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Jlekumsa 1
Jlexyus conposocoaemcs npezeHmayuetl.

Tema: CoBpeMeHHBIE TOIXOABI K 33/1a9aM KOMITBIOTEPHOTO 3PEHHS
3apauu:
e (O030p HEKOTOPBIX 3324 KOMIIBIOTEPHOTO 3PEHUS;
® (OcoO0EHHOCTH MPECTaBIECHUS N300pakKeHHsI B ITU(POBOM BHJIC;
o [lpunnums! nuppoBoi 00pabOTKN H300paKEHUH;
e (OcCHOBHBIC omepanuy MUPPOBOH 00pabOTKU N300paKEHUI

Jlexuus sBnsieTcs BBOAHOM B npeaMer «KommbrorepHoe 3peHue». B pamkax nexuun
HYXXKHO pacckasaThb 0 npeamere «KoMmmbploTepHOE 3peHHe» M THIMYHBIX 3a/1adax. Takke HyKHO
noka3aTb, YTO Takoe H3o0paxeHue. YacTo CTyAeHThl HE MOHHUMAIOT, YTO U300paKeHHEe — 3TO
HAaOOp MaTpul, UM HYKHO ITO MOKa3zaTh. Takke MOXHO yHOMsHYTh TepmMuH «TeHzop», u
CKa3aTb, 4TO B CiIy4ae 0O0pabOTKM HM300pa)keHuil — 3TO mpocto Habop marpuil. bonee Toro
HYXKHO CKa3aTh O TOM, YTO M300pakeHUs] MOTYT OBITh MHOTOKAHAJIBHBIMUA M OJHOKAHAJILHBIMHU.
HyxHo cka3arb 0 TOM, YTO TakO€ KaHAJI U 3HA4YCHHMs NUKcesel B HeM. [lociie MokHO pacckasarb
00 0COOEHHOCTAX HU(PPOBBIX M300paxeHuil. B ToMm yucie, 0 TOM, 4TO Takoe TUCKpPETH3AIuS,
npobieMa ImIyMOB M T.JA. B 1enoM mpo Bce 3TH BEUIM HYKHO pacckasblBaThb 0030pHO. BaxkHo,
YTOOBI CITYIIATENN TIOHSUIA CaM MPUHLUI U HE TaK Ba)KHO TMOHSTH CYyTh.

ITocne pacckaza o mu@ppPoOBOM H300paKEHWH HYKHO CKazaTb O TOM, YTO MBI MOXKEM
oOpabatpiBaTh U300pakeHHUS HAa pPa3HOM ypoBHE. MBI MOXEM MOCTaBUTH 3a7ady YIaJdeHHs
IIyMOB, a MOX€M IOCTaBUTh 3a/1auy (POPMUPOBAHUS OTUETA O COCTOSIHUU 3/10POBbSI 10 CHUMKAM.
[lepByro 3amady MBI MOXKEM pELINTh KJIACCMUECKHMMH METONaMH, HO Ui BTOPOW Ham
norpedyercst nryOokoe oOyueHre. MOKHO MPUBECTH U JPYrUe IMPUMEpPHI 3334 I7I€ HYKHbBI T
WK UHbIEe ToaXoAbl. [Ipy 3TOM HY)XHO OTMETHTb, UTO MBI UCIIOJB3yEeM IIIyOOKOE 00yueHue Tam,
IJe HeT Jpyrux noaxofoB. OnHaKo, B KOMIIBIOTEPHOM 3pPEHHHU 3TO YacTasl CUTYalus, TaK Kak
CJIIO)KHO (popManu30BaTh MaTeMaTHYECKYI0 MOJeNb 3aaaud. Hanpumep, ciokHO (Ha CerofHs He
BO3MO)KHO) OIKCATh JIMIIO YEJIOBEKa BO BCEX BapHWaHTAaX €ro HM300pa)XeHUs, HO TIyOOKHM
o0yuyeHHeM pEelInTh 3a/lauy pacro3HaBaHUs JIUIA OYEHb MIPOCTO.

B nanHO#l nekuuu mnpeamnonaraeTcs, 4Tro OyAyT MOKa3aHbl HPUMEpPBHI KJIACCHUECKUX
TEXHUK 00pabOTKH M300pakeHUI — KaK caMOU MPOCTOH 3a/1auu KOMITbIOTepHOTO 3peHus. Cpeau
MIOAXO/IOB CIIEMyeT YIEIUTh HauOOJblliee BHUMAHHE ONEpAIMU CBEpTKA. DTO OMEpaIHio HAI0
HNOSCHUTH MOAPOOHO. Jlydlie cOompoBOIUTH 3TO KOMMEHTapHeM O TOM, YTO omepaius Oyner
UCIIOJIB30BaThCsl BO BCEM Kypce, TaK KaKk B OCHOBHOM Mbl HUCHOJIb3yeM IIIyOOKHE CBEPTOUYHbBIE

HeHUpOHHBIE ceTH (OOIBIIMHCTBO 3a7a4 KOMIIBIOTEPHOTO 3pEHUS PEIIAIOTCs CETOIHS UMU).



B konme nekmnuu, eciau OyaeT BpeMs, MOXKHO TMOKas3aTh M pa3oOparb mpuMep 3aJaqd
KOMITBIOTEPHOTO 3pEHUSsI, peIIaeMoi KilacCuueckuM meTtofamu. [IpuMep 3T0 METO/ MOBBIIICHUS
Ka4eCcTBa PEHTTEHOBCKOTO M300pakKeHHs YeoBeKa. TyT HYy)KHO OTMETUTh YPOBEHb 3aJla4d — 3TO
MMEHHO TOBBIIIICHUE KAYeCTBa, a HE MPUHITUE PEIICHUSI O COCTOSHHUE 3/I0POBbsS WJIM HE 3ajadya
BbIJICTICHHS] HAOOJIee MOA03PUTENBHBIX (Ha ONpe/eIeHHbIe 00Ie3HN) YYACTKOB U T.1I.

OtmeTnM, 4TO BTOpasi 4YacTh JAHHOM JIEKIHMHU (KJIAaCCUYECKUE MOAXOAbI), a TAKKE JIEKLINS
2, MOTYyT OBITh MPOYUTAHBI B KOHIIE Kypca. B 3TOM ciydae HadaTh CTOMT C JIGKIIUH 5 —
CBEpPTOYHAs HEUpPOHHAs CEeTh. TakkKe MOXKHO MOCTYIHUTh TAKUM 00pa3oM, YTO MPOUYUTATh CIKATO
BTOPYIO YacTh JaHHOW JIEKIMU W JIEKIHUIO 2 3a OAHY JIEKIHI0. B 3TOM ciydyae OyaeT mojie3HbIM
pa3duTh Ha 1BE JIEKUUH WM 6 JIEKIUIO (apXUTEKTypbl) WK 8 (ocranbHoe). J{aHHBINA MOIXO0A
TAKXE MO3BOJISICT Ha4YaTh ¢ 4 JieKuuu. To €CTh B TAKOM MOpPsAJKe: 1-BBOAHAS 4acTh, 5,3,4, 6 4acTh
1, 6 wactp 2, 7,8, 1-BTOpas yactb, 2 nexkuuu. Wnu: 1-BBOAHAsA 4yacTts, 5,3,4, 6,7,8-1 yacte, 8-2
4acTh, 1-BTOpas 4acTh, 2 JEKLHH.

B ciygae, ecniu BeIOpaH MOPSIOK, Korna mocie 1 4acT JaHHOH JIGKIIMHM YUTACTCS YTO-TO
KpoMe €€ 2¥ 4YacTh U JICKIMU 2 TIOTOM, TO TOJIE3HO OyAeT MOSCHUTH MOHATHE MPU3HAK IS
n300pakeHnd. Ba)kHO OTMETHTH Ba)KHOCTH ATOTO TMOHSTHS IPH PEIICHHE BBICOKOYPOBHEBBIX

3a1a4 KOMIIBFOTCPHOT'O 3pCHUA. Taxkxe 1mojae3Ho MMPUBCCTHU NPUMEPLI PA3HOTI'O pOAa ITPU3HAKOB.



Jlekuwns 2
Jlexyus conposocoaemcs npezeHmayuetl.

Tema: OcoOEHHOCTH UCIIOIB30BAHNS METOJ0B MALIMHHOIO OOY4YEeHHUSI B 3a/1a4aX KOMIIbIOTEPHOTO
3peHUs

e  Jaxaum:

* IIpeamer MammHHOTO OOyUYEHHUS;

*  Buasl npu3HaKoB N300paKEHUT;

*  O030p HEKOTOPBIX METO/IOB PELICHUS 3a/1a4 KOMIIBIOTEPHOI'O 3pEHUs C
UCTIOJIb30BaHHEM MAIIMHHOTO 00yUYeHHE;

*  Oco0eHHOCTH TITyOOKMX HEHPOHHBIX CETEel M UX MECTO CPEAN METOIOB PEIICHUS
3a/1a4 KOMITBIOTEPHOTO 3pEHUS;

* MeTox rpaJMeHTHOTO CITyCKa;

*  Meroa 00paTHOTO PaCIPOCTPAHEHHS OIIUOKH.

B nmanHOW JekmuM HEOOXOAMMO OOBSACHUTH CIYMIATEISIM IIeTb  HCIOJIb30BAHUS
MAaIIMHHOTO OOy4YeHHs NpU PEHICHHH 3aJad KOMIBIOTEPHOTO 3peHus. MOXXHO HadaTh ¢
NPUBEJCHHBIX IPUMEPOB, MOXXHO TPUBECTH KaKHE-TO €IIe TNPUMEPHl HCIIOJIb30BaHMUS
KJIACCUYECKUX TMOIXO0J0B MAIIMHHOTO 00ydeHus. Hampumep, MOXXHO YHOMSIHYTH O TOM, 4TO 0
BOJIHBI ITyOOKOTO 00y4YeHHs Hanbosiee MOMyJISIPHBIMH OBLITH MOJXOABI C UCTIONIB30BaHHEM METO/IA
ONOPHBIX BEKTOPOB B 3ajadax KiacCH(pUKAIMM U MHOTUX NpyruX. [Ipm 3TOM BekTopa MOTIn
paboTaTh Kak HaJ CaMHUM H300pakeHHeM, MpeoOpa3oBaHHBIM B BEKTOpP, TaK M HaJa PSIOM
XapaKTepUCTHUK, TIOTYYEHHBIX U3 U300paskeHHs.

OnmHuM W3 cambIX BaKHBIX TOHATHN JIGKIMW SBISETCS TOHSATHE mpu3HaK. HyxkHO
OOBSCHUTH, YTO 3HAUUT MPHU3HAK U M300pakeHUs. Kak mpaBMIiIO 3TOT TepMUH BBI3BIBACT Pl
BOIIPOCOB Y CHyIIaTeJel, Tak Kak SBISETCS JOCTaTOYHO IIMPOKHM. [lostomy iyuime
OCTAHOBHTHCS Ha 3TOM TeMe MOIPOOHEH.

B nekumm mnpuBeneHBI NpPUMEPHl TOTO, KaK MOXKHO MONY4YUTh mpu3Haku. Criemyer
MOSICHUTH ATH TPUMepHI cirymarensiM. C JaHHBIMA METOJJaMH CITYIIATEIH TaKKe 03HAKOMSTCS B
XO0JIe MPAKTHYECKUX padoT.

BaxHO MOSICHUTH YTO CaMU NMPHU3HAKU MOTYT OBbITh MOJIE3HBIMH, @ MOTY U HeT. BaxkHo
CKa3aTb O TOM, YTO Tako€ BBIOOpPKA M 3a4€M OHA HY)XKHAa — MBI XOTUM HOJYYHTH PETYISIpHBIC
npusHakd. llpudeM, MBI MOXXKEM TONYYHTh HMX JJIS KaKUX-TO TPYII OTBETOB HIIHM TPOCTO
perymsipabie. Takke MBI MOXKEM PAacCMOTPETh KaKIbIH MUKCENb KaK NMPHU3HAK, IPU3HAKUA MOTYT
ObITH pa3HON MH(POPMATUBHOCTH (aOCTPAKTHO).

[locne pa3psicHEHHMS TEpPMUHA MPHU3HAK CIEAYET NEPeHTH K TOMY, YTO HPU3HAKUA MBI

oOpabaTbiBaeM C IMOMOUIbI0 METOI0B MAalIMHHOrO oOyuyeHus. [Ipu 3TOM MBI MOXKEM pElIUTbH



JIOCTaTOYHO BBICOKOYpOBHEBBIE 3anauu. Crnenyer MOSICHUTh, YTO B ciydae o0O0paOoTku
U300paKeHUH, MAIITMHHBIE METOJIBI KPOME TITyOOKOTO OOYYEHHS 4acTO TMO3BOJISIOT peIIaTh 3TO He
caMble CJIOKHBIE 3aJa4M, 3aTO PEIIAloTCsl TOCTarodyHo ObicTpo. Hampumep, MOXKHO cKka3arh o
TOM, YTO C HCIIOJIb30BAaHUEM KIIACCUUECKUX METOJOB MOXKHO IOJIYYUTh AITOPUTMbl THUIIA
«TI0JIyaBTOMAar», HO CJIO)KHO IIOJYYUTh IIOJIHOCTBIO ABTOMAaTHYECKHE aJIrOpuTMbl. MOXKHO
NPUBECTH HECKOJIBKO MPUMEPOB UCIIOIH30BAHUS MAIIMHHOTO O0y4EHUSI.

Jlanee crnenyeT pa3bsCHUTh, YTO Mbl MOXKEM BBIACIISATH IPU3HAKU CAMH, a MOXKEM CJIeNaTh
9TO aBTOMAaTMYECKH. TaKk KaK TMPU3HAKH JIOCTATOYHO CIOXKHO (QOPMYIHUPYIOTCA, TO CaMHM
BBIJICJIUTh WX OBIBACT OYEHb CIOXKHO M 3aTpaTHO. MeToabl MIyOOKOro oOydeHHUs: HEeWPOHHBIX
ceTeil IMO3BOJIAIOT BBIAEIATh NPU3HAKM AaBTOMAaTHUYECKM — OTO IVAaBHAs MpPUYMHA UX
HOMYJSPHOCTH B IITyOOKOM 00yU€HUH HEMPOHHBIX CETEH.

anee cienyer ckaszarb, 4TO Takoe HEHpOHHbIE ceTH. HyXHO cka3aTh, 4TO 3TO IpUMED
HEJIMHEHHON perpeccuu. [lanee ciiegyeT KpaTKo IOSICHUTHh YTO TAaKOE JIMHEHHAs perpeccus,
NEPEUTH K HEIMHEHMHOW pErpeccud, €€ MOXHO IIOSICHUTb Ha IpUMEpe JIOTUCUTYECKOH
perpeccun. [lanee Hy)XHO cKa3aTb, YTO JAaHHAs PETPECCUsl PELIACTCS METOIOM TI'paJUeHTHOrO
ciycka. CrenyeT 10CTaTouHO MOAPOOHO OOBSICHUTH CYyTh METO/Ia TPAJAUEHTHOTO CITyCKa.

ITocne 0oOBsicHEHUS METOAa TPaJUMEHTHOIO CITyCKa HYXHO CKa3aTh O TOM, YTO METOJ
IIO3BOJISIET MOJIYYUTh XOPOILIUE PE3yJbTaThbl, HO UTO J€JIaTh, €CJIU HEJIMHEHHBIX PErpeccopoB (T.¢€.
NEPCENTPOHOB) MHOro. Jlajgee HyXHO MOKa3aTh, YTO OT METO/AA TPaJUEHTHOIO CITyCKa MbI
MepexouM K METOIy 00paTHOTO PacIpoOCTPAHEHUS OINOKH.

B nanHO# nexnuu MeTon oOpaTHOroO pacnpoCTpaHEHUs OUIMOKM MOKa3aH Ha MpHMepe
MOJTHOCBSI3HOM ceTu. BaskHO MOSICHUTH 3TOT MeTo. Jlanee MoKHO 0003HAUUTE TOT (PaKT, UTO JUIS
CBEpTOYHOM ceTn Merop Oyzmer paboTarh MO TOMY € MNPUHIUIY, HO BMECTO OTAEIbHBIX
MEePCENTPOHOB TaM OyayT CBEpPTOYHBIC sipa ¢ oOydaemMbiMH Becamu. OOBSICHEHHE METOJ
TPAIUEHTHOTO CIIyCKa JJisi CBEPTOYHOW HEMPOHHOM CETH BBIXOJUT 3a pPaMKH JAHHOTO Kypca.
MOXXHO 3TO OOBSACHUTH TE€M, UYTO B OOJIBIIMHCTBE COBPEMEHHBIX (PpeMBOPKOB pabOTHI €
HEHPOHHBIMU CETSIMH 3TOT METOJ] pE€aI30BaH aBTOMAaTHUECKH.

Ecnu octaercst BpeMs, MOXHO paccka3aTh O APYrUX BUJAX HEWPOHHBIX CETEH U CKa3aTh O
TOM, [TI0YEMY UMEHHO CBEPTOYHAS CETh UCIOJIb3YETCS B JAHHBIX MPUIOKEHUSAX.

OtmeTuM, YTO JaHHas JIEKLUs, a TAKXKE 4acTh JIEKUMHU |, TOCBSILEHHAs KJIACCUYECKUM
METOaM MOTYT OBITh MPOYUTAHBI B KOHLE Kypca. B 3TOoM ciydae HayaTh CTOMUT C JIEKUMU 5 —
CBEpTOYHAsi HEHpOHHAs ceTh. Takke MOKHO MOCTYMUTh TAKUM 00pa3oM, 4TO MPOUYUTATH C3KATO
naHHyto u 1 nekuuio BMecTe. B aToM ciyuyae OyaeT mosie3HbIM pa3OuTh HA ABE WIH 6 JEKIUIO

(apxuTeKTypbl) WK § (0CTaIbHOE).



Jlekuusa 3
Jlexyus conposocoaemcs npezeHmayuetl.

Tema: OcoOEHHOCTH UCKYCCTBEHHBIX HEHPOHHBIX CETEN B 3a/1auaX KOMIIbIOTEPHOTO 3pEHUS
*  3apauu:
* CroxacTHuecKuil Tpalu€HTHBIN CIYCK U €ro BUbI;
*  BriOop ckopocTr 00y4eHus;
* IIpoGnembl 00yueHHsI METOJJOM OOPaTHOTO PacHpPOCTPAHEHUS OILINOKY;
*  O030p (pyHKIHIT aKTUBAIINH;
*  VHunmanuszanus BeCOBBIX TapaMeTPOB HEUPOHHBIX CETEH.

JlaHHas JIeKLusl TOCBAIIEHa BONpocaM OOy4YeHHMs HEHPOHHBIX ceTeil. B nekunm Hyx HO
HAIIOMHUTh O TOM, YTO TaKo€ TPAJAMEHTHBIN CIIyCK W METOI 0OpaTHOrO pacrpoCTpaHEHUs
omnOku. Jlanee Hy)XHO CKa3aThb O TOM, YTO JAHHBIX Y HAC OY€Hb MHOTO M O TOM, ITOYEMY MBI
UCIIOJIB3yEeM CTOXaCTUYECKHM IpaJMeHTHbIN cmyck. Jlamee Hy»KHO cka3aTb O TOM, YTO BbIOOp
CKOPOCTH 00yueHHss — 3TO npobnemsl. [IpobremMbl MBI MOXKEM PELIUTh IyTEM BapbHUPOBAHUS
CKOPOCTH OOy4YEeHHs WM MYTEM HCIIOIb30BAHUS aJaNTHBHBIX METOJOB I'PAJHEHTHOTO CITYCKa.
Taxke MOXKHO CKa3aThb O TOM, YTO €CTh METOJIbl ONTUMHU3ALINH, HE TPeOyIOoLI1e BHIOOpa TaHHOTO
napameTrpa, HO Kak MpaBWJa Y 3TUX METOAOB JAPYrMe€ HEeIOCTAaTKU, HalpuMep, TpeOOBaHUS K
penbedy (yHKIMM TOTEph MM BBICOKas BBIYUCIUTENbHAs CIIOXKHOCTh, NpOILE BHIOpaTh
CKOpOCTh OOyueHusi. Takke TyT MOXXHO YHNOMSHYTh O TIpoOneMax TIpaJUeHTHOTO CIyCKa —
NOTIaJJaHUE B JIOKAJbHbIE MUHUMYMBI, Iepeo0yyeHNe, BHIMbIBAHNUE WM B3pPbIB I'paaueHTa. Taxxke
TYT MOXHO CKa3aTb O TOM, YTO Takoe€ TPEHHPOBOUYHAs, T€CTOBAs M BAIMIALMOHHAS BBIOOPKH U
YTO TAKOE KPOCC-BaIUAaLUs.

Bo BTOpO#i yacTu NEKIUU paccMaTpuBarOTCA (QYHKIUN aKTUBALKU. TyT Ba)KHO OTMETHTh
yT0 Takoe sigmoid, softmax u ReLU. Taxxe MOXHO yka3aTh Ha UX JIOCTOMHCTBA U HEJJOCTATKU U
cKa3aTb 00 MX aJbTepHATHUBAX.

B Tperbeil yacTu JeKIMM paccMaTpUBAIOTCS METOJ MHUIMATU3ALMHY BECOBBIX (DYHKIUIA.
TyT Ba)kHO cKa3aTb O TOM, YTO HY)KHO MHHMIMAJIN3UPOBATH MapaMeTpbl U MOYEMY 3TO HY’KHO
nenatb. Takke Ba)XXHO CKa3zaTh O TOM, IO4YeMy Jydlle npenoOyyaTb CE€Thb, YEM HCIIOJIb30BaTh
MHULIMAIM3alK0. Takke MOXHO YINOMSHYTh O TOM, 4TO Takoe MepeHoc oO0yueHHs. MoxHO
CKa3aTb, O TOM, YTO MO)KHO 3aMOpa)KMBaTh Beca U 4eM OTIMuaeTcs yacTb backbone u head y

ceTH. JlaHHBIE BOIIPOCH TaKXke OyIyT pacCCMOTpPEHBI B IPAaKTHUECKON paboTe.



Jlekuusa 4
Jlexyus conposocoaemcs npezeHmayuetl.

Tema: OcoOEHHOCTH UCIIOIB30BAHNS METOJ0B MALIMHHOIO OOY4YEeHHUSI B 3a/1a4aX KOMIIbIOTEPHOTO
3peHUs

e  Jaxaum:
*  0c00EHHOCTH BBIOOpa PYHKIHI TOTEPh HEUPOHHBIX CETEH;

* peryisapusanusa 06yquI/1;1 HeﬁpOHHBIX ceTel: J1accCo, TI/IXOHOB, ApomnayT,

O0argyHOPM (U Ap. HOPMAJIU3AIINN );

* ayrMeHTalus U300paKeHHIl.

IlepBass uyacTb JAHHOM JIEKIMU TOCBSIIEHA BBIOOPY (YHKUUI MOTEPh B IIIYOOKHX
HEHPOHHBIX ceTsAX. B 3T0l yacTu NeKIuu cieayer cienarb akleHT Ha TOM, YTO TaKoe OMHapHas,
MHOTOKJIacCOBasi M MHOTOMETOuYHas 3ajauu kinaccuduxanmuu. Takke BaXXHO OOBSCHUTH
npobiemMbl HecOalaHCUPOBAHHBIX KiaccoB. MOXKHO TNpUBECTH Takue NpPUMEpHI: B 3aJaud
CerMeHTaluu 0oJbllIas YacTh U300pakeHus: — 3T0 (PoH, ObIBAIOT, a U OYEHb MaJICHbKUE OOBEKTHI
— KaX[bIii KJacC He cOajJaHCHpOBaH, MO O0IIeMy coaepkaHuio (oOmiei Tuionaau) B Habope
naHHbIX. TOYHO Takas ke CUTyalus, HallpuMep, B 0OHAPYKEHUH U JOKaJIU3aluu 00bEKTOB, XOTs
U He Takass MHTyuTHBHas. [[03TOMYy B KOMIBIOTEPHOM 3pEHUH Ba)KHO HCIIOJIB30BaTh (YHKIIHH
HOoTeph ISl HecOanaHCUPOBAaHHBIX KJaccoB. Takke BaXXKHO OOBSCHUTH, YTO (YHKLUHU MOTEPh
MOTYT OBITh JIMHEHHBIMH KOMOWHAIMAMHU pasHbIX (QYHKIHOHANOB. TakuM o0pa3zoM ymaercs
pemiate 3ajJayd  OAHOBpPEMEHHOM ontuMu3zauuu. Ilpumepamu Takux 3ajmad  sBiIsSeTCA
oOHapyXeHHE U JOKalu3alus 00bEeKTOB, KOT/Ia Mbl XOTUM OAHOBPEMEHHO M KIIACCU(PUIIUPOBATDH
00BEKT U CKa3aTh I1le OH Ha n300pakeHHU. Taxke B JaHHOM 4aCTH MOXHO YIIOMSIHYTb O 3aJa4e
CEMaHTUYECKOM cerMeHTauuu. [Jis cirymareseil 4acTo 0OKa3bIBaeTCsl HE TOHATHBIM TOT (akT, YTO
CEMaHTHUECKasl CETMEHTalMsl — 3TO KiaccuPUKaus no nukcensm. [lostomy sydie 3TOT TyT
OoTMeTuTh. Takke MOXKHO CKa3aTh O cHelu(uUecKux BUAaX (QYHKIUI MOTEeph B OOHAPYKEHUU
00BEKTOB 1 CETMEHTALlMH, B TOM YHUCIIe YIIOMAHYTh 4To Takoe loU, Dice, u T.11.

Bropas yacTp jeKIuU NOCBSIIEHA BOIIPOCAaM peryispu3anuu. TyT HyXHO pacckasarb O
HECKOJIbKUX Bemax. lIpumepsl ayrMeHTaluu, TakkKe BaKHO OOBSCHHUTH, YTO ayrMEHTAIUIO
HY>KHO HCIIOJIb30BaTh aKKypaTHO, WHau€ MOXKHO BHECTH JaucOanaHc B pPEryasipHOCTb H
pacripefesieHlsl MpU3HAaKoB B JaHHbIX. KpaTko MoxHO pacckazare o0 L1/L2 perynspusauuu.
Crnenyer yTOYHMTH YTO Takoe ApomnayT W ocoOeHHO 2D apomayT, B M3000pakeHHSX HYKEH
MMEHHO TakoW (MO-KaHaJIbHBIM IpomayT, TaK KaK 4acTO MUKCEIN CUJIBHO KOPPEIUPOBAHBI, U
BBIKJIIOUUTH OJHU M3 HUX — 3TO HUYEro He 1acT). Takke MOXKHO TyT CKa3aTh O CTOXaCTHUYECKOM

FJ'IY6I/IHG, Kak MCETOAC JApollayTa. Camoe BaXHO B DJTOH YacCTH JICKIMKN — 3TO MCTO[



6ard-HopManu3auu. IIpo 3TOT MeToa HY>KHO OOBSACHUTH MoApoOHO. HyKHO Takke ckas3arh O
pasHuie B pabore Oary-HOpMATM3alMKM HA dTalax TPEHUPOBKU M pabOTHI ceTu. Takxke HYKHO
yKa3aTb JOCTOMHCTBA M HeNOCTaTKu Merona. llocie oOBsICHEHHs NaHHOTO METoja CleayeT

pacCKa3arb 00 AJIbTCPHATUBHLIX MMOAXO0AAaX U ITOYCMY OHH UCIIOJIB3YHOTCH.



Jlekuusa 5
Jlexyus conposocoaemcs npezeHmayuetl.

Tema: OcobeHHOCTH Olepalyii B CBEPTOUHBIX HEHPOHHBIX CETIX
*  3apauu:
* OnpezaeneHue CBEPTOUHON HEHPOHHOM ceTH I 3aJjauu Kiaccudukanuy,
* OnpeneneHue CBEpPTKH,
* Tumnsl CBEPTOK B CBEPTOYHBIX HEMPOHHBIX CETSX,
* Tumnsl onepanmii nepeaecKpeTU3anuy,
*  Onepanus UHTEPIOIALMH.

IlepBass yacTh JaHHOM JIEKIMM MOCBSIIEHA OOBSCHEHHUIO TOTO, YTO TAaKOE OIEepalus
CBEPTKH B CBEPTOUYHBIX HEHPOHHBIX CEeTAX. B ToM umciie, paccka3blBaeTCsl O TOM, YTO TAKOE cama
CBEpTOYHAsi CETh, €€ JOCTOMHCTBA M HENOCTaTKH. TyT BaXXHO OOBSCHUTH MOYEMY ISt
n300pakeHU cBepTOUHbIE ceTH paboTaroT. Takxke BaXHO OOBACHUTH KOHLEMIHIO PELIENITHBHOIO
HOJIS1 M KOHLIETIMIO KapThl IPU3HAKOB.

KacarenbHo omnepanuy CBEPTKM Ba)KHO IMOSICHUTH 4YTO 3Ta OINEpalus 3HAYUT IS
TE€H30pOB, YTO CBEPTKH — 3TO TPEXMEPHBIE OOBEKTHI U UX MOXKET ObITh MHOTO JUIS NIOJTYYEHUS
KapT NPU3HAKOB. Taxke HY)KHO CKa3arb, YTO TAKOE SIAPO CBEPTKH, 3a4€M HYXKCH MaJJUHI, KaKk
CBSI3aH pa3Mep fAApa U pelenTHUBHOE moie U T.A. Eciu ecTb BpeMsi MOXKHO cKa3aTb O TOM, Kak
oIepanus CBEPTKU Pean3yercs, HO 3TO HE CaMO€ Ba)KHOE 7 Kypca.

Jlanee BaxkHO OOBSACHUTH IyTh pPa3BUTHS HJEH CBEPTKHU, IOYEMY HCIOIb3YIOT
IPOCTPAHCTBEHHO-PA3/IEIEHHYI0 CBEPTKY, TOUEYHYIO0 M IIyOOKYIO CBEPTKH. Tarke TYT MOXKHO
HOACHUTBH YTO TAaKOE OIepalysi BHUMaHUS Ul CBEPTOYHBIX ceTel. Takke MOXKHO pacckasarb O
TPaHCIIOHUPOBAHHOM CBEPTKE U O CBEPTKHU IOBBILIEHMSI pa3peILICHUS.

Bropas yacTp jekuuu MOCBSIIEHA ONEpalUy MyAuHra. TYT HYKHO MOSICHUTH YTO TaKOe
ApO IMyJMHra, Kak OHO paboTaeT. BaXkHO OOBACHHUTH, YTO TaKOE MAKC-IYJIUHI U ITIOOAJIbHBIN
ycpenHsonui mynuHr. [Ipo ocTanpHbIe TUITBI MOXKHO paccKa3aTh Oervio.

B KoHIle JIeKIIMM HY)XHO KpaTKO OOBSICHUTH, YTO TAaKOE€ HMHTEPIOJALMS, U YeM O3Ta
orepaunus oTiaudaercs ot myiauHra. Cienyer yka3aTh Ha BaXKHOCTb U MOIMYJISPHOCTb OMIIMHENHOM
UHTEPNOANNU. BaXHO OTMETHTH, 4TO JaHHAs OIEpalus MOXKET HCIOJIb30BaTbCs Kak IS
NOBBILICHMSI pa3pELICHNUs, TaK U IJIS €70 TOHMKEHUS.

MOXHO TaKe OTMETHTh, UTO B IIEJIOM OIEPALlUH 0OpaTHON CBEPTKU M CBEPTKU BHICOKOTO
paspellieHusl SBJSIFOTCS aJbTEpHATUBHBIMU ISl OOpaTHOIO IyJMHIAa W MHTEPHOJSALUU B psilie
3aga4. Takke MOXXKHO OTMETHTh, YTO B LEJIOM OINEpalus CBEPTKM ¢ wmaroM Oombiue 1

OKBHUBAJICHTHA MAaKC IIYJIMHTY, HO 3KOHOMMUT BBIYUCIIUTCIIbHBIC PECYPCHI. Ecnu ecthb BpEMm:A, TO



MOXHO €I1I€ OTMETUTb, IPYTHUe BUBI IYJUHIa, HAIPUMED, TPOCTPAHCTBEHHBIN MUPAMUIATIbHBIN
nynuHr win Rol mynusn

OTMeTuM, YTO JaHHAsS JEKIUS MOKET ObITh IPOYUTAHA B HaYajIe Kypca Mociie BBEICHHUS.

UwuTas nepByro 4acTh JAHHOW JIEKIIMU MOKHO TaKXe MPUBOAUTH IPUMEPHI apXUTEKTYP, B
KOTOPBIX UCIIOJIB3YIOTCS T€ WM UHBIE BUJIBI CBEPTOK B UX HCTOPUUYECKOM KOHTEKCTE.

Takke MOXKHO OTMETUTH, YTO HE BCEIIAa CBEPTKA C MEHBIIMM YHCIOM MapaMeTpPOB
OKa3bIBACTCSl BBITOJAHEN C TOYKH 3PEHUSI ApPXUTEKTYpPbl BBIYMCIUTEIBHOIO YCTpoWcTBa. B TOM
Yuciae B CETAX I  MOOWIBHBIX YCTPOMCTB 4YacTO OTKa3bIBAIOTCI OT NIIyOOKHX
IIPOCTPAHCTBEHHBIX CBEPTOK B CHILY IPOCTHIX BAPUAHTOB.

Taxke BaXHO OTMETHTh, YTO 4YeM OOJBINEC KaHAJOB W CIIOEB, TeM Ooubiie (QyHKINH
aKTHUBAIMH, TO €CTh HeMMHEHHOCcTel. Torma Gosbliie BEpOSTHOCTh, YTO CETh BBIICIUT KAaKOH-TO

CJIOKHBIM HEJTMHEWHBIN U a0CTPAKTHBIN NMPU3HAK.



Jlekumnsa 6
Jlexuus cOnpoBOXKAACTCS IPE3CHTALIMEH.

Tema: ApXuTeKTYpbl CBEpPTOUHBIX HEHPOHHBIX CETEH B 3a7a4ax KJIaCCU(PHUKAIINN.
*  3agaum:
*  O030p apXUTEKTyp CBEPTOUYHBIX HEMPOHHBIX CeTel B 3ajja4axX KiacCu(pUKalUU B
HECKOJIbKUX UcTOopudeckux nepuogax (1998-2017, 2017-221).

B nanHO# nexnuy MpUBOIUTCS 0030pP OCHOBHBIX apXUTEKTYp CBEPTOYHBIX HEHPOHHBIX
ceteil. BaykHo cka3zarh 0 TOM, YTO apXUTEKTYPHI MOCTOSHHO Pa3BUBAIOTCS U JOCTATOYHO OBICTPO.
B TomM wuwncie cerogHs BOMpPOC O TOM KakoW JODKHA OBITh apXUTEKTypa JUis 3ajad
KOMITBIOTEPHOI'O 3PEHHUS SIBJISIETCSI CHOBA OTKPBITHIM. TO €CTh HY>KHBI JIU TOJIBKO CBEPTKH, UIIM UX
HYXXHO C 4eM-TO KOMOWHHPOBATh WJM BOOOIIE 0€3 HUX, CErogHs 3TO yXe HE TaK OYEBUIHO.
OpHako, Ha MPAKTHKE Yalle BCETO MCMONb3YIOT KJIaCCUYECKHe CBEPTOYHbIE HEMpOHHbIE ceTu. B
T.4. Hanbonee momyssapHa ceTb 2015 roga ResNet.

Jlexuus HaunHaerca B LeNet, onHako MOXKHO CKa3aTh, UTO apXUTEKTYpbl CBEPTOYHBIX
ceTell HayaJlMch ¢ KOTHUTpoHa B 70-X, a mepBas MMEHHO CBEPTOYHAs CETh ObLIA MPEIOKEeHA
Jleknom B 1989. Opnako, coBpeMeHHasi HcTOpus HauuHaercs uMeHHo ¢ LeNet. B atoit
apXUTEKType ObUIM 3aJI0K€Hbl OCHOBHBIC MPHUHIIMIIBI, KOTOpbIE U ceildac HCHONb3YIOTCS B
1yOokoM oOy4yeHMH HeWpoHHBIX ceTel. Ilpumuem peanmszammu LeNet cerogus oriauuaercs ot
TOW, KOoTOpas ObLIa M3Ha4YaibHA. Takke MOXKHO OOpaTUTh BHUMaHHE, Ha TO, yTo LeNet Obuia
W3HayajbHa MpeUIoKEeHa JUIsl pelIeHUs] KOHKPETHOM 3a7a4u — paclo3HaBaHue LU(p UHIEKCOB,
MOATOMY C CEThIO CBs3aH HaOop gaHHbIX MNIST.

Hanee ctout pacckazatb 00 AlexNet, a Takke MpeINOChUIKAX JJIs €ro MOSBICHHS, B T.4.
ucnons3zoBanne GPGPU, relu, dropout u T.1., a Takke o ponu Habopa naHHeIXx ImageNet u
COOTBETCTBYIOILIETO COPEBHOBAHUS B 3TOM. Takke BaXKHO OTMETUTh X0 Pa3BUTHS COPEBHOBAHUS
ImageNet.

Jlasiee MOXXHO KPaTKO MOSCHUTBH apXUTEKTYphl B 10Tk A0 ResNet. [lanHyro apXuTekrypy
CIIelyeT paccMOTpeTh MoApoOHo. BaxHO pacckazarh, mouemy paboTaeT OCTaTO4Hasi CBS3b.
Taxke BaXHO OTMETUTH 3HAYEHHME AapPXUTEKTYpbl 10 HACTOSILIEro BpeMeHHu. Taxke MOXKHO
OTMETHUTb, YTO MMEHHO ResNet mo3Bommiao Mmokas3arb TOYHOCTh, BBIIIE YEM Y HKCIEpTa s
ImageNet. Crnenyer mokaszath pazputue uzaeir ResNet, B T.4. ocraHoBHThCS Ha Xception U
DenseNet.

Jlanee Ba)KHO paccKaszaTh O pa3BUTHE CETEH TSI MOOMIIBHBIX M HU3KO IPOM3BOAUTEIHHBIX
ycTpoiicTB. BaxkHo ormeTuth MobileNet.

Taxxe BaxxHo otMeTuTh SENet kak ucnons3oBanue uaeu Attention.



Baxxno ormetuts ponb Metonbl NAS. Cpenu JaHHOW TPYIIIBI CeTel CTOUT OCTAHOBUTHCS
Ha apxuTekTypax MobileNet V3 u EfficientNet.

OTMeTHM, YTO JaHHYIO JICKIIMEO MOXKHO ITOJICTMTh Ha JIBE YacCTH, B TICPBOH paccka3aTh O
cersax a0 2017 roma, Bo BTOpoil 0 OoJjiee MO3THUX W COBPEMEHHBIX pa3paboTkax. B T.4. ecnm
OCTaeTcsl BpeMsl MOXHO TYT paccka3arh o 1-i yacTu 8-i1 JeKIUu — TPEHIbI, B T.4. pacCKazaTh O
TpaHcHOPMHUPAX ¥ MUKCEpaX KaK allbTePHATHBAX CBEPTOYHBIM CETSIM.

OdYeHb BaXHO OTMETHTh, TIOYEeMY TYT PACCMaTPHBAIOTCS WMEHHO CETH JUIS
knaccudukanuu. Tyt ciaemyeT BBecTn TepMHuH backbone n Hy»HO cka3aTh 0 ToM, 4uTo backbone.
Cereli kmaccupuKalliu KaK MPaBUIO HCIONB3YyeTCS B OCTANBHBIX 3aJadyaX KOMIIBIOTEPHOTO

3peHHs



Jlekumna 7
Jlexyus conposocoaemcs npezeHmayuetl.

Tema: ApXHUTEKTYpBl CBEPTOUHBIX HEHPOHHBIX CETEH B 3a71a4ax 0OHAPYKEHUS OOBEKTOB.
*  3apauu:
*  O0630p 0COOCHHOCTEN apXUTEKTYp HEUPOHHBIX CETEH MHOTOITAIHOIO OUCKA U

BBIJICTICHHS] OObEKTOB Ha M300PaKCHHUSIX;

*  0030p 0COOCHHOCTEH ApXUTEKTYP OTHOATAITHOTO IMOUCKA M BBIJICTICHUSI OOBEKTOB.

B nanHO# nekuuy MpUBOAUTCS KPATKUil 0030p apXUTEKTYp AJS peUIeHHs 3a/1a4 MOMCKa U
JOKaJIu3alud OOBEKTOB. B JIeKIMM Ba)KHO Pa3bsSCHUTH MPUHLUIBI padOTHl TaKUX CETEH, Kak
Faster-RCNN, Retina, FPN u YOLO. B nepBoii 9acTu JeKIuu HY)KHO Pa3bsICHUTh YTO TaKoe
MHOTO3TanHble CETH OOHapyX eHHs OOBEKTOB, B YEM HX HEIOCTaTKH M JOCTOMHCTBAa. BakHo
paccka3aTh 0 ToM, 4To Takoe Region Proposal Network, Rol Pooling, Non-Maximum Supression
U Ipyrue TepMuHbL. Tarke MOXKHO paccKas3aTh O METpUKaxX B OOHApYKEHUU OOBEKTOB, a TAKXKE O
ToM, yto Takoe IOU. Baxno ytounuth ocobenHoctu Faster-RCNN, sra cetb Oyner B
npakTudeckoit padore. Taxke MoxkHO ynoMsaHyTh 0 Mask-RCNN u o Tom, uTo B Het 3HaunuT Rol
Align.

Bo Bropo#t yacTu JeKIuU BaKHO pacckas3arb o pa3Butuu uaeil YOLO. BaxxHO yTOUHUTH
ocobennoctn YOLO 5, ata ceth OymeT B mpaktmueckoir pabore. Takke BaKHO cKa3aTrh O
MPAKTUYECKON 3HAYMMOCTH JaHHOM CETH.

B xozne nexmuu crieayeT AOCTaTOYHO MOAPOOHO OOBACHUTH, Kak pabOTaeT OJHOATAIHAS
JeTeKlIUs, B T.4. O TOM, KaK IOJy4aroTCs AaHXOpbl (aHKEephl) U KaK HHTEPIPETUPYIOTCS
PE3YNBTHPYIONINE KapThl IPH3HAKOB. DTH BOIIPOCH BBI3BIBAIOT CIOKHOCTH Y CIyIIaTENIeH.

Eciu B KOHIIE JIGKIIMK OCTAETCS BPEMSI MOXKHO PAacCKas3aTh O SK3eMIUISIPHOW CerMeHTAINN
(instance segmentation). Tyt camoe BaxkHoe paccka3zatb 0 Mask-RCNN. Taxke caemyer
ynomsHyTh noaxo YOLACT. Taxke MoxkHO ynomsHyTh 00 uzaeu Panoptic Segmentation, kak
KOMOMHAIMHK instance segmentation u semantic segmentation.

Taxke B Xoz€ JIEKIIMM Ba)KHO CKa3aTh O INIaBHBIX mpobiemax object detection. Takumu
npoOieMaMu  SIBJISIOTCS AUcCOalaHC KiaccoB (Oonblasi 4acTh aHXOPOB MYyCTHIE), Mpobiema

BbI/IeTICHUS HEOONbIINX 00BEKTOB, pobaema hard negative mining.



Jlekumnsa 8
Jlexyus conposocoaemcs npezeHmayuetl.

Tema: TenneHuuu U Ipyrue 3a1a4d KOMIbIOTEPHOTO 3peHusi. CeMaHTHuUecKasi CerMEeHTalMs,
IK3eMIUIsIpHAs (OOBEKTHAs) CErMEHTAIlMS; TCHEPAaTUBHBIE TIOIXO/IbI.
e  Jaxaum:
* TenneHuuu pa3BUTHs HEMPOHHBIX CETEH;
*  CemaHTHYeCKast CETMEHTAIHS, YK3EMIUIIpHAs (OOBEKTHAST) CETMEHTALIHS;
* TreHepaTHBHbIE MOJIXOBI.

B nmaHHO# €KUM NMPUBOASTCS HECKOJIBKO T€M cpa3y. JlaHHbIE TEMBI HE BOILIU B IPYrUe
aekiuu. Bce TeMbl MOTyT OBITH pacCMOTpPEHBI JTOCTaTOYHO 0030pHO. OnHAKO Jydylle BCEro
noApOOHO pacckazaTh O CEMAaHTHYECKON CETMEHTAIIUH.

B nmnepBoil uacTtu JekuuM cleAyeT yKa3aTb HAa OCHOBHBIE TEHJIEHIMH pPa3BUTHUS
HEHPOHHBIX CETEel B Hacrosuiee Bpems. B Tom uwmciie ciemyeT pacckazarb O TOM, YTO TaKoe
apXUTEKTYpbl TpaHC(hOpMephl, MOYeMy K HHMM Takod HHTepec. BakHO MOSCHUTH, YTO 3TH
ApXUTEKTYphl B OCHOBHOM CErofHs Hccienyrorcs. Jlemo B BBICOKOM BBIYMCINUTENbHON
cinoxHoctd. OJHAaKo, 3a CYET MEepeMEeIlMBaHus YacTedl H300pak€HUH TYT MOXKHO JIydlle
CIpPABIATHCS C BBIICJICHHUEM CIOXKHBIX KPYIHBIX NPU3HAKOB. XOTA, TyT €CTh MPOOJEMBI C
HEOOJBIIMMH JIOKATM30BaHHBIMHM TMpU3HAKaMH. B CBs3UM € 3TUM Takke €CThb TEHIEHIMS Ha
UCCIIEIOBaHNE TUOPUAHBIX apXUTEKTYP U apXUTEKTYp MHKCEPOB.

Taxke BaKHO CKa3aThb O Pa3BUTHHM METOIOB OOyuU€HUS HEHPOHHBIX CETEU C yUHUTEIEeM U
YUYEHHKOM, O METOJax pEeryisipu3allid U O METoJax ayrMeHTauuu. BakHo OOBSICHUTH 3TH
METO/Ibl pa0OTAIOT U B YEM UX JOCTOMHCTBA.

Bropas wacTth Jieknuu nocBsiieHa 0030py Uaeh dK3eMIUIIPHON CerMeHTauu. TyT BaXKHO
pacckazatb 0 Mask-RCNN. Ota cerp Hanbonee momyispHa B JaHHOW oOmacTu. Takyke CTOUT
YIOMSIHYTh O OBICTPBIX Moaxoaax, momooHsx YOLACT.

B Tperbeit yacTu nekumMu BaxHO Oosiee MOAPOOHO paccka3aTh O 3a/1a4d CEMAaHTHUYECKON
cermMeHTauuu. TyT ciemyer paccka3aTb O XOJA€ pPa3BUTUS JaHHOM uueu. OcoOeHHO Ba)XKHO
nosicHuTh pabory cereit U-Net. BaxHo Tarxke eme pa3 HalmOMHHTb, YTO CEMaHTHYECKas
CerMeHTalus — O3TO 3ajaya MOo-MHKCeNbHON Kiaccupukanuu. Takke MOXHO YyKa3aThb Ha
OCHOBHBIE MPOOIEMBI, B TOM YHUCIIE JUCOATAHC KIaCCOB.

B nocnenneit yactu €KUM paccMaTpUBAIOTCSl T€HEPATUBHBIE MOAX0ABI. TYT 10CTaTOYHO
npocto oO3opa. Crnenyer ckazath o mpoctom mnoaxone GAN u moaxome VAE. Oty monxomsl
paborator Oe3 yuurtens. Takke BakKHO CKa3aTh, MOUYEMY HYXKEH YUHUTEIb — YTO CETH CIIOXKHO
Y4UTh U OHU YacTo mepeoOyuarorcs. [lo maHHBIM moaxogaM MPEeayCMOTpEeHa MpaKTHUecKas

pabora.



OtmeTHM, 4TO JaHHas JEKIMsS MOXET OBITh pa30uTa Ha JBE, B CIy4ae HEOOXOAMMOCTH.
Taxxe MOXXHO Pa30OUTh AAHHYIO JIKIMIO + 6 W 7 JeKuuio, caenaB u3 Tpex jekuuit 4. Takum
obpasom B 6 yiekius OyaeT pa3OuTa Ha JIBE YacCTH, B OJIHY M3 KOTOPHIX BKJIFOUCHBI TCH/ICHIINH U
CeMaHTHYeCKas CerMEHTalus; 7 JIGKIUs OyaeT pa3OWra Ha JBE YacTH, B OJHY M3 KOTOPBIX
BKITIOYCHBI DK3EMIUISIPHASI CETMEHTAIINS U TeHEPATUBHBIE TTOIXO/bI.

Jleknus ABisieTcs 3aBepILIAONIEH B Kypce.



JTabopartopHas 1
Paboma conpososicoaemces doxkymenmom 8 hpopmame ipnb

U3zyuenue npedcmasnenuti u300padicerull u Kiaccuieckux Memooos ux 0opabomxu.

M3y4eHne npeactaBneHnn n3obpaxxeHmm n Knaccnu4ecknx MeTogoB nx obpaboTku.
3HakomcTBO ¢ 6MbnmoTtekon opencv nnu skimage. lNpegcraesneHmne n3odpaxeHus,
reHepaumsa nsobpaxexus. [lobasneHus LwWymMmoB K n3obpaxeHuto. lmctorpamma apkocTu
n3obpaxerus. Metoapbl paboTbl C rucTtorpammon spkoctu. Metoabl paboT ¢ punsrpamm
n3o06paxxeHnn.

import numpy as np
import matplotlib.pyplot as plt

Pillow Library

BubnuoTteka Python Pillow nocTtpoeHa Ha ocHoBe PIL (Python Image Library). Bubnuoteka
Pillow nogaepXxnBaeT MHOXECTBO (hopMaToB hannos nsobpaxeHuin, Bknrodasa BMP, PNG,
JPEG n TIFF. Cambln BaxkHbIM Knacc B 6ubnuoteke nsobpaxxeHui Python - 3To knacc Image,
onpegeneHHbln B ogHoMMeHHoM moayne. Moaynb Pillow Image npefocTaBnsieT yHKUNK
open () n show () oNs YTEeHNS n oToBpakeHUs n3obpakeHnst COOTBETCTBEHHO. [1ns
oTobpaxeHnsa nsobpaxeHnsa Pillow cHayana npeobpasyeT n3obpaxkeHne B bopmar .png
(B8 OC Windows) 1 coxpaHsaeT ero Bo BpeMeHHOM Bydepe, a 3aTem oTobpakaeT ero.
CnepoBaTtenbHo, n3-3a npeobpasoBaHusa doopmarta n3obpaxeHus B ".png" HEKOTOPbIE
CBOWNCTBa UcxoaHoro popmara parina ndobpaxxeHnsa MoryT 6bITb NOTEPSAHBI (HAaNpUMep,
aHumMaums). NMoaToMy pekoMeHAyeTCs UCNONb30BaTb 3TOT METOL, TONbKO B TECTOBbIX
uensx. Kpome toro, mbl 6yaem ncnonb3osatb 6MbnumoTeky urllib 4ns oTkpbITUS
n3obpaxeHuni 3 MHTepHeTa.

import urllib.request
from PIL import Image

image_url =
'https://as2.ftcdn.net/v2/jpg/02/31/48/03/1000 F 231480357 TGpMz4r5HSF
ALm43FRZ366F JFZuuoRA8. jpg'

urllib.request.urlretrieve(image_url, "image.png")
img = Image.open("image.png")
img.show();

[nsa nsobpaxeHus m3 Pillow MOXHO NONYYNTb HECKOMBbKO XapakTepucTuk. ATpnbyT
format onpegensier NCTOUHUK n3obpaxeHus. Ecnun nsobpaxeHue He 66110 NPoYnTaHO
13 dpanna, yctaHaBnuBaeTcs 3HadeHne «None». ATpUOYT size - 3TO KOPTEX U3 ABYX
9MNEeMEHTOB, coaepKaLLnii LUIMPUHY M BbICOTY (B nukcensax). ATpnbyT mode onpeaenseT
VN n3obpaxeHnn. Obwme pexnmbl: 'L' (APKOCTb) A8 n3obpaxkeHuin B OTTEHKaX Ceporo,
"RGB" ANsi NONHOUBETHbIX N3o0bpaxeHuin, "CMYK" onsa AONOSTHEHHbIX N300paXKeHNN.

print(img.size, 1img.format, img.mode)
(1000, 667) JPEG RGB



PIL Nno3BONSAET KOHBEPTMPOBATbL M30OpaKeHUs C MOMOLLbIO MeToaa convert.
Hebonbwas xumpocms Ors jupyter: €CN Bbl HE XOTUTE OTKPbIBaTb N300pakeHne B
HOBOM OKHE, Bbl MOXETE UCMNONb30BaTh MMS n306paxkeHnsi 6e3 MeETOAOB, Kak NoKa3aHo
HUXe

img

img_gray = img.convert('L")

(1000, 667) None L

Ha camom nene, momumo GyHKITMU pabOThI ¢ H3000paKHUSMH KaK TaKOBBIMH, OMOIHMOTEKA
BKJIIOYAET psijl IpeoOpa3oBaHuii, KOTOPBIE BBl MOKETE BBIIOIHUTE ¢ moMotkio PIL. Hampuwmep,
JlaBaiiTe YMEHBILIUM pa3Mep

size = (512, 512)

img.thumbnail (size)

print(img.size, 1img.format, img.mode)

img

(512, 341) JPEG RGB

Kpome toro, PIL mo3BosnsieT mpon3BoIuTh peodpa3zoBanne n3odpaxenuii. Hike BB MoxeTe
HaWTH HECKOJIBLKO MPUMEPOB TAKUX ONEpaui



e [MpnmeyaHue *, ecnuv Bbl XoTUTE 06pe3aTb n3obpaxkeHune, ny4lle B3siTb HOBOE UMS
B Ka4ecCTBe BblBOAA, Hanpumep img_new = img.copy () Ons co3naHus HOBOWM
KOMum n3obpaxeHus.

obpeska

box = (100, 100, 300, 300)
region = img.crop(box)
region

MOBOPOT
img_45 = img.rotate(angle=45)
img_45

TpacnionupoBanue
out = img.transpose(Image.ROTATE 270)
out

ITepeBoport
out = img.transpose(Image.FLIP _LEFT _RIGHT)
out



[TepememmBanmne KaHAJIOB

r, g, b = img.split()
img_brg = Image.merge("RGB", (b, g, r))
img_brg

KomOuHarmu MmeToa0B

box = (9, 0, 460, 300)

region = img.crop(box)

region = region.transpose(Image.ROTATE _180)
imgm = img.copy()

imgm.paste(region, box)

imgm

Cosznanrie HOBOTO N300paKCHHUS.

new_1im = Image.new(mode='RGB', size = (2*img.size[0],1*img.size[1]),
color=(250,250,250))

new_1im.paste(img, (0,0))

new_im.paste(imgm, (img.size[©0],0))

new_im




JloGaBrnene 31eMeHTOB BEKTOPOHH Tpaduku u Tekcta ImageFont u "ImageDraw'
from PIL import ImageFont
from PIL import ImageDraw

imgt = img.copy()
imgt.resize((512,512))
#line shape

shape = [(49%906, 300), (10, 10)]

imgl = ImageDraw.Draw(imgt) # create line image
imgl.line(shape, width=10)

draw = ImageDraw.Draw(imgt)

draw. text((9, ©), "Hello", (255, 255, 255))
imgt

Taxxe PIL comepXUT HECKOIBKO MPEyCTAHOBICHHBIX (PMIBTPOB YITYUIICHUS U300paKEHHUS B
Monyisix ImageFilter v ImageEnhance

from PIL import ImageFilter

from PIL import ImageEnhance

out = img.filter(ImageFilter.BLUR)
out

out = img. filter(ImageFilter.FIND_EDGES)
out



out = ImageEnhance.Contrast(img)
out = out.enhance(2.3)
out

B O

out = ImageEnhance.Sharpness(img)
out = out.enhance(23.0)
out

st npeoGpa3zoBanust nzodpaskenuii u3 PIL B npyrue ¢popmaTsl Bl MOXKETE HCIIOIB30BATh
np.array ().
lMpumeyaHue ansa obpaTHOro npeobpasoBaHUsA NCNOSNb3YNUTE
Image. fromarray (). Ecnu Bbl XOTUTE COXpPaHUTb N306paxxeHne, NCnonb3ymnTe
img.save(path_name)
image = np.array(img)
plt.imshow(image) ;
print(image. shape)

(341, 512, 3)



YnpaxHeHue 1

1. Bo3bMuUTE HECKOMNBKO HEKAYECTBEHHbIX N306paXXeHnin 1 NoNpobynTe yNyynTb UX
Ka4yeCcTBO C nomMoLbio Pillow. Hanpumep, ncnonb3ynte atoT

://thumbs.dreamstime.com/z/abstract-blur-cafe-coffee-sho
fee-shop-background-162453910.jpg.

2. MpOMW3BECTWN HECKOSbKO BapMaHTOB Moandurkaumi (ayrmeHTaumim) obpaboTaHHbIX
n3obpaxeHn (MMHUMYM 5 BapuaHTOB).

-abstract-blur-cafe-cof

MpeacTtaeneHme umdpoBoOro N3obpaxxeHus

lMpoBepbTe, €CTb NN Y Bac opencv, NGO yCTaHOBUTE €ro, MCNOMb3ys OPULManbHYHO
OOKyMeHTaumIo https://pypi.org/project/opencv-python/

e  BapwuaHT 1 - [lakeT OCHOBHbIX Mogynen: pip install opencv-python
e BapwuaHT 2 - [1ofHbIN NaKeT (COAEP>KUT Kak OCHOBHbIE MOAYIU, TaK U
JornonHuTenbHble Moaynu): pip install opencv-contrib-python
import cv2 as cv

I'IepBoe, 4YTO HaM HYXHO, 3TO OTKPbITb |/|306pa>|<eH|/|e

image_url =

'https://as2.ftcdn.net/v2/jpg/02/31/48/03/1000 F 231480357 TGpMz4r5HSF
ALm43FkZ366F jFZuuoRA8. jpg"

urllib.request.urlretrieve(image_url, "image.png")

image = cv.imread("image.png")
(h, w, d) = image.shape
print("width={}, height={}, depth={}".format(w, h, d))

width=1000, height=667, depth=3
Bbl MOXETE OTKPbITb N306paxkeHne C MOMOLLIbIO BCTPOEHHOIO MeToaa

cv.imshow("Image", image)
cv.waitkey(9)
cv.destroyAllWindows ()

Jly4dwwe oTKpbITh €ro ¢ nomoLubto plLt (metoabimatplotlib). OgHako nepBoe, YTO Ham
HY>XHO caenaTtb Npu paboTte ¢ OTKPbITbIMU N306paKeHNAMN cv BHE BUBNMOTEKNM - 3TO
npeobpasoBaTtb hopmaT n3obpakeHnsi. ITO CBA3AHO C TEM, YTO opencv paboTaeT c
n3obpaxxeHnem B popmare brg (obpaTtHOM K rgb).


https://thumbs.dreamstime.com/z/abstract-blur-cafe-coffee-shop-abstract-blur-cafe-coffee-shop-background-162453910.jpg
https://thumbs.dreamstime.com/z/abstract-blur-cafe-coffee-shop-abstract-blur-cafe-coffee-shop-background-162453910.jpg
https://pypi.org/project/opencv-python/

image = cv.cvtColor(image, cv.COLOR_BGR2RGB)
plt.imshow(image) ;

Kpome Toro, 66110 ObI IOJIE3HO TOCMOTPETH, KAaK N300PaKEHUS BBITJISIAT B MAaTPUIHOU (hopme.
HanomHuM, 4T0 00BIYHO JJIs1 KOMUPOBAHHS ITUPPOBBIX U300pAKEHUI UCIIONIB3YIOT 8-OUTHBIN
(0-255) dopmar B Tpex kananax. Takum oOpazom, Kaxabplid KaHAJI MOKHO pacCMaTpuBaTh KaKk
OT/ICTIbHYIO MATPHILY.

print(image.shape)

print(image[:,:,0])

# plt.matshow(image[:,:,0])

# plt.show();

plt.figure(figsize=(18,6));

plt.subplot(1,3,1)

plt.imshow(image[:, :,6],cmap="Reds")

plt.title('1-rst channel (R)")

plt.subplot(1,3,2)

plt.imshow(image[:,:,1],cmap="Greens")

plt.title('2-nd channel (G)")

plt.subplot(1,3,3)

plt.imshow(image[:,:,2],cmap="Blues")

plt.title('3-rd channel (B)")

plt.show();

(667, 1000, 3)

[[ 83 90100 ... 1 1 2]

[ 89 94105 ... 1 1 2]
9 101 111 ... 1 1 1]

16 1e 10 ... 15 14 13]

[

[ 16 10 16 ... 14 13 10]
[

[ 16 10 16 ... 16 16 15]]

1-rst channel (R]
¢ e T

OIIHaKO Ha CaMOM [€CJI€ OBLIO OBI JIy4qme OTO6pa)KaTL KaXKJIbIil KaHaJI B OTTEHKaX ceporo, rNoTomMy
YTO Ha CaMOM JI€JIC LII/I(prBOG 3HAYCHUE - 3TO HHTCHCHUBHOCTbD.



plt. figure(figsize=(18,6));
plt.subplot(1,3,1)
plt.imshow(image[:, :,0],cmap="Greys")
plt.title('1-rst channel (R)")
plt.subplot(1,3,2)
plt.imshow(image[:,:,1],cmap="Greys")
plt.title('2-nd channel (G)')
plt.subplot(1,3,3)
plt.imshow(image[:, :,2],cmap="Greys")
plt.title( '3-rd channel (B)')
plt.show();

3-rd channel (B}
e

Kak BbI, HaBepHOE, 3HaeTe, RGB - 310 HE eMuHCTBEHHBIN (hOpMaT, HUXKE IMOKA3aH JPyToi
BapuaHT - HSV (0TTeHOK, HACBIIIIEHHOCTh, 3HAU€HUE HHTEHCUBHOCTH)

image = cv.imread("image.png")

image=cv.cvtColor(image, cv.COLOR_BGR2HSV)

plt.imshow(image) ;

plt.show();

plt. figure(figsize=(18,6));
plt.subplot(1,3,1)
plt.imshow(image[:, :,0],cmap="Greys")
plt.title('1-rst channel (hue)")
plt.subplot(1,3,2)
plt.imshow(image[:, :,1],cmap="Greys")
plt.title('2-nd channel (saturation)’)
plt.subplot(1,3,3)
plt.imshow(image[:,:,2],cmap="Greys")
plt.title('3-rd channel (value)")
plt.show();




1-rst channel (hue)
S

DaKTHIEeCKH, MBI MOYKEM OTKPBIBATh H300PAKEHUS MPSIMO B HY)KHOM (opMmare, a He MPOBOIUTH
JIOTIOJTHUTENBbHYIO MPEIBAPUTENIbHYI0 00paboTKy. bbl1o ObI M0JI€3HO OTKPHITH H300paKEHNE B
IIOJIyTOHOBOM BH/IC.

image = cv.imread("image.png",cv.IMREAD GRAYSCALE)

print(image.shape)

plt.imshow(image, ‘'gray’);

(667, 1000)

Hcmonp3ys opency, BBl MOXKETE padoTaTh ¢ M300pasKeHUEM KaK C MAaTPHIIEH (MIIK MACCHBOM).
Hanpumep, Huxke npuBeIeH HECKOJIBKO IPUMEPOB:

image = cv.imread("image.png",cv.IMREAD_COLOR)

image = cv.cvtColor(image, cv.COLOR_BGR2RGB)

plt.figure(figsize=(18,18))

w
h

image.shape[0]
image.shape[1]

cut = image[w//2:,h//2:,:]
plt.subplot(1,3,1); plt.imshow(cut); plt.title('cut’)

past = np.copy(image)
past[w//2:,:h//2,:] = cut
plt.subplot(1,3,2); plt.imshow(past); plt.title( past’)

chanel_mixture = np.copy(image)

chanel_mixture[:,:,0] = 6.1*image[:,:,0] + 0.6*%image[:,:,1] +
0.3*image[:,:,2]

plt.subplot(1,3,3); plt.imshow(chanel_mixture);

plt.title( 'chanel_mixture")

plt.show();



chanel_mixture
-~ ol

N

400 600

[Tone3Ho y3HATh, KaK BBIISAAAT pa3Hble TUIIBI TyMa. Bo-TIepBBIX, MBI MOXKEM CJIe/IaTh IIyMbI
CaMH, UCTIOJIB3YsI nUMpY
image = cv.imread("image.png",cv.IMREAD COLOR)

image = cv.cvtColor(image, cv.COLOR_BGR2RGB)
var = 16

mean = 6

#gauss

gauss_noise =
np.random.normal (mean,np.sqrt(var), image.shape).astype( 'uint8")
gauss = cv.add(image, gauss_noise)

#speckle

gauss_noise =
np.random.normal (mean, np.sqrt(var),image.shape).astype( 'uint8")
speckle = cv.add(image , cv.multiply(image , gauss_noise))

#poisson
poisson = image + np.random.poisson(var*16,image.shape)

#solt_and_paper
solt_vs_paper = 0.5
amount = 0.5

s _and_p = np.copy(image)

coords_salt = [np.random.randint(o, 1 - 1, 1int(amount * image.size *
solt_vs_paper)) for i in image.shape]
s _and_p[coords_salt] = 1

coords_pepper = [np.random.randint(o, i1 - 1, int(amount* image.size *
(1. - solt_vs paper))) for i in image.shape]
s_and_p[coords_pepper] = 6

plt.figure(figsize=(18,12))

plt.subplot(221),plt.imshow(gauss); plt.title( gauss noies")
plt.subplot(222),plt.imshow(s_and _p); plt.title('solt vs paper noies')
plt.subplot(223),plt.imshow(poisson); plt.title( poisson noies')
plt.subplot(224),plt.imshow(speckle); plt.title( speckle’)

plt.show();



solt vs_paper noies

Taxske MBI MOJKEM HCITIOJIb30BaTh TOTOBBIE MCTOAbI U3 skimage
from skimage.util import random_noise

urllib.request.urlretrieve(image _url, "imagel.png")

image = cv.imread("image.png"”,cv.IMREAD_COLOR)

image = cv.cvtColor(image, cv.COLOR_BGR2RGB)

s _and_p = random_noise(image, mode='sé&p',salt _vs pepper =0.5, amount =
0.5)

gauss = random_noise(image, mode='gaussian',var = 0.3)

poisson = random_noise(image, mode='poisson',clip =6.5)

speckle = random_noise(image, mode='speckle',var = 0.7)

plt.figure(figsize=(18,12))

plt.subplot(221),plt.imshow(gauss); plt.title( 'gauss noies')
plt.subplot(222),plt.imshow(s _and p); plt.title( 'solt vs paper noies')
plt.subplot(223),plt.imshow(poisson); plt.title( poisson noies")
plt.subplot(224),plt.imshow(speckle); plt.title( speckle’)

plt.show();

gauss noies

solt vs_paper noies




DdaxkTU4YeCcKH BBl MOXKETE CAMOCTOSITEIbHO CIrCHCPUPOBATH 1/1306pa>1<eH1/Ie B BUJIC MaTpHUIIbL
image = np.random.randint(o,255,(512,512,3))
plt.imshow(image)

<matplotlib.image.AxesImage at 0x259778c1f48>

o
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YnpaxHeHue 2

1. HapucyiTe kakyto HUbyab curypy n nobasbre TEKCT HA CO3A4aHHOM U306paKeHNN
C ucnnb3oBaHneM Pillow U opencv.

OpenCV

OpenCV coaep>KXMUT NPaKTUYECKM BCE KITaCcCUYecKkme onepauum, npuMeHsieMble B
KOMMbIOTEPHOM 3PEHUU, HUXKE Bbl MOXETE HaWTU HECKOSBbKO NPUMEPOB NPOCTbIX
onepauun.

cv.imread("image.png",cv.IMREAD_COLOR)
cv.cvtColor(image, cv.COLOR_BGR2RGB)

image
image

plt. figure(figsize=(18,16))

w = image.shape[9]
h = image.shape[1]
center = (w // 2, h // 2)

resized = cv.resize(image, (w//4, h//4))
plt.subplot(3,3,1); plt.imshow(resized); plt.title( 'resized")

M = cv.getRotationMatrix2D(center, -45, 1.0)
rotated = cv.warpAffine(image, M, (w, h))
plt.subplot(3,3,2); plt.imshow(rotated); plt.title( 'rotated")

blurred = cv.GaussianBlur(image, (21, 21), 9)
plt.subplot(3,3,3); plt.imshow(blurred); plt.title( 'blurred")

edged = cv.Canny(image, 30, 150)
plt.subplot(3,3,4); plt.imshow(edged); plt.title( 'edged")

ret_val,threshold = cv.threshold(cv.cvtColor(image,
cv.COLOR_BGR2GRAY), 160, 255, cv.THRESH_BINARY)



plt.subplot(3,3,5); plt.imshow(threshold, cmap="Greys");
plt.title( 'binary threshold")

flipped = cv.flip(image, flipCode=0)
plt.subplot(3,3,6); plt.imshow(flipped); plt.title( flipped")

cropped_image = image[:h // 2, w // 4:3%(w // 4),:]
cropped_image = cv.resize(cropped_image, (h,w))
plt.subplot(3,3,7); plt.imshow(cropped_1image);
plt.title( 'cropped image")

ptsl = np.float32([[50,50],[266,50],[50,200]])

pts2 = np.float32([[16,100],[200,50],[100,250]])

M = cv.getAffineTransform(ptsl,pts2)

afine = cv.warpAffine(image,M, (h,w))

plt.subplot(3,3,8); plt.imshow(afine); plt.title( 'afine’)

draw_figures = image.copy()

cv.rectangle(draw_figures, (320, 60), (420, 160), (6, 0, 255), 20)
cv.circle(draw_figures, (100, 150), 60, (255, o, ©), -1)
cv.putText(draw_figures, "OpenCV ", center, cv.FONT_HERSHEY SIMPLEX,
3.7, (255, 255, @), 20)

plt.subplot(3,3,9); plt.imshow(draw_figures);
plt.title( 'draw figures')

plt.show()



resized mtated

100 N

150 N

00

edged

afine

OnHako, MOMMMO MeToZI0B, n3y4eHHBIX B Pillow, OpenCV umeer MHOro 0ojiee KOHKPETHBIX
MeTon0B. Hampumep, Huxke Bbl MOXKETE YBUJIETh, KaK CO3/1aBaTh I'PaHUIIbI.

image
image

cv.imread("image.png",cv.IMREAD_COLOR)
cv.cvtColor(image, cv.COLOR_BGR2RGB)

bs = 90 #border_size

replicate
reflect
wrap

cv.copyMakeBorder(image, bs,bs, bs,bs, cv.BORDER_REPLICATE)
cv.copyMakeBorder(image, bs, bs,bs,bs, cv.BORDER_REFLECT)
cv.copyMakeBorder(image, bs,bs, bs,bs, cv.BORDER_WRAP)

constant =
cv.copyMakeBorder(image, bs,bs, bs,bs,cv.BORDER_CONSTANT,value=(6,255,0)

)

plt.
plt.
plt.
plt.
plt.
plt.

figure(figsize=(18,12))
subplot(221),plt.imshow(replicate),plt.title( 'replicate’)
subplot(222),plt.imshow(reflect),plt.title( 'reflect’)
subplot(223),plt.imshow(wrap),plt.title( 'wrap")
subplot(224),plt.imshow(constant),plt.title( constant"’)
show();



B nmpumepax BbIlIe MBI UCTIONIB30BANIN TII00aIbHOE TOpOTroBoe 3HaYeHne. Ho He Bo Beex
YCIOBHUAX 3TO MOXET OLITH IMpaBUJIbHO. HaanMep, Koraa H306pa>1<eHHe HUMECT pa3HOC
OCBEIIIEHHE B Pa3HBIX 00JACTAX MBI HCIOJIB3YEM aJallTUBHYIO MOPOTOBYI0 00padoTky. [Tpu sTom
MBI [IOJIy4aeM Pa3Hble MOPOTH JUISl pa3HbIX 001acTe OHOIO U TOTO K€ U300pakeHusl.

image = cv.imread("image.png",cv.IMREAD_COLOR)

image = cv.cvtColor(image, cv.COLOR_BGR2GRAY)

ret,thl = cv.threshold(image, 127,255, cv.THRESH_BINARY)

th2 =

cv.adaptiveThreshold(image, 255, cv.ADAPTIVE _THRESH MEAN_C,cv.THRESH BIN
ARY, 21,-5)

th3 =
cv.adaptiveThreshold(image, 255, cv.ADAPTIVE THRESH GAUSSIAN_C,cv.THRESH
_BINARY,21,-5)

plt.figure(figsize=(18,12))

plt.subplot(221),plt.imshow(image, 'gray'),plt.title( 'Original ")
plt.subplot(222),plt.imshow(thl, ‘gray'),plt.title( 'GlLobal
Thresholding ')

plt.subplot(223),plt.imshow(th2, 'gray’),plt.title( 'Adaptive Mean
Thresholding')

plt.subplot(224),plt.imshow(th3, '‘gray’),plt.title( Adaptive Gaussian
Thresholding')

plt.show();



HaxnaneiBanue 1ByX U300pakeHUI JpyT Ha JpyTrKa

imagel_url =
'https://as2.ftcdn.net/v2/jpg/02/31/48/03/1000 F 231480357 TGpMz4r5HSF
ALm43FRZ366F jFZuuoRA8. jpg'
urllib.request.urlretrieve(imagel_url, "imagel.png")

imagel = cv.imread("imagel.png",cv.IMREAD COLOR)
imagel = cv.cvtColor(imagel, cv.COLOR_BGR2RGB)
imagel = cv.resize(imagel, (16600,560))

image2_url =

'https://as2. ftcdn.net/jpg/04/46/10/77/1024W_F 446107734 NaiNx4QxqlbT4
1pUIvGohwldtU9ROWpXx NW1. jpg'
urllib.request.urlretrieve(image2 url, "image2.png")

image2
image2
image2

plt.
plt.
plt.
plt.
plt.

mix

plt.

cv.imread("image2.png"”, cv.IMREAD COLOR)
cv.cvtColor(image2, cv.COLOR_BGR2RGB)
cv.resize(image2, (1000,500))

subplot(1,2,1)
imshow(imagel)
subplot(1,2,2)
imshow(image2)
show();

= cv.addWeighted(imagel, 9. 3,image2,6.4,0)
imshow(mix)

200 400 600 800



<matplotlib.image.AxesImage at 6x2590f8131c8>
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YnpaxHeHue 3

1. BbibepuTte noboe nsobpaxeHne n nonpobynTte npogenartb C HUM HE MeHee 5
ornepawmm ¢ NOMOLLbIO opency.

Pabota c ructrorpammamm

cv.imread("image.png", cv.IMREAD COLOR)
cv.cvtColor(image, cv.COLOR_BGR2RGB)

image
image

hist = cv.calcHist([image],[2],None, [256],[6,256])
plt.plot(hist); plt.show()
color = ('b','g",'r")

for chanel i, color_i in enumerate(color):
hist = cv.calcHist([image], [chanel 1i],None, [256],[6,256])
plt.plot(hist, c= color_1)
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20000
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Elh 5:0 160 15|0 260 2%0
cv.imread("image.png",cv.IMREAD_COLOR)
cv.cvtColor(image, cv.COLOR_BGR2GRAY)

image
image

image_eq = cv.equalizeHist(image)
hist = cv.calcHist([image_eq],[©],None, [256],[0,256])

plt.figure(figsize=(18,4))

plt.subplot(1,3,1); plt.imshow(image, ‘'gray’);
plt.subplot(1,3,2); plt.imshow(image_eq, ‘'gray');
plt.subplot(1,3,3); plt.plot(hist);

plt.show();

YnpaxeHue 4

1. W3yumte ructorpammy GuHapHOro naobpaxeHus,

2. WN3yunte ructorpammy n3obpaxeHus, NONyYEHHYH C MOMOLLbIO NOPOroBbIX
dyHKUMN THRESH_TOZERO 1 THRESH_TRUNC.

3. Bbibepute kak MMHMMYM 3 onepaunn U3 npegbiayLero pasgena (npoctble
onepauuu B opencv) 1 U3y4nte ructorpammy ans Bcex ns Hux. He 3abbiBante
npeobpa3oBbiBaTh N306paXXeHWsi B OTTEHKN CEPOro.

4. WU3yuute, Kak UBMEHEHNe rMcTorpaMmbl 3aBUCUT OT BENNYMHbI LLYMA.

Onepauuna cBepTkn

CBepTKM - 3TO MaTeMaTU4eCKue onepaLmm Mexay AByMs (YHKUMAMM, KOTOPbIe CO34at0T
TpeTbto pyHKUMI0. [Npn 06paboTke nsobpaxeHnin ata onepawmsi OCyLLECTBSETCA NyTEM
KOMOVHaUUKN NPOCTPaHCTBEHHOMO CABUra 1 onepauumn YMHOXEHUSA OAHOIo n3obpaxeuns
Ha gpyroe. OgHo 13 00paxkeHU Ha3blIBaeTCA S4P0. Aapa onpeaenseT pasmep CBEPTKHU,
NPUMEHSIEMbIE BECA M TOYKY NPUBA3KKU, OOBbIYHO paCcnoNOXEHHY0 B LEHTPE siapa.
CaepTKa - OCHOBHasi onepauunsi B 60nbLUMHCTBE METOA0B KOMMbLIOTEPHOTO 3peHns. [ns
Hayana nonpobyem caenaTb 9To B oopMare numpy.



e [lpumeyaHue * [Insg nonydeHns n3obpaxxeHns TOro xxe pa3mepa Ham Hy>kHo byaet
caenatb paclmpeHne n3obpaxkeHms HynsMmu.

def convolve2D(image, kernel):

kernel = np.asarray(kernel)

# for obtain

image_pad = np.pad(image,pad_width=(kernel.shape[0]//2-1,
kernel.shape[1]//2-1 ),mode="constant")

output = np.zeros_Like(image_pad)

for x in range(kernel.shape[©]//2,
image_pad.shape[0]-kernel.shape[0]):

for y in range(kernel.shape[1]//2,

image_pad.shape[1]-kernel.shape[1]):

image_path = image[x: x + Rernel.shape[1],
y: y + Rernel.shape[0]]

output[x, y] = np.sum(kernel*image_path)

return output

cv.imread("image.png",cv.IMREAD_COLOR)
cv.cvtColor(image, cv.COLOR_BGR2GRAY)

image
image

kernel = np.asarray([[1,1,1],[1,1,1],[1,1,1]])/9
out = convolve2D(image, kernel)

plt.imshow(out, ‘'gray');
plt.show();
print(out.shape, image.shape)

o

(667, 1000) (667, 1000)

Tenepb faBanTe NpoTECTUPYEM TY Xe onepaLmio C opencv

image = cv.imread("image.png",cv.IMREAD COLOR)
image_rgb = cv.cvtColor(image, cv.COLOR_BGR2RGB)



image_gray = cv.cvtColor(image, cv.COLOR_BGR2GRAY)
kernel = np.asarray([[1,1,1],[1,1,1],[1,1,1]])/9

out_gray = cv.filter2D(src=image_gray, ddepth=-1, kernel=kernel)
out_rgb = cv.filter2D(src=image_rgb, ddepth=-1, kernel=kernel)
plt.figure(figsize=(12,6))

plt.subplot(1,2,1); plt.imshow(out_gray, ‘gray’');
plt.subplot(1,2,2); plt.imshow(out_rgb);

plt.show();

print(out_gray.shape, 1image.shape)

200 §

(667, 1000) (667, 1000, 3)

[aBanTe n3y4ymm HeCKONbKO NPOCTbIX (OUNBTPOB

cv.imread("image.png",cv.IMREAD_COLOR)
cv.cvtColor(image, cv.COLOR_BGR2RGB)

image
image

#Edge detection
kernel = np.array([[-1, -1, -1],
[_1; 8, _1]1
['11 -1, '1]])
edge = cv.filter2D(src=image, ddepth=-1, kernel=kernel)

#Sharpen
kernel = np.array([[ 6, -1, 9],
['11 6, '1]1
[ 9, -1, @]])
sharpen = cv.filter2D(src=image, ddepth=-1, kernel=kernel)

#Gaussian Blure

kernel =
[[2,4,5,4,2],[4,9,12,9,4],[5,12,15,12,5],[4,9,12,9,4],[2,4,5,4,2]]
kernel = np.asarray(kernel)/np.sum(kernel)

gaussian _blure = cv.filter2D(src=image, ddepth=-1, kernel=kernel)

#Sobel edge detection in horizon
kernel = np.array([[-1, 6, 1],
['21 @J 2]:



[_11 @J 1]])
sobelx = cv.filter2D(src=image, ddepth=-1, kernel=kernel)

#Scharr edge detection in vertical
kernel = np.array([[-3, -16, -3],
[ @; @; 6]}
[ 3, 16, 3]])
scharry = cv.filter2D(src=image, ddepth=-1, kernel=kernel)

# emboss filter
kernel = np.array([[-2, -1, @],

[_11 1: 1]:
[ o, 1, 2]])
kernel = np.asarray(kernel)/np.sum(kernel)
emboss = cv.filter2D(src=image, ddepth=-1, kernel=kernel)

plt.figure(figsize=(18,18))

plt.subplot(3,2,1); plt.imshow(edge, 'gray'); plt.title("edge")
plt.subplot(3,2,2); plt.imshow(sharpen, 'gray'); plt.title("sharpen”)
plt.subplot(3,2,3); plt.imshow(gaussian_blure, 'gray');
plt.title("gaussian blure")

plt.subplot(3,2,4); plt.imshow(sobelx, 'gray'); plt.title("sobel in
horizon™)

plt.subplot(3,2,5); plt.imshow(scharry, ‘'gray'); plt.title("scharr in
vertical")

plt.subplot(3,2,6); plt.imshow(emboss, ‘'gray’);plt.title(" emboss")
plt.show();



eclge

-] 200 a0 600 800

gaussian_lure sobel in hamzon

(] ma 400 00 mo

Ha camom nene OpenCV conep>KuT HEKOTOpble GUIBTPBI KaK BCTPOCHHBIE (PYHKIIHUH.
gauss_blure = cv.GaussianBlur(image_rgb, (15,15), 16.4)
median_blure = cv.medianBlur(image_rgb, 15)

bilateral cv.bilateralFilter(image_rgb,9,75,75)

plt.figure(figsize=(18,6))
plt.subplot(1,3,1); plt.imshow(gauss _blure);
plt.subplot(1,3,2); plt.imshow(median_blure);
plt.subplot(1,3,3); plt.imshow(bilateral);
plt.show();

Taxxe OTMETHUM, YTO OPENCV COACPKUT MHOXKECTBO 00JIee CIIOKHBIX ONepariii, mogo0HbIX

¢bubTpy.

sk_gray, sk_color = cv.pencilSketch(image, sigma_s=6, sigma_r=0.07,
shade_factor=0.1)

hdr = cv.detailEnhance(image, sigma _s=12, sigma _r=0.15)

inverse = cv.bitwise _not(image)

bright cv.convertScaleAbs(image, beta=70)



plt.figure(figsize=(18,12))

plt.subplot(2,2,1); plt.imshow(inverse); plt.title("negative”)
plt.subplot(2,2,2); plt.imshow(sk _color); plt.title("pencil sketch")
plt.subplot(2,2,3); plt.imshow(hdr); plt.title("hdr")
plt.subplot(2,2,4); plt.imshow(bright); plt.title("bright")

plt.show();

from scipy.interpolate import UnivariateSpline

cv.imread("image.png",cv.IMREAD_COLOR)
cv.cvtColor(image, cv.COLOR_BGR2RGB)

image
image

def LookupTable(x, y):
spline = UnivariateSpline(x, y)
return spline(range(256))

def summer(img) :

increaselookupTable = LookupTable([©, 64, 128, 256], [0, 86, 166,
256]éecreaseLookupTabLe = LookupTable([o, 64, 128, 256], [0, 56, 160,
256])

blue_channel, green channel,red channel = cv.split(img)

red_channel = cv.LUT(red_channel,

increaselookupTable).astype(np.uint8)
blue_channel = cv.LUT(blue_channel,
decreaselLookupTable).astype(np.uint8)

out= cv.merge((blue_channel, green_channel, red _channel ))
return out
def winter(img):

increaselookupTable = LookupTable([o, 64, 128, 256], [0, 86, 166,
256])



decreaselLookupTable = LookupTable([0, 64, 128, 256], [0, 56, 160,
256])

blue_channel, green_channel,red_channel = cv.split(img)

red_channel = cv.LUT(red_channel,
decreaselookupTable).astype(np.uint8)

blue_channel = cv.LUT(blue_channel,
increaselookupTable).astype(np.uint8)

out= cv.merge((blue_channel, green_channel, red_channel))
return out

def sepia(img):
img_sepia = np.array(img, dtype=np.float64) # converting to float
to prevent loss
img_sepia = cv.transform(img_sepia,
np.matrix([[6.272, ©.534, ©.131],
[0.349, 0.686, 0.168],
[0.393, 0.769, 0.189]])) #
multipying image with special sepia matrix
img_sepia[np.where(img_sepia > 255)] = 255 # normalizing values
greater than 255 to 255
img_sepia = np.array(img_sepia, dtype=np.uint8)
return img_sepia

def edge mask(img, Lline_size=3, blur_value=3):
gray = cv.cvtColor(img, cv.COLOR_BGR2GRAY)
gray_blur = cv.medianBlur(gray, blur_value)
edges = cv.adaptiveThreshold(gray_blur, 255,
cv.ADAPTIVE THRESH MEAN_C, cv.THRESH BINARY, line_size, blur_value)
return edges

def countours(image):

contoured_image = image

gray = cv.cvtColor(contoured_image, cv.COLOR_BGR2GRAY)

edged = cv.Canny(gray, 120, 200)

contours, hierarchy = cv.findContours(edged, cv.RETR_EXTERNAL,
cv.CHAIN_APPROX_NONE)[-2:]

cv.drawContours(contoured_image, contours, contourIdx=-1, color=6,
thickness=1)

return contoured_image

def colour_quantization(image, K=13):

Z = image.reshape((-1, 3))

Z = np.float32(2)

criteria = (cv.TERM _CRITERIA EPS + cv.TERM CRITERIA MAX ITER, 1600,
0.001)

compactness, Llabel, center = cv.kmeans(Z, K, None, criteria, 1,



cv.KMEANS_RANDOM_CENTERS)
center = np.uint8(center)
res = center[label. flatten()]
res2 = res.reshape((image.shape))
return res2

plt.figure(figsize=(18,12))

plt.subplot(2,2,1); plt.imshow(summer(image)); plt.title("summer"”
plt.subplot(2,2,2); plt.imshow(winter(image)); plt.title("winter")
plt.subplot(2,2,3); plt.imshow(sepia(image)); plt.title("sepia")
plt.subplot(2,2,4); plt.imshow(colour_quantization(image));
plt.title("colour_quantization")

plt.show()

YnpaxHeune 5

1. W3yuute, kak paboTtaeTt punbtp ¢ 9apom kernel = np.ones ((25,25));
kernel = kernel / np.max (kernel).

2. [NonpobynTe HeckonbKO PyHKLMI B opency, Hanpumep cv.stylization (image,
sigma_s = 20, sigma_r = 0.6) unucv.detailEnhance (image, sigma_s
= 10, sigma_r = 0.15) ons nsy4aemoro nsobpaxeHuns

3. Bbibepute nsobpaxeHue n gobasesTte WyMbl (BbIbepuTe 0OANH TUN), 3aTEM
nonpobynTe ynyywmnTb kKa4ecTBO 06paboTKOM NOKa3aHHOW BbILLE.

4.  WN3yyuTe nameHeHusi rmctorpaMmmbl 4nsi n3o6paxxeHnin C pasHon punstpaumen
(MUHUMYM 5 TUNOB).

5. Cosgante apdeKkT MynbTUMINKLUKN C MOMOLLBIO OYHKUMIA countours () v
colour_quantization(), NpUBEAEHHbIX BbiLLE



JTabopaTtopHas 2
Paboma conposooicoaemcs dokymenmom 8 hpopmame ipnb

MN3yyeHne ocoGeHHOCTEN KNacCUYecKMx METOAOB PeLLIeHNs 3aa4 KOMMbIOTEPHOTO
3peHus.

N3yueHne ocobeHHOCTE KnaccnyYeckux MeETOA0B peLleHUs 3a4a4 KOMMbITEPHOIO
3peHus. Metoabl HOG, DAISY, watershed, AeTEKUMS YIIOB, KOPPENSALMS U OPYTUX.

naket oubnumorek scikit-image

Scikit-image unn skimage - 3TO MOLLHbIN MAKET (MU UHCTPYMEHT) Python C OTKPbITbIM
NCXOLHbIM KOAOM, NpeAHas3HavYeHHbIN AN peLleHns 3agady npeasapuTenbHON
06paboTkM N306pakKeHNn N KOMMBLIOTEPHOIO 3PEHNSA C UCMONBb30BAaHNEM KITaCCUYECKMNX
noaxoaos. [Ana Havyana n3yyYnm OCHOBbI paboThl C M306paKeHnAMMN.

import skimage
from skimage.io import imread, imshow
import skimage.data

from skimage import color

from skimage import transform
from skimage import exposure
from skimage import filters
from skimage import morphology
from skimage import feature
from skimage import segmentation

import urllib.request

import numpy as np

import matplotlib.pyplot as plt
Zzmatplotlib inline

image = skimage.data.astronaut()

imshow(image) ;
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image_url =
'https://as2. ftcdn.net/v2/jpg/02/31/48/03/1000 F 231480357 TGpMz4r5HSF
ALm43FkZ366F jFZuuoRA8. jpg"

urllib.request.urlretrieve(image_url, "image.png")

image_gray = imread('image.png', as_gray=True)
imshow(image_gray) ;

400 600

Ha camom fnerne nzobpaxkeHus Ha Beixoze imread UMEIOT TUIT MaccuBa numpy. Takum oOpa3oM,
MBI MOXEM PadOTaTh C HUMHU B JIFOOBIX IPYTUX MakeTax 0e3 JOMOJHUTEIbHBIX Pe0o0pa30BaHHIA.

print(type(image_gray))
plt.imshow(image_gray, 'gray');

<class 'numpy.ndarray'>

100 1§
200
200 1
fod

500

Kak u B npenpinymieit padore, 31ech Mbl MOKEM IPe0OPa30BbIBATh U300pAKEHUS U3 OJTHOTO
(dopmara B Ipyroii ¢ MOMOIIBIO BCTPOCHHBIX (DyHKITHIA.

image_rgb imread( 'image.png', as_gray=False)

image_gray = color.rgb2gray(image_rgb)

img_hsv color.rgb2hsv(image_rgb)

plt.figure(figsize=(18,12))
plt.subplot(131),plt.imshow(image_gray); plt.title( 'gray’)
plt.subplot(132),plt.imshow(image_rgb); plt.title('rgb")



plt.subplot(133),plt.imshow(img_hsv); plt.title('hsv")
plt.show();

skimage comepXuT MHOKECTBO TIOMYIISIPHBIX METO/IOB MPEOOpa30BaHUS N300PAKEHHN.
image = imread('image.png', as_gray=False)

resized = transform.resize(image, (300, 300))
rescale = transform.rescale(image, scale=(9.5, 6.6))
rotated = transform.rotate(image, angle=45)

plt.figure(figsize=(18,12))
plt.subplot(131),plt.imshow(resized); plt.title('resized’)
plt.subplot(132),plt.imshow(rescale); plt.title( 'rescale’)
plt.subplot(133),plt.imshow(rotated); plt.title( rotated’)
plt.show();

C:\ProgrambData\Anaconda3\lib\site-packages\skimage\transform\_warps.py
:23: UserWarning: The default multichannel argument (None) is
deprecated. Please specify either True or False explicitly.
multichannel will default to False starting with release 0.16.

warn( 'The default multichannel argument (None) is deprecated.

Please

resized

mtated
rescale

OI[HaKO JJIs1 HEKOTOPBIX U3 HUX HYXXHO HCIIOJIB30BATh APYTUEC IMAKETHI.
image = imread('image.png', as_gray=False)

#binary image
def rgb2gray(image):

rgb2gray weights = [0.2989, 0.5870, ©.1140]

image_gray = np.dot(image[...,:3], rgb2gray weights) # sum of
weighted channels

return image_gray

def rgb2binary(image, threshold = 127):



binary = rgb2gray(image)
binary = binary >= threshold # if >=127, then 1, else @
return binary

fliplr = np.fliplr(image)
binary = rgb2binary(image)
cut = image[360:(image.shape[0]-160), 300:(image.shape[1]-166), :]

plt.figure(figsize=(18,12))

plt.subplot(131),plt.imshow(fliplr); plt.title( 'fLiplr")
plt.subplot(132),plt.imshow(binary, 'gray'); plt.title( 'binary")
plt.subplot(133),plt.imshow(cut); plt.title('cut’)
plt.show();

Bor emte Heckoabko MpUMEpPOB MpeoOpa3zoBaHUiA
image = imread('image.png', as_gray=True)

swirl = transform.swirl(image, rotation=6, strength=3, radius=890)

tform = transform.SimilarityTransform(scale=6.6, rotation=np.pi/8)
rotated = transform.warp(image, tform)

tform = transform.AffineTransform(shear=np.pi/6)

affine = transform.warp(image, tform)

plt. figure(figsize=(18,18))

plt.subplot(131),plt.imshow(affine, 'gray'), plt.title( 'affine
projection')

plt.subplot(132),plt.imshow(swirl, 'gray'); plt.title( 'swirl")
plt.subplot(133),plt.imshow(rotated, 'gray'); plt.title( 'rotated and
scaled’)

plt.show()

affine projection rotated and scaled

-

]

Taxoke Skimage cogepKUT MHOKECTBO MOMYJISPHBIX (UIBTPOB U IPYTHX METOIOB 00pabOTKU
HM300paKeHHI.



image = imread('image.png', as_gray=False)

bright = exposure.adjust_gamma(image, gamma=9.3,gain=1)
dark = exposure.adjust_gamma(image, gamma=1.8,gain=1)
equalized = exposure.equalize hist(image, nbins=3)

plt.figure(figsize=(18,12))
plt.subplot(131),plt.imshow(bright); plt.title( 'bright")
plt.subplot(132),plt.imshow(dark); plt.title( 'dark")
plt.subplot(133),plt.imshow(equalized); plt.title( 'equalized")
plt.show();

C:\ProgramData\Anaconda3\lib\site-packages\skimage\exposure\exposure.p
y:124: UserWarning: This might be a color image. The histogram will be
computed on the flattened image. You can instead apply this function
to each color channel.

warn("This might be a color image. The histogram will be

n

JaBaiite mpoTecTupyeM (GUIBTPHI, OHAKO MBI JJOJDKHBI OTMETUTh, 4TO B «skimage» 1o
YMOITYaHHUIO JJ1s1 OOJIBIIMHCTBA (PUIBTPOB TPEOYIOTCS MPEACTABUTH N300PAKECHHUS B TPalallUsIX

ceporo.
image = imread('image.png', as_gray=True)
median = filters.median(image)

scharr_h = filters.scharr_h(image)
gaussian = filters.gaussian(image)

sobel = filters.sobel (image)

sato = filters.sato(image)

roberts = filters.roberts(image)

plt.figure(figsize=(18,18))

plt.subplot(321),plt.imshow(median, 'gray'); plt.title( 'median’)
plt.subplot(322),plt.imshow(scharr_h, 'gray'); plt.title( 'scharr_h")
plt.subplot(323),plt.imshow(gaussian, 'gray’'); plt.title( 'gaussian’)
plt.subplot(324),plt.imshow(sobel, ‘'gray'); plt.title('sobel")
plt.subplot(325),plt.imshow(sato, 'gray'); plt.title('sato")
plt.subplot(326),plt.imshow(roberts, 'gray'); plt.title( roberts’)
plt.show();

C:\ProgramData\Anaconda3\lLib\site-packages\skimage\util\dtype.py:135:
UserWarning: Possible precision lLoss when converting from float64 to
uint8

.format(dtypeobj in, dtypeobj out))
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Opnnako Bce PUIBTPHI MOTYT OBITH aIalITUPOBAHBI K rgb win ApyruM dhopmaram.
from skimage.color.adapt _rgb import adapt _rgb, each channel, hsv_value

@adapt _rgb(each_channel)
def sobel rgb(image):
return filters.sobel h(image)

@adapt rgb(hsv_value)
def sobel hsv(image):
return filters.sobel h(image)

image_rgb = imread( 'image.png', as_gray=False)
image _gray = color.rgb2gray(image_rgb)
image_hsv = color.rgb2hsv(image_rgb)

filters.sobel h(image_gray)
exposure.rescale_intensity(1-sobel_rgb(image_rgb))
exposure.rescale_intensity(1-sobel_hsv(image_hsv))

image_gray
image_rgb
image_hsv

plt.figure(figsize=(18,12))

plt.subplot(221),plt.imshow(image_gray, ‘'gray'); plt.title('gray’)
plt.subplot(222),plt.imshow(image_rgb); plt.title( 'rgb")
plt.subplot(223),plt.imshow(image_hsv); plt.title( 'hsv")

plt.show()



8§ B B 3

YnpaxeHnue 1

1. Bblbepute nsobpaxeHue 1 nonpobynTe kak MUHUMYM 5 TEXHMK, MOKa3aHHbIX
BbILLE.

2. [ob6aBbTe pa3nuyHbie TUMbI LYMOB K BalleMy n3obpaxeHuto (cMm. Mpegbiaywive
3aHATME) 1 NonpobyinTe caenaTthb LWymMonodaBneHne, NCNoNb3ys HEKOTOpbIe
TEXHMKM NOoKa3aHble TYT.

PaboTa c npusHakamu nsobpaxeHumn

Momnmo metooB 06paboTkun n3obpaxkeHnn, skimage COAEPXKUT MHOXXECTBO METOA0B
AN peLeHns NpocTbIX 3a4ay KOMMbIOTEPHOIO 3PEHUS, HUXKE Bbl MOXETE HANTU
HeCKomnbKo nx npumepoB. CHavana Ham Hy>XHO ByaeT BblOpaTb HEKOTOPbIE OYHKLNN.

from skimage import feature

#Auxiliary function
def plt_feature(image, name = '', rescale =(9, 23) ):
1f rescale:
image = exposure.rescale_intensity(image,
in_range=rescale)
plt.figure(figsize=(14,14));
plt.imshow(image, 'gray');
plt.title(name);
plt.show()

BblaeneHne nokanbHbIX NMPU3HaKoB

«'ncTorpamma opMeHTMpPOBaHHOIO rpaaneHTa» (HOG) SsBNsSieTCs OAHUM U3 CaMbiX
nonynspHbIX METOAOB paboThbl C NPU3HaAKaMU BO MHOIMMX 3aa4ax KOMMbIOTEPHOIO
3peHus, B YaCTHOCTU And obHapyXeHns 06 bEKTOB.

0630p anroputma HOG  (Heobs3arenbHO) T100anbHas HOpMaIU3alus U300paXKeHUs -
YMEHBIIUTH YPPEKTHI OCBEIICHUS. BBIYUCICHHUE TPAJUCHTHOTO H300PaKEHUS B HAMPABICHUSIX X
Uy JUISl K&KJIO0TO MTUKCEIs - JJIs 3aXBaTa KOHTYpa, CUIIydTa UM HHPOPMALIHH O TEKCType,
pasnenuTs n300pakeHrne Ha HeOOIBIIHE MPOCTPAHCTBEHHBIC 00IacTH (SI9eHKH, OJIOKH) C
MpelonpeeIeHHBIM OKHOM, BBIUYMCIIEHHE THCTOTPaMM IpaIueHTa B STYCHKe - KOAUPOBAHHE
JIOKaJIbHBIX XapaKTePUCTUK B BUE 1d rucrorpaMM OpueHTAIUH Yyepe3 Kax bl OJIOK (STYerKy),
HOpMaJM3aIus o 6JokaM MpeoOpa3oBaHKE PE3YJILTATOB B BEKTOP MPU3HAKOB

image = imread('image.png', as_gray=False)



fd, hog image = feature.hog(image,
pixels_per cell=(18, 18),
visualize=True)

plt feature(hog image, 'HOG")

HOG

CymiecTByeT MHO)KECTBO METO/IOB, 0OCHOBaHHBIX Ha QyHKIMIX HOG, ogun u3 Hux - DAISY. On
pa3paboTaH TakuM 00pa3oM, 4TOObI BBIIEIATh INIOTHOCTh 0OBEKTOB HAa N300PaXKEHHUs, UTO
II0JIE3HO, HAIIPUMeEp, JJIs IPEACTaBIEHUE U300pakeHUH ""MEIIOK MPU3HAKOB'".

image = imread('image.png', as_gray=True)

fd, daisy = feature.daisy(image,
step=280,
radius=1600,
rings=2,
orientations=20,
visualize=True)
plt_feature(daisy, 'daisy’,None)

Jlnis pacnio3HaBaHUsSI 00pa30B U300pAKEHUS TAKIKE MOKET OBITh ITOJIE3HO HCKATh YIJIBL.
# Sheared checkerboard
image = imread('image.png', as_gray=True)

coords = feature.corner_peakRs(feature.corner_harris(image),
min_distance=5, threshold_rel=6.01)
coords_subpix = feature.corner_subpix(image, coords, window _size=13)



plt.figure(figsize=(14,14))
plt.imshow(image, 'gray"’)

plt.plot(coords[:, 1], coords[:, ©], color="y"’,
marker="0", Linestyle="None', markersize=3)

1] ]

plt.plot(coords subpix[:, 1], coords subpix[:, @], '+r’,
markersize=15)

plt.title( 'corner_peaks detector')

plt.show()

Jpyroii Tum AeTekTopa mpu3HaKoB - 310 netektop npusHakoB CENSURE (aetexrop kito4eBbIX
TOYEK, HE 3aBUCSIINNA OT MacIITada).
image = imread('image.png', as_gray=True)
detector = feature.CENSURE()
detector.detect(image)
plt.figure(figsize=(14,14))
plt.imshow(image, cmap=plt.cm.gray)
plt.scatter(detector.keypoints[:, 1],
detector.keypoints[:, 9],

facecolors="none’,
edgecolors="r")

plt.title('scale-invariant center-surround keypoints detector')
plt.show()
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CermeHTaums

B npuBeneHHbIX BbiLe NpMMepax nokasaHbl NpuMmepbl OGHapYXeHNS NoKasnbHbIX
ocobeHHocTen 00BbEKTOB Ha n3obpaxkeHnsix. OQHaKO B HEKOTOPLIX CRyYasX cermeHTaums
00BLEKTOB MOXET OKasdaTbcs 6onee nonesHon. CerMmeHTauus noporoBbIX 3Ha4YEHUN RAG
B aToM npnmepe cosgaetcs rpadoMk CMEXHOCTU PermoHoB (RAG). PermoHsl
ob6beaunHATCs B 06nacTi, noxoxume no uBeTy. Mbl cTpouM RAG 1 onpegensiemM Kpas Kak
pasHuLy B cpegHeM LuBeTte. 3ateM Mbl 06beanHAEM 061acTu C NOXOXUMU CPELHUMMU
LuBeTamu.

image = 1imread('image.png', as_gray=False)

Labels = segmentation.slic(image, compactness=360, n_segments=900)
RAG = color.label2rgb(labels, image, kind='avg', bg Label=0)

plt_feature(RAG, 'RAG',None)

AnroputMm cermenTanuu Yan-Bece npegHa3zHaueH A cerMeHTauu 0ObEeKTOB 6e3 YeTKO
OTIpe/IeTICHHBIX TPAHMII. DTOT AJITOPUTM OCHOBAH Ha Ha0OpaxX ypOBHEH, KOTOPhIE UTEPATHBHO
W3MEHSIOTCS ISl MUHUMU3AIMK L1eJeBON (DYyHKIIUH - SHEPTUH, KOTOpast ONpeenseTcs
B3BCUHICHHBIMU 3HAYCHUAMU, COOTBCTCTBYIOIIIMMU CYMMCEC pa3n14q1/1171 HUHTCHCHUBHOCTH OT CPECAHETO
3HAYEeHHMS 3a MpeeaMi CeTMEHTHPOBAHHON 00JIaCTH K CyMME OTJIIMYUH OT CPEAHET0 3HAYCHUS
BHYTPH CEIMEHTHPOBAHHOM 00JIACTH, U CIIOTaeMBIM KOTOPOE 3aBHCUT OT JUIMHBI TPAHHIIBI
CEerMEHTUPOBAHHON 00JIaCTH.

image = 1imread('image.png', as_gray=True)

imagef = skimage.img_as_float(image)

chan_vese = segmentation.chan_vese(image, tol=6.01, max_1iter=1600, )



plt _feature(chan_vese, 'chan vese',None)

Watershed JIpyro¥ THIr KIIaCCUYECKUX aJTOPUTMOB KOMIIBIOTEPHOTO 3PSHHUS - 3TO CETMEHTAITHS
Bonopasnena. Watershed - 3To kmaccueckuii anropuT™, UCTIONB3YEMBbIH ISl CETMEHTAIIHH, TO
€CTb ISl pa3ieNIeHUs Pa3InIHBIX 00BEKTOB HA U300pKEHNUU. AJITOPUTM pPACCMaTPUBAET
3HAYECHUS MMUKCETIe KaKk MECTHYIO Tonorpaduro (BrICOTy). Bo MHOTHX Cilydasix alnropuTm
HAUMHAETCS C MAPKEPOB, KOTOPHIE MOTYT OBITh BHIOPAHBI B KAYECTBE JIOKAIbHBIX MUHUMYMOB
3HAYCHUI N300paxeHusl. AJTOPUTM 3aTOIUISIET OacCeitHBI OT MapKepPOB JI0 TEX MOp, MOKa
OacceiiHbl, OTHOCSIIUECS K Pa3HbIM MapKepaM, HE BCTPETATCS Ha JIMHUSAX BOIOPA3/IEIOB.
coins = data.coins()

edges = filters.sobel(coins)

grid = skimage.util.regular_grid(coins.shape, n_points=468)

seeds = np.zeros(coins.shape, dtype=int)

seeds[grid] = np.arange(seeds[grid].size).reshape(seeds[grid].shape) +
1

watershed = segmentation.watershed(edges, seeds)

plt _feature(color.label2rgb(watershed, coins,
bg Llabel=-1), 'watershed’,None)

Koppensuusi n conoctaBneHve npusHakos



MOMMMO HEKOHTPONUPYEMOIO U3BMNEYEHMUS MTPU3HAKOB, B HEKOTOPbIX Cry4Yasix Bam
noTpebyeTcs CoONOCTaBUTb 0COBEHHOCTN HECKOMBKUX N300paXKeHU NN N306paxxeHnI ¢
wabnoHamn. Hxe npmBeaeHbl HECKONbKO METOAOB COMOCTABINEHNS MPU3HAKOB.

imagel = imread('image.png', as_gray=True)

image2 = transform.rotate(imagel, 45) # distorted image
descr = feature.ORB(n_keypoints=200) #descriptor extractor
# original image features

descr.detect_and_extract(imagel)

keypointsl = descr.keypoints
descri descr.descriptors

# distorted image features
descr.detect_and_extract(image2)
keypoints2 = descr.keypoints
descr2 = descr.descriptors

# matches features
matches12 = feature.match_descriptors(descrl, descr2,
cross_check=True)

fig, ax = plt.subplots(figsize=(18,10));
feature.plot_matches(ax, imagel, image2, keypointsl, keypoints2,
matches12) ;

plt.gray(); plt.show()

1750 2000

keypointsl = feature.corner_peaks(feature.corner_harris(imagel),
min_distance=5, threshold rel=6.1)
keypoints2 = feature.corner_peaks(feature.corner_harris(image2),
min_distance=5, threshold rel=6.1)

extractor = feature.BRIEF()
extractor.extract(imagel, keypointsl)

keypointsl = Reypointsl[extractor.mask]
descril extractor.descriptors



extractor.extract(image2, keypoints2)
keypoints2 = Reypoints2[extractor.mask]
descr2 = extractor.descriptors

matchesl12 = feature.match_descriptors(descrl, descr2,
cross_check=True)

fig, ax = plt.subplots(figsize=(18,10));
feature.plot_matches(ax, imagel, image2, Reypointsl, keypoints2,
matches12);

plt.gray(); plt.show()

B HekoTopbIX cirydasx He00X0UMO ONPEAEIUTh KaKoi-1100 00beKT Ha CHUMKE. B aTOoM citydae
skimage npenocTaBiseT METOABI CONIOCTABIEHUS. DTH METO/Ibl OCHOBaHbI Ha KOPPEISALUU
MEXy I1a0IOHOM (0OBEKTOM) M PA3IMYHBIMH O0JIACTSIMH N300paKSHHUS.

image = skimage.data.coins()

coin = image[176:220, 75:130]

result = feature.match_template(image, coin)

plt.figure(figsize=(18,16))

plt.subplot(221),plt.imshow(image, 'gray'); plt.title( 'image")
plt.subplot(222),plt.imshow(coin, 'gray'); plt.title('coin’)
plt.subplot(223),plt.imshow(result); plt.title( 'result’)

Y, X = np.unravel_index(np.argmax(result), result.shape)
plt.plot(x, y, 'o', markeredgecolor='r', markerfacecolor="'none’,

markersize=20)

plt.show()
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3. BblbepuTe aBa M306paxkeHMs 1 Mo KparHel mepe 5 MeToaoB paboTbl C NPU3HKaMU
ANS HUX.

4. CpaBHI/ITe nony4veHHble NPU3HaKn.



JTabGopartopHas 3
Paboma conposooicoaemcs dokymenmom 8 hpopmame ipnb

OcoHoBbl paboTbl Ha PyTorch

M3y4eHne ocobeHHocTen Bubnunotekun pytorch. NpeacraBneHne gaHHbIX, METOAbLI PaboThbI
C AