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PEDEPAT

AKTVaHLHiCTB TCMH.

OHKOJIOTIYHI 3aXBOPIOBaHHS € CHpaBkHbOIO uyMoro XXI cropiyus. 3a
naamvu CDC (Centers for Disease Control and Prevention) xijabpKicTh HOBHX
OHKOJIOTIYHMX XBopuX csarHe 1.9 mun./pik B 2020 pomui[l]. B 3B’s3ky ¢ 1mum,
NUTaHHS po3po0kM Ta Moaudikamii Cy4acHHX METOJIB JIarHOCTHKH Ta
MIPOTHO3YBAaHHS PaKy CTa€ ayxe roctpo. OIHUM 3 TaKWX METOIIB, CIPaBXKHIM
«30JIOTUM CTaHJApPTOM» € METOJ TICTOJIOTIYHOI EKCIEpPTU3M, SKUUH € JyxkKe
CKJIQJHUM Ta 0araTo CTYNEHEBHUM MPOLIECOM, SIKUH BHKOHYIOTHCS IIIJIKOM
JIOAVHOIO 1, HaXajdb, HE mo030aBieHuN moacbkoro ¢akropy. Tak, 3pa3ok
JOOCIIKYBaHOI TKaHMHU MOXXE€ OyTH HESKICHO B3SITMM Yy TallieHTa, IOraHo
Hapi3aHui, HaaMIpHO, a00 HeaoCTaTHLO modapOoBaHuil. Bee 1€ mpu3BoaUTH 10
TOT0, IO PE3YJIbTATH aHAJI3Y €KCIIEPTaMU OJTHOTO 1 TOTO XK 3pa3Ka MOKYTb CUIIbHO
PI3HUTHCS MK c00010. | 151 TOro mo0 oTpuMaTH I1MCHO TOYHHUM PEe3ysbTat, CJIijl
3a[1iSITH IEKIJIBKOX €KCIIEPTIB ad0 OJIMH MAaTeMAaTHUYHO OOTPYHTOBAHHM aJTOPUTM,
AKUHM 11030aBUB OU 1IeH TPOIIEC JTIOJCHKOI Cy0’ €KTUBHOCTI.

IcHyBaHHS Takux aiaropuTmiB Oyiao OM HEMOXJIMBO 0€3 po3aLTy
KOMIT'IOTEPHUX HaAyK, IO 3BEThCA «KOMIT'oTepHHil 3ip». Lleir posain, a Ha
ChOTOJHI MOXXHA CKa3aTH OKpeMma HaykKa, IloYyaB CBO€ iCHyBaHHS B 1965 pouwi 3
KaHIMJIATChKOI JAMcepTalli, MPUCBSIYEHIM TeMl TPhOXBUMIPHOI PEKOHCTPYKIIi
CIICHHM, IO CKJIaJajacsd ¢ MHOXXMHHU IPUMITHBIB, TaKUX 5K, MipaMiJd, KOHYCH, 1
T.IL, 0 OfHIN iX ¢ororpadii [2]. [lo craHy HA CHOTOAHINIHIN JCHB, JIOJCTBO
pO3pOOMIIO  aNrOpUTMH, 37aTHI  BUKOHYBAaTH  IOIIKCEIbHY  CErMEHTAllo
300pakeHHsI, OTPUMAHOTO Ha BCTAHOBJICHIM HAa T0OOBOMY CKJIl aBTOMOOLIS Kamepi,
3 LULTI0 BUSBJIEHHS PETIOHIB, IO HAJIEXKaTh JAOPO31, 3HAKAM JOPOKHBOTO PYyXY,

mirroxoaaM, iHmuM MamuHam, 1 T.1 [3]. OkpiM 3HaYHOT TOYHOCTI, IIi aJATOPUTMH



ABIIIOTHCS TAKOX JOCUTH IIBUIKHMMH, 3JaTHUMHU OOpOOIIOBATH 300pakKeHHS B
peajbHOMY Yaci.

3pazy micis MOsIBU KOMIT IOTEPHOTO 30py, HOMY 3pa3y 3HAWIUIM MICIE 1 B
00poO1i TMGPOBUX MEAWNYHHUX 300pakeHb. Taki aJropuTMH SK BEHBIET- Ta
MIUPJIET-NIEPETBOPEHHST MOCAYTyBaIM EKCTPAKTOpaMU O3HAaK JJIsl  TMOJANbIIOl
kiacudikaiii METOJOM OIOPHUX BEKTOPIB TICTOJOTIYHHUX 300pa)Ke€Hb 3 IO
BUSIBJICHHS CTYIICHI 3JIOSKICHOCTI MyXJIMHU. AJITOPUTM BOJOPO3/1iTy OYB YCIIIITHO
ajanToOBaHWM IS 3ajadyl  CEerMEHTallli OKpeMux KITHH. MopdooriuHui
kiacudikarop OyB BHUKOpPUCTaHMH i Kiaacu@IiKalii 3HAWAEHUX KIITHH. 3a
JOTIOMOTO10 TTMOOKUX HEHPOHHUX MEPEX BUEHI 3MOTJIM MPOBECTH CErMEHTALII0
00’€KTIB Ha TCTOJIOTTYHUX 300paKeHHSIX, SIK1 HaBITh HE Oyau nogapOoBaHi.

3B'130K pOOOTH 3 HAYKOBUMH IIPOrpaMaMH, IUIaHAMHU, TEMAMHU.

HucepraiiiiiHa po6oTa BUKOHYBaJIach B paMKax HAayKOBO-JIOCIIJIHHUX POOIT
Kaeapu aBTOMATU30BaHUX CHCTEM OOpoOKM iHpoOpMalii Ta yNpaBIIiHHI
dakynpTeTy oOoOumcmtoBamibHOI TexHikM Ta 1H(popmatuku KIII imeni Irops
Cikopcekoro Ne 01170000914 «MatemaTuyHi MOJEIl Ta TEXHOJOTII B CUCTEMAax
MIATPUMKU NPUUAHATTS PIILICHBY.

Merta 1 3a1a4i JIOCH1KEHHS.

OcHoBHAa Mmema poOOTH TMOJNSTaEe B Ppo3poOll MaTeMaTUYHOIO Ta
QITOPUTMIYHOTO 3a0€3MeUeHHs I MIABUIICHHS SKOCTI Ta HAOYHOCTI MU(PPOBHUX
TICTOJIOTIYHUX 300paKEHb.

JIis  MOCSATHEHHS TIOCTaBJICHOI METH HEOOXiTHO pO3B‘S3aTH KOMILICKC
HACTYITHUX B3a€MOIIOB‘SI3aHUX 3a0ay:

- aHai3 ICHYIOYUX METO/IB 0OpPOOKH TiCTOJIOTIYHUX 300paKeHb;

- BUOKPEMJICHHS MHOKHWHU AJITOPUTMIB, 10 aKTHUBHO

BUKOPHUCTOBYIOTBCA Y 3HaﬁﬂeHHX METOdax,



- pO3poOIeHHST cepenu, i KOMIIOHYBAHHSI QJITOPUTMIB Y €IMHUN
METOI;
- JOCTIKEeHHS €()EeKTUBHOCTI pO3pOOJIEHOTO METOY.

OO0’ €KT TOCHIIKEHHS.

[Tporiec 06poOKH TICTOJTOTIUHMX 300pa)K€Hb 3 IIJUTFO 30UIBIICHHS 1X SIKOCTI
Ta HAOYHOCTI TSI JIFOTUHHU.

[Ipeamer I[OCJIiI[}KeHHSI.

Metonu Ta anropuTMH, SIKI BUKOPUCTOBYIOTHCA JIE OOpOOKM Ta aHami3y
TICTOJIOTTYHUX 300paKEHb.

MeTtoamn IIOCJIiII}KGHHSI.

[Ipu mnpoBeneHHI MAOCHIIKEHb 1 PpO3pO0OK Yy AWcCepTaliiHii poOoTI
BUKOPUCTOBYBAJUCh METOJM  KOMIT IOTEPHOTO 30pYy, OOpOOKH 300pa’keHb,
MaTpU4Hi (GUIBTPH, aJITOPUTMH HOpMaTi3allii SPKOCTI Ta OCBITJIICHOCTI, aJITOPUTMHU
CerMeHTallli Bo30po3ai1y, OiHapu3aiii ¢ moporoM no Oily, MepeBEelICHHS MIXK
KOJBOPOBUMH  MPOCTOpaMHu,  KiacTepusamiss  MetogoM  K-cepemnix, s
EKCIIEPUMEHTAJILHOTO  JIOCHIJKEHHSI —  METOAM 00 °‘€KTHO-OPIEHTOBAHOTO
nporpamyBaHHs: (periMBopk PyQt, 6i0mioTeka anropuTMiB 00poOKH 300pa’keHb
OpenCV, 6i0ioTeka MeTOIIB MaIMHHOTO HaBuaHHs Sklearn.

H&VKOB& HOBHM3HA OACPKAHUX D€3VJ'IBTaTiB IoJsira€ B HaCTYITHOMY:

a) po3po0JICHO METOJI KOMOIHYBaHHSI aJITOPUTMIB KOMIT IOTEPHOTO 30py Ta
1X HAJIAIUTOBYBAaHHS,

0) po3pobieHo MeToa O0O0poOKH IU(PPOBHUX TICTOJOTIYHUX 300pa)K€Hb 3
JUTFO 301JIBIIIEHHS 1X IKOCTI Ta HAOYHOCTI.

HDaI(TI/I‘—IHe 3HAa4YCHHA OACPKAHUX DGBVJ’II)T&TiB.

Bci 3ampomoHoBaHi MaTeMaTW4yHI MOJENII 1 aJrOpUTMHM JOBEAEHI J10
MpaKTUYHOI  peamizaimii y paMKax TpOrpaMHOro  3a0e3medeHHs, KOTpe

BUKOPHUCTOBYETHCS JIJ1s1 00pOOKH IIU(POBUX TICTOJOTTUHUX 300paKeHb.
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ABSTRACT

Relevance.

Cancer is a true plague of the 21st Century. According to the CDC (Centers
for Disease Control and Prevention), the number of new cancer patients will reach
1.9 million per year in 2020 [1]. In this regard, the issue of developing and
modifying modern methods of diagnosis and prediction of cancer becomes very
acute. One such method, the true "golden standard” is the method of histological
examination, which is a very complex and many-step process, which is performed
entirely by man and, unfortunately, not devoid of human factor. Thus, the sample
of the investigated tissue may be poorly taken from the patient, badly sliced,
excessively, or insufficiently colored. All this leads to the fact that the results of
analysis by experts of the same sample can vary greatly among themselves. And in
order to get a really accurate result, it is necessary to involve several experts or one
mathematically grounded algorithm that would deprive this process of human
subjectivity.

The existence of such algorithms would be impossible without the division
of computer sciences, called "computer vision". This section, and today one can
say a separate science, began its existence in 1965 with a PhD thesis devoted to the
topic of three-dimensional reconstruction of a scene consisting of a plurality of
primitives such as pyramids, cones, etc., in one of their photographs [2]. As of
today, mankind has developed algorithms that can perform the pixelwise
segmentation of the image obtained on a camera mounted on the windscreen of the
car, with the aim of identifying regions belonging to the road, traffic signs,
pedestrians, other cars, etc. [3]. In addition to high accuracy, these algorithms are
also fast enough to process images in real time.

Immediately after the appearance of computer vision, it immediately found a

place in the processing of digital medical images. Such algorithms as wavelet and



shearlet-transformation were user as feature extractors for further classification by
the support vector machines of histological images with the aim of detecting the
degree of tumor malignancy. The watershed segmentation algorithm has been
successfully adapted for the segmentation of individual cells. The morphological
classifier was used to classify the found cells. With the help of deep neural
networks, scientists were able to segment objects on histological images that were
not even painted.

Connection with other scientific programs, plans and topics.

Dissertation work was developed as part of scientific research works of
Computer-Aided Management And Data Processing Systems Department of
Faculty of Informatics and Computer Science, Igor Sikorsky Kyiv Polytechnic
Institute Ne 01170000914 “Mathematical models and technologies in decision
making systems”.

Goal and tasks.

The main goal of the work is to develop mathematical and algorithmic
support for improving the quality and visibility of digital histological images.
To achieve this goal, it is necessary to solve a set of the following interconnected
tasks:

- analysis of existing methods of processing histological images;
separation of the set of algorithms actively used in the found methods;
- development of the environment for the layout of the algorithms in a single
method;

- study of the effectiveness of the developed method.

Research object.

Face recognition from photo for face position detection and 68 facial
landmarks position detection.

Research subject.
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The process of processing histological images with the aim of increasing
their quality and visibility for a person.

Research methods.

During research and development in the dissertation work methods of
computer vision, image processing, matrix filters, algorithms for the normalization
of brightness and illumination, watershed segmentation algorithms, binaryzation
with the threshold of the Otsu, translation between color spaces, clustering by the
K-means method were used, for experimental research - methods of object-
oriented programming: framework PyQt, library of image processing algorithms
OpenCV, library of methods of machine learning sklearn were used.

Scientific novelty is as follows:

- method of combining computer vision algorithms and their
configuration is developed;

- method for processing digital histological images has been developed
with the aim of increasing their quality and visibility.

Practical use.

All proposed mathematical models and algorithms are brought to practical
realization within the framework of the software that is used for the processing of
digital histological images.

Publications.

According to this research 2 scientific papers were published. One of them is
indexing in the online database Copernicus, arXiv:1712.03228v1 [cs.SD] 8 Dec
2017,

Keywords.

HISTOLOGY, ONCOLOGY, IMAGE PROCESSING, COMPUTER
VISION, IMAGE  ANALYSIS, CLUSTERING, SEGMENTATION,
BINARYIZATION, COMPUTATIONAL GRAPH.
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BCTYII

AKTVaHLHiCTB TCMH.

OHKOJIOT1UHI 3aXBOPIOBaHHS € chpaBxkHbOI0 uymo0 XXI cropiyus. 3a
nanumvu CDC (Centers for Disease Control and Prevention) kigbKicTh HOBHX
OHKOJIOTIYHMX XBOpux csarHe 1.9 muH./pik B 2020 pomi[l]. B 3B’s3ky ¢ 1mum,
NUTaHHS po3poOKkM Ta Moaudikamii Cyd4acHUX METOIB JIarHOCTHKH Ta
IPOTHO3YBaHHS PaKy CTae ayxe roctpo. OIHUM 3 TaKMX METOJIIB, CIPaBXKHIM
«30JIOTUM CTAHIAPTOM» € METOJ TICTOJIOTIYHOI EKCIEepPTH3H, SIKUH € TykKe
CKJIaJHUM Ta 0araTo CTYHEHEBUM IIPOLECOM, SKUW BHUKOHYIOTHCSA IJIKOM
JIOAVHOIO 1, HaXajdb, HE m030aBieHuN moacbkoro ¢akropy. Tak, 3pa3ok
JOCIIKYBaHOI TKaHMHU MOXE OYTHM HEAKICHO B3SITMM Yy TMAIll€HTa, IOraHo
Hapi3aHud, HaJAMIpHO, a00 HemocTaTHHO ModapboBanuil. Bee e mpu3BOaUTH 110
TOTO, IO PE3yIbTATH aHAJI3Y €KCIIEPTaMU OJTHOTO 1 TOTO XK 3pa3Ka MOXKYTh CUIILHO
PI3HUTHCS MK c00010. | 1711 TOro o0 oTpuMaTH I1MCHO TOYHHUM PEe3ysbTat, CIIijl
3a[1iSITH IEKIJIBKOX €KCIEepPTiB a0 OJMH MAaTeMaTHYHO OOTPYHTOBAHUM aJITOPHUTM,
SIKUW 11030aBUB OU 11e¥ Mpoliec Jt0ACHKOI Cy0’ €KTUBHOCTI.

IcHyBanHsT Takux anroputmiB Oyino Ou HEeMOXIMBO 0e3 po3aury
KOMIT'IOTEPHUX HayK, IO 3BEThCA «KOMITtoTepHui 3ip». lleit po3min, a Ha
ChOTOJHI MOXXHA CKa3aTH OKpeMma Hayka, IloYaB CBO€ iCHyBaHHS B 1965 pomi 3
KaHJIMJATChKOI JUCepTaIlli, MPUCBAYEHIA TeMl TPHOXBUMIPHOT PEKOHCTPYKINT
CIIEHM, 1[0 CKJIaJajacsi ¢ MHOXXHHU MPUMITHUBIB, TaKUX 5K, Mipamiad, KOHYCH, 1
T.IL., 10 OAHiM iX ¢ororpadii [2]. Ilo craHy Ha CHOTOAHILIHIN JEHb, JFOACTBO
pO3pOOMIIO  aNTOPUTMH, 37aTHI BHUKOHYBATH TOMIKCENbHY  CETMEHTAIlII0
300pakeHHsI, OTPUMAHOr0 Ha BCTAHOBJICHIM Ha JIOOOBOMY CKJIl aBTOMOO1JI Kamepi,
3 IULTI0 BUSBJICHHS PETIOHIB, IO HAJIEkKATh JOPO31, 3HAKAM JOPOKHBOTO PYXY,

minoxoaam, iHmUM MamuaaM, 1 1.0 [3]. OkpiM 3HAYHOT TOYHOCTI, i AITOPUTMHU
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ABIIIOTHCS TAKOX JOCUTH IIBUIKHMMH, 3JaTHUMHU OOpOOIIOBATH 300pakKeHHS B
peaJbHOMY Yacl.

3pazy micis TMOosIBU KOMIT IOTEPHOTO 30py, HOMY 3pa3y 3HAWILIA MiCIEe 1 B
00poO1i TMGPOBUX MEAWNYHHUX 300pakeHb. Taki aJropuTMH SK BEHBIET- Ta
MIUPJIET-NIEPETBOPEHHST MOCAYTyBaIM EKCTPAKTOpaMU O3HAaK JJIsl  TMOJANbIIOl
kiacudikamii METOJOM OIOPHUX BEKTOPIB TICTOJOTIYHMX 300pa)Ke€Hb 3 IO
BUSIBJICHHS CTYIICHI 3JIOSKICHOCTI MyXJIMHU. AJITOPUTM BOJOPO3/1iTy OYB YCIIIITHO
ajanToOBaHWM JUIsS  3ajadl  CEerMEHTallli OKpeMuxX KITHH. Mopdosoriunui
kiacudikarop OyB BHUKOPUCTaHMM g Kiacu@ikalii 3HAJAEHMX KIITHH. 3a
JOTIOMOTO10 TTMOOKUX HEHPOHHUX MEpPEK BUEHI 3MOIJIM MPOBECTH CETMEHTALII0
00’€KTIB Ha TCTOJIOTTYHUX 300paKeHHSIX, SIK1 HaBITh HE Oyau nogapOoBaHi.

3B'130K pOOOTH 3 HAYKOBUMH IIPOrpaMaMH, IUIaHAMHU, TEMAMHU.

HucepraiiiiiHa po6oTa BUKOHYBaJIach B paMKax HAayKOBO-JIOCIIJIHHUX POOIT
Kageapu aBTOMATU30BaHUX CHCTEM OOpoOKHM iHpoOpMalii Ta YHOpaBIiHHA
dakynpTeTy oOoOumcmtoBamibHOI TexHikM Ta 1H(popmatuku KIII imeni Irops
Cikopcekoro Ne 01170000914 «MatemaTuyHi MOJEIl Ta TEXHOJOTII B CUCTEMAax
MIATPUMKU NPUUAHATTS PIILICHBY.

Merta 1 3a1a4i JIOCH1KEHHS.

