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Obvexkm uccnredosanusi — TOJAXOJIbI U METOJbl CerMEHTAIlMH U300paKeHUil Cco
CHUMKOB KOMITBIOTEPHON TOMOTrpaduu, MOCTpOEHUs TPEXMEPHBIX MoJeNed Ha uX
OCHOBE, a TaK)Ke MPOrpaMMHasi apXUTEKTYpa, MO3BOJIAIONMIAS () (HEKTUBHO MCIOJIB30BATh
PacCMOTPEHHBIE AITOPUTMBI.

Lenv pabombr — co3gaHue IPOrPaAaMMHOIO MOZYJIS JUIsl PELLEHHs TOCTABICHHBIX
3alad [0 CErMEHTAallMM CHUMKOB KOMIIBIOTEpHOH ToMorpaguu ¢ AajibHenIen
TPEXMEPHOM PEKOHCTPYKLMEH MOJEICH Ha ypOBHE, NPUTOJHOM K IPUMEHEHUIO Ha
IpaKkTHKe, a Takke o0ecreuyeHue MUHUMYMa BMEIIATelIbCTBA B JAHHBIM Ipolecc
YeJI0oBEeKa.

3a Bpemsi pabOThl OBUIM pEaTM30BaHbl CICAYIOIIME 3aJa4d: HU3Y4YEHBl H
onpoOOBaHbl TOJIXOBI IS CETMEHTAIMM W300paKEHUH CO CHHUMKOB KOMITBIOTEPHOU
ToMorpaduu, a UMEHHO: (UIBTpaIUs MO IJIOTHOCTH TKaHeH, OMHapu3aIlis, OCHOBaHHAs
Ha SHTPONHUU THUCTOTPAMMBbI, U TIyOOKHE HEHPOHHBIC CETH. bbUl M3ydeH W NMPUMEHEH
QITOPUTM TPHUAHTYJISIIUU MIOBEPXHOCTH 10 cepuu cpe3oB «lllararomme KyOuKkmny», a Takxe
peasin3oBaHa mporpammHas apxurekrypa «KaHambl u  GUIBTPBD, MO3BOJISIOLIAS
opranu3oBaTh A()(PEKTUBHOE  BBHINOJHEHUE TIIOCTaBICHHBIX B  paboTe  3ajad.
Pa3paGoTanHbIii IpOrpaMMHBIN MOJTYJIb OBLT TPOTECTUPOBAH HA MHOXKECTBE TOMOTpaduit
Y BCTPOEH B BEO-TMPUIIOKEHUE JIJIsi BpadeHl.

Pabora nmeet OoipIioe MpakTHYecKoe 3HAYeHHE. B oTimyme oT MHOXKECTBa yxKe
CYLIECTBYIOIIMX MPUJIIOKEHUH [UIsi pabOThl C KOMIIBIOTEPHBIMH TOMOTpadusmu,
pazpaboTaHHOe pelleHHe TpeOyeT MHUHUMyMa 4YeJIOBEYECKOro BMeENIaTeNbCTBa.
[Tonb3oBatento HEOOXOIMMO JUIIL yKa3aTb — MOJENb YEero OH KEJAaeT MOJy4YuTh Ha
OCHOBE CHUMKOB TOMOTpaduu: CKeJeTa, KOXKHBIX MOKPOBOB MM KOHKPETHOI'O OpraHa.
Takoe ynpouienue padotsl ¢ KT mis Bpauell kak KOHEUHBIX MOJIb30BaTeNel O3BOJIMIIO
CO3/1aTh BEO-TIPUIIOKEHUE, B KOTOPOM JIOKTOpa MOTYT BECTH y4Y&€T MallUeHTOB, a TAKKe
IIPOBOJAUTH JMAarHOCTUKY M IUIAHUPOBAHME ONEpPALUN, HMES BO3MOKHOCTB JIETKO
MOJIYYUTh U U3YUUTh TPEXMEPHBIE MOJEIN HHTEPECYIOINX OPTaHOB.

B HacTosiumii MOMEHT BEO-NIPHIOKEHHE, HCHOJIb3YIollee pa3paboTaHHBIN
MOAYJdb, HaxoOJIUT NpuUMeHeHue B xupypruu. Co3gaBaemble TpEXMEpPHbIE MOJETU
3arpy’karoTcs B OYKM CMeIaHHOW peanbHOCTH Microsoft Hololens, B koTopsix Bpauu
Pecniyonukanckoro Hayuno-IIpaktuueckoro lLleHTpa TpaBMaTtonoru u OpTONEIUN
MPOBOJAT IMJIAHUPOBAHUE OIEpallMi U HAHOCAT MPEJONEePAMOHHYI0 Pa3METKy Ha TeJo



MAlMEHTa, YTO MO3BOJSET CBECTH K MUHUMYMY HOBPEKICHUE MITKMX TKAHEW YelloBeKa
BO BpPEMs XUPYPrUU€CKOro BMEIIATEIbCTBA.
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Ab'exm Odacnedasanus - MaAbIXOJIBI 1 META/Ibl CETMEHTAIlbIl BBISBAY Ca 3JIbIMKAY
KaMmIl toTapHail Tamarpadii, maOya0Bbl TPOXMEPHBIX MaJdJsy Ha 1X acHOBE, a Takcama
mparpamMHasi apXiTIKTypa, sikas Jga3Baiisie d(DEeKThIyHA BBIKAPBICTOYBAIlb PAa3TiIePKAHbISA
QJITapBITMBI.

