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Meta naHOTO AMCEPTALIMHOTO TOCIIKCHHS MOJISATAE B IETATBHOMY PO3TIISIIL,
po3po01Ii Ta yAOCKOHAJICHHI CHUCTEM aBTOMATHYHOI KOMII FOTEPHOI J1arHOCTUKHU
paKy JieTeHb BHUKOPHCTOBYIOYM METOAM IITYYHOTO IHTEJIEKTY, 30Kpema
3aCTOCOBYIOYHM Ta YJOCKOHAIIOIOYM OCTaHHI JOCATHEHHS B 00JacTi TITUOMHHOTO
HaBYaHHS.

Jlist  miarHOCTyBaHHSA pakKy JIETeHIB B CY4YaCHUX MEIWYHUX 3aKiajiax
BUKOPHUCTOBYIOTh KOMIT' FOTEPHY TOMOTpadiro, Mo IpeaAcTaBiIse COO0K TPUBUMIPHE
300pakeHHs JICTCHIB TAIlIEHTY, OTPHMaHE 3a JIOIMOMOI'OK PEHTIC€HIBCHKOIO
IPOMEHIO, 10 TOIIAPOBO Ta MOCTYMOBO MPOXOIUTh YepPe3 TKAHUHU JIFOACHKOTO Tijia
B PI3HUX HalpsSMKax, 3 PI3HUX KYTIB Ta IOJOXKEHb. Takuii BHJI 300pa’kKCHb
BUKOPUCTOBYETHCSI B POOOTI NIl aHAI3y MPHUCYTHOCTI MyXJIMHW B JIETEHAX 32
JIOTIOMOTOI0  3TOPTKOBUX HEHpoHHUX Mepex. OpHak, Taki 0coOJuBI JaHi
HAKJIAJal0Th CBOI CKJIAJHOCTI B PO3pOO0Ill CHUCTEM MEIUYHOTO KOMIT IOTEPHOTO
JIarHOCTYBaHHS, OCKUIBKM TPH POOOTI 3 HUMH HEOOXITHO BPAaXOBYBATH iXHIO
TPUBUMIPHY MIPUPOTY Ta BIAMOBIHI IPOCTOPOBI 3B’ SI3KH. TOMY, B JUCEPTALITHOMY
JOCIIKEHH] PO3TIISAAETHCS TP OCHOBHI MIAXOAM 711 POOOTH 3 TAKUMU JaHUMMU:

1. BukopucraHHsS IBOBHUMIPHOi 3TOpTKOBOi HeWpoHHOI Mepexi. Jlus

koxkHoro mapy KT 3HiMKa 3aCTOCOBY€EThCSI 3rOpTKOBa HEHPOHHA MEPEXKA.



Buxoau Mepexi 151 KOKHOTO IIapy 3HIMKY 00’ €IHYIOThCS Ta (piHATbHUI
BUCHOBOK POOUTHCS Ha OCHOBI MPaBUJI HABUYAHHA 32 HAOOPOM 3Pa3KiB.

2. BukopucTaHHsS TpPUBHMIPHMX 3TFOPTKOBHX HEHPOHHHUX MEpPEX, SKi
BpPaxoBYIOTb TPUBUMIPHY IPHUPOAY BXIIHUX JAaHUX Ta MOXKYTb BIJHAHUTH
KOPHCHI TaTEPHU BUKOPUCTOBYIOUYM BC1 TPHU MPOCTOPOBI ocl. YacTo, Taki
CUCTeMH pO3AUIAIOTH 3aJady Ha JCKUIbKa eTamiB, KOXKEH 3 SKHX
BUKOPHUCTOBY€E TPUBUMIPHY 3rOPTKOBY HEHPOHHY MEpEeXKy HaJalITOBaHY
1] KOHKPETHY Mia3a1auy.