OcHoBHAa Mmema poOOTH TMOJSTa€E B PpO3pOOIl MaTeMaTUYHOIO Ta
QITOPUTMIYHOTO 3a0€3MeUeHHs I MIABUIICHHS SKOCTI Ta HAOYHOCTI MU(PPOBHUX
TICTOJIOTIYHUX 300paKEHb.

JIis  MOCSATHEHHS TIOCTaBJICHOI METH HEOOXiTHO pO3B‘S3aTH KOMILICKC
HACTYITHUX B3a€MOIIOB‘SI3aHUX 3a0ay:

- aHai3 ICHYIOYUX METO/IB 0OpPOOKH TiCTOJOTTYHUX 300pakKeHb;

- BUOKPEMJICHHS MHOKHUHU AJITOPUTMIB, 10 aKTUBHO

BUKOPHUCTOBYIOTBCA Y 3HaﬁﬂeHHX METOdax,
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- pO3poOIeHHST cepenu, i KOMIIOHYBAHHSI QJITOPUTMIB Y €IMHUN
METOI;
- JOCTIKEeHHS €()EeKTUBHOCTI pO3pOOJIEHOTO METOY.

OO0’ €KT TOCHIIKEHHSL.

[Iporiec 06pOOKH TICTOJIOTIUHMX 300pa)kK€Hb 3 IIJUTF0 30UIBIICHHS 1X SKOCTI
Ta HAOYHOCTI TSI JIFOTUHHU.

[Ipeamer I[OCJIiI[}KeHHSI.

Metonu Ta anropuTMH, SIKI BUKOPUCTOBYIOTHCA JIE OOpOOKM Ta aHami3y
TICTOJIOTTYHUX 300paKEHb.

MeTtoamn IIOCJIiII}KGHHSI.

[Ipy mnpoBeneHHI MAOCHIIXKEHb 1 PpO3po0OK Yy AucCepTaliiiHiil poOOoTI
BUKOPUCTOBYBAJUCh METOJM  KOMIT IOTEPHOTO 30pYy, OOpOOKH 300pa’keHb,
MaTpU4Hi (GUIBTPH, aJITOPUTMH HOpMaTi3allii SPKOCTI Ta OCBITJIICHOCTI, aJITOPUTMHU
CerMeHTallli Bo30po3ai1y, OiHapu3aiii ¢ moporoM no Oily, MepeBEelICHHS MIXK
KOJBOPOBUMH  MPOCTOpaMHu,  KjiacTepusamiss MetogoM  K-cepemnix, s
EKCIIEPUMEHTAJILHOTO  JIOCHIJKEHHSI —  METOAM 00 °‘€KTHO-OPIEHTOBAHOTO
nporpamyBaHHs: (periMBopk PyQt, 6i0mioTeka anropuTMiB 00poOKH 300pa’keHb
OpenCV, 6i0ioTeka MeTOIIB MaIMHHOTO HaBuaHHs Sklearn.

H&VKOB& HOBHM3HA OACPKAHHUX DCSVJ'IBTaTiB IoJsira€ B HaCTYITHOMY:

a) po3po0JICHO METOJI KOMOIHYBaHHSI aJITOPUTMIB KOMIT IOTEPHOTO 30py Ta
1X HAJIAIUTOBYBAaHHS,

0) po3pobieHo MeToa O0O0poOKH IU(PPOBHUX TICTOJOTIYHUX 300pa)K€Hb 3
JUTFO 301JIBIIIEHHS 1X IKOCTI Ta HAOYHOCTI.

HDaI(TI/I‘—IHe 3HAa4YCHHIA OACPKAHUX DeSVJ'H)TaTiB.

Bci 3ampomoHoBaHi MaTeMaTW4yHI MOJENII 1 aJrOpUTMHM JOBEAEHI J10
MpaKTUYHOI  peamizaimii y paMKax TpOrpaMHOro  3a0e3medeHHs, KOTpe

BUKOPHUCTOBYETHCS JIJ1s1 00pOOKH IIU(POBUX TICTOJOTTUHUX 300paKeHb.
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Oco0ucTHil BHECOK 3/100yBaya.

VYci pe3ynbrati, HaBeIeH1 y AucepTallii, OTpUMaHi CaMOCTIHHO.

Anpo0artist pe3yJbTaTIB JIUCepTallii.

Pesynpratu nucepramii Oynmm ampoOoBaHI Ha HACTYMHHX HAayKOBHUX
KOH(EpeHITisX:

- HaykoBo-nipaktuyna KoH(epeHIIis MOJIOTUX BUCHUX
«DyHmaMeHTaabHa MEIUIIMHA: IHTETpajbHI MIAXOAM J0 Tepamii XBOpUX 3
onkornarojoriero» (Kuis, 2019 p.).

[y6mikaiii.

3a pesynbTaTamMu aucepTalii omyOIiKoBaHO 2 HAYKOBI Mpailli, B TOMY YHCII
I crarTi y HayKOoBUX ()axOBUX BHJIAHHAX, SKI 1HAEKCYIOTHCA Yy HAYKOMETPUYHHX

6a3ax Copernicus, arXiv:1712.03228v1 [cs.SD] 8 Dec 2017.
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1 OI'JsAd JUTEPATYPU
1.1 3aranpHi BIIOMOCTI1

OCHOBHUM METOJIOM JIIarHOCTHKY Ta MPOTHO3Y OHKOJIOTIYHUX 3aXBOPIOBAHb
€ METO/JI T1ICTOMATOJIOTTYHOI €KCIIePTU3H. 3T1HO 3 HUM, Y IMaIli€eHTa 3a JOIOMOTOIO
Oiomcii 3abupaeThcsl 3pa30K TKAHWHU, SKUM TICHS Hapi3aHHS JOCHIIKYETHCS
€KCIIEPTOM 3a JOMOMOror Mikpockomna. g mponeaypa € JOCHTh CKIIaIHOO, LIO0
4acTO NPUBOJUTH K TOMY, IIO PE3ydbTaT aHali3y OJHOTO 1 TOro X 3paska
3MIHIOETBCS BiJ €KCIepTa K eKchepTy. B 3B’S3Ky 3 IIMM, aKTHBHOIO O0OJIACTIO
JOCIIKEHb € PO3poOKa AaBTOMAaTUYHHUX METOJIB aHaji3y TiCTOJOTTYHUX

300pakeHb Ta HOTO TATPUMKH.

Pucynoxk 1.1 - T'icTosioriude 300pakeHHsI TKAHUHU
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VY pesyabTaTi orsay JiTepaTypu Oyiio BHUSBIEHO OaraTo pi3HUX METOJIB Ta
MIJIXOMIB TO MOCTaBJeHO1 3a7ayl. Tak, 3aga4ya aHaji3y TiCTOJIOTIYHUX 300pakKeHb

Oyna JociigKeHa 31 CTOPOHH JETEKTYBAaHHS KPOBOHOCHUX COCYIIB, HAsBHICTbH

SIKHX TICHO 3B’s3aHA 3 XapaKTEPOM JOCIIKYBaHOTO 3pa3ka [4].

Pucynok 1.2 - KpoBoHOCHI cocynu y 3pa3ky 3 mapkepom H&E [4]

B skxocti metony nerekTyBaHHS OyB OOpaHHM METOJ MOMIKCENbHOT
CerMeHTallii 3a JIOTIOMOTOI0 3rOPTKOBUX HEWPOHHHX MEpex, a came Moaudikarii
apxitektypu U-Net, mo Oymna 3ampornoHoBaHa I 3a/1a4dl cerMeHTarlii 300paxeHb

KiTHH [5].
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Pucynok 1.3 - BanpornoHoBaHa apXiTeKTypa HeHpOHHOU Mepexi [4]

Jlis HaBuaHHS HEMpPOHHOI Mepexi, aBTopaMu Oyja cTBopeHa 0a3a JaHHUX
300pakeHb Ta ix cermeHTaniinux kapt (Puc 1.4, 1.5). 300pakeHHs Maiu po3mip y

nikcensax 384x384 3 po3ainbHOO 3maTHICTIO SO0HM/TTIKCETb.
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Pucynok 1.4 - JIBa 300pakeHHS. MiKpOCOCY/IIB 3 HABYAJIbHOI 0a3u 300paxeHb [4]

y

Pucynox 1.5 - BignoBigHi 300pakeHHAM 3 puc 1.4 GiHapH1 CerMeHTalliitHl KapTh
[4]

Hapuanus HeHpoHHOI Mepexi MPOBOJIUIOCH 3a JOMOMOTOI aJITOPUTMY
CTOXaCTUYHOTO TPAJIEHTHOTO CIyCK 3 MOMEHTOM. Ha pucynky 1.6 300pakeHuii

Iporpec UuIboBO1 QYyHKIIIT MOMUIKH MPOTSITOM HABYAHHS.
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Pucynok 1.6 - @yHKIIisI TOMHJIKY Ha HAaBYJIbHIH (CHHIM) Ta TECTOBIN

(uepBoHKMM) 0a3i 300pakens [4]. Bick abcuuc — iTepariii HaBYaHHS

B tabmumi 1.1 HaBemeHi CTaTUCTUYHI METPUKH OTPUMAHOI MOJieli, a Ha

pucynkax 1.7, 1.8 — Bizyamizariist pe3yabTaTy poOOTH Ha TECTOBUX 300paKCHHSX.
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Tabmums 1.1 - PesyapTaTi poOOTH MO/CII HAa TECTOBUX NaHHUX [4]. (pA —
MOMiKCeIbHA TOYHICTh, MA — cepeaHs TouHicTh, mIU — cepenniit koedirieHT

XKaxkkapa, FP — KiJIbKICTh MOMUJIOK NIEPIIOTO poay, FN — KiTbKiCTh TOMIIIOK

APYroro pozy)
PA 0.952
mA 0.833
mIU 0.755
FP 119
FN 7

Pucynok 1.7 - Pezynbrar nepeadauenns 11 Ha nodapooBanux H&E

300paKCHHIX TKAaHUH PaKy MOJIOYHOI 3a103H [4]



Pucynok 1.8 - Pesynprar nependadenns mis Ha modapooBanux H&E

300paKEHHSIX TKAaHUH PaKy HUPOK [4]

OxpiM MIMPUKOTO Kaccy ajropuTMiB, MO0 0a3ylOTbCd Ha HEHPOHHUX
Mepexax, Oararo Impamb NPUCBAYCHI BHUKOPUCTAHHIO METOMIB TaK 3BaHOI
«KJIACUYHOI» 00pOoOKHM 300pakeHb. Tak, A aHAIi3y MaMOrpaM BHUKOPHCTOBYIOTh

MeTou [6].

- Bekropue kBanTyBaHHs. lleil MexaHi3M BHUKOPHCTOBYE CETMEHTAIIII0
300paKeHb, SIKE€ CYNPOBOKYETHCS CTBOPEHHSM KOJIOBOI KHUTH Ta HABYAJIBHOTO
BEKTOPY, JUISYM 300paKE€HHS HAa CETMEHTH OJHOTO pOo3Mipy. AJTOpUTM
LindeBuzo and Grey (LBG) pana xarteropu3zailii BEKTOPHOTO KBaHTYBaHHS
MIEPETBOPIOE TIOBHE 300pakKeHHS HA HaBYAIbHI BEKTOPH. 3a HHOTO, BU3HAYAETHCS
IIEHTPOIT 1 OOYHCIIOETHCS €BKJIi0BA BiACTaHHP MK HHM Ta HAaBYAJIbHUMH
BekTOpaMu. TexHika poOUTh MOKIUBUM PEKOHCTPYIOBATH 00pa3 sl MOAANIBIIOTO
JIOCHIKEHHS.

- Meton K-cepenHix Ta HewiTKa JOrika y peKMMI HaBYaHHS 3 Ta 0e3
Buutens. [li MeToau BUKOPUCTOBYIOTHCA [UIsli MapKyBaHHS Ta KJacTepu3arlii

000KpEMJICHHUX PETIOHIB 300payKCHHS.
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- binapu3aria Ta BeiBieT-nepeTBopeHHs. OCKUTBKM BCl HECHUHTETHYHI
300pakK€HHsSI MICTATh HEYITKOCTI Ta IIyMH, III0 OOYMOBJIEHI MPOLECOM IX
OTPUMaHHs, MOJANBIINK X aHami3 3 LU0 BUSABIICHHS HEBEJIMKHX aHOMAild €
ckiaaaM. L{i MeToau BUKOPUCTOBYIOTHCS JUISI IETEKTYBaHHS IIyMYy Ta JIJIsl HalaHHs
YITKOCT1 IU(POBUM 300payKCHHSIM.

- CerMeHTallisi alrOpUTMOM BOJOPO3AUTY. AJTOPUTM 0a3yeThCs Ha
aHami3l 3B’SI3HUX KOMIIOHEHTIB Ta Dyp’e-mepeTBOpeHHI. Y TOYaTKOBiM (a3l
CerMeHTallisl 3A1MCHIOEThCA 4Yepe3 MopdosoriyHi maremaTuuHi omeparii. Jlaii,
¢daza BWIYYEHHS O3HAK KOJKOPY Ta (HOpMHU 3IMCHIOIOTHCA 3a JOIMOMOTOIO
neckpuntopiB dyp'e-neperBopeHHs. Pe3yapTaToM aiaroputMy € cermMeHTalliiHa
KapTa.

- Meron onopHux BeKTOpiB. Lleil METOI BUKOPUCTOBYETHCS Y PEXKUMI

HaB4YaHHA 3 BUUTCIICM U 3,[[iI>iCHIO€ KJIaCCI/I(i)iKaI_IiI-O O3HaK 34 HalaHUMH KJIaCaMH.

HenaBHs mosiBa MIMpPOKO-CIAiAOBUX LU(GPOBUX CKAHEPIB JI03BOJIMIIA
pPO3pOOUTH KUIBKICHI MIAXOAM 0 aHAI3y TiCTOMOPGOMETPIi, Kl Terep MOXKYThb
JO3BOJIUTH  JIETAJIbHY TPOCTOPOBY  €KCHEPTU3Y (HaNpuKiIaA, 3axOIICHHS
OopieHTauli saep, TEKCTYypH, (OpMHU, apXITEKTypH) BCbOIO MYyXJIMHHOTO
MopdooriyHoro JaHAmadTy Ta MOro HaWOUIbII 1HBAa3WBHI €JIEMEHTH 3i
CTaHJapTHOTO, 3a0apBiaeHOro remaTokcuiiiHoM Ta eo3uHoM (H&E) cmaiiny. [Ipote
MepeyMOBOIO JIJISI BU3HAYEHHSI IIUX XapaKTEPUCTUK € HEOOXI1IHICTh BUSIBJIICHHS 1
CEerMeHTaIlll TICTOJIOTIYHUX MPUMITHBIB (HAPUKIIAM, snep, 3au03). Mpmasa Ta iH.
[7] cxnaB Benmky KOJNEKIIO JOKYMEHTIB B OOJACTi SIIEPHOI CerMeHTarii Jjist
TiCTOJIOTIYHOTO aHalizy 3a octanHi 20 pokiB. ParaknaBaia ta iH. [8] i [moTcoc Ta
iH. [9] BUKOpPUCTOBYBaNM aKTHBHY KOHTYpHY MOJEJb Ui CErMEHTAIlii OKPEeMHX
SJep Ha MIKPOCKOIIYHHUX 300paxkeHHsX, modapooBannx H&E. Kcy ta in. [10]
3aCTOCYBajJM 1JI€F0 AKTUBHUX KOHTYpPIB I CErMEHTaIlli OKpeMHUX 3aj03 Ha

300pa)keHHAX TicTomarosorii paky mpoctatu. CupuHykyHBaTTana Ta iH. [11] BBiB
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HOBY CTOXAaCTUYHHI MOJIENb 3aJ03UCTUX CTPYKTYP B TICTOJOTIYHUX 300paKeHHSX.
[Tigxin posrisgae KOKHY 3aj03HY CTPYKTYPY Ha 300pa)KeHHi sIK OaraTOKyTHHK 3
BUIAJKOBUM YHCIIOM BEpIIMH, J€ BEPIIMHU SBISIOTH COO0I0 MPUOIU3HI
po3TamryBaHHs siep emitenito. [linxig OyB yCHIIIHUM, U MOTO BUKOPHUCTOBYIOTH
JUIS BUSBICHHS Ta BWIYYEHHS 3aJ03UCTUX CTPYKTYp TIO TiCTOJOTIYHUM
300pakeHHSIM HOPMAaJIbHOI TKaHWHHM TOBCTOI kKumiku (CHpHHYKYHBaTTaHa Ta iH.
[12]). Pe3ynbTaty, 1110 CTOCYIOTHCS MiAX01Y, TOKa3aHi Ha puCcyHKY 1.9.

VY upomy po3zaini Oynu 3HaleH] HAyKOBI mparli B 0071acTi UGPOBUX PIllIEHB
II0JI0 aHaII3y TICTOJOTIYHUX 300pakeHb. 3HaleHa JiTepaTrypa Oyia onparioBaHa

Ha IIpeAMET BHUABJICHHS CIJIBHUX METOIB Ta aJITOPUTMIB 00pOOKH 300pa’KEeHb.



Pucynok 1.9 - Pe3ynbpTaT neTeKTyBaHHS siA€p 3@ JOMOMOIOI0 JIOKAJIBHO

0OMEKEHHHX METO/IiB INTMOOKOro HaBuaHHs [13]

26
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2 OIINC 3AITIPOITIOHOBAHOI O PILIEHHA
2.1 3aranpHUii onmc

VY pesynbTari aHamizy JiTepaTypu Oyja BHUSBIEHA MHOXXHHA aJTOPUTMIB,
npe-, MOCTHPOLECHHTY a TaKOoX aHali3zy Hu(poBUx 300paxkeHb. byno BupieHo
CIPOEKTYBAaTH MPOTPAMHUN KOMIUIEKC, MIPH POOOTI 3 SKUM, KOPHCTyBad MaB Ou
MOKJIUBICTh CaMOCTIMHO 0OMpaTH, HAJAIITOBYBATHU €Talud OOpOOKH 300paKeHHS
Ta 00’e¢aHyBaTH iX B oOpaxyHkoBuil rpad. Koxen amroputm Moxe OyTh
PO3TISHYTUN K MHOXKMHA BXO/IiB, MHOKMHA BHYTPIIIHIX TapaMeTpiB Ta MHOXKXHUHA
Buxo/iB. Ha pucynky 2.1 300pakeHuii NpuKiIaja By3ia, 10 peaii3ye OJUH 3 TaKuX
anroputMiB. MokHa TMOOQUHUTH, IO MHOXXHHA BXOMIB CKJIATAEThCA 3 OJHOTO
€JIEMEHTA — BX1IHOTO 300pa)K€HHsI; MHOKMHA BUXO/IIB TAKOK Ma€ OJIUH €JIEMEHT —
BUXIJTHE 300paKE€HHSI, @ MHOYKMHA BHYTPIIIHIX MMapaMeTpiB BKJIOYAE B ceOe OJiHE

grcio — po3Mip ¢ineTpy [Mayca [14].

GausslanBlur

@® Inputimage

Output image @

Pucynoxk 2.1 - Ilpukian 00paxyHKOBOTO By3Jia, 110 BUKOHYE PO3MUTTS 110
laycy
Kosken BXij Ta BUXiJ OOpaXxyHKOBOI'O By3Jla Ma€ acOIiHOBAaHUM 3 HUM THII

JAaHUX, @ caMl TUIH JIaHUX OPTaHI30BaH1 y IEPEBOBUAHY CTPYKTYpY (puc. 2.2).



