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CREATING THREE DIMENSIONAL INTERNAL ORGANS
FOR SCANNING USING SIMULATOR

Abstract. The widespread use of information technology in various
fields of science and education in many ways began to determine the progress
and direction of development in these areas. A special place is occupied by
medicine. This article discusses the solutions and further usage of the
opportunities of three-dimensional modeling technology in medicine and in the
study of the anatomical features of human internal organs. The field of
computer visualization considered in the work, on the example of a designed
human heart during medical practice, was focused on the final result on
improving the quality of training of doctors at the present stage. The main task
of the scientific work is the introduction of modern diagnostics and treatment
of heart diseases based on a three-dimensional projection of the cardiovascular
organ. Using this project increases the prospects for effective educational
process in clinical departments, as well as during cardio-testing. In the process
of creating a three-dimensional model, studies were conducted in search of a
suitable method for the projection of internal organs with the most approximate
accuracy. As a result of the study, a visual model of the human heart was
developed that meets the requirements of a diagnostic scanner.

Keywords: computer modeling, 3D model of the human organ,
visualization, augmented reality, computer simulation.
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AnHoranus. [Ilupokoe npuMeHeHne HHHOPMAITMOHHBIX TEXHOJIOTHI B
pa3IMyHBIX OOJIACTSIX HAayKHM M OOpa30BaHUS BO MHOTOM CTalld ONPEACIATH
IPOrpecc U HampaBlieHHue pa3BUTHUA B 3TUX chepax. Ocoboe MECTO 3aHHUMAeT
MequuuHa. B cratee  paccmarpuBarOTCA  pelIeHUs M JaJbHEHIee
HCIIOJIb30BAaHNE BO3MOKHOCTEH TEXHOJIOTMHM TPEXMEPHOIO0 MOJEIUPOBAHMS B
MEIUIMHE WU TpPH H3YYEHUH AaHATOMUYECKHX OCOOEHHOCTeH BHYTPEHHHX
opraHoB 4enoBeka. PaccmaTpuBaemas B pabore 007acTb KOMIIBIOTEPHOM
BU3YyaJM3allii, Ha MPUMEPE CIPOEKTUPOBAHHOIO YEJIOBEYECKOTO CEpllla BO
BpeMsi BpaueOHOI MpaKkTUKH, OblIa OPUEHTUPOBAHA Ha KOHEYHBINH pe3ynbTar
0 YJIYYIIEHHUIO KauyeCTBa MOATOTOBKY Bpaueil HA COBPEMEHHOM JTalle.

OcHOBHOM  3ajaueil  Hay4HOW  pabOTBHl  SBJISICTCS  BHEIPEHHUE
COBPEMEHHOM JAMAarHOCTUKH U JIeueHHs OoJie3Hel cep/ia Ha 6a3e TpexXxMepHOi
INPOEKIUN  CEpAEYHO-COCYIUCTOr0 opraHa. Mcmone3ys 3TOT  INPOEKT,
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MOBBINIAOTCS  MEepCHeKTuBbl  A(PPexkTuBHOrO  y4eOHOro Tmporecca Ha
KIMHUYECKNX Kadeapax, a Takke BO BpeMs Kapauo-TeCTUpoBaHus. B
MIPOIIECCE CO3/IaHUs TPEXMEPHOU MO ObUIM TPOBEACHBI MCCIICIOBAHUS B
MOVCKE TIOJXOSIIET0 METO/Ia MPOSKIINH BHYTPEHHUX OPTaHOB ¢ MAaKCHMAJIbHO
NpUOJIMKEHHON TOYHOCTHIO. B pesynbTaTe mccinemoBanus Oblia pa3paboTaHa
BU3yalbHAas MOJIENh YEIOBEUYECKOro Cepla, OTBEYarlnas TpPeOOBaAHUIM
JIUMAarHOCTHYECKOTO CKaHepa.