3. BukopucrtanHss KOMOIHOBaHOi CTPYKTYpH JIBOBUMIPHOI 3TOPTKOBOI Ta
PEKypeHTHOI HEWpPOHHHUX MepeX. B TakoMy mTiAXoli JTBOBUMIpHY
3TOPTKOBY HEUPOHHY MEPEKY BHKOPUCTOBYIOTH [UIsI TIPEJCTABIICHHS
BXIIHMX JaHUX B MCHII MIpHOMY IPOCTOPI IIIIXOM HaBYAHHS
MHOTOBHUIy MEHIIIOI pO3MIpHOCTI. 3aBASIKM IbOMY Ha KokHOMY Tapi KT
300paxkeHHs  OyayTh  BUIUIATHACS  TUIBKM  HAaWOUIBII — BaXKJIMBI
BHCOKOPIBHEBI O3HaKH. OtpumaHni O3HAKHU 00pOOISAIOTHCS
JIBOHAMPABIIEHOI0 PEKYPEHTHOI0 HEHMPOHHOI0 MEPEkKEI 3 BEHTHWJIHHUM
By3soM (anri. bidirectional gated recurrent neural network), ska
HABYAETHCS CKJIATHUM HEJTIHIMHUM (YHKITISM, 110 OITUCYIOTh TPOCTOPOBI
3QJIE)KHOCTI Ta BIUIMB MK HUMH. BUXiJ peKypeHTHOI Mepexi MmoBepTae
AMOBIPHICTH HASIBHOCTI MMyXJIMHU HA 3HIMKY.

B pamkax nmaHoro nucepTamiifHOroO IOCIHIJKEHHS TPOBOJMTHCS aHali3 Ta
BUKOHYETHCS EKCIEPUMEHTH ISl KOXXHOTO MIJIXOIy, a OTpPUMaHi pe3yJbTaTu
MOPIBHIOIOTHCS 3 pOOOTaMM IHIIUX aBTOPIB. EKCHEpUMEHTH MOKa3ylOTh, IO
HAWO1IBIII TOYHUMH € CUCTEMHU MTOOYI0BaHI 13 IEKUTBKOX TPUBUMIPHUX 3TOPTKOBUX
HEHPOHHUX MEPEXK (0JJHA MEPEKa CErMEHTY€ TIOTEHIIIHI TPOOJIEMHI peTioOHH, 1HIIA
KJacu(iKye MPUCYTHICTh B TAKUX perioHax myxymHH). OgHaK, TaKi CHCTEMHU MalOTh
y’K€ BEJIMKI OOYHCIIIOBAJIbHI BUMOTH, Y€pe3 T€ IO BUKOPHUCTOBYIOTH OMEpaIliio

TPUBUMIPHOI 3rOPTKH, BUMOTH [0 OOYMCIIOBAIbBHOI MOTY>KHOCTI SIKOI POCTYTh



KyOI4HO 31 30UTBIIEHHSM PO3MIPHOCTI BX1AHOrO 300pakeHHs. B TakoMmy Bunazaxy,
3aMpONOHOBAHA APXITEKTYpa PEKYpPEHTHOI 3rOPTKOBOT HEMPOHHOT MEPEXkK1 J03BOJISIE
OTPUMATH TOYHICTh POOOTH CUCTEMHU Ha JOCTATHHO BUCOKOMY PIBHI, B TOM K€ 4ac
BUKOPHUCTOBYIOYH 3HAYHO MEHIII BUMOTJIMBY 70 OOYUCIIIOBAILHUX MOTYKHOCTEH Ta
mam’Ti oreparito JBOBUMIPHOI 3rOPTKH.