Image 1C

Datatype

Image

Image 3C

Image BINARY
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Image GRAY

Image HSV

Image LAB

Image RGB

Image YCrCb

Pucynok 2.2 - CTpykTypa TUIIB JaHUX BXOIB Ta BUXO/IIB 00paXyHKOBHX

BY3JIiB
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HasiBHicTh i€l i€papXii 103BOJIIE KOHTPOJIIOBATH 3B’SI3KM MK BY3JIaMH.
Tak, BUXiAHHI By30JI MOKe OYTH IIia € IHAHUM A0 BX1JHOTO TOJI 1 TIIBKU TOJIH,
KOJM BIH Ma€ TaKWil caMU THI JaHUX, a00 HOro THUI JAaHUX € HaIagKoM

(mpstMmuM 200 HETIPSMKM) THITY JaHUX BX1THOTO By37a (puc 2.3).

ReadFromFlleROI

GausslanBlur

. [ ]
Kernel size 3 -

QO Input image

Output image @

Pucynok 2.3 - 3B’430K M1 By3JlaMU € MOKJIUBUM, OCKIJIbKH BUX1]1
“RGB” mae tun Image RGB, 110 € Hamaakom tuny Bxoay “Input image”
(Image)

Koxxen 00paxyHKOBHWM By30J Ma€e OOpaxyHKOBY  (YHKIIiO,
apryMEeHTaMH SIKOI € MHOXXMHU BEJIMYMH Ha BXOJaX Ta BHYTPIIIHIX
napameTpiB, a BUXOJAOM — MHOXHMHA 3HAuY€Hb Ha Buxojax. OOpaxyHKOBa
¢yHKLIsT MOXe OyTH BHUKOHAHa TUIBKM TOJl, KOJM YyCl BXOIU By37a
nig’eaHanl g0 1HmMX By3diB. Ha pucynky 2.4 300paxeHuil NpuUKiIan

TOTOBOTO 00paxXyHKOBOTO rpady.
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Ightnes sNormalization

Kernel size 49 -

ReadFromFlleROI

Input image

Brightness mask
RGE @ Outputimage.

GRAY it
Spili
sy @ 5 ightnessNormalization

LA O[S
O Colorimage

YCich. @ Kemelsize 49 =

- Compose Show
Channel 1

Channel 2 Input image Channel 1

2 Colorma ray
Channel 2 Channel 2 p | gray

*hangeColorspace
Brightness mask

Channel 3

Outputimage o
RGE ® O Colorimage Normalize W

IghtnessNormalization Hsv @

LAB O . Input image

Kemelsize 49 @ YCich_ @

Input image

Brightness mask

Pucynok 2.4 - [Ipukian o0paxyHKoOBOTO Tpady
JI71s1 cipoIieHHs aHami3y Ta IPUIIBUAIICHHS pOOOTH 00paxyHKOBOTO
rpady, 300pakeHHs 3aBaHTaXY€EThCs 3 (aiiy, Mmicis 4oro oOUpaeThCs 30HA

300pakeHHsl, 110 noaaeTbes B rpad. Ha pucynky 2.5 300paxenuil nei

porec.



Choose file

Pucynok 2.5 - [Iponiec Bubopy anasnizoBaHoi oonacti. OpuriHajibHe
300pakeHHs 3aliMa€e yce BIKHO, aHaJli30BaHa 00J1acTh — MPOCTIP yCepeInHI
paMKH B IIEHTP1 BikHA. /(711 TPOCTOTH MOAANBIIOTO aHai3y, Pe3yJIbTaT
poboTtH rpady HakIagAETHCA HA BIAMOBIAHY 00JaCTh OPUTIHATBLHOTO

300paKCHHS
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2.2 Onuc anropuTMiB

Tyt 1 Hagam Oyje BUKOpPUCTaHAa HACTYITHA HOTAITIs:

- A, B, C, ... - Terzopu 3ro paHry 3 po3Mipom hxwxc, ne h — Bucora
300pakeHHs, W — IIMPUHA 300paKeHHS, ¢ — KUJIBKICTh KaHaIIB 300pakeHHs (1
a6o 3);

- : - IOBHUH 3p13 TEH30py B3J0BXK OCI;

- a:b — yacTKOBUI 3pi3 TEH30PY Y3IIOBXK OCI;

- A[h], A[:, w] — 3pi3u TeH30pY 3 BIIKUJIAHHIM PO3MIPHOCTI;

- A[hl:h2, wl:w2, cl:c2] — xomOiHOBaHUI 3pi3 TeH30py. Pe3ympraTrom

ornepaltii € HOBUI TeH30p B, i AK0ro BipHO:

- X, Xj — BX1J1HI 300pa>keHHsI (TEH30pH);
- Y, Yi — BuxiaHi 300pakeHHsI (TCH30PH).
@yHKLIsA, AKYy MICTUTh KOXKEH BY30JI, € pealli3all€l0 MEBHOIO alrOpUTMY.

Cepen 1IUX aITOPUTMIB €:

2.2.1 OtpuMaHHs 300pak€HHA 3 OOpaHOi 30HH I1HIIOTO 300pa’KEHHS

(ReadFileFromROI)

Sxmro (hl, wl, h2, w2) — koopauHaTH 0OpaHOTO MPSIMOKYTHOT'O PETIOHY, TO

Y = X[h1:h2, wl:w2]
2.2.2 Anbda-3minryBaHHS

S0 KoediieHT 3MillyBaHHS PIBEH d, TO
Y=X;*a+ X, *(1-a).

Ha puc 2.6-2.8 300pakeHuii npukia poOOTH allrOPUTMY.



Pucynoxk 2.7 - PesynbpTaT npu a = 1

33
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Pucynox 2.8 - PesynpraT nmpu a = 0.5

2.2.3 3miHa KOIHOPOBOTO MPOCTOPY

Maroun 5 moctynmHux KoiaropoBux mpocropiB RGB, HSV, LAB, YCbCr Tta

rpanarii ciporo (Gray), MO>XHO BUBECTH HACTYITHI (POPMYITH TIEpEeX0ly MK HUMH.

RGB — HSV:
R’ =R/255
G’ =G/255
B’ =B/255

Cmax = max(R ’, G’, B’)
Cmin = mln(R ’, G’, B ’)

A = Chax - Cnin



RGB — LAB:

H =

0 A=0
G0 [(,’-'._H"ﬁ”j”fﬁj A Tae = 1

GO7 {H%H"' + 2} N 1rr.-ru =’
GO7 {% + ‘L‘J 3 («mr“l =B

{ 0 Craz =0
ﬁ Craz # 0

V = Chax

L =116f, — 16
a = 500(f, — fy)
b =200(f, — f;)

X, x> €
fr =kx, +16 >
T,xr < ej

{
Ve Yy > €

\

N
IA
m

NOF
| I
NI NS <24

e = 0.008856
k =903.3
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RGB — YCbCr:
V164 65.738 X R}, s 129.057 X G, s 25.064 x B},
N 256 256 256
1284 —37.945 X R}, 74.494 x G}, .\ 112.439 x B},
B 256 256 256
1284 112.439 X R}, 94.154 x G}, s 18.285 x B,
R 256 256 256
RGB — Gray:

G=0.2126 R+ 0.7152 G + 0.0722 B

[HII1 TEepeTBOPEHHS MK KOJIbOPOBUMH MPOCTOPAMHU 3A1MCHIOETHCS YEPE3

npoctip RGB.
2.2.4 T'aMmma KOHTpacT

k110 koedilieHT KOHTPACTY v, TO:
Y = yX/255 x 255

Ha puc. 2.9-2.10 300pakeHi pe3ynbTaTi pOOOTH aITOPUTMY.
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Pucynok 2.10 - Pe3ynbTar npu y=2
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2.2.5 JliniiHU# KOHTpPACT

SIkmio koedilieHT KOHTPACTy Y, TO:
Y =128+ (X —128) Xy

Ha puc. 2.11 300paxkenuii pe3ynbTaT poOOTH alrOpUTMY.

Pucynok 2.11 - Pe3ynbTar npu y=2

2.2.6 Knacrepizamis metogom K-cepennix
Skmo KiUTbKICTh KitacTepiB K, To:
Vi jix; e X,y €Y,y =4

| =argmin |x; — s, |, 0€1.k

1€ S| OTpuMaH1 MiHIMI3yBaHHAM (DyHKIIIT:



k
S WS,

i=1 zc§;

Ha pucynkax 2.12-2.15 300pakeHi pe3yapTaTH poOOTH alrOpUTMY.

Pucynoxk 2.12 - Pe3ynprar kitactepusariii 300pakeHHs Ha 2 KacTepu
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Pucynok 2.13 - Pe3ynbTat kitactepusariiii 300pakxeHHs Ha 2 KJlacTepu

Merton knacrepusauii K-cepennix Moxe OyTH BUKOPUCTaAHUM ISt

Oinapwm3artii 300pakeHs (puc 2.14).

Pucynox 2.14 - binapwuzartiis merogom K-cepemHix
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2.2.7 ®inpTp lNayca

Skmio po3mip BikHa GiIBTPY K, TO:

X:Y*g

1 k k
g(x,y)=——7e 2 ,x,ye(—z,gj

2mo

[Tpuknan po6OTH aNrOpUTMY HaBeACHHIA HA pUCYHKY 2.15.

Pucynox 2.15 - OpurinanpHae 300paxeHHs (3Bepxy) Ta o0pobnene dinpTpoMm ["ayca

(3HUBY)
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2.2.8 MopdooriuHi onepartii

Mopdonoriuni oneparttii npeicTaBiaeH1 epo31€r0, PO3MUPEHHIM,
BIJTKPHUTTSIM, 3aKPUTTSIM Ta MOPQOJIOTTYHUM rpagieHToM. SKio b — ctpykrypHuUit
eIIEMEHT y MaTpU4Hii GopMi, TO (y MOPSIKY €pO3ist, PO3IIHUPEHHS):

(fob)(X)=inff(X+Y)-b(Y)]

YeB

(f®b)(X)=sup[ f(Y)+b(X-Y)]

YeB

Biakputts 3a7aHe sk MOCIII0BHE 3aCTOCYBAaHHS PO3UIUPEHHS MICJsl epo3ii, a

3aKpUTTS — HaBMaku. [Ipukiaau poboTH anropuTmiB HaBeJEH1 Ha pucyHkax 2.16-

2.19.

L

P et T

ke WAa e
A --t—'&-..“ %‘?"ﬂt" -
. - "

atam . J'{rhl i"ﬂ::l.e 4:':L"

Pucynox 2.16 - OpurinanpHe OiHapHE 300paKeHHS



Pucynox 2.18 - Biakputtsa. CTpyKTYpHU# €1eMEeHT — eJutinc, po3mip 3x3
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Pucynok 2.19 - 3akputtsa. CTpyKTypHHIi €IeMEHT — eJUTirnc, po3mip 3x3

Pucynox 2.20 - Mopdomnoriunuii rpaaieHT. CTpyKTypHHUIA €IEMEHT — eJUTIIIC,

po3mip 3x3

2.2.9 ITlceBnoBumaakoBe 300pakeHHs

300pakeHHSI TEHEPYETHCS 3a IOMOMOTOI0 PIBHOMIPHO-PO3MOAIICHOT

BI/IHa,Z[KOBO'I' BCJIIMYWHMU.

vyeY,y~U(0,255)
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2.2.10 IokaHanpHMIA 3pi3
SIk11o ¢ — 1HeKC KaHaiy, To:
Y =X[::¢]

[Tpuknan mokaHAIBHOTO 3pi3y HaBeIeHUI Ha pUCYHKY 2.21.

Pucynok 2.21 - KommonenTu L, @, b (3Bepxy BHH3) /715 300paskeHHS 3 PUCYHKY
2.15



2.2.11 Po30uTTd Ha KaHaAJIHU
Vi=1.cY, = X[51i]
2.2.12 3nurTd KaHaIiB

Vi=Ll.cY[,,i]=X

2.2.13 binapuzaris

SIko b - mopir GiHapu3ariii, To:

0, X[i, j]<b

VI YT j]:{ZSS,X[i, i1=b

Ha puc 2.22-2.23 npencrapiieHl pe3yIbTaTi O1HApU3ALMI 3 PI3HUMH

IMOPOroBMMH 3HAYCHHAMU.

R Y

- — R .

Pucynok 2.22 - binapu3zais 3 noporom 0.31
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Pucynok 2.23 - binapwu3zaitis 3 moporom 0.70

AT @

Pucynox 2.24 - binapwu3aiiis 3 aBTOMaTHYHUM BU3HAYEHHS ITOPOTOBOTO 3HAYCHHS

3a anrroputMoM Ony

2.2.14 Hopmarizaiiis IHTEHCUBHOCTI
Y =norm(X —g(X,k)), ze

g — dimeTp Nayca, K — po3mip BikHa, NOrM — ricTorpaMHe BUPiBHIOBAHHSI.
[Ipu3HaueHHAM Lii€l onepallii € BUKJIIOUEHHS (PaKTOpy HEPIBHOMIPHOTO OCBITIICHHS

y poboTi mociigyrounx etami oOpoOku. B sKocTi mpuKkiamy MOKHA MPUBECTU
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00poOky amroputmoM OiHapm3arii OIly OpHUTiHAIBLHOTO 300pakKeHHS, Ta

300pak€HHSI 3 HOPMaTi30BaHOIO OCBITJICHHICTIO.

aiR
- PO

Pucynox 2.25 - binapu3zaiiis HeHOpPMOBAHHOTO 300paKEHHS
Sk BUAHO 3 pUCYHKY 2.25, TKAaHWHHI CTPYKTYpPU CIPHUSAIOTH HU3BKINA SIKOCTI

OiHapu3arlii.
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Pucynox 2.26 - binapu3saiiis HOpMOBaHHOTO 300pakKeHHS

Ha pucynky 2.26 300pakeHe HOPMOBaHHE 300pakeHHS (3BEpXy), Ta
pe3ynbTaT oro HopMmamizaiii. Sk MOKHO 0OAYUTH, HEOTHOPIMHOCTI TKAHUHHUX
CTPYKTYyp B HabaraTo MEHIII# CTENEH1 BIUIMBAIOTh Ha AKICTh O1HapU3aIllii.

Y upoMy pozauti Oyylo BHKOHAHE AOCHIHKEHHS 3HAWACHUX aJTOPUTMIB,
BHOKPEMJICHHS MHOXXMHHU BXIJHUX, BUXIJHUX 3HA4Y€Hb a TaKOXX BHYTPIIIHIX
rapaMeTpiB KOXKHOTO 3 HUX, OMpAIfOBaHHS MPUHLMUIIB iX poOoTu. Takox, Oyso

BUKOHaHA PO3pO0Ka 3arajJbHOr0 KOHIIENTY MPOTPAMHOTO KOMILIEKCY.
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3 INPAKTUYHA YACTHUHA
3.1 Mosga, 010J110TEKH

Jlst peamizaiiii mporpaMHOTO KOMILIEKCY OyJia oOpaHa MoBa python.

biomoreka PyQt nms po3poOku iHTepdelcy KOpucTyBaya Ta 3B’SI3KY MIXK
KIIIEHTCHKOIO Ta CEPBEPHOIO YacTUHAMH 3a potokosiom WebSocket.

biomiorekn numpy, scikit-learn ta OpenCV Oynmu BHKOpHCTaHI IS

peanizaiii MeToiB 00poOKH 300paKeHb.

3.2 bas3m manux

Jlist TectyBaHHS poOOTH METOJIIB 00OpOOKH 300pakeHb Oylia BUKOPHUCTAHA
0a3a 300pakeHb, HajlaHa [HCTUTYTOM €KCIEpUMEHTAIBHOI MAaTOJOT1i, OHKOJIOTII 1

pamio6iosorii iM. P.€. Kasenibkoro HAH Ykpainmu.

3.3 Crenmdikarrist KIaciB

[Iporpamuuii xom HaBenenuid y Jomatky 1. ApxiTekTypa HpOrpamMHOIO

KOMIUIEKCY HaBe/IeHa B TpadiyHuX MaTepianax.

[IporpaMHuil KOMIUIEKC CHPOEKTOBAHUWA Yy BHUIJISL KIIIEHT-CEPBEPHOIO
JOJIaTKy, 3B’S30K MDK SKHMH 3IHCHIOETBCS 3a JIOTIOMOTOIO IMPOTOKOIY
WebSockets. PobGorta anroputmiB 00poOKH 300pa)keHb 3IIHCHIOETBCA Ha
cepBepHiil uactuHi. Pe3ynmbraT 0OpOoOKM 300pa’k€Hb BIANPABISETHCA HA
KJIIEHTCHKY YacTHHY Ta BITOOpa)xaeThCsi KOPHUCTyBauy. Tak, cepBepHa 4YacTUHA

npeACTaBlieHa HACTYITHUMU a0CTPaKIIIsSIMU:

Knac Graph.

BignoBimae  3a  poboTy ¢ rpadom, MIITPUMY€E omeparrii
JI0/1aBaHHs/BUIAJICHHST BEpIIUHU/pedpa, MIATPUMYE IUTICHICTh Ta AlUKJIIYHICTh

rpady, BUKOHY€ orepallii cepiamizaiii/aecepiamzariii rpady.
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Kiac GraphServer.

Binmoginae 3a podory WebSocket cepsepy.
Kiac Node.

€ alOcrpakmiero BepmuHM Tpady Ta eIEMEHTApHOK OOpPaxXyHKOBOIO
OJIMHUIICIO TMporpamMHOro Komruiekcy. Cnerudikye THOU BXI1THUX/BUX1THUX
JaHHUX, BHYTPIIIHI MapaMeTpH Ta OOpaxyHKOBM alrOpUTM; MIATPUMYE TPOIIEC
NEPEeBIPKA TOTOBHOCTI POOOTH OOpPaxXyHKOBOTO aJTOPUTMY 3a 3HAUYCHHSIMHU

BXiI[HI/IX JaHUX Td BUKOHAHHS CaMOI'O aJITOPUTMY.

Moy hodes.

Mictute HamankiB kinacy Node 3 yka3aHHSIM KOHKPETHHX THIIIB JJAHHUX Ta

aJTOPUTMIB.

Kiac Edge.

€ aOctpakiiero pebpa obOpaxyHkoBoro rpady. IlinTpumye cBoeyacHe

CTBOPEHH:I/BUIAJICHHS TIPOTPAMHUX XYKIB.

Knac Datatype ta Hamaakmu.

3aiae TOCTYIHI JjIsl BUKOPUCTAHHS TUIH BX1THUX/BUXITHUX JaHUX.

Kiac Datavalue ta mamaaku.

€ aOCTpakui€0 3HAYEHHA BXOAY/BUXOAY/BHYTPIUIHBOTO MapameTpa.

Bignoginae 3a cepianizarniro/aecepiaizaliio.
KrienTchka yacTuHa NpecTaBlieHa HACTYTHUMH a0CTPaKIIIsIMU:

Kiac GraphWidget.

BiamoBimae 3a BUKIWKH METOJIB BiIoOpakeHHsS Tpady Ta MIATPUMKY

WebSocket-kiienry.
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Kiac NodeWidget.

Binmogigae 3a BiioOpakeHHs BEpIIHH 00paXyHKOBOTO rpady.

Kiac EdgeWidget.

Biamosinae 3a BinoOpakeHHs pedep 00paxyHKOBOTO Tpady.

Knac Terminal.

Bignosizae 3a BigoOpa)keHHs BXOIB/BUXO/IB BEPIIMH OOPaXyHKOBOTO

rpady.
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4 AHAJII3 POBOTU NTIPOT'PAMHOI'O KOMIIJVIEKCY
4.1 Pe3ynbTaTy MOMIMIIEHHS HAOYHOCTI 300pakKeHHS.

B sikocTi TecToBOTO 300paskeHHS OY710 0OpaHO TiCTOJIOTIYHE 300paKeHHS Ha

puc. 4.1.