KiroueBble cJji0Ba: KOMIBIOTEpHOE MojenupoBanue, 3D Moxenb
YEJIOBEUYECKOr0  OpraHa,  BH3yalu3alus, JOTOJHEHHas  PEaJbHOCTb,
KOMIIBIOTEPHAS] CUMYJISIIIHSL.

xkhx

AHgarna. FeuibiM  koHE ouTiM cajachIHOa aKMapaTThIK
TEXHOJIOTHSUTAPJBI  KOJJIaHy, TaHJaJIFaH OaFbITTapAblH JaMyblH aWKbIH
KOPCETIM KaTelp. by OareITTapAbIH apachblHAa MEIUIMHAHBIH OPBIH €pEKIIIe.
Makaaga MeIWIIMHANAFBl VI OJIIEMII MOJCNIBACY TEXHOJOTHICHIHBIH
aJaMHBIH IIIKi OpPTraHIapbIHBIH AHATOMUSIJIBIK EPEKIICTIKTepiH 3epTTey
OapbhICBIHAAFl  MYMKIHIIKTEpPl KoHE KOJAAHy OJiCi  KapacCThIPHUIFaH.
Kobamarel KapacThIpbUIFaH KOMIBIOTEPNIK BU3yalJay aiMarbl, MEIUIIMHA
MPaKTUKACBIHJIAFBI aJ1aM JKYPETICIHIH YITICIHIE, Ka3ipri Ke3eH e Jopirepaep/ii
Jasipiay camachlH jKaKcapTy YIIiH OaFbITTalFaH.

Feutbimu x00aHBIH  HETI3T1T  MIHIETI, JKYPEK-KaH  TambIpiap
OpraHAapbIHBIH YII ©JIIEMI TNPOEKUMACH HETI3IHIEe >XKYPEK aypyJiapblH
TUAarHOCTHKAajday MEH eMJICYAiH 3aMaHayd oficTepiH eHri3y. Y ChIHBUIFaH
XK0o0aHbl TMaijagaHy KIMHUKAJIBIK Kadeapangapaa OKy OoJallarblH KOHE
KapIMOJIOTHSUIBIK TECTUICY THIMIUIITIH JKOFapblIaTaabl. Y1 ©JIIeMIl MOIeIhb
xacay OapbICBIH/IA, 1IIKI OpraHAap/blH MOEKUHUSACHIH aca KOFapbl JQJIKICH
KECKIHJIEY OiCiH Taly YIIIH 3epTTeysiep KYPri3uidi. 3epTTey HOTHIKECIHJIe
JTUATHOCTHKAIBIK CKaHEpJIH TalanTapblHA cail, agaM >KYPeTiHiH BU3YaJbI
MOJIEN] JKacaslabl.

TyiiiH ce3aep: KOMIBIOTEPIIK MOJEIBACY, aJaMHBIH 1IITKI OPTaHBIHBIH
3D wmopmenmi, Bu3yanu3alus, TOJBIKTHIPBUIFAH IIBIHIBIK, KOMITBIOTEPIIIK
CUMYJISIIHSL.

Introduction

Modern information technologies find their application in solving a
wide variety of tasks: from keeping a database of patients to complex
diagnostic systems and software and hardware robotic surgery. One of the
topical tasks of applying information technologies is the modeling of the
human heart.

The relevance of this topic is caused by two main factors. The first of
them is the extreme importance of the problem of cardiovascular disease.
According to statistics, they confidently hold the first place among the causes
of death and disability of the population. Diagnosis of cardiovascular diseases

120



CAY xabapwwicer. 2018/4 (47). SDU bulletin

is a major problem. The second factor is the ubiquitous introduction of
information technologies, when modeling and analysis of the functioning of
systems have become the norm today. The field of modeling the human heart at
the junction of medical and technical disciplines. And as the history of science
shows, at least from the middle of the last century, very often breakthroughs
occur precisely when working at the junction of different industries. Recall at
least the joint work of the famous scientist, cybernetics, Norbert Wiener and
physiologist Arturo Rosenblueth. Many scientists and entire branches of
science have successfully developed the subject of the heart, certain aspects of
its activity, but often quite isolated from each other. The current level of
development of information technology, modeling and visual allows the use of
these lessons for research, training and diagnostics.