Mb>ma pabomul - cTBapIHHE MparpamMHara MOAYJISA JJis BBIPAIIIHHS MacTayIeHbIX
3aJa4 Ma CerMeHTalbli 37IbIMKay KaMIl IoTapHail Tamarpadii 3 naneimail TpoxmepHait
POKAHCTPYKIBITH Maadisly Ha Y3pOYHI, NPBLIATHBIM Jla Y>KbIBAaHHA Ha MPAKTHIIBI, a
Takcama 3a0€eCIsTYIHHE MIHIMYMY YMSIIATBHIITBA ¥ Ta3€HBI PALIC YaTaBeKa.

[Tag yac mpatbl ObUTI pranizaBaHbl HACTYIHBIS 3a/1a4bl: BhIBYYaHbI 1 anpabaBaHbl
MaJbIXO0JIbI ISl CETMEHTAIlbI1 BhIABAY ca 3[bIMKaYy KaMI'toTapHail Tamarpadii, a MEHaBiTa:
¢dbinmpTpaBaHHE TIa IIYBLIBHACII TKaHIH, OlHaphI3allis, 3acHaBaHas Ha dHTpaIlii
rictarpambl, 1 TJIBIOOKIS HEHUPOHHBIA CETKi. BBy BBIByYaHbl 1 VKBITHI allFapbITM
TPBISHTYJISALBIl TIABEPXHI MMa cepbli 3pa3ay «Mapuislpysiubls KyOiki», a Takcama
porarizaBaHa nmparpamMmHas apxiTakrypa «Kanainel 1 pimeTpbI», sSiKas qa3Bajise apraHizaBallb
seKThIyHAE BBIKAHAHHE IACTayJIEHBIX y TMpambl 3a7ad. PacmpanaBaHbl MparpamHbl
MOJIyJib OBIY MpaTdCTaBaHbBl HA MHOCTBE Tamarpadiif i yOymaBanbl ¥ B30-mamaTak ajst
JIeKapay.

[Ipama Mae BsuTikae MNpaKTbIYHAE 3HAYAHHE. Y aJpPO3HEHHE aJi MHOCTBA YKO
ICHYIOYBIX TpPBIKJIAJaHHAY JJI1 Tpallbl 3 Kamil toTapHail Tamarpadisiii, pacrnpaiiaBaHae
pammHHe maTpadye MiHIMyMy 4YanaBeuara ywmsimanHs. Kapeictauy HeaOXoaHa TOJBKI
MA3HAYBIIb - MAJRIIb Yaro €H jKajae aTpbIiMallb Ha aCHOBE 3/IbIMKaYy Tamarpadii: mKijeTa,
CKypHBIX TaKpoBay a00 KaHKpATHara opraHa. lakoe crpamrysnae npausl 3 KT mis
JeKapay fK KaH4YaTKOBBIX KapbICTAJIbHIKAY Ma3BOJILJIa CTBAphIb B30-IafaTak, y SKIM
JeKaphl MOTYIb BECIHi VIIK TMambleHTay, a TakKcama MPaBOJ3IIb JBISTHOCTBIKY 1
TUTAaHABaHHE areparblid, MaroUbl MardbIMacilh JIETKA aTphIMaIlb 1 BRIBYYBII[h TPOXMEPHBIS
MaJI311 maTp30HBIX OpraHay.

VY canpayaHbl MOMaHT B30-7a/1aTak, sIKI BBIKApPBICTOYBae pacrpaiaBaHbl MOJYJIb,
3HaXO0/311b IpbIMsIHEHHE ¥ Xipyprii. CTBapaeMblsi TPOXMEPHBISI MRl 3arpyxaromma y
aKyJsipbl 3Memanaii pranbHacii Microsoft Hololens, y sikix nekapsl PacryOmnikanckara
HasyxoBa-IIpakTterunara L[paTpa Tpaymaranorii 1 apramensli IpaBoA3sIb IUIAHABAHHE
ameparbli 1 HaHOCAIb NepajanepanbliiHyl0 pa3MeTKy Ha Iieja MalbIeHTa, IITO Ja3Bajse



3BeClll Ja MIHIMyMy TNamIKo/PKaHHE MSKKIX TKaHIH dYajaBeKka Maadyac XipypriuyHara
YMSIIaHHS.
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Object of research — approaches and methods for image segmentation from
computed tomography scans, building three-dimensional models based on them, and
software architecture that allows the efficient use of the algorithms considered.

Purpose — create a software module for solving the tasks of segmentation
computed tomography images with further three-dimensional reconstruction of models at
a level suitable for practical use, as well as ensuring this process to have a minimum of
human intervention.

During the work, the following tasks were realized: approaches for segmentation
images from computed tomography scans were studied and tested, namely: filtering by
tissue density, binarization based on histogram entropy, deep neural networks. An
algorithm «Marching cubes» for surface triangulation according to a series of slices was
studied and applied, and the software architecture “Channels and Filters” was
implemented. This architecture allows organizing the effective implementation of the
tasks assigned to the work. The developed software module was tested on a variety of
tomography scans and embedded in a web application for doctors.

The work is of great practical importance. Unlike many existing applications for
working with computed tomography, the developed solution requires a minimum of
human intervention. The user only needs to choose what exact model he wants to get:
skeleton, skin tissues or a specific organ. Such a simplification of working with CT for
doctors as end users allowed to create a web application in which doctors can record
patients, as well as diagnose and plan operations using the ability to easily obtain and
study three-dimensional organs of interest models.

Currently, a web application with developed module is used in surgery. The
created three-dimensional models are loaded into Microsoft Hololens mixed-reality
glasses, in which the doctors of the Republican Scientific and Practical Center for
Traumatology and Orthopedics plan the operation and apply preoperative markings on
the patient’s body, which minimizes damage to the human soft tissue during surgery.