Pucynoxk 4.1 - TecToBe ricTosioriyne 300pakxeHHs Y BiKHI POrPaMHOTO
KOMIUIEKCY
Sk moxxkHa moOGauutu ¢ puc. 4.1, mpeacTaBICHUN TICTOJOTTYHUN MaTepiai
Mae€ 3HAYHY T€TePOreHHY CTPYKTYPY, 110 CYIPOBOIKYEThCS HasABHICTIO o0acTelt 3

PI3HOI0O  KOJIOPOBOIO  IHTEHCHBHICTIO. [l HiBemroBaHHS  €QeKTy
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HEOJIHOpiAHOCTEH, OyB po3pobieHHil oOpaxyHKOBuUil Trpad, mpeacTaBieHUN Ha

puc. 4.2.

Ightnes s Normalization

Kemelsze 49 @

ReadFromFileROI Input image

Brightness mask

Outpitimage

Split
IghtnessNormalization

O Colorimage

Kemelsze 49 o

Composse
Channel {
Channel 2 Input image Channel 1

: Colormap | gray
Channel 3 Erozh *hangeColors pace
Brightness mask

Outpitimage.

Channel 3
RGE @ O Colar image Normalize W
IghtnessNormalization HSV @
@ Input image
Kemelsize 49 @ YCico. ®

Input image

Brightness mask

Outputimage.

Pucynox 4.2 - Po3po0ienuit o0paxyHkoBuii rpad

Choose file

Pucynox 4.3 - Pesynbrar pobotu rpady
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PesynpTaT pobOoTn rpady s 3a1aHOro 300pakKeHHHsI MPEICTABICHUNA Ha
puc. 4.3.

Ax MoxHa T00aYUTH, BIUIMB T€TEPOr€HHOCTI CEPEIN Ha SKICTh 300pakKeHHS
OyB 3HAYHO 3MeHUIEHWH. Tak, MIKpOCTPYKTYpH, BUOKPEMJIEHI CHHIM KOJbOPOM
CTaju OLIBII YITKUMH, 110 3pOOUTH 1X aHaj13 OlIbII MPOCTUM SIK JJIS JIFOJUHH, TaK
1 1Sl TOAANBIIOL KOMIT F0TepHOT1 00poOKku. Hampukiaz, 3a nornoMororo OiHapu3anii
3 aBTOMAaTUYHMM TIOpOTaM, MO’KHA JOCSITH AaBTOMATHUYHOI CEeTrMEHTallli

MIKPOCTPYKTYp. Pe3ynbrar HaBeeHuii Ha puc. 4.4.

M python

Choose file

Pucynox 4.4 - Pe3ynbTaT aBTOMaTHUHOT CErMEHTAIIIT MIKPOCTPYKTYP
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Takoxx Oyno BUKOHaHE TECTYBAaHHS MPOTPAMHOTO0 KOMIUIEKCY AJisi 3adadl

cerMmenTallii Ha ganux 3 EM segmentation challenge [15]. Pe3ynbratu HaBeneHi y

Tabnu 4.2.

challenge [5]

Tabnuus 4.2 — PesynbpraTtu cermenTantii Ha qanux 3 EM segmentation

Rank Group name Warping error Rand error Pixel error
- ** human values ** 0.000005 0.0021 0.0010
1 u-net 0.000353 0.0382 0.06112
2 DIVE-SCI 0.000355 0.0305 0.0584
3 TECTOBAHUI METOI 0.000483 0.0646 0.0758
4 IDSIA-SCI 0.000653 0.0189 0.1027

Sk MOXHA MOOAYUTH, CIPOEKTOBAHUU AJITOPUTM 3AaTHUM KOHKYpPYBaTH 3

iCHYI-O‘-IHMI/I MCTOJaMHM.

TakuMm YMHOM, po3po0JieHa METOAOJOris KOMIIOHYBAHHS aJITOPUTMIB

00poOKH 300pa’keHb y €AMHUI AITOPUTM € TOCTATHBO THYYKOIO Ta MOTYXKHOIO TS

MOJICJIIOBAHHS CKJIATHUX (PYHKITIH.
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BUCHOBKHA

JlocnmipkeHHsT  METOJIB  MOJyaBTOMAaTHYHOro  abo  aBTOMATHYHOTO
MPOTHO3YBaHHA Ta MJIarHOCTUKH OHKOJIOTITYHUX 3aXBOPIOBAaHb € HAJ3WBYANWHO
IPUOPITETHOIO 3a/1a4uelo, 10 CTOITh nepes JoAcTBOM. CydacHi MeToAN 0a3yroThCs
Ha aHaji3l JIOAMHOI0 MIKpO300pakeHb 3pa3KiB TKAHWHHU, B3ATOI 3 MyXJUHHU 32
goromororo Oiomcii. I xoua 1mpoMy mporiecy Bxe OaraTo pOKiB, ICHy€ 3Ha4Ha
HMOBIpHICT, TOTO, IO 3pa3oK Oyae MICTUTH apTedakT, YCKIIaIHIOHYI
MOAAJIbIIMHI aHami3. B 3B’ 43Ky 3 IMM, NpUAMArO4H 10 yBark OCTaHHI IOCATHEHHS B
0o0JacTi  KOMIT'IOTEPHOTO 30py Ta HAWMOTYXKHIIII B  ICTOPIl  JIFOJCTBA
00YHUCITIOBANIbHI PECYPCH, JIOCTYIMHI A0 BUKOPUCTAHHS, MTUTAHHS 3aMiHU, Xo4ya Ou
9aCTKOBOI, JIFOJICBKOTO €KCIIepTa Ha KOMIT IOTEPHY MPOTrpaMH Ma€e CEHC.

JIJisi BUKOpUCTAHHSI KOMIT IOTEPHOI IIPOrpaMu JJis 3a3HA4YE€HHX IiJIeH, BOHA
Ma€e BUKOHYBAaTH Xo4a O OJHY 3 JBOX (DYHKLINA: MOJIMIIEHHS SKOCTI 300pa)K€HHs
JUTsL  JTIOJWHW; aBTOMATUYHHWM aHalli3 KOMIIOHEHTIB CTPYKTYpPH, HAasBHUX Ha
300pakenHi. B pamkax 1iei poboTu Oyia mpoaHaidizoBaHa BiJIMOBIHA JITEpaTypa
Ta CTBOPEHHUM MPOTPAMHUN KOMIUIEKC, IO JO3BOJIIE KOPUCTYyBady CaMOCTIHHO
CTBOPIOBATH AJTOPUTM aHai3y 300paKeHHS, MAalO4ud B SKOCTI €JIeMEHTapHHUX
OJIMHUIIb OKPEMI1 aJITOPUTMHU, 1[0 BUKOPUCTOBYIOTHCS B KOMIT toTepHOMY 30pi. L1
OJIMHULII MOXYTb OyTH CrpylnoBaHl B OOpaxyHKOBH rpad, mpu sikoMy BXOAamu
OJIHUX QJITOPUTMIB CIYTYIOTh BUXOJU 3 TOMepenHiX. TakoxX, KOXXEH aJrOpUTM
MOXe OYTH HaJlallTOBAaHUM MMiJ MOTPeOU BUPIIITYyBaHOI 3a1a4i. OKpiM 1[bOTO, OYJI0
MIPOBEJICHE TECTYBAaHHS POOOTH MPOTPAMHOIO KOMIUICKCY ISl 3ajadl OiHapHOi
CEerMeHTaIlii MIKpOCTPYKTYpP Ha HEOJHOPITHOMY 300pakeHHI.

[lepeBaramu po3po0seHOI TpOrpaMu € THYYKICTh ii HaJalITyBaHHS
KOPHUCTYBa4eM, a TaKOK MiHIMaJIbHA CKJIQJIHICTh JI0JlaBaHHS HOBUX Ta Moaudikaiii

ICHYIOUMX €JIEMEHTAPHUX AJITOPUTMIB.
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JIo HeomiKiB MPOTPaMHOTO0 KOMIUIEKCY MOKHA BIIHECTH BIJHOCHY
CKJIaJHICTh HOro KOPUCTYBaHHS Ta HEMOXJIMBICTh aBTOMATHU3YyBaTH MIPOIIEC

CTBOPEHHS O0YHCITIOBATILHOTO Tpady Ta HAJAMTYBaHHS HOTO OKPEMHX YaCTHH.
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JIOJJIATOK 1 ITPOTPAMHMI KO/

graph.py

from PyQt5 import QtWidgets
from PyQt5 import QtCore, QtGui
from PyQt5 import Qt

from PyQt5 import QtWebSockets

import sys
from roi_image_widget import ImageROIWidget

from ui import GraphWidget
from graph_server import GraphServer
from local_ws_client import LocalWebSocket

app = QtWidgets.QApplication(sys.argv)

client_ws = LocalWebSocket()
server_ws = LocalWebSocket()
client_ws.connect(server_ws)

serverObject = QtWebSockets.QWebSocketServer(

'My Socket', QtWebSockets.QWebSocketServer.NonSecureMode)
server = GraphServer(serverObject, local ws=server_ws)
serverObject.closed.connect(app.quit)

image_view = ImageROIWidget()
client = GraphWidget(image_view, local_ws=client_ws)

client.show()
image_view.show()
client.resize (800, 600)
app.exec_()

graph_client.py
from PyQt5 import QtWidgets

import sys

from ui import GraphWidget
from roi_image_widget import ImageROIWidget

app = QtWidgets.QApplication(sys.argv)
image_view = ImageROIWidget()

widget = GraphWidget(image_view)
widget.resize(800, 600)

widget.show()
image_view.show()

app.exec_()

graph_server.py
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from core import Graph, Node, Edge
from core.nodes import str_to_classname
from utils import bidict

from PyQt5.QtWidgets import QApplication

from PyQt5 import QtCore, QtWebSockets, QtNetwork
import json

import uuid

import logging
logging.basicConfig(level=1logging.WARN)

class GraphServer(QtCore.QObject):
def __init__ (self, parent, host='127.0.0.1', port=1302, local_ws=None):

super(QtCore.Q0bject, self). init__ (parent)
self.client_graphs = dict()
self.uuid_object_map = dict()
self.is_remote_mode = (local ws is None)
if local_ws is None:
print("server name: {}".format(parent.serverName()))
self.server = QtWebSockets.QWebSocketServer(
parent.serverName(), parent.secureMode(), parent)
if self.server.listen(QtNetwork.QHostAddress(host), port):
print(
‘Listening: {}:{}:{}'.format(
self.server.serverName(),

self.server.serverAddress().toString(), str(

def

def

self.server.serverPort())))

else:

print('error")
self.server.acceptError.connect(self.onAcceptError)
self.server.newConnection.connect(self.onNewConnection)
self.clientConnection = None
print('Server listening' if self.server.isListening()

else 'Server not listening')
else:

self.clientConnection = local_ws
self.clientConnection.textMessageReceived.connect(

self.process_action)
self.client_graphs[self.clientConnection]

= Graph()
self.uuid_object_map[self.clientConnection] =

bidict()

onAcceptError(self, accept_error):
print("Accept Error: {}".format(accept_error))

onNewConnection(self):

logging.debug('connected")

self.clientConnection = self.server.nextPendingConnection()
self.clientConnection.textMessageReceived.connect(self.process_action)

self.clientConnection.disconnected.connect(self.socketDisconnected)

self.client_graphs[self.clientConnection]

= Graph()
self.uuid_object_map[self.clientConnection] =

bidict()



def process_action(self, message):
self.clientConnection = self.sender()
logging.debug( 'process_action: received %s' % message)
if self.sender() and self.clientConnection in self.client_graphs:
if isinstance(message, str):
message = json.loads(message)
action = message[ 'action']

if action == 'add_node':
self.add_node(message)
elif action == 'remove_node':
self.remove_node(message)
elif action == 'add_edge':
self.add_edge(message)
elif action == 'remove_edge':
self.remove_edge(message)
elif action == 'change_param':
self.change_param(message)
elif action == 'serialize':
self.serialize(message)
elif action == 'restore’:
self.restore(message)

else:
logging.warn('Something wrong with clientConnection')

logging.info(list(self.uuid_object_map[self.clientConnection].keys()))

def add_node(self, message):
graph = self.client_graphs[self.clientConnection]

if 'node_id' in message:

node_id = message['node_id']
else:

node_id = uuid.uuid4().hex
node = str_to_classname[message[ 'node_classname']]()
graph.add_node(node)
self.uuid_object_map[self.clientConnection][node_id] = node
node.valueChanged.connect(self.onNodeValueChanged)

response_action = message
response_action[ 'node_id'] = node_id
if self.is_remote_mode:

response_action = json.dumps(response_action)
logging.debug('add_node response: %s' % response_action)
self.clientConnection.sendTextMessage(response_action)

# Try to update new node
node.update()

def add_edge(self, message):
graph = self.client_graphs[self.clientConnection]

start_node =
self.uuid_object_map[self.clientConnection][message[ 'start_node_id']]
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end_node =

self.uuid_object_map[self.clientConnection][message[ 'end_node_id']]

def

def

start_out_name = message['start_out_name']
end_in_name = message['end_in_name"']

# Check if end_node is already occupied
for start in graph.adj_matrix.values():
if end_node in start:
for edge in start[end_node]:
if edge.end_in_name == end_in_name:
return

# Check datatypes
if not (
issubclass(
start_node.out_types[start_out_name],
end_node.in_types[end_in_name])):
return

edge_id = uuid.uuid4().hex

edge = Edge(start_node, end_node, start_out_name, end_in_name)
self.uuid_object_map[self.clientConnection][edge_id] = edge
graph.add_edge(edge)

response_action = message
response_action['edge_id'] = edge_id
if self.is_remote_mode:

response_action = json.dumps(response_action)
logging.debug('edge node response: %s' % response_action)
self.clientConnection.sendTextMessage(response_action)

remove_node(self, message):

graph = self.client_graphs[self.clientConnection]

node_id = message['node_id']

node = self.uuid_object_map[self.clientConnection][node_id]

deleted_edges = graph.remove_node(node)

response_action = dict(
action="remove',
node_ids=[node_id],
edge_ids=[self.uuid_object_map[self.clientConnection][e]
for e in deleted_edges]
)
if self.is_remote_mode:
response_action = json.dumps(response_action)
logging.debug('remove_node response: %s' % response_action)
self.clientConnection.sendTextMessage(response_action)

del self.uuid_object_map[self.clientConnection][node]
for e in deleted_edges:
del self.uuid_object _map[self.clientConnection][e]

remove_edge(self, message):
graph = self.client_graphs[self.clientConnection]
edge _id = message['edge id']



def

def

def

65

edge = self.uuid_object_map[self.clientConnection][edge_id]
graph.remove_edge(edge)
del self.uuid_object_map[self.clientConnection][edge_id]
response_action = dict(

action='remove’,

node_ids=[],

edge_ids=[edge_id]
)
if self.is_remote_mode:

response_action = json.dumps(response_action)
logging.debug('remove_edge response: %s' % response_action)
self.clientConnection.sendTextMessage(response_action)

change_param(self, message):

node_id = message['node_id']

node = self.uuid_object_map[self.clientConnection][node_id]
param_value = node.parameters[message[ 'param_name']].datavalue
value = param_value.decode(message['value'])
param_value.set_data(value)

node.update()

onNodeValueChanged(self):
node = self.sender()
node_id = self.uuid_object_map[self.clientConnection][node]
encoded = {k: v.encode(compress=self.is_remote_mode)
for k, v in node.out_values.items()
if k in node.out_values_to_return

}

request_action = dict(
action='update_values',
node_id=node_id,
values=encoded
)
if self.is_remote_mode:
request_action = json.dumps(request_action)
self.clientConnection.sendTextMessage(request_action)

serialize(self, message):
serialized = dict(
nodes=1ist(),
edges=1ist()
)
objs = self.uuid_object_map[self.clientConnection]
for _id, obj in objs.items():
if isinstance(obj, Node):
parameters = obj.serialize()
serialized[ 'nodes'].append(dict(
node_id=_id,
node_classname=type(obj)._ name__,
parameters=parameters
))
elif isinstance(obj, Edge):
serialized['edges'].append(dict(
node_id=_id,
start_node_id=objs[obj.start_node],
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end_node_id=objs[obj.end_node],
start_out_name=obj.start_out_name,
end_in_name=obj.end_in_name

))

request_action = dict(
action="'serialize’,
save_filename=message[ 'save_filename'],
serialized=serialized

if self.is_remote_mode:
request_action = json.dumps(request_action)
self.clientConnection.sendTextMessage(request_action)

def socketDisconnected(self):
logging.debug('disconnected")
if self.clientConnection:
if self.clientConnection in self.client_graphs:
del self.client_graphs[self.sender()]
if self.clientConnection in self.uuid_object_map:
del self.uuid_object_map[self.sender()]
self.clientConnection.deletelLater()

if __name__ == '__main__":
import sys
app = QApplication(sys.argv)
serverObject = QtWebSockets.QWebSocketServer(
'My Socket', QtWebSockets.QWebSocketServer.NonSecureMode)
server = GraphServer(serverObject)
serverObject.closed.connect(app.quit)

app.exec_()

local_ws_client.py
from PyQt5 import QtCore

class LocalWebSocket(QtCore.QObject):

textMessageReceived

= QtCore.pyqtSignal(dict)
binaryMessageReceived =

QtCore.pyqtSignal(bytes)

def __init_ (self):
super(LocalWebSocket, self). init_ ()
self.target = None

def connect(self, local ws):

if self.target is None:
self.target = local_ws
local_ws.connect(self)

def sendTextMessage(self, message):
self.target.textMessageReceived.emit(message)

def sendBinaryMessage(self, message):
self.target.binaryMessageReceived.emit(message)
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roi_image_widget.py
from PyQt5 import QtWidgets
from PyQt5 import QtCore, QtGui

import numpy as np
import pyqgtgraph as pg
import cv2

import os

class ImageROI(pg.GraphicsLayoutWidget):

roiChanged = QtCore.pyqtSignal()

def __init__ (self):

def

def

def

super(ImageROI, self). init_ ()
self.view_box = self.addViewBox(lockAspect=True, invertY=True)

self.image_item = pg.ImageItem()
self.view_box.addItem(self.image_item)

roi_pen = QtGui.QPen()

roi_pen.setWidth(3)

self.roi_plot = pg.PlotCurveltem(pen=roi_pen)
self.view_box.addItem(self.roi_plot)

self.view_box.setMenuEnabled(False)

self.click = o
self.selected_image = None

setROI(self, 1, t, r, b):
1, r = min(1, r), max(1l, r)
t, b = min(t, b), max(t, b)
self.roi =1, t, r, b
self.roi_plot.setData(x=np.array(