Diagnosis of the cardiovascular system of the future will be based on
the modeling of electrical processes in the heart according to
electrocardiographic data obtained on the surface of the body. In fact, they
formulate the same goal - analysis of the heart model using the initial data of a
real person. Assuming that there is an adequate model for the work of the heart,
the analysis of the data here is obtaining parameters of such a model that
reflects the characteristics of a particular person, and modeling is just an
examination of the functioning of the heart on such a model, taking into
account individual parameters. This can be called even a change in the
diagnostic paradigm and the transition to diagnostics based on modeling (or
simulated diagnostics), when the patient's diagnosed state is modeled taking
into account his physiological characteristics. This approach is fully consistent
with all world trends in the individualization of medicine, the introduction of
personal medical profile, the long history of storage of diagnostic data and
diagnostic results.

The basis for modeling the heart can be a model of electrical activity
heart. A whole class of such models, in spite of significant differences, boils
down to one - the examination of the heart as an electrical generator, such that
when placed in the place of the heart, we could record on the surface of the
body ECG with a satisfactory error.

There are many such models now: a point charge, a dipole, a
quadrupole, a multipole or a multi-dipole generator, etc. Especially it is worth
emphasizing the contribution to the development of such models of Russian
scientists: V.S. Marhasin, L.I. Titomir, M.P. Roshchevsky, O.V. Baum, A.N.
Volobuev and M.N. Kramm.

3D graphics and MRI data

Medical technologies throughout the existence of medicine an
inescapable need for methods that would allow inside the human body without
damaging it. It can be said that more than part of humanity has succeeded in
solving this problem. However, in modern world of general awareness, the
question is increasingly raised — how it is most possible to explain to the
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patient the need for surgical intervention and peculiarities of the biological
processes that occur with his body? The technology described in this article is
extremely effective both for the treating doctors who face difficulties in
describing and adapting complex medical terms and processes for patients, and
for patients who are able to make sure that they need medical intervention and
clearly assess the risks and extent of the problem. In some way, the patient
becomes not just a competent listener, but also a kind of student doctor who, in
an accessible language, sets out the a visual medical aid.

The basic principle used in the development is based on the creation of
high detailed master-model of a healthy heart with all internal structures and
textures. This model is used as a basis for further development of detailed
models of patients' hearts with different defects. Depending on the kind of
defects in the aftermath of the master a model is introduced that are
characteristic of various pathologies. Idea of this principle is in advance to do
most of the work and do not repeat it in the future, i.e., a highly detailed
«Ideal» version of the body, and all further changes are made
in the automatic mode already in the process of interaction of the master model
with medical data of the patient. The process of creating a master-model
consists in the MRI simulation of the data. Several healthy hearts of one final
model. Using already prepared the averaged model was constructed. Further,
this artists are working on 3D graphics together with doctors, to obtain an
accurate shape with all surface details and internal structures such as
trabecularity and valves that cannot be completely reconstructed from MRI
data. After this, the artists reconstructed using a photo of real hearts. As a
result, all this exact master model of the heart is obtained, which will be used
as a basis (Fig. 1).

To imagine how to build a three-dimensional model of the human body
from two-dimensional DICOM-files it is necessary to understand, as
represented images in medicine. For example, it is important to take into
account that all modern tomography do not produce finished images form a file
in a special DICOM-format, containing information about the patient, research
and information for drawing the image. Each file is a section of the necessary
part of the body in a certain plane contains information of intensity and density
of tissues in a given section. As a rule one study creates several files with a
logical structure, which are combined in a series and represent a set of
sequential slices of any organ. Series are combined in a stage, and the stage
determines all research.

The next stage, when it is already necessary to specify the model and
the image of the heart of a particular patient is taken from his MRI and
contours. According to the MRI data, a rough model is built automatically. One
very often, the heart MRI data is sufficiently noisy or low therefore, in addition
to them, contour files are used. Contouring performed by a special doctor who
knows anatomy heart and had a lot of experience in working with MRI data.
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This is usually a procedure occurs always after creating MRI scan. The doctor
manually outlines the strength layers of heart structures are layered and stores
this data in a * .con file. Use these data allow one to build the model of the
heart most reliably.