HaykoBa HOBHM3Ha OTpUMaHUX pe3yJbTAaTiB JUCEpTAIlii TMOJNSITae B
3alpONOHOBAHOMY 3/100yBaue€M METOJl MO0ylIOBH KOMOIHOBAHOI CTPYKTYpH
CHUCTEeMH KOMIT'FOTEpHOi IiarHOCTHKH, IO TOJSATac B TOEIHAHHI JABOBHMIPHOI
3rOpTKOBOI Ta ABOHANPABIIEHOT peKypeHTHOI HelipoHHoi Mepexi LSTM. Ha Biaminy
BIJl 1HIIMX pIlI€Hb, TaKa CHCTEMa BPaXOBYE€ MPOCTOPOBI 3B’SI3KM MIXK PIZHUMH
miapaMu  3HIMKY  KOMITIOTEpHOI  ToMorpadii  HIUISIXOM  BHKOPUCTAHHS
JIBOHAIIPABIICHOT PEKYPEHTHOI HEHPOHHOT MEPEXKi, Ha BXOJIi SIKOT BUKOPUCTOBYIOTh
BHCOKOPIBHEBI O3Haku c(OpPMOBaHI 3a JOMOMOTOK JBOBHMIPHOI 3rOpTKOBOT
HeHpOoHHOI Mepexi. BucokopiBHEB1 03HaKU OYIyIOThCS ISl KOXKHOTO IIapy 3HIMKY
naiieHTa. 3a pe3yJbTaTaMu €KCIIEpPUMEHTIB Taka apXiTeKTypa HEMpOHHOI Mepexi
3morua nocsrtu 3HaueHHss AUC ROC Ha piBHI 83%, 1110 TpOXH HMKYE Y MOPIBHSIHI
3 CHCTeMaMH TPUBHUMIPHHMX 3TOPTKOBHUX HEMPOHHUX MEpEXkK, IO MOKA3YyIOTh
sHaueHHsa AUC ROC Ha piBHi 90-95%. OnHak, oTpuMaHi pe3yabTaTH € HAMBUIIIUIMHU
pe3ynbTaTaM i PEeKYPEHTHUX HEHPOHHUX MEPEX, IO 3aCTOCOBYIOTHCS IS
noOyJJOBM  CHCTEM KOMITIOTEPHOi JIarHOCTUKH pakKy JiereHiB. Takoix,
3allpONIOHOBAaHA apXITEKTypa Ma€ BUILY MIBUIKOMAIIO, IO JOCITAETHCS MUIIXOM
BUKOPHUCTAHHS omeparii ABOBUMIPHOT 3TOPTKH 3aMiCTh oOIlepallii TpUBUMIPHOT
3TOPTKH, BUMOTU SIKOT 70 OOYHCIIOBAIBHOI TOTYXHOCTI Ta MaMm’sSTi POCTYTh
KBaJPaTUYHO 3 PO3MIPOM BXIAHUX JaHUX, a HE KyOI14HO.

Jis  epexTUBHOrO HaBYaHHS KOMOIHOBAHOI CTPYKTYpH 3TOPTKOBOi
PEKYPEHTHOI HEUPOHHOI Mepeki OyB 3ampOMOHOBAHNI MEXaHi3M M’ SKOi yBaru, 1o

HaJlaB MOXJIMBICTb HEUPOHHIM Mepexi OTpuMaTv 1HQOpPMAII0 TPO JIOKAIII0



MyXJIMHU 1]l Yac HaBYaHHS. 3T1JIHO MPOBEJACHUX EKCIEPUMEHTIB, TaKUW MiAXi]
nonoMir nokpamuty nokasHuku Merpuku AUC ROC 6inbir Hix Ha 8%.

IIpakTuyHe 3HAYeHHSI OTPUMAHUX PE3YJbTATIB IMOJSTAE B PO3IIMPEHI Ta
yJAOCKOHAJICH] ICHYIOUMX METOJIIB MOOY/IOBH CUCTEM KOMII IOTEPHOI /11arHOCTUKH.
3anponioHOBaHa KOMOIHOBaHAa CTPYKTypa 3TOPTKOBOI HEMpPOHHOI Mepexi Ta
JIBOHATIPABIICHOI PEKYPEHTHOI MEPEXi T03BOJSE OTPUMATH JIOCTATHHO BHUCOKY
TOYHICTb POOOTH CUCTEMH Ta MiJABHUIILYE TOYHICTh POOOTH CUCTEMH Y MOPIBHSHI 3
BUKOPUCTAaHHSIM 3BHUYAWHMX PEKYPEHTHHX HEHPOHHHUX Mepex. Takoxk, Taka
CHUCTEMa BIJ3HAYAETHCS BUKOPHCTAHHSAM MEHIINOI KUIBKOCTI pPEcypciB YuM Y
TPUBUMIPHOI 3rOPTKOBOT HEMPOHHOI Mepexi. [IpoBe/ieHi eKCIIepUMEHTH Ta aHaTi3
ICHYFOUMX METOJIIB CHCTEM KOMIT IOTEPHOI JIIarHOCTHKH JI03BOJIUB CHOPMYJIIOBATH
HEOOX1HI BUMOTH Ta MIAXOH, sIKI MOTPIOHO BUKOPUCTOBYBATH B 3aJIEKHOCTI BIJ
IPIOPUTETY MBUAKOIIT Y TOYHOCTI pOOOTH CHCTEMH. 3aIPOIIOHOBAHUI MEXaHI3M
M’SIKO1 yBaru J03BOJIsi€ 3HAYHO MBUIIUTH €(PEKTUBHICTh HABYaHHSI KOMOIHOBaHUX
apXITEKTYp 3rOPTKOBUX PEKYPEHTHUX HEHPOHHUX MEPEK.

