the results of computed tomography is the display of voxel
polygonal models. The voxel model is a three-dimensional array of the
simplest volumes of the same size. When rendering a voxel model of
tomographic data, each segmented element of the tomographic volume is
displayed as a separate small cube (rectangular parallelepiped if the lengths
of the voxel sides are not equal to one), each face of which consists of 2
triangles. Voxels that are not related to the biological object are ignored and
are not displayed in 3D space. Thus, it turns out that in order to visualize one
voxel in threedimensional space, it is necessary to draw 12 triangles built on
8 vertices, which makes a rather serious computational load on the block of
the used graphics library, which is responsible for vertex transformations and
lighting, when rendering large volumes of tomographic data. As an example,
voxel models of the upper respiratory tract (see Fig. 11, a) and the human
face (see Fig. 11, b) are given.



Fig. 10. Presentation of computed tomography data, segmentation results and
contouring in three main projections.

Fig. 11. Voxel models: a) model of the upper respiratory tract; b) model of
the human facial region.

To render a voxel model in real time with a frame rate acceptable for
visual perception, as a rule, it is necessary to perform preliminary
optimization aimed at simplifying the geometry of the model, reducing the
number of simple geometric shapes that describe the model (primitives).
This simplification of geometry implies the elimination of individual
invisible faces and entire voxels from the model, as well as combining
several faces of adjacent voxels into one face (see Fig. 12).




Fig. 12. Simplification of the geometric component of the voxel model by
combining the faces of adjacent voxels.

The voxel representation model is quite informative for the purposes of
medical diagnostics and planning of operations. It most closely matches the
input tomographic data and allows you to directly calculate the geometric
characteristics of the anatomical objects of the facial region and the upper
respiratory tract of a person, visually assess the spatial relationships
between the air cavities, nasal passages, fistulas and surrounding structures,
and display the localization of the location of pathologically altered areas.

The voxel method of data visualization is quite visual, but it has a number
of disadvantages: the mutually perpendicular voxel edges are not convenient
for perception, and the standard lighting calculation methods applied to the
model do not add depth and volume to the resulting image. The application of
the “Marching Squares™ algorithm [17] allows obtaining a three-dimensional
surface consisting of triangles, limiting the parts of the tomographic volume
that differ in brightness or segmentation mask (see Fig. 12, Fig. 13).
Visualization of anatomical structures at the subvoxel level is also relevant
for the study of parietal air flows in the nasal cavity [ 18-20].

Fig. 13. Result of applying the “Marching Cubes” algorithm to a tomographic
dataset 512x512x106 voxels with and without interpolation of the position of
the triangle vertices.

7 Conclusions



Voxel models of tomographic data presentation are quite informative for
the purposes of medical diagnostics and planning of operations. It is
advisable for realistic visualization to triangulate the original voxel volume
using the Marching Squares method and obtain three-dimensional surfaces
that limit anatomical structures that differ in brightness or other features
during segmentation.

Using modern high-speed computing systems with multi-core processors,
it is possible, on the basis of the developed algorithms and software
modules, to solve the problem of creating computer 3D models of the
anatomical structures of the human head in real time. The created computer
models are the basis for the subsequent solution of such problems:
modification of 3D models in order to determine the optimal shape for the
patient of certain anatomical structures subject to plastic surgery; assessment
of the functioning of the upper respiratory tract and computer planning of
surgical correction of intranasal structures, if necessary. The prospect of the
work is the development of methods of volumetric deformation of models of
the anatomical structures of the nasal cavity for the possibility of their virtual
correction, taking into account the biophysical properties of the investigated
area and the realism of 3D visualization.
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