(1, r, r, 1, 1]), y=np.array([t, t, b, b, t]))
self.selected_image = self.image[t:b, 1l:r]
self.roiChanged.emit()

setImage(self, image):
self.image_item.setImage(image.transpose(1, 0, 2))
self.image = image
self.setROI(

image.shape[0] // 4,

image.shape[1l] // 4,

3 * image.shape[@] // 4,

3 * image.shape[1l] // 4)

mousePressEvent(self, event):

if event.buttons() == QtCore.Qt.LeftButton:
self.click = 1

elif event.buttons() == QtCore.Qt.RightButton:
self.click = 2
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super(ImageROI, self).mousePressEvent(event)

def mouseMoveEvent(self, event):

def

self.click = @
super(ImageROI, self).mouseMoveEvent(event)

mouseReleaseEvent(self, event):
if self.click > @ and hasattr(self, 'roi'):
pos = event.pos()
pos = pos.x() / self.width(), pos.y() / self.height()
rect = self.view box.viewRect()
coord = rect.x() + pos[@] * \
rect.width(), rect.y() + pos[1] * rect.height()
coord = np.round(coord).astype(np.int32)

if self.click == 1:
self.setROI(*coord, *self.roi[2:])
elif self.click == 2:
self.setROI(*self.roi[:2], *coord)
self.click = o
super(ImageROI, self).mouseReleaseEvent(event)

class ImageROIWidget(QtWidgets.QWidget):

roiChanged = QtCore.pyqtSignal()

def

def

def

__init_ (self):

super(ImageROIWidget, self). init_ ()

layout = QtWidgets.QVBoxLayout()
self.setlLayout(layout)

self.image_roi = ImageROI()
self.choose_file button = QtWidgets.QPushButton('Choose file')

self.image_roi.roiChanged.connect(self.roiChanged)

def choose_file(v):
file, _ = QtWidgets.QFileDialog().getOpenFileName()
if os.path.exists(file):
image = cv2.cvtColor(cv2.imread(file), cv2.COLOR_BGR2RGB)
self.image roi.setImage(image)
self.choose_file button.clicked.connect(choose_file)

layout.addWidget(self.image_roi)
layout.addWidget(self.choose file button)

self.setlLayout(layout)

get _image(self):
return self.image _roi.selected_image

insertImageInROI(self, image):
if image is None:
return



full_image = self.image_roi.image.copy()
1, t, r, b = self.image_roi.roi
if image.ndim ==
image = np.expand_dims(image, axis=-1)
full_image[t:b, l:r] = image
self.image_roi.image_item.setImage(full_ image.transpose(1, 0, 2))

Ui_node.py
# -*- coding: utf-8 -*-

# Form implementation generated from reading ui file
'c:\Users\Marselliy\Desktop\analyzer\node.ui'

#

# Created by: PyQt5 UI code generator 5.11.3

#

# WARNING! All changes made in this file will be lost!

from PyQt5 import QtCore, QtGui, QtWidgets

class Ui_Frame(object):
def setupUi(self, Frame):

Frame.setObjectName("Frame")
Frame.resize(413, 557)
Frame.setStyleSheet("")
Frame.setFrameShape(QtWidgets.QFrame.StyledPanel)
Frame.setFrameShadow(QtWidgets.QFrame.Raised)
self.verticallLayout_2 = QtWidgets.QVBoxLayout(Frame)
self.verticallLayout_2.setContentsMargins(e, @, 0, 0)
self.verticallLayout_2.setSpacing(®)
self.verticallLayout_2.setObjectName("verticallLayout_2")
self.verticallLayout = QtWidgets.QVBoxLayout()
self.verticallLayout.setSpacing(10)
self.verticallLayout.setObjectName("verticallLayout")
self.horizontallLayout = QtWidgets.QHBoxLayout()
self.horizontalLayout.setContentsMargins(6, -1, 6, -1)
self.horizontallLayout.setObjectName("horizontallLayout")
self.label = QtWidgets.QLineEdit(Frame)
self.label.setStyleSheet("background-color: #3c3c3c;\n"

"border: 8px solid #3c3c3c;\n"

"border-top-left-radius: 12px;\n"

"border-top-right-radius: 12px;\n"

"color: \"#FFFFFF\";\n"

"padding: @px;\n"

"font: 12pt \"Impact\";")
self.label.setObjectName("label™)
self.horizontallLayout.addWidget(self.label)
self.verticallLayout.addLayout(self.horizontallLayout)
self.config_layout = QtWidgets.QVBoxLayout()
self.config_layout.setObjectName("config_layout")
self.verticallLayout.addLayout(self.config layout)
self.horizontallLayout 3 = QtWidgets.QHBoxLayout()
self.horizontallLayout_3.setObjectName("horizontallLayout_3")
self.in_terminals_layout = QtWidgets.QVBoxLayout()
self.in_terminals_layout.setObjectName("in_terminals_layout")
self.widget = QtWidgets.QWidget(Frame)
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self.widget.setObjectName("widget")
self.horizontallLayout_5 = QtWidgets.QHBoxLayout(self.widget)
self.horizontallLayout_5.setContentsMargins(o, 0, 0, 0)
self.horizontallLayout_5.setSpacing(8)
self.horizontallLayout_5.setObjectName("horizontallLayout_5")
self.pushButton_3 = QtWidgets.QPushButton(self.widget)
self.pushButton_3.setStyleSheet("* {\n"

" width: 9px;\n"

" height: 9px;\n"
border-radius: 7px;\n"
" border: 3px solid #3c3c3c;\n"
"Fn”
"*[occupied=false] {\n"
" background-color: #b5e61d\n"
"I\n"
"*[occupied=true] {\n"
" background-color: red\n"

")

self.pushButton_3.setText("")
self.pushButton_3.setProperty("occupied”, False)
self.pushButton_3.setObjectName("pushButton_3")
self.horizontallLayout_5.addWidget(self.pushButton_3)
self.label 2 = QtWidgets.QLabel(self.widget)
self.label 2.setObjectName("label 2")
self.horizontallLayout_5.addWidget(self.label 2)
self.in_terminals_layout.addWidget(self.widget)
self.pushButton_2 = QtWidgets.QPushButton(Frame)
sizePolicy = QtWidgets.QSizePolicy(

QtWidgets.QSizePolicy.Fixed,

QtWidgets.QSizePolicy.Fixed)
sizePolicy.setHorizontalStretch(0)
sizePolicy.setVerticalStretch(0@)
sizePolicy.setHeightForWidth(

self.pushButton_2.sizePolicy().hasHeightForWidth())
self.pushButton_2.setSizePolicy(sizePolicy)
self.pushButton_2.setStyleSheet("width: 9px;\n"

"height: 9px;\n"

"border-radius: 7px;\n"

"border: 3px solid #3c3c3c;\n"

"background-color: #b5e61d")
self.pushButton_2.setText("")
self.pushButton_2.setObjectName("pushButton_2")
self.in_terminals_layout.addWidget(self.pushButton_2)
self.horizontallLayout_3.addLayout(self.in_terminals_layout)
spacerItem = QtWidgets.QSpacerItem(

40, 20, QtWidgets.QSizePolicy.Expanding, QtWidgets.QSizePolicy.Minimum)
self.horizontallLayout_3.addItem(spacerItem)
spacerIteml = QtWidgets.QSpacerItem(

20, 40, QtWidgets.QSizePolicy.Minimum, QtWidgets.QSizePolicy.Expanding)
self.horizontallLayout_3.addItem(spacerIteml)
self.verticallLayout.addLayout(self.horizontallLayout_ 3)
self.horizontallLayout 2 = QtWidgets.QHBoxLayout()
self.horizontallLayout_2.setSpacing(9)
self.horizontallLayout_2.setObjectName("horizontallLayout_2")
spacerItem2 = QtWidgets.QSpacerItem(

20, 40, QtWidgets.QSizePolicy.Minimum, QtWidgets.QSizePolicy.Expanding)



self.horizontallLayout_2.addItem(spacerItem2)
spacerItem3 = QtWidgets.QSpacerItem(

40, 20, QtWidgets.QSizePolicy.Expanding, QtWidgets.QSizePolicy.Minimum)
self.horizontallLayout_2.addItem(spacerItem3)
self.out_terminals_layout = QtWidgets.QVBoxLayout()
self.out_terminals_layout.setObjectName("out_terminals_layout")
self.pushButton = QtWidgets.QPushButton(Frame)
self.pushButton.setStyleSheet("width: 9px;\n"

"height: 9px;\n"
"border-radius: 7px;\n"
"border: 3px solid #3c3c3c;\n"
"background-color: #b5e61d")
self.pushButton.setText("")
self.pushButton.setObjectName("pushButton™)
self.out_terminals_layout.addwWidget(self.pushButton)
self.horizontallLayout_2.addLayout(self.out_terminals_layout)
self.verticallayout.addLayout(self.horizontallLayout_2)
self.verticallayout_2.addLayout(self.verticallLayout)

self.retranslateUi(Frame)
QtCore.QMetalObject.connectSlotsByName(Frame)

def retranslateUi(self, Frame):
_translate = QtCore.QCoreApplication.translate
Frame.setWindowTitle(_translate("Frame", "Frame"))
self.label.setText(_translate("Frame", "Test"))
self.label_2.setText(_translate("Frame", "TextLabel"))

utils.py
from PyQt5 import Qt, QtGui
import numpy as np

def

def

draw_connection(start, end, qp):

if not isinstance(start, Qt.QPointF):
start = Qt.QPointF(start)

if not isinstance(end, Qt.QPointF):
end = Qt.QPointF(end)

path = QtGui.QPainterPath(start)

path.cubicTo(
Qt.QPointF(start.x() + (end - start).x() / 2, start.y()),
Qt.QPointF(start.x() + (end - start).x() / 2, end.y()),
end

)
gp.drawPath(path)

distance_to_connection(p, start, end):
M = np.array([
['1) 3) '3) 1])
[3) '6) 3: @],
['3: 3: 0: 0],
[1) @) e) 6],
1
P = np.array([
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[start.x(), start.y()],

[start.x() + (end - start).x() / 2, start.y()],
[start.x() + (end - start).x() / 2, end.y()],

[end.x(), end.y()],

D
t

pts

np.linspace(®, 1, max(int(np.linalg.norm(P[3] - P[@]) / 30), 3))
np.stack([t ** 3, t ** 2, t, np.ones_like(t)], axis=1) @ M @ P

return np.linalg.norm(pts - [p.x(), p.y()], axis=1).min()

class bidict(dict):
def _ setitem__ (self, key,
dict._ setitem_ (self,
dict._ setitem_ (self,

def _ delitem__ (self, key):
dict.__delitem_ (self,
dict. delitem_ (self,

core\datatypes.py
class Datatype:
pass

class Image(Datatype):
pass

class Image_1C(Image):
pass

class Image_GRAY(Image 1C):
pass

class Image_ BINARY(Image_ GRAY):

pass

class Image_3C(Image):
pass

class Image_RGB(Image_3C):
pass

class Image_HSV(Image_3C):
pass

class Image_LAB(Image_3C):
pass

val):
key, val)
val, key)

self[key])
key)



class Image_YCrCb(Image_3C):
pass

class Atom(Datatype):
pass

core\datavalue.py

from PyQt5 import QtCore

from core.datatypes import Image
import numpy as np

from PIL import Image as PImage
from io import BytesIO

import base64

class DataValue(QtCore.QObject):
valueChanged = QtCore.pyqtSignal(bool)

@staticmethod
def from_datatype(dtype):
if issubclass(dtype, Image):
return ImageDataValue(dtype)
return AtomDataValue(dtype)

def __init_ (self, dtype):
super(DataValue, self). init_ ()
self.data = None
self.dtype = dtype

def set_data(self, data):
self.data = data
self.valueChanged.emit(self.data is not None)

def get_data(self):
return self.data

def encode(self, compress=True):
pass

def decode(self):
pass

class AtomDataValue(DataValue):
def encode(self, compress=True):
return self.data

def decode(self, buf):

return buf

class ImageDataValue(DataValue):
def encode(self, compress=True):

if self.data is None or self.data['image'] is None:
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return None
if not compress:
return self.data
pil image = PImage.fromarray(self.data['image'])
buffered = BytesIO()
pil_image.save(buffered, format="PNG")
img_str = base64.b64encode(buffered.getvalue()).decode('utf-8")
return dict(
image=img_str,
colorspace=self.data[ 'colorspace’]

)

decode(self, buf):
if buf is None:
return None
if not isinstance(buf['image'], str):
return buf
img_buf = base64.b64decode(buf['image’'].encode('utf-8"'))
pil image = PImage.open(BytesIO(img_buf))
image = np.array(pil_image)
return dict(
image=image,
colorspace=buf['colorspace']

)

core\edge.py
from PyQt5 import QtCore

class Edge(QtCore.QObject):

removing = QtCore.pyqtSignal()

def

def

__init_ (self, start_node, end_node, start_out_name, end_in_name):

super(Edge, self). init_ ()
self.start_node = start_node
self.end_node = end_node
self.start_out_name = start_out_name
self.end_in_name = end_in_name

end_node.connect_to_input(
end_in_name, start_node.out_values[start_out_name])
start_node.valueChanged.connect(end_node.update)

deletelLater(self):
self.end_node.disconnect_from_input(self.end_in_name)
self.start_node.valueChanged.disconnect(self.end_node.update)
self.removing.emit()

super(Edge, self).deletelLater()

core\graph.py
from PyQt5 import QtCore

class Graph(QtCore.QObject):



def

def

def

def

def
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__init_ (self):

super(Graph, self). init ()
self.adj_matrix = dict()

add_node(self, node):
self.adj_matrix[node] = dict()

remove_node(self, node):
deleted_edges = list()

for node2 in self.adj_matrix[node]:
deleted_edges.extend(self.adj_matrix[node][node2])
for edge in self.adj_matrix[node][node2]:
edge.deletelLater()
del self.adj_matrix[node]

for v in self.adj_matrix.values():
if node in v:
deleted_edges.extend(v[node])
for edge in v[node]:
edge.deletelater()
del v[node]

return deleted_edges

add_edge(self, edge):
if edge.end_node in self.adj_matrix[edge.start_node]:
self.adj_matrix[edge.start_node][edge.end_node].append(edge)
else:
self.adj_matrix[edge.start_node][edge.end_node] = [edge]

remove_edge(self, edge):
self.adj_matrix[edge.start_node][edge.end_node].remove(edge)
edge.deletelater()

core\node. py
from PyQt5 import QtCore
from core import DataValue

class Node(QtCore.QObject):

valueChanged = QtCore.pyqtSignal()

instances = dict()

def

in_types - {str namel: DataType typel, ...}
out_types - {str namel: DataType typel, ...}

parameters - {str namel: Parameter paraml, ...}
_init_ (
self,

in_types=dict(),
out_types=dict(),



def

def

def

def

out_values_to_return=set(),
parameters=dict(),

fn=None,
all_inputs_required=True

super(Node, self). init ()

self.in_types = in_types
self.out_types = out_types
self.out_values_to_return = out_values_to_return
self.in_values = {name: None for name in in_types}
self.out_values = {
name: DataValue.from_datatype(_type) for name,
_type in out_types.items()}
self.parameters = parameters
self.fn = fn
self.all_inputs_required = all_inputs_required

get_params_for_widget_creation(self):
return dict(
in_types=self.in_types,
out_types=self.out_types,
parameters=self.parameters

)

connect_to_input(self, in_name, out_data):
if in_name not in self.in_values.keys():
return

self.in_values[in_name] = out_data
self.update()

disconnect_from_input(self, in_name):
if in_name not in self.in_values.keys():
return

self.in_values[in_name] = None
self.update()

ready(self):
for p in self.parameters.values():
if p.get_value() is None:
return False
if self.all inputs_required:
for v in self.in_values.values():
if v is None:
return False
if v.get_data() is None:
return False
return True
else:
for v in self.in_values.values():

if (v is not None) and (v.get_data() is not None):

return True
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return False

def update(self):

if not self.ready():
for v in self.out_values.values():
v.set_data(None)
self.valueChanged.emit()
return

if not callable(self.fn):
return

data_in = {
**{k: None if v is None else v.get_data() for k, v in

self.in_values.items()},

**{k: v.get_value() for k, v in self.parameters.items()}

}

data_out = self.fn(data_in)

for k, v in data_out.items():
self.out_values[k].set_data(v)

self.valueChanged.emit()

def _params_to_serialize(self):

return self.parameters

def serialize(self):

None)

if self.parameters == self._ params_to_serialize():
return {
k: v.datavalue.encode()
for k, v in self.parameters.items()

}
else:
return {
k: (v.datavalue.encode() if k in self._ params_to_serialize() else
for k, v in self.parameters.items()
}

core\parameter.py

from PyQt5 import QtCore, QtWidgets, QtGui
from core.datatypes import Atom

from core.datavalue import DataValue

class Parameter(QtCore.QObject):

valueChanged = QtCore.pyqtSignal()

def __init__ (self, name, dtype=Atom):

super(Parameter, self)._ init_ ()

self.name = name

self.datavalue = DataValue.from_datatype(dtype)
self.datavalue.set_data(None)
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def new control(self):
pass

def new_control(self):
control = self. new_control()
if control is None:
return
frame = QtWidgets.QFrame()
layout = QtWidgets.QHBoxLayout()
frame.setLayout(layout)

label = QtWidgets.QLabel()

label.setStyleSheet("color: #ffffff;\n"
"font: 9pt \"cm sans serif 2012\";"
"padding-left: 8px"

label.setText(self.name)
layout.addWidget(label)
label.setSizePolicy(
QtGui.QSizePolicy.Fixed,
QtGui.QSizePolicy.Preferred)
layout.addWidget(control)

return frame

def get value(self):
return self.datavalue.get_data()

def _set_value(self, value):
self.datavalue.set_data(value)

def set_value(self, value):
self. set_value(value)
self.valueChanged.emit()

core\__init__.py
from .edge import Edge

from .datavalue import DataValue

from .parameter import Parameter
from .parameters import *

from .node import Node
from .nodes import *

from .datatypes import *

from .graph import Graph

uiledge_widget.py
from PyQt5 import QtCore
from utils import draw_connection, distance_to_connection



from ui import InTerminal, OutTerminal

class EdgeWidget(QtCore.QObject):
remove_signal = QtCore.pyqtSignal()

@staticmethod
def check_terminals(in_terminal, out_terminal):
if not isinstance(in_terminal, InTerminal) or not isinstance(
out_terminal, OutTerminal):
return False
if in_terminal.connected_edge is not None:
return False

return True

def _init_ (self, in_terminal, out_terminal):
self.start = in_terminal
self.end = out_terminal
self.start.add_edges_count(1)
self.end.add_edges_count(1)
self.highlight = False

super(EdgeWidget, self). init_ ()

def draw(self, graph_widget, gp):
draw_connection(
graph_widget.mapFromGlobal(self.start.global pos()),
graph_widget.mapFromGlobal(self.end.global pos()),
ap
)

def distance_to_point(self, graph_widget, p):
return distance_to_connection(
P,
graph_widget.mapFromGlobal(self.start.global pos()),
graph_widget.mapFromGlobal(self.end.global pos()),

)

def set_highlight(self, v):
self.highlight = v

def get_highlight(self):
return self.highlight

def deletelLater(self):
self.remove_signal.emit()
self.start.add_edges_count(-1)
self.end.add_edges_count(-1)
super(EdgeWidget, self).deletelLater()

uilgraph_widget.py

from core.parameters import ImageROIParameter

from core.nodes import str_to_classname, node_tree
from utils import draw_connection, bidict
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from ui import NodeWidget, EdgeWidget, InTerminal, OutTerminal
from PyQt5 import QtWidgets

from PyQt5 import QtCore, QtGui, QtWebSockets

from PyQt5.QtCore import QUrl

import os

import json

import logging

logging.basicConfig(level=1logging.WARN)

SWAP_FILE = '.swap.graph'
class GraphWidgetFrame(QtWidgets.QFrame):

def __init__ (self, image_view, *args, local_ws=None,
host='127.0.0.1", port=1302, **kwargs):
super(GraphWidgetFrame, self). init_ (*args, **kwargs)