PesynpTaTi gucepTamiiHOro JOCHiIKEeHHS BIpoBamkeHo B HJIP 3a Temoro
“Po3po0sieHHsT Ta JOCIIIKEHHS METOAIB OOpoOKH, pO3Ii3HABAHHS, 3aXHCTy Ta
30epiraHHsl MEIMYHHUX 300paKeHb B PO3IMOAIICHUX KOMII IOTEPHUX CHCTeMax’’ 3a
HOMepoM gepxk peectparii 01170004267 (tema Ne2021m, xonm KBHT/ 1.1
01.05.02). Taxox, OCHOBHI pe3ylbTaTd pPOOOTH BUKIAJAEHI B 6 JIPYyKOBAHUX
HAyKOBUX pO0OTax, 3 HUX JBOE CTaTe B HAYKOBHX (JaXOBUX BUJAHHAX YKpaiHU, 2
OImyOJIIKOBAaHO B 1HO3EMHHX >KypHasax, mo iHaekcyerbcsi B (Googel Scholar ta
iHmuXx 6a3ax gaHuX, 1-a cTaTTsd y BUIaHHI, 0 BXoauTh 10 Web of Science Core
Collection Ta SCOPUS. Takox omy0iikoBaHO OAHY poOOTy B Te3ax IOMOBiACH
MDKHAPOIHOT HAYKOBOI KOH(EPEHITii.

Knwouosi cnosa: rtnuOWHHE HaBYaHHS, 3TOPTKOBA HEWPOHHA MeEpexa,
PEKypeHTHa HEMpOHHA Mepeka, MEXaHi3M yBaru, TPUBHMIpHA 3TOpPTKa, CHCTEMA

ABTOMATHUYHOI MEIUYHOI KOMIT FOTEPHOI IIarHOCTUKH PaKy JIETeHIB.



ABSTRACT

Chapaliuk B. V. Computer-aided diagnostic systems with artificial intelligence
methods usage. — Qualification scientific work in the form of manuscript.

Thesis for doctor of philosophy degree in speciality 122 {{ Computer science.
— National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”, Kyiv, 2021.

The primary purpose of the thesis research is to consider and analyse, develop,
and improve computer-aided detection systems for lung cancer using artificial
intelligence methods. In particular, work examines, applies, and improves the latest
achievements in the field of deep learning.

The modern medicine practice recommends using low-dose computed
tomography (also called CT scan) of the human chest to investigate lung cancer
presence. CT scan represents a three-dimensional image of the patient’s lungs
obtained by the X-ray that gradually passes through the human body’s tissue, layer
by layer, in different directions, angles, and positions. Such images are usually used
for computer-aided lung cancer detection systems based on convolution neural
networks. However, such special data impose additional difficulties in building and
implementing computer-aided diagnosis systems because implementation should
consider the three-dimensional nature of the data and related spatial dependencies.
That’s why thesis research considers three main approaches for working with such
data types:

1. The first approach uses a two-dimensional convolution neural network.
In this approach, the convolution neural network is applied for each layer
in the CT scan, and network outputs are combined by predefined rules.
The final inference is based on the rules of multiple-instance learning.