Fig.1 —Model of heart

To process contour files, a specialized pro-software that builds curves
in space. By these curves the outer surface of the heart and the inner surfaces of
the stomach are formed. Daughter model is understood as a basic blank for the
real heart of the patient. A detailed master-model is then loaded, which
projected onto this blank using fixed point that are the relationship between the
patient's heart model and the master model. Such as you can use the detail of
the master model, but thread the original shape of the internal and external
structures of the patient's heart. By past this, it allows you to fill in the missing
information that was taken from the patient's MRI data. Thus, we obtain a
detailed a model of the heart that corresponds to the patient's heart shape and
possesses the necessary with detailed detail and quality of textures (Fig. 2).
Obviously, resulting thus obtained is not an ideally accurate three-dimensional
re-patient's heart. However, within the limits of the set tasks, where it is
necessary to explain the condition of the injured organ, relying on its anatomy,
this solution is optimal. Among other things, this approach co-model building
can be brought to automatic when the treating physician or the patient only
needs to be given a command to generate CT and MRI data of model of the
organ before and after the operation.

This automated approach makes it possible to build a three-dimensional
remote, without additional intervention and correction of specialists’ three-
dimensional modeling. This means that this solution is possible use on a
remote web server. Thus, it was decided to develop web resource that will
process MRI and CT data and output giving the user a three-dimensional model
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of the heart. The work of the web service is organized as follows: the first step
the doctor loads the MRI / CT data on the server.

Fig.2 — Built model of pacient with inner structure

On the server there is a data processing and the doctor, practically at
once (on request) gets a ready model, which can be viewed in the browser, with
it a number of manipulations, for example, to build a section, compare with the
previous one with a healthy heart, rotate, scale and study with different angles.
The next step is the loading of the MRI /CT body data into the web server after
the surgical intervention. Data is being processed similarly and, upon request
of the user, a three-dimensional model of the cured body. Among other things,
an authorized resource user can compare both models and observe changes that
occurred after the operation. The above solution allows an accessible and fast
way to obtain 3D model, analyze it and, if necessary, even print that. However,
it is also possible to supplement the set of solutions with the introduction of
new the latest computer graphics technology in recent years. For example, this
in the future, development can be improved with the help of full of reality (AR-
technologies), which will provide opportunity of storage of all information on
the three-dimensional model of the injured in the corresponding QR code. The
use of complemented it can simplify the interaction and make the interface
intuitive understandable. Also, it is obvious that AR-technologies are
irreplaceable powerful presentation of complex structures and can act as an
ideal an intermediate between a specialist (a doctor) and a consumer of the
service (patient). The basic principle of this kind of technology is the
combination of reality and virtual information, which, in our case, will be
patient's three-dimensional heart.

Generation of 3D model using MRI scans

Imagine that you have done magnetic resonance imaging or computed
tomography. The usual thing: a doctor looks at the tomograms for light - looks
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for damage in the cranium and anomaly in its contents. In this situation,
immediately comes the thought: it would be good to scan the results of
tomography and make a full-scale three-dimensional model of your skull,
which can be loaded into a 3D printer for printing. Oliver Krohn used three
programs to create a 3D model. Two of them - Seg3D and ImageVis3D - are
developed in the center of integrative biomedical computing at the University
of Utah. The Seg3D program glues two-dimensional MRI or CT scans into the
correct 3D format. The second program ImageVis3D allows you to edit the
resulting file, clearing it of layers of unnecessary tissues (unnecessary in this
task, of course).

In the end, Oliver used the universal editor MeshMixer, instead of
which one could take MeshLab or Blender. Definitely, 3D-printing an exact
copy of your skull is entertaining in itself. In addition, the model can come in
handy in the future, in case of loss of the original. More precisely, in case of
loss of its fragments or deformation. For example, in March 2014, surgeons
from the University Medical Center of Utrecht for the first time in the world
successfully transplanted the upper part of the skull, replacing it with a plastic
implant printed on a 3D printer.

22-year-old girl from the Netherlands with a chronic bone disease -
because of what the thickness of her skull increased by 1.5-5 cm, which caused
visual disturbances and headaches - they installed a new organ made of
translucent plastic. Experts have previously printed on the 3D printer fragments
of the skull, but for the first time managed to transplant such a large implant,
which was not torn away by the body. So it's not bad to have a digital 3D
model of the skull.

Result

Summing up, it should be noted that the above described approach to
creating 3D model of the heart, with all the accompanying tech can easily be
adapted for visualization of other organs, using also the data of MRI and CT.
Changes in the basic technology in this case, only the first stages of the
technology will be master of the model it will be necessary to develop
manually, by prototypes personal bodies average master-models for each of the
selected objects the human body.
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