QtGui.QFontDatabase.addApplicationFont('fonts/cm sans serif 2012.ttf'")

self.image_view = image_view
self.is_remote_mode = (local_ws is None)
if local_ws is None:

self.ws_client = QtWebSockets.QWebSocket(

"", QtWebSockets.QWebSocketProtocol.Versionl3, None)
self.ws_client.error.connect(self.error)
self.ws_client.open(QUrl("ws://%s:%d" % (host, port)))

else:
self.ws_client = local_ws
self.ws_client.textMessageReceived.connect(self.process_action)

self.uuid_object_map = bidict()

self.nodes
self.edges

list()
list()

self.active_edge pen = QtGui.QPen()

self.active_edge pen.setColor(QtGui.QColor('#3c3c3c'))
self.active_edge pen.setCapStyle(QtCore.Qt.RoundCap)
self.active_edge pen.setWidth(4)

self.inactive_edge_pen = QtGui.QPen()

self.inactive_edge pen.setColor(QtGui.QColor('#3c3c3c'))
self.inactive_edge pen.setStyle(QtCore.Qt.PenStyle.DotLine)
self.inactive_edge_pen.setCapStyle(QtCore.Qt.RoundCap)
self.inactive_edge_pen.setWidth(4)

self.hightlight edge pen = QtGui.QPen()
self.hightlight edge pen.setColor(QtGui.QColor('#fff'))
self.hightlight_edge_pen.setCapStyle(QtCore.Qt.RoundCap)
self.hightlight_edge_pen.setWidth(8)

self.bg brush = QtGui.QBrush(QtGui.QColor (' '#8c8c8c"'))
self.none_brush = QtGui.QBrush(QtGui.QColor('#00000000'))
self.small_bg grid = QtGui.QPen()

self.small _bg grid.setColor(QtGui.QColor('#777"))
self.small bg grid.setWidth(2)
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self.large_bg grid = QtGui.QPen()
self.large_bg grid.setColor(QtGui.QColor('#525252"))
self.large_bg grid.setWidth(2)

self.last_clicked_terminal = None
self.hovered_edge = None

self.last _mouse pos = QtCore.QPointF(@, ©)
self.pan = QtCore.QPointF(0, 9)
self.installEventFilter(self)

# Add custom menu with node selection
self.popMenu = QtWidgets.QMenu(self)

menu_tree = {'': self.popMenu}
for v in node_tree.values():
key = "'

for category in v:
next_key = key + category
if next_key not in menu_tree:
menu_tree[next_key] = menu_tree[key].addMenu(category)
key = next_key

for nodename in str_to_classname:
menu_tree['"'.join(node_tree[nodename])].addAction(nodename)
self.popMenu.triggered.connect(self.on_context_menu_add_clicked)

self.setContextMenuPolicy(QtCore.Qt.CustomContextMenu)
self.customContextMenuRequested.connect (self.on_context_menu)

# self.setStyleSheet('background-color: "#777";")
self.setMouseTracking(True)

if os.path.exists(SWAP_FILE):
self.restore(SWAP_FILE)

def error(self, error_code):
print("error code: {}".format(error_code))
print(self.ws_client.errorString())

def on_context_menu(self, point):
# Check if user wanted to remove edge
if (self.hovered_edge is not None) and self.hovered_edge in
self.uuid_object_map:
edge_id = self.uuid_object_map[self.hovered_edge]
message = dict(
action='remove_edge"',
edge_id=edge_id
)
if self.is_remote_mode:
message = json.dumps(message)
self.ws_client.sendTextMessage(message)
else:
self.popMenu.exec_(self.mapToGlobal(point))



def

def

def

on_context_menu_add_clicked(self, sender):
node_classname = sender.text()

message = dict(
action='add_node',
node_classname=node_classname
)
if self.is_remote_mode:
message = json.dumps(message)
self.ws_client.sendTextMessage(message)

process_action(self, message):

if isinstance(message, str):
message = json.loads(message)

action = message['action']

if action == 'add_node':
self.add_node_widget(message)

elif action == 'add_edge':
self.add_edge(message)

elif action == 'remove':
self.remove_widgets(message)

elif action == ‘'update_values':
self.update_values(message)

elif action == 'serialize':

self.serialize(message)
logging.info(list(self.uuid_object_map.keys()))

add_node_widget(self, message):

node_params = str_to_classname[message[ 'node_classname']](
).get_params_for_widget_creation()

node_params[ 'name'] = message[ 'node_classname’]
node_widget = NodeWidget(**node_params)

uuid = message['node_id']

self.uuid_object_map[uuid] = node_widget

if 'geometry' in message:
geometry = message[ 'geometry’]
node_widget.setGeometry(*geometry)

else:
node_widget.move(self.mapFromGlobal (self.popMenu.pos()))

node_widget.setParent(self)
node_widget.show()

node_widget.remove_signal.connect(self.on_node_remove)

node_widget.paramChanged.connect(self.on_param_changed)

for t in node_widget.in_terminals.values():
t.clicked.connect(self.on_terminal_clicked)

for t in node_widget.out_terminals.values():
t.clicked.connect(self.on_terminal clicked)

if 'parameters' in message:
for name, value in message['parameters'].items():
param = node_widget.parameters[name]

82



param.set_value(param.datavalue.decode(value))

for param in node_widget.parameters.values():
if isinstance(param, ImageROIParameter):
param.assign_control(self.image_view)

# Special case for Show node
def update_image_view():
value = node_widget.out_values['-'].get _data()
if value is None:
return
self.image_view.insertImageInROI(value[ 'image'])

if message['node_classname'] == 'Show':
node_widget.out_values['-'].valueChanged.connect(update_image_view)

def remove_widgets(self, message):
objects_to_remove = [self.uuid_object_map[e]
for e in message[ 'node_ids'] + message['edge_ids']]
for obj in objects_to_remove:
del self.uuid_object_map[obj]
obj.setParent(None)
obj.deletelLater()

def add_edge(self, message):

start_node = self.uuid_object_map[message['start_node_id']]
end_node = self.uuid_object_map[message[ 'end_node_id']]

edge_id = message['edge_id']
edge = EdgeWidget(
start_node.out_terminals[message[ 'start_out_name']],
end_node.in_terminals[message['end_in_name']])
self.uuid_object _map[edge_id] = edge

def update_values(self, message):
node = self.uuid_object map[message[ 'node_id']]
for k, v in message['values'].items():
data = node.out_values[k].decode(v)
node.out_values[k].set_data(data)
self.update()

@QtCore.pyqtSlot()
def on_terminal_clicked(self):
# If first click
if self.last_clicked_terminal is None:
self.last_clicked_terminal = self.sender()
else:
if isinstance(self.sender(), InTerminal) and isinstance(
self.last_clicked_terminal, OutTerminal):
start_node, end_node = self.last_clicked_terminal.parent_node,
self.sender().parent_node
start_out_name, end_in_name = self.last_clicked_terminal.name,
self.sender().name
elif isinstance(self.sender(), OutTerminal) and
isinstance(self.last_clicked_terminal, InTerminal):



end_node, start_node = self.last_clicked_terminal.parent_node,
self.sender().parent_node
end_in_name, start_out_name = self.last clicked terminal.name,
self.sender().name
else:
self.last_clicked _terminal = None
return

start_node_id = self.uuid_object_map[start_node]
end_node_id = self.uuid_object_map[end_node]

message = dict(
action="add_edge',
start_node_id=start_node_id,
end_node_id=end_node_id,
start_out_name=start_out_name,
end_in_name=end_in_name

)

if self.is_remote_mode:
message = json.dumps(message)

self.ws_client.sendTextMessage(message)

self.last_clicked_terminal = None

@QtCore.pyqtSlot()
def on_node_remove(self):
node = self.sender()
node_id = self.uuid_object_map[node]

message = dict(
action='remove_node’,
node_id=node_id
)
if self.is_remote_mode:
message = json.dumps(message)
self.ws_client.sendTextMessage(message)

@QtCore.pyqtSlot()
def on_edge_remove(self):
edge = self.sender()
edge.end.parent_node.value_changed.disconnect(
edge.start.parent_node.recalculate)

edge.start.connected_edge = None
edge.end.connected_edges.remove(edge)
self.edges.remove(edge)

def on_param_changed(self, param_name):
node = self.sender()
node_id = self.uuid_object_map[node]

value = node.parameters[param_name].datavalue.encode(
compress=self.is_remote_mode)

message = dict(
action='change_param’,
node_id=node_id,



param_name=param_name,
value=value
)
if self.is_remote_mode:
message = json.dumps(message)
self.ws_client.sendTextMessage(message)

def mousePressEvent(self, event):
self.last_clicked_terminal = None
self.update()

def paintEvent(self, event):

# Setup painter

gp = QtGui.QPainter()

gp.begin(self)

gp.setRenderHint (QtGui.QPainter.Antialiasing)

# Draw background grid
grid_step = 35
gp.setPen(self.small_bg grid)
gp.setBrush(self.bg brush)
w, h = self.width(), self.height()
gp.drawRect(@, 0, w, h)
for x in range(int(self.pan.x()) % grid_step, w, grid_step):
gp.drawLine(x, 0, x, h)
for y in range(int(self.pan.y()) % grid_step, h, grid_step):
gp.drawLine(0, y, w, y)
gp.setPen(self.large_bg grid)
w, h = self.width(), self.height()
for x in range(int(self.pan.x()) %
(grid_step * 10), w, grid_step * 10):
gp.drawLine(x, @, x, h)
for y in range(int(self.pan.y()) %
(grid_step * 10), h, grid_step * 10):
gp.drawLine(9, y, w, y)

# Draw edges
gp.setPen(self.active_edge_pen)
gp.setBrush(self.none_brush)
for edge in self.uuid_object_map.keys():
if isinstance(edge, EdgeWidget):
if edge.get_highlight():
gp.setPen(self.hightlight edge_pen)
edge.draw(self, qp)
gp.setPen(self.active_edge pen)
if edge.start.parent_node.out_values[edge.start.name].get_data(
) is None:
gp.setPen(self.inactive_edge_pen)

edge.draw(self, qp)

# Draw connection edge
if self.last_clicked_terminal is not None:
draw_connection(
self.mapFromGlobal(



self.last_clicked_terminal.global pos()
)>
QtCore.QPoint(int(self.last_mouse_pos.x()),
int(self.last_mouse_pos.y())),
ap
)

gp.end()

# Workaround to prevent recursion on updates

if self.geometry().width() != event.rect().width(

) or self.geometry().height() != event.rect().height():
self.update()

def mouseMoveEvent(self, event):
update = False

if event.buttons() == QtCore.Qt.LeftButton:
cur_pos = event.localPos()
cur_pos = QtCore.QPoint(int(cur_pos.x()), int(cur_pos.y()))
shift = self.last_mouse_pos - cur_pos
nodes = [
e for e in self.uuid_object _map if isinstance(
e, NodeWidget)]
pan = all([not node.geometry().contains(cur_pos)
for node in nodes])
if pan:
self.pan -= shift
for node in nodes:
if not isinstance(node, NodeWidget):
continue
new_pos = node.pos() - shift
node.move(QtCore.QPoint(
int(new_pos.x()), int(new_pos.y())))
update = True

self.last_mouse_pos = event.localPos()
if self.last_clicked_terminal is not None:
update = True

# Check if user wanted to delete edge
edges = [e for e in self.uuid object_map if isinstance(e, EdgeWidget)]
self.hovered_edge = None
if len(edges) > ©:
distances = [
edge.distance_to_point(
self, self.last mouse pos) for edge in edges]
min_idx = distances.index(min(distances))
if distances[min_idx] < 3@:
self.hovered_edge = edges[min_idx]
for i, edge in enumerate(edges):
if i == min_idx:
if (distances[min_idx] < 30) and (
not edge.get _highlight()):
update = True
edge.set_highlight(True)
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elif (distances[min_idx] > 30) and edge.get_highlight():
update = True
edge.set_highlight(False)
elif i != min_idx and edge.get_highlight():
update = True
edge.set_highlight(False)

if update:
self.update()
super(GraphWidgetFrame, self).mouseMoveEvent(event)

def request_serialization(self, save filename=None):
message = dict(
action='serialize',
save_filename=save_filename
)
if self.is_remote_mode:
message = json.dumps(message)
self.ws_client.sendTextMessage(message)

def serialize(self, message):
serialized = message['serialized']
serialized['pan'] = [self.pan.x(), self.pan.y()]
for node in serialized['nodes']:
geometry = self.uuid_object_map[node[ 'node_id']].geometry()
node[ 'geometry'] = [geometry.x(), geometry.y(), geometry.width(),
geometry.height()]

save_filename = message['save_filename']
if save_filename is None:
save_filename, _ =
QtWidgets.QFileDialog.getSaveFileName(filter="graph(*.graph)")
if save_filename is '':
return
if not save_filename.endswith('.graph'):
save_filename = save_filename + '.graph'’

with open(save filename, 'w') as f:
json.dump(serialized, f)

def clear(self):
nodes_to_remove = [node_id for node_id, v in self.uuid_object_map.items() if
isinstance(v, NodeWidget)]
for node_id in nodes_to_remove:
message = dict(
action='remove_node"',
node_id=node_id
)
if self.is_remote_mode:
message = json.dumps(message)
self.ws_client.sendTextMessage(message)

self.pan.setX(0)
self.pan.setY(0)

def restore(self, load_filename=None):



if load_filename is None:
load_filename, _ =
QtWidgets.QFileDialog.getOpenFileName(filter="graph(*.graph)"')
if not os.path.exists(load_filename):
return

self.clear()

with open(load_filename, 'r') as f:
serialized = json.load(f)

self.pan.setX(serialized['pan'][@])
self.pan.setY(serialized['pan'][1])

for node in serialized['nodes']:
message = node
message[ 'action'] = 'add_node’
if self.is_remote_mode:
message = json.dumps(message)
self.ws_client.sendTextMessage(message)

for edge in serialized['edges']:
message = edge
message[ 'action'] = 'add_edge’
if self.is_remote_mode:
message = json.dumps(message)
self.ws_client.sendTextMessage(message)

class GraphWidget(QtWidgets.QMainWindow):
def __init__ (self, image_view, *args, local_ws=None,
host='127.0.0.1"', port=1302, **kwargs):
super(GraphWidget, self). init_ ()

self.graph_widget_frame = GraphWidgetFrame(
image_view, *args, local_ws=local_ws,
host=host, port=port, **kwargs

)

self.setCentralWidget(self.graph_widget_ frame)

menubar = self.menuBar()
file_menu = menubar.addMenu('File')

new_graph_action = QtGui.QAction('New', self)
new_graph_action.triggered.connect(self.new)
file _menu.addAction(new_graph_action)

save_graph_action = QtGui.QAction('Save', self)
save_graph_action.triggered.connect(self.save)
file menu.addAction(save_graph_action)

load_graph_action = QtGui.QAction('Load', self)
load_graph_action.triggered.connect(self.load)
file _menu.addAction(load_graph_action)
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closeEvent(self, event):
self.graph_widget_ frame.request_serialization(SWAP_FILE)

new(self):
self.graph_widget frame.clear()

save(self):
self.graph_widget_frame.request_serialization()

load(self):
self.graph_widget_frame.restore()

ui\node_widget.py
from PyQt5 import QtWidgets
from PyQt5 import QtGui, QtCore

from ui

import EmptyTerminal, InTerminal, OutTerminal

from core import DataValue

class NodeWidget(QtWidgets.QWidget):

remove_signal = QtCore.pyqtSignal()
paramChanged = QtCore.pyqtSignal(str)

def

__init_ (self, name, in_types=dict(), out_types=dict(),

parameters=dict(), *args, **kwargs):
super(NodeWidget, self). init__ (*args, **kwargs)
self.name = name
self.parameters = parameters

self.setup_ui()
self.label.setText(self.name)

def _cb(name):
return lambda: self.paramChanged.emit(name)

for param in self.parameters.values():
new_control = param.new_control()
if new_control is not None:
self.config layout.addWidget(new_control)
param.valueChanged.connect(_cb(param.name))

self. mousePressPos = None

self.in_terminals = in_types
self.out_terminals = out_types
self.out_values = {
k: DataValue.from_datatype(v) for k,
v in out_types.items()}

for key, dtype in self.in_terminals.items():
if isinstance(self.in_terminals[key], EmptyTerminal):
in_terminal = self.in_terminals[key]



def

else:

in_terminal = InTerminal(key, dtype, self)
self.in_terminals[key] = in_terminal

self.in_terminals_layout.addwWidget(in_terminal)
for key, dtype in self.out_terminals.items():
if isinstance(self.out_terminals[key], EmptyTerminal):

out_terminal = self.out_terminals[key]

else:

out_terminal = OutTerminal(key, dtype, self)

self.out_terminals[key] = out_terminal
self.out_terminals_layout.addWidget(out_terminal)

if !

in self.in_terminals:

del self.in_terminals['']

if !

in self.out_terminals:

del self.out_terminals['']

if '"in_image' in self.in_terminals:
def update_in_image():

image = self.in_terminals['in_image'].value
self.config_inp_vis.setImage(image.transpose(l, @, 2))

self.value_changed.connect(update_in_image)
if 'out_image' in self.out_terminals:
def update_out_image():

image = self.out_terminals['out_image'].value
self.config_out_vis.setImage(image.transpose(1l, 0, 2))

self.value_changed.connect(update_out_image)

setup_ui(self):

self
self.
self.
self.
self.
self.
self.
self.
self.
self.
self.
self

self.
self
self.
self.
self.
self.
self.

.verticallLayout_ 2 = QtWidgets.QVBoxLayout(self)

verticallLayout_2.setContentsMargins(o, @, @, 0)
verticallLayout_2.setSpacing(0)
verticallayout_2.setObjectName("verticallLayout 2")
verticallLayout = QtWidgets.QVBoxLayout()
verticallLayout.setSpacing(10)
verticallLayout.setObjectName("verticallLayout")
horizontallLayout = QtWidgets.QHBoxLayout()
horizontallLayout.setContentsMargins(6, -1, 6, -1)
horizontallLayout.setObjectName("horizontallLayout")
label = QtWidgets.QLineEdit(self)

.label.setStyleSheet("background-color: #3c3c3c;\n"

"border: 8px solid #3c3c3c;\n"

"border-top-left-radius: 12px;\n"

"border-top-right-radius: 12px;\n"

"color: \"#FFFFFF\";\n"

"padding: @px;\n"

"font: 10pt \"cm sans serif 2012\";")
label.setObjectName("label")

.horizontallLayout.addwWidget(self.label)

verticallLayout.addLayout(self.horizontallLayout)
config layout = QtWidgets.QVBoxLayout()

config layout.setObjectName("config_layout™)
verticallayout.addLayout(self.config_layout)
horizontalLayout 3 = QtWidgets.QHBoxLayout()
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def

def
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self.horizontallLayout_3.setObjectName("horizontallLayout_3")
self.in_terminals_layout = QtWidgets.QVBoxLayout()
self.in_terminals_layout.setObjectName("in_terminals_layout")
self.in_terminals_layout.setSpacing(8)
self.horizontallLayout_3.addLayout(self.in_terminals_layout)
spacerItem = QtWidgets.QSpacerItem(

40, 20, QtWidgets.QSizePolicy.Expanding, QtWidgets.QSizePolicy.Minimum)
self.horizontallLayout_3.addItem(spacerItem)
spacerIteml = QtWidgets.QSpacerItem(

20, 40, QtWidgets.QSizePolicy.Minimum, QtWidgets.QSizePolicy.Expanding)
self.horizontallLayout_3.addItem(spacerIteml)
self.verticallLayout.addLayout(self.horizontallLayout_3)
self.horizontallLayout_2 = QtWidgets.QHBoxLayout()
self.horizontallLayout_2.setSpacing(9)
self.horizontallLayout_2.setObjectName("horizontallLayout_2")
spacerItem2 = QtWidgets.QSpacerItem(

20, 40, QtWidgets.QSizePolicy.Minimum, QtWidgets.QSizePolicy.Expanding)
self.horizontallLayout_2.addItem(spacerItem2)
spacerItem3 = QtWidgets.QSpacerItem(

40, 20, QtWidgets.QSizePolicy.Expanding, QtWidgets.QSizePolicy.Minimum)
self.horizontallLayout_2.addItem(spacerItem3)
self.out_terminals_layout = QtWidgets.QVBoxLayout()
self.out_terminals_layout.setObjectName("out_terminals_layout™)
self.out_terminals_layout.setSpacing(8)
self.horizontallLayout_2.addLayout(self.out_terminals_layout)
self.verticallayout.addLayout(self.horizontallLayout_2)
self.verticallLayout_2.addLayout(self.verticallayout)

self.border_pen = QtGui.QPen(QtGui.QColor('#3c3c3c'))
self.border_pen.setWidth(3)
self.border_pen.setJoinStyle(QtCore.Qt.MiterJoin)
self.background_brush = QtGui.QBrush(QtGui.QColor('#787878"'))

paintEvent(self, event):
gp = QtGui.QPainter()
gp.begin(self)

gp.setPen(self.border_pen)
gp.setBrush(self.background_brush)
w, h = self.width(), self.height()

gp.drawRect(7, 7, w - 15, h - 16)

mousePressEvent(self, event):

self.__mousePressPos = None

self. mouseMovePos = None

if event.button() == QtCore.Qt.LeftButton:
self. mousePressPos = event.globalPos()
self.__mouseMovePos = event.globalPos()

elif event.button() == QtCore.Qt.RightButton:
self.remove()

super(NodeWidget, self).mousePressEvent(event)

mouseMoveEvent(self, event):



if event.buttons() == QtCore.Qt.LeftButton and self._ mousePressPos is not

None:

# adjust offset from clicked point to origin of widget

currPos = self.mapToGlobal(self.pos())

globalPos = event.globalPos()

diff = globalPos - self.__mouseMovePos

newPos = self.mapFromGlobal(currPos + diff)

self.move(newPos)

self._mouseMovePos = globalPos
super(NodeWidget, self).mouseMoveEvent(event)

def mouseReleaseEvent(self, event):
if self.__mousePressPos is not None:
moved = event.globalPos() - self._mousePressPos
if moved.manhattanLength() > 3:
event.ignore()
return

super(NodeWidget, self).mouseReleaseEvent(event)

def remove(self):
self.remove_signal.emit()

uilterminal.py
from PyQt5 import QtWidgets
from PyQt5 import QtCore
from core.datatypes import (
Image,
Image_1C,
Image_GRAY,
Image_3C,
Image_RGB,
Image_HSV,
Image_LAB,
Image_YCrCb,
Image_BINARY

)

dtype_to_color = {

Image: (29, 181, 230),
Image_1C: (36, 36, 36),
Image GRAY: (230, 181, 29),
Image_3C: (230, 230, 230),
Image RGB: (181, 230, 29),
Image HSV: (181, 230, 29),
Image LAB: (181, 230, 29),
Image_YCrCb: (181, 230, 29),
Image BINARY: (237, 28, 42)

class TerminalButton(QtWidgets.QPushButton):

def _init_ (self):

92



super(TerminalButton, self). init_ ()

self.setSizePolicy(
QtWidgets.QSizePolicy.Fixed,
QtWidgets.QSizePolicy.Fixed
)

def global pos(self):
return self.mapToGlobal(
self.mapFromParent(
self.pos() + QtCore.QPoint(
self.width() // 2,
self.height() // 2

)))

class Terminal(QtWidgets.QWidget):
clicked = QtCore.pyqtSignal()

def __init__ (self, name, dtype, parent_node, button_left,
super(Terminal, self)._ init_ (*args, **kwargs)
self.name = name
self.parent_node = parent_node
self.value = None
self.edges = 0@

layout = QtWidgets.QHBoxLayout()
layout.setContentsMargins(o, 9, 9, 0)
self.setLayout(layout)

self.button = TerminalButton()
self.button.clicked.connect(self.clicked)
self.label = QtWidgets.QLabel()
self.label.setText(self.name)
if button_left:
layout.addWidget(self.label)
layout.addWidget(self.button)
self.label.setAlignment(
QtCore.Qt.AlignRight | QtCore.Qt.AlignVCenter
)
else:
layout.addWidget(self.button)
layout.addwidget(self.label)
self.label.setAlignment(
QtCore.Qt.AlignLeft | QtCore.Qt.AlignVCenter
)

stylesheet =
QPushButton {
width: 11px;
height: 11px;
border-radius: 8px;
border: 3px solid #3c3c3c;
background-color: <button_color>;

*args, **kwargs):
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fx:0.5,

def

def

def

QPushButton[occupied="true"] {
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background-color: qradialgradient(spread:pad, cx:0.5, cy:0.5, radius:0.5,

fy:0.500455, stop:0.33 rgba(60, 60, 60, 255), stop:0.66 <button_color>)

}

QPushButton:hover: !pressed {
border: 2px solid #ffffff;
}
QPushButton[occupied="false"] {
background-color: <button_color>
""" o replace(
"<button_color>"',
"rgba(%d, %d, %d, 255)' % dtype_to_color[dtype]
)
self.button.setStyleSheet(stylesheet)
self.label.setStyleSheet ("""
color: #ffffff;
font: 8pt \"cm sans serif 2012\"

")

resizekEvent(self, event):
QtWidgets.QWidget.resizeEvent(self, event)

global pos(self):
return self.button.global pos()

add_edges_count(self, v):
self.edges += v
if self.edges ==
self.button.setProperty('occupied', False)
else:
self.button.setProperty('occupied', True)
self.button.style().unpolish(self.button)
self.button.style().polish(self.button)
self.button.update()

class EmptyTerminal(Terminal):

def

__init_ (self, parent_node):

super(EmptyTerminal, self).__init_ (
name="",
dtype=Image_3C,
parent_node=parent_node,
button_left=False

)

self.setStyleSheet('background-color: "#00000000""')
self.setEnabled(False)

class InTerminal(Terminal):

def

__init_ (self, *args, **kwargs):
super(InTerminal, self)._ init_ (*args, button_left=False, **kwargs)

self.connected_edge = None



def remove_edges(self):
if self.connected_edge is not None:
self.connected_edge.remove()
super(InTerminal, self).remove_edges()

class OutTerminal(Terminal):
def __init__ (self, *args, **kwargs):
super(OutTerminal, self). init__ (*args, button_left=True, **kwargs)

self.connected_edges = list()

def remove_edges(self):
for edge in self.connected_edges:
edge.remove()
super(OutTerminal, self).remove_edges()

uilutils.py
from PyQt5 import Qt, QtGui
import numpy as np

def draw_connection(start, end, qp):
if not isinstance(start, Qt.QPointF):
start = Qt.QPointF(start)
if not isinstance(end, Qt.QPointF):
end = Qt.QPointF(end)

path = QtGui.QPainterPath(start)

path.cubicTo(
Qt.QPointF(start.x() + (end - start).x() / 2, start.y()),
Qt.QPointF(start.x() + (end - start).x() / 2, end.y()),
end

)
gp.drawPath(path)

def distance_to_connection(p, start, end):
M = np.array([
[_1) 3) _3: 1])
[3) '6: 3) e]:
['3) 3) @J e]:
[1, o, 0, 0],

P = np.array([
[start.x(), start.y()],
[start.x() + (end - start).x() / 2, start.y()],
[start.x() + (end - start).x() / 2, end.y()],

[end.x(), end.y()],
D
t = np.linspace(9, 1, max(int(np.linalg.norm(P[3] - P[@]) / 30), 3))

pts = np.stack([t ** 3, t ** 2, t, np.ones_like(t)], axis=1) @ M @ P
return np.linalg.norm(pts - [p.x(), p.y()], axis=1).min()

class bidict(dict):
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def _ setitem__ (self, key, val):
dict._setitem_ (self, key, val)
dict._setitem_ (self, val, key)

def _ delitem__ (self, key):
dict.__delitem__ (self, self[key])
dict.__delitem__ (self, key)

ui__init__ .py

from .terminal import *

from .node_widget import NodeWidget
from .edge widget import EdgeWidget
from .graph_widget import GraphWidget

core\nodes\alpha_blending.py

from core import Node

from core.datatypes import Image

from core.parameters import FloatParameter

import numpy as np
import cv2

def blend(data_in):
in_image_1 = data_in['First image']['image"']
in_image_2 = data_in['Second image']['image']
alpha = data_in['Alpha’]

if in_image_1.ndim == 2 and in_image_2.ndim ==
in_image_1 = np.expand_dims(in_image_1, axis=-1)
elif in_image_l1.ndim == 3 and in_image_2.ndim == 2:

in_image_2 = np.expand_dims(in_image 2, axis=-1)

return {'Output image': dict(image=(in_image 1 * alpha + in_image 2 * (
1 - alpha)).astype(np.uint8), colorspace=data_in['First
image']['colorspace’'])}

class AlphaBlending(Node):

def __init__ (self):
super(AlphaBlending, self). init_ (
in_types={'First image': Image, 'Second image': Image},
out_types={'Output image': Image},
parameters={"'Alpha’': FloatParameter('Alpha', 0.5, 0, 1)},
fn=blend

)

core\nodes\brightness_normalization.py
from core import Node

from core.datatypes import Image_GRAY
from core.parameters import IntParameter

import numpy as np
import cv2
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def brightness_normalization(data_in):
in_image = data_in['Input image'][ 'image’]
kernel_size = data_in['Kernel size']
if kernel_size % 2 == O:
kernel size -=1

brightness_mask = cv2.GaussianBlur(in_image, (kernel_size, kernel_size), 0)

out_image = cv2.subtract(in_image.astype(np.float32),
brightness_mask.astype(np.float32))

m = out_image.min()

out_image = (255 * (out_image - m) / (out_image.max() - m)).astype(np.uint8)

return {
'Brightness mask': dict(image=brightness_mask, colorspace=data_in['Input
image']['colorspace']),
'Output image': dict(image=out_image, colorspace=data_in['Input
image' ][ 'colorspace’])

class BrightnessNormalization(Node):

def __init_ (self):
super(BrightnessNormalization, self).__init_ (
in_types={"Input image': Image_GRAY},
out_types={
'Brightness mask': Image_GRAY,
'"Output image': Image_GRAY
¥
parameters={
'Kernel size': IntParameter(
'Kernel size', 49, 3, 255, 2)},
fn=brightness_normalization

)

core\nodes\change_colorspace.py
from core import Node
from core.datatypes import *

import numpy as np
import cv2

# Get fn dict for changing colorspaces
colorspaces = ['RGB', 'HSV', 'LAB', 'YCrCb']

def idn(x): return x.copy()

change_fns = dict(
RGB=dict(
RGB=idn,
HSV=1lambda x: cv2.cvtColor(x, cv2.COLOR_RGB2HSV),
LAB=1lambda x: cv2.cvtColor(x, cv2.COLOR_RGB2LAB),
YCrCb=1lambda x: cv2.cvtColor(x, cv2.COLOR_RGB2YCrCb),
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)s
HSV=dict(
RGB=lambda x: cv2.cvtColor(x, cv2.COLOR_HSV2RGB),
HSV=idn,
LAB=1lambda x: cv2.cvtColor(
cv2.cvtColor(
X)
cv2.COLOR_HSV2RGB),
cv2.COLOR_RGB2LAB),
YCrCb=1lambda x: cv2.cvtColor(
cv2.cvtColor(
X)
cv2.COLOR_HSV2RGB),
cv2.COLOR_RGB2YCrCb),
)s
LAB=dict(
RGB=1lambda x: cv2.cvtColor(x, cv2.COLOR_LAB2RGB),
HSV=1lambda x: cv2.cvtColor(
cv2.cvtColor(
X,
cv2.COLOR_LAB2RGB),
cv2.COLOR_RGB2HSV),
LAB=idn,
YCrCb=1lambda x: cv2.cvtColor(
cv2.cvtColor(
X,
cv2.COLOR_LAB2RGB),
cv2.COLOR_RGB2YCr(Cb),
)s
YCrCb=dict(
RGB=lambda x: cv2.cvtColor(x, cv2.COLOR_YCrCb2RGB),
HSV=1lambda x: cv2.cvtColor(
cv2.cvtColor(
X,
cv2.COLOR_YCrCb2RGB),
cv2.COLOR_RGB2HSV),
LAB=1lambda x: cv2.cvtColor(
cv2.cvtColor(
X}
cv2.COLOR_YCrCb2RGB),
cv2.COLOR_RGB2LAB),
YCrCb=idn,
)s

def change_colorspace(data_in):
image = data_in['Color image']['image’]
cl = data_in['Color image']['colorspace']
return {
c2: dict(image=change fns[cl][c2](image), colorspace=c2)
for c2 in colorspaces

class ChangeColorspace(Node):



def init_ (self):
super(ChangeColorspace, self)._ init_ (
in_types={
'Color image': Image_3C

¥

out_types={
'RGB': Image_ RGB,
'"HSV': Image_HSV,
'"LAB': Image_LAB,
'YCrCb': Image_YCrCb,

¥

fn=change_colorspace,
all _inputs_required=False

)

core\nodes\compose.py
from core import Node
from core.datatypes import Image_RGB, Image_HSV, Image_LAB, Image_YCrCb, Image_GRAY
from core.parameters import IntParameter

import numpy as np
import cv2

def compose(data_in):

channel_1 = data_in['Channel 1']['image"']
channel 2 = data_in['Channel 2']['image']
channel_3 = data_in['Channel 3']['image"']
try:
out_image = np.stack([channel_1, channel_2, channel_3], axis=-1)
except ValueError:

return {
'RGB': None,
'"HSV': None,
"LAB': None,
'YCrCb': None
}
return {

'RGB': dict(image=out_image, colorspace='RGB'),
"HSV': dict(image=out_image, colorspace='HSV'),
"LAB': dict(image=out_image, colorspace='LAB'),
'YCrCb': dict(image=out_image, colorspace='YCrCb')

class Compose(Node):

def __init_ (self):
super(Compose, self). init_ (
in_types={
'Channel 1': Image_GRAY,
'Channel 2': Image_GRAY,
'Channel 3': Image_GRAY

}s
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out_types={
'RGB': Image_RGB,
"HSV': Image_HSV,
'"LAB': Image_LAB,
'YCrCb': Image_YCrCb,

¥

fn=compose

)

core\nodes\gamma_contrast.py

from core import Node

from core.datatypes import Image

from core.parameters import FloatParameter

import numpy as np
def gamma_contrast(data_in):

in_image = data_in['Input image'][ 'image’]
gamma = data_in[ 'Gamma']

return {'Output image': dict(image=(np.power(in_image / 255, gamma) *

255) .astype(
np.uint8), colorspace=data_in['Input image']['colorspace'])}

class GammaContrast(Node):

def __init__ (self):
super(GammaContrast, self).__init_ (
in_types={"Input image': Image},
out_types={'Output image': Image},
parameters={'Gamma': FloatParameter('Gamma', 1, 0, 2)},
fn=gamma_contrast

)

core\nodes\gaussian_blur.py

from core import Node

from core.datatypes import Image_3C

from core.parameters import IntParameter

import cv2

def gaussian_blur(data_in):
in_image = data_in['Input image']['image"']
kernel_size = data_in['Kernel size']
if kernel_size % 2 == 0:
kernel_size -=1
return {'Output image': dict(image=cv2.GaussianBlur(

in_image, (kernel_size, kernel size), @), colorspace=data_in['Input

image']['colorspace'])}

class GaussianBlur(Node):
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def __init__ (self):
super(GaussianBlur, self). init (
in_types={"'Input image': Image_3C},
out_types={'Output image': Image_ 3C},
parameters={
'Kernel size': IntParameter(

‘Kernel size', 3, 1, 11, 2)},

fn=gaussian_blur

)

core\nodes\gray_kmeans.py

from core.parameters import IntParameter
from core.datatypes import Image_GRAY
from core import Node

import numpy as np

def gray kmeans(data_in):
in_image = data_in['Input image'][ 'image’]
clusters = data_in['Clusters']

def kmeans(X, n_clusters=2, max_iter=300, tol=le-4):
uniques, counts = np.unique(X, return_counts=True)
clusters = np.random.choice(uniques, n_clusters)
clusters = clusters + np.random.uniform(low=-0.5, high=0.5,
size=clusters.shape)

mass = (uniques * counts)

for i in range(max_iter):
dists = np.abs(clusters.reshape(-1, 1) - uniques.reshape(1, -1))
argmin = dists.argmin(axis=0)
clust = argmin.reshape(1l, -1) == np.arange(n_clusters).reshape(-1, 1)
new_clust = np.array([
mass[clust[c]].sum() / counts[clust[c]].sum()
for ¢ in range(n_clusters)
1
if np.all(np.abs(clusters - new_clust) < tol):
break
clusters = np.sort(new_clust)

dists = np.abs(clusters.reshape(-1, 1) - X.reshape(1l, -1))
argmin = dists.argmin(axis=0)

return clusters, argmin, clusters[argmin]
clust, segmap, clustered = kmeans(in_image.reshape(-1, 1), n_clusters=clusters)

segmap = segmap.reshape(in_image.shape)
clustered = clustered.reshape(in_image.shape)

return {
‘Clustered': dict(image=clustered.astype(np.uint8), colorspace='GRAY'),
‘Segmentation map': dict(image=clustered.astype(np.int32), colorspace="'GRAY")
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class GrayKMeans(Node):

def __init__ (self):
super(GrayKMeans, self). init_ (
in_types={'Input image': Image_GRAY},
out_types={
'Clustered’: Image_GRAY,
'Segmentation map': Image_GRAY
¥
parameters={'Clusters': IntParameter('Clusters', 2, 2, 20, 1)},
fn=gray_kmeans

)

core\nodes\kmeans.py

from core.parameters import IntParameter

from core.datatypes import Image

from core import Node

import numpy as np

from sklearn.cluster import KMeans as SK_KMeans

def kmeans(data_in):
in_image = data_in['Input image']['image’]
clusters = data_in['Clusters']

clust = SK_KMeans(
clusters,
n_init=1
)
if in_image.ndim ==
idx = clust.fit_predict(in_image.reshape(
np.prod(in_image.shape[:-1]), -1))
else:
idx = clust.fit_predict(in_image.reshape(np.prod(in_image.shape), -1))
clustered = clust.cluster_centers_[idx].reshape(in_image.shape)

return {'Output image': dict(image=clustered.astype(
np.uint8), colorspace=data_in['Input image']['colorspace'])}

if __name__ == '_main__"':
data_in = dict(
in_image=np.random.uniform(
0, 255, size=(
256, 256, 3)).astype(
np.uint8),
clusters=2

)

print(kmeans(data_in))

class KMeans(Node):

def __init_ (self):
super(KMeans, self). init_ (



in_types={"Input image': Image},

out_types={'Output image': Image},

parameters={'Clusters': IntParameter('Clusters', 2, 2, 20, 1)},
fn=kmeans

)

core\nodes\linear_contrast.py

from core import Node

from core.datatypes import Image

from core.parameters import FloatParameter

import numpy as np

def linear_contrast(data_in):
in_image = data_in['Input image'][ 'image’]
alpha = data_in['Alpha’]

return {'Output image': dict(image=np.clip(128 + (in_image.astype(np.int32) -
128)
* alpha, @, 255).astype(np.uint8),
colorspace=data_in['Input image']['colorspace'])}

class LinearContrast(Node):

def __init__ (self):
super(LinearContrast, self). init_ (
in_types={"Input image': Image},
out_types={'Output image': Image},
parameters={'Alpha': FloatParameter('Alpha', 1, 1, 2)},
fn=linear_contrast

)

core\nodes\morphlogy.py

from core import Node

from core.datatypes import Image_BINARY

from core.parameters import IntParameter, OptionParameter

import cv2

option_to op = {
'Open': cv2.MORPH_OPEN,
'Close': cv2.MORPH_CLOSE,
'Gradient': cv2.MORPH_GRADIENT,
'"Top hat': cv2.MORPH_TOPHAT,
'Black': cv2.MORPH_BLACKHAT

}

option_to_element = {
'Rectangle’': cv2.MORPH_RECT,
'"Ellipse': cv2.MORPH_ELLIPSE,
'Cross': cv2.MORPH_CROSS

def morphology(data_in):
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in_image = data_in[ 'BINARY image'][ 'image']
kernel _size = data_in['Kernel size']

op = data_in['Operation’]
element = option_to_element[data_in['Element']]
element = cv2.getStructuringElement(element, (kernel_size, kernel_size))

if op == 'Erode':

out_image = cv2.erode(in_image, element)
elif op == 'Dilate’:

out_image = cv2.dilate(in_image, element)
else:

out_image = cv2.morphologyEx(in_image, option_to_op[op], element)

return {
'BINARY image': dict(image=out_image, colorspace='BINARY")
}

class Morphology(Node):

def __init__ (self):
super(Morphology, self). init_ (
in_types={"'BINARY image': Image_BINARY},
out_types={'BINARY image': Image_BINARY},
parameters={
'Kernel size': IntParameter('Kernel size', 3, 1, 11, 1),
'Operation’: OptionParameter(
'Operation’,
'Erode’,
['Erode', 'Dilate'] + list(option_to_op.keys())

)>

"Element’: OptionParameter(
'Element’,
'Rectangle’,
list(option_to_element.keys())

)>

}s
fn=morphology

)

core\nodes\random_image.py
from core import Node
from core.datatypes import *

import numpy as np

def read(data_in):
return {

'RGB image': dict(image=np.random.uniform(®, 255, (256, 256,
3)).astype(np.uint8), colorspace='RGB'),

"GRAY image': dict(image=np.random.uniform(@, 255, (256,
256)).astype(np.uint8), colorspace='GRAY'),

'HSV image': dict(image=np.random.uniform(@, 2551, (256, 256,
3)).astype(np.uint8), colorspace='HSV'),



105

"LAB image': dict(image=np.random.uniform(@, 255, (256, 256,
3)).astype(np.uint8), colorspace='LAB"),
'YCrCb image': dict(image=np.random.uniform(@, 255, (256, 256,
3)).astype(np.uint8), colorspace="YCrCb')
}

class RandomImage(Node):

def __init__ (self):
super(RandomImage, self). init_ (
out_types={
'RGB image': Image_RGB,
'GRAY image': Image_GRAY,
'HSV image': Image_HSV,
"LAB image': Image_LAB,
'"YCrCb image': Image_YCrCb,
¥
fn=read

)

core\nodes\read_from_file_roi.py

from core import Node

from core.datatypes import *

from core.parameters import ImageROIParameter

import numpy as np
import cv2
import os

def propagate(data_in):
image_rgb = data_in['Image']['image"']
if image_rgb is not None:
return {
'RGB': dict(image=image_rgb, colorspace='RGB'),
"GRAY': dict(image=cv2.cvtColor(image_rgb, cv2.COLOR_RGB2GRAY),
colorspace="GRAY"),
'"HSV': dict(image=cv2.cvtColor(image_rgb, cv2.COLOR_RGB2HSV),
colorspace="HSV'"),
"LAB': dict(image=cv2.cvtColor(image_rgb, cv2.COLOR_RGB2LAB),
colorspace="LAB'),
'"YCrCb': dict(image=cv2.cvtColor(image_rgb, cv2.COLOR_RGB2YCrCb),
colorspace="YCrCb")

}
else:

return {
'RGB': None,
'GRAY': None,
'"HSV': None,
"LAB': None,
'YCrCb': None

}

class ReadFromFileROI(Node):
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def __init__ (self):
super(ReadFromFileROI, self). init (
out_types={
'RGB': Image_RGB,
'GRAY': Image_GRAY,
"HSV': Image_HSV,
'"LAB': Image_LAB,
'YCrCb': Image_YCrCb,
¥
parameters={'Image': ImageROIParameter('Image')},
fn=propagate
)

def _params_to_serialize(self):
return dict()

core\nodes\show.py

from core import Node

from core.datatypes import Image

from core.parameters import ColormapParameter, BoolParameter

import numpy as np
import matplotlib

def show(data_in):
image = data_in['Input image']['image’]
colormap = data_in['Colormap']
if image.shape[-1] != 3:
colormap = matplotlib.cm.get_cmap(colormap)
if data_in['Normalize']:
m = image.min()
image = (image - m) / (image.max() - m)
else:
image = image / 255
image = (colormap(image)[..., :3] * 255).astype(np.uint8)
return {'-": dict(image=image, colorspace='RGB')}

class Show(Node):

def __init__ (self):
super(Show, self). init_ (

in_types={"Input image': Image},

out_types={'-"': Image},

out_values_to_return=set('-'),

parameters={
'Colormap': ColormapParameter('Colormap'),
"Normalize': BoolParameter('Normalize', False)

}s

fn=show

)

core\nodes\split.py
from core import Node
from core.datatypes import Image_3C, Image_GRAY
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from core.parameters import IntParameter

import numpy as np
import cv2

def split(data_in):
in_image = data_in['Color image'][ 'image']
return {
"Channel 1': dict(image=in_image[..., @], colorspace='GRAY'),
‘Channel 2': dict(image=in_image[..., 1], colorspace='GRAY'),
‘Channel 3': dict(image=in_image[..., 2], colorspace='GRAY'),

class Split(Node):

def __init__ (self):
super(Split, self)._ init_ (
in_types={'Color image': Image_3C},
out_types={
'Channel 1': Image_GRAY,
'Channel 2': Image_GRAY,
"Channel 3': Image_GRAY},
fn=split
)

core\nodes\threshold.py

from core import Node

from core.datatypes import Image_GRAY, Image_BINARY

from core.parameters import FloatParameter, OptionParameter

import cv2

option_to_alg flag = {
'-'1 0,
'Otsu': cv2.THRESH_OTSU,
'Triangle': cv2.THRESH_TRIANGLE
}
option_to_type_flag = {
'Binary': cv2.THRESH_BINARY,
'Binary inverted': cv2.THRESH_BINARY_INV,
'Truncate': cv2.THRESH_TRUNC,
'ToZero': cv2.THRESH_TOZERO,
'ToZero inverted': cv2.THRESH_TOZERO_INV

def threshold(data_in):
in_image = data_in['GRAY image'][ 'image’]
t = data_in['Threshold"']

algorithm = option_to_alg flag[data_in['Algorithm"]]
type = option_to_type_flag[data_in['Type']]

_, out_image = cv2.threshold(in_image, t * 255, 255, type + algorithm)



if 'Binary’ in data_in['Type']:
return {

"BINARY image': dict(image=out_image, colorspace='BINARY'),

"GRAY image': dict(image=out_image, colorspace='GRAY')
}
return {
'BINARY image': None,
"GRAY image': dict(image=out_image, colorspace='GRAY')

class Threshold(Node):

def __init__ (self):
super(Threshold, self)._ init_ (
in_types={'GRAY image': Image_GRAY},
out_types={
"BINARY image': Image_BINARY,
"GRAY image': Image_GRAY
¥
parameters={
'Threshold': FloatParameter('Threshold', 0.5, 0, 1),
'Algorithm': OptionParameter('Algorithm', '-', ['-',
'Triangle']),
'Type': OptionParameter('Type', 'Binary', ['Binary’,
inverted', 'Truncate', 'ToZero', 'ToZero inverted']),
¥
fn=threshold

)

core\nodes\watershed.py

from core import Node

from core.datatypes import Image_GRAY, Image_ BINARY

from core.parameters import FloatParameter, OptionParameter

import numpy as np
import cv2

def watershed(data_in):
thresholded = data_in['Thresholded']['image']

'Otsu’,

'Binary

dist_transform = cv2.distanceTransform(thresholded, cv2.DIST_L2, 5)

ret, sure_fg = cv2.threshold(dist_transform, data_in['Distance threshold'] *

dist_transform.max(), 255, @)
sure_fg = sure_fg.astype(np.uint8)

ret, markers = cv2.connectedComponents(sure_fg)
markers = markers + 1

markers[cv2.subtract(thresholded, sure fg)] = ©

#markers = cv2.watershed(img, markers)
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dist_transform = (dist_transform - dist_transform.min()) / (dist_transform.max()

- dist_transform.min())
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dist_transform = (dist_transform * 255).astype(np.uint8)
out_image = sure_fg

return {
'Distance transform': dict(image=dist_transform, colorspace='GRAY'),
'GRAY image': dict(image=markers, colorspace='GRAY")

class Watershed(Node):

def init_ (self):
super(Watershed, self). init_ (
in_types={
'Thresholded': Image_BINARY
¥
parameters={
'Distance threshold': FloatParameter('Distance threshold', 0.7, 0.,

1.)
¥
out_types={
"GRAY image': Image_GRAY,
'Distance transform': Image_GRAY,
¥

fn=watershed

)

core\nodes\write_to_file.py

from core import Node

from core.datatypes import Image_RGB

from core.parameters import FilenameParameter

import numpy as np
import cv2

def write(data_in):
filename = data_in['File']
image = data_in['Input image']['image’]
print(data_in)
cv2.imwrite(
filename,
cv2.cvtColor(
(image *
255) .astype(
np.uint8),
cv2.COLOR_BGR2RGB))
return dict()

class WriteToFile(Node):

def __init__ (self):
super(WriteToFile, self).__init_ (
in_types={"Input image': Image_3C},
parameters={'File': FilenameParameter('File', open=False)},



fn=write

)

core\nodes\__init__.py

from .write_to_file import WriteToFile

from .show import Show

from .gaussian_blur import GaussianBlur

from .linear_contrast import LinearContrast
from .gamma_contrast import GammaContrast

from .kmeans import KMeans

from .gray_kmeans import GrayKMeans

from .alpha_blending import AlphaBlending

from .change_colorspace import ChangeColorspace
from .random_image import RandomImage

from .threshold import Threshold

from .split import Split

from .morphlogy import Morphology

from .read_from_file_roi import ReadFromFileROI
from .compose import Compose

from .watershed import Watershed

from .brightness_normalization import BrightnessNormalization

str_to_classname = {
'ReadFromFileROI': ReadFromFileROI,
'"WriteToFile': WriteToFile,
'Show': Show,
'GaussianBlur': GaussianBlur,
'LinearContrast': LinearContrast,
'GammaContrast': GammaContrast,
'KMeans': KMeans,
'GrayKMeans': GrayKMeans,
'AlphaBlending': AlphaBlending,
'ChangeColorspace': ChangeColorspace,
'RandomImage': RandomImage,
'Threshold': Threshold,
'Morphology': Morphology,
'Split': Split,
'Compose’: Compose,
'Watershed’': Watershed,
'BrightnessNormalization': BrightnessNormalization

}

node_tree = {
'ReadFromFileROI': ['I/0'],
'"WriteToFile': ['I/0'],
'Show': ['I/0'],
'RandomImage': ['I/0'],
'GaussianBlur': ['Preprocessing', 'Blur'],
'LinearContrast': ['Preprocessing', 'Normalization'],
'GammaContrast': ['Preprocessing', 'Normalization'],
'KMeans': ['Segmentation'],
'GrayKMeans': ['Segmentation'],
'"Watershed': ['Segmentation'],
'AlphaBlending': ['Misc'],
'ChangeColorspace': ['Misc'],
'Threshold': ['Preprocessing'],

110
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"Morphology': ['Preprocessing'],

'Split': ['Preprocessing'],

'Compose': ['Preprocessing'],

'BrightnessNormalization': ['Preprocessing', 'Normalization']

}

core\parameters\bool_parameter.py
from PyQt5 import QtWidgets
from core import Parameter

class BoolParameter(Parameter):

def __init__ (self, name, init):
super(BoolParameter, self). init__ (name)

self. set_value(init)

def format_value(self):
return str(self.get_value())

def _new_control(self):
checkbox = QtWidgets.QCheckBox()
checkbox.setStyleSheet ("""

")

def (v):

self. set _value(v == 2)

self.valueChanged.emit()
checkbox.stateChanged.connect(_)
checkbox.setCheckState(self.get _value())
self.valueChanged.connect(

lambda: checkbox.setCheckState(

2 if self.get_value() else 0))

return checkbox

core\parameters\colormap_parameter.py
from core.parameters import OptionParameter

import matplotlib.pyplot as plt

class ColormapParameter(OptionParameter):

def __init__ (self, name):
init = 'gray'
colormaps = plt.colormaps()

super(
ColormapParameter,
self). init_ (
name,

init=init,
options=colormaps)



core\parameters\filename_parameter.py
from PyQt5 import QtWidgets

from core import Parameter

import os

class FilenameParameter(Parameter):
def init_ (self, name, open):
super(FilenameParameter, self)._ init__ (name)
self.open = open

def new control(self):
open_filechooser = QtWidgets.QPushButton()
open_filechooser.setStyleSheet("""
background: #3c3c3c;
border-radius: 4px;
height: 25px;
color: #c8c8c8; font: 11pt \"cm sans serif 2012\";
margin-right: 8px;
")

open_filechooser.setText('File...")

def choose_file(v):
if self.open:
file, _ = QtWidgets.QFileDialog().getOpenFileName()
else:
file, _ = QtWidgets.QFileDialog().getSaveFileName()
self. set_value(file)
self.valueChanged.emit()
open_filechooser.clicked.connect(choose_file)

self.valueChanged.connect(
lambda: open_filechooser.setText(
os.path.basename(
self.get_value())))

return open_filechooser
core\parameters\float_parameter.py
from PyQt5 import QtCore, QtGui, QtWidgets
from core import Parameter
class FloatSlider(QtWidgets.QWidget):

valueChanged = QtCore.pyqtSignal(float)

def _init__ (self, init, min, max, *args, **kwargs):
super(FloatSlider, self).__init_ ()

self.min, self.max = min, max

self.slider = QtGui.QSlider(*args, **kwargs)
label = QtGui.QLabel()

layout = QtGui.QHBoxLayout()



def

self.setlLayout(layout)
layout.addWidget(label)
layout.addWidget(self.slider)
self.slider.valueChanged. connect(

lambda *args: label.setText('%.2f' % self.get value()))
self.slider.sliderReleased.connect(

lambda: self.valueChanged.emit(

self.get_value()))

self.setValue = self.slider.setValue
self.slider.setValue(int(99 * (init - min) / (max - min)))

self.valueChanged.emit(init)

get_value(self):
return (self.max - self.min) * self.slider.value() / 99 + self.min

class FloatParameter(Parameter):

def

def

__init_ (self, name, init, min, max):
super(FloatParameter, self)._ _init__ (name)

self.name, self.init, self.min, self.max = name, init, min, max
self. set_value(init)

_new_control(self):
slider = FloatSlider(
self.init,
self.min,
self.max,
QtCore.Qt.Horizontal)

def (v):
self. _set_value(v)
self.valueChanged.emit()
slider.valueChanged.connect(_)
self.valueChanged.connect(
lambda: slider.setValue(int(self.datavalue.get_data())))
slider.setStyleSheet ("""
QSlider::handle::horizontal {
border-radius: 3px;
background: #c8c8c8;
height: 12px;
width: 10px;
}

QSlider::groove: :horizontal {
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background: glineargradient(spread:pad, x1:0.506, y1:0.75, x2:0.5,
y2:0.25, stop:0.375 rgba(e, 0, 0, @), stop:0.376 rgba(60, 60, 60, 255), stop:0.675
rgba(60, 60, 60, 255), stop:0.676 rgba(e, 0, 0, 0));

}

QLabel {
color: #c8c8c8; font: 11pt \"cm sans serif 2012\";
}
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")

return slider

def format_value(self):
return '%.2f"' % self.get_value()

def get_value(self):
return self.min + (self.max - self.min) * \
self.datavalue.get _data() / 100

def set value(self, value):
self.datavalue.set_data(
int(99 * (value - self.min) / (self.max - self.min)))

core\parameters\image_roi_parameter.py
from core import Parameter
from core.datatypes import Image

class ImageROIParameter(Parameter):

def __init__ (self, name):
super(ImageROIParameter, self). init_ (name, dtype=Image)

def assign_control(self, control):
def _():
self.set_value(dict(image=control.get_image(), colorspace='RGB'))
control.roiChanged.connect(_)

_0

core\parameters\int_parameter.py
from PyQt5 import QtWidgets
from core import Parameter

class IntParameter(Parameter):

def __init__ (self, name, init, min, max, step):
super(IntParameter, self).__init__ (name)

self.init, self.min, self.max, self.step = init, min, max, step
self. set_value(init)

def format_value(self):
return '%d' % self.get value()

def new_control(self):
spinbox = QtWidgets.QSpinBox()
spinbox.setMinimum(self.min)
spinbox.setMaximum(self.max)
spinbox.setSingleStep(self.step)
spinbox.lineEdit().setReadOnly(True)
spinbox.setStyleSheet ("""
QSpinBox {
background: #3c3c3c;
border-radius: 4px;
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height: 25px;
color: #c8c8c8; font: 11pt \"cm sans serif 2012\";
margin-right: 8px;
}
QSpinBox: :up-button, QSpinBox::down-button {
border-radius: 3px;
background: #c8c8c8;
width: 12px;
margin: 2px;

proe

def _(v):
self. _set_value(v)
self.valueChanged.emit()
spinbox.valueChanged.connect(_)
spinbox.setValue(self.init)
self.valueChanged.connect(lambda: spinbox.setValue(self.get value()))
return spinbox

core\parameters\numerical_parameter.py
from PyQt5 import QtCore, QtWidgets
from core import Parameter

class NumericalParameter(Parameter):

def __init__ (self, name):
super(NumericalParameter, self). init__ (name)

def format_value(self):
pass

def get_slider(self, min=0, max=100, step=1):
slider = QtWidgets.QSlider()
slider.setMinimum(min)
slider.setMaximum(max)
slider.setSingleStep(step)
slider.setOrientation(QtCore.Qt.Horizontal)

def value_changed(v):

self.set_value(v)

self.changed_signal.emit()
slider.valueChanged.connect(value_changed)
self.changed_signal.connect(lambda: slider.setValue(self.get_value()))
slider.setValue((min + max) // 2)
return slider

def new_control(self):
widget = QtWidgets.QWidget()
vl = QtWidgets.QVBoxLayout()
widget.setLayout(vl)

name_label = QtWidgets.QLabel()
name_label.setText(self.name)
name_label.setAlignment(QtCore.Qt.AlignHCenter)



vl.addWidget(name_label)

hl = QtWidgets.QHBoxLayout()
vl.addLayout(hl)

slider = self.get_slider()

display = QtWidgets.QLabel()
display.setText(self.format_value())
self.changed_signal.connect(
lambda: display.setText(
self.format_value()))

hl.addWidget(slider)
hl.addWidget(display)

return widget

core\parameters\option_parameter.py
from PyQt5 import QtWidgets
from core import Parameter

class OptionParameter(Parameter):

def

def

def

__init_ (self, name, init, options):

super(OptionParameter, self)._ init__ (name)

self.options = options
self. set_value(init)

format_value(self):
return str(self.get_value())

_new_control(self):
combobox = QtWidgets.QComboBox()
for option in self.options:
combobox.addItem(option)
combobox.setStyleSheet ("""
background-color: #3c3c3c;
border: 8px solid #3c3c3c;
border-radius: 8px;
color: \"#FFFFFF\";
padding: Opx;
font: 10pt \"cm sans serif 2012\";
")

def (v):
self.set_value(v)
self.valueChanged.emit()
combobox. currentTextChanged. connect(_)
combobox.setCurrentText(self.get value())
self.valueChanged.connect(
lambda: combobox.setCurrentText(
self.get_value()))
return combobox
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core\parameters\__init__ .py

from
from
from
from
from
from
from
from

.numerical_parameter import NumericalParameter
.int_parameter import IntParameter
.float_parameter import FloatParameter
.filename_parameter import FilenameParameter
.bool parameter import BoolParameter
.option_parameter import OptionParameter
.colormap_parameter import ColormapParameter
.image_roi_parameter import ImageROIParameter
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