2. The second approach uses three-dimensional convolution neural

networks that take into account the three-dimensional data nature, which



can learn the pattern among all three dimensions. Often, systems that use
3D convolutional neural networks divide the problem into several stages.
In this case, each step was responsible and configured for a specific
subtask.

3. The third approach uses a combined structure of convolution and
recurrent neural networks. In this case, the convolution neural network
Is used to represent input data in the lower dimensional space by learning
the manifold in the lower dimensional space. Due to this, each processed
CT scan layer represents only the most useful highlevel features. These
high-level features are examined and combined by the bidirectional
gated recurrent neural network that learned complex patterns. The
patterns describe dependencies and spatial relationships that can be used
to diagnose lung cancer. The output of recurrent neural networks returns
the probability of lung cancer presence on the CT scan.

In the scope of the dissertation research, each approach is investigated and
analysed in detail. For each approach, experiments were created for the approach
checking, compared to the results of works with other authors. The experiment
results show the most precise inference has the systems based on the several three-
dimensional neural networks (one network segments potentially dangerous
pulmonary nodules; meanwhile, the second network classifies the presence of cancer
in the segmented regions). However, such neural networks have huge computational
power and memory requirements. The reason is the usage of three-dimensional
convolution operation, in which computation power requirements grow cubically
when the input image dimension increases. Conversely, the proposed structure of
the convolution and recurrent neural network show results that are precise enough
and meanwhile, use a much less computationally and memory demanding operation:

the two-dimensional convolution operation.



The scientific novelty of the thesis results is the creation of the methods to
build a combined structure of the two-dimensional convolutional neural network and
bidirectional recurrent neural network LSTM. Unlike other solutions, such a system
takes into account spatial relationships between different CT scan layers by using
bidirectional recurrent neural networks. The input of the recurrent neural network
consists of the high-level features retrieved from the two-dimensional convolution
neural network. The high-level features are built for each layer. The experiment
results show that such a neural network achieves 83% of AUC ROC metric. That
number is lower than the number three-dimensional neural networks show, which
can reach 90-95% of AUC ROC metric. Nevertheless, obtained results are the
highest results that were achieved for recurrent neural networks used for lung cancer
detection systems. Also, the proposed neural network architecture has higher
performance characteristics, which is achieved by using a two-dimensional
convolution operation instead of a three-dimensional convolution.

In addition, the soft-attention mechanism was proposed to improve the learning
process effectiveness of the combined structure of convolutional and recurrent
neural networks. The proposed mechanism of explicit attention gives the neural
network information about the cancer location during the training process. Per the
experiments, the proposed mechanism improved the AUC ROC metrics value by
more than 8%.

The practical significance of the obtained results is the ability to extend and
Improve existing methods of building computer-aided lung cancer diagnosis
systems. The proposed combined structure of the convolutional and bidirectional
recurrent neural networks allows for achieving a high enough precision level of
system work and increasing system precision compared to the simple recurrent
neural network usage. Also, the proposed architecture uses much less memory and
has lower computation requirements than threedimensional neural networks.

Conducted experiments and analysis of existing methods for building computer-



aided lung cancer detection systems enable formulating requirements and
approaches that should be used depending on the priority of the performance or
precision. The proposed soft attention mechanism makes the learning of the
convolutional recurrent neural network more effective.

The results of the dissertation research were captured in the scientific research
work “Development and Study of Methods of Medical Images Processing,
Recognition, Protection and Storing in Distributed Computer Systems” (Ref. No.
2021p, Reg. No. 0117U004267). Also, the main results were published in six
scientific work print pieces; two of the papers were articles in Ukrainian scientific
professional publications, two papers were in a foreign scientific journals that are
indexed in Google Scholar and other scientific databases, and another paper was in
a magazine indexed in the Web Of Science Core Collection and Scopus. In addition,
there is an article published in international conference thesis collection.

Key words: deep learning, convolution neural network, recurrent neural
network, attention, three-dimensional convolution, computer-aided lung cancer

detection system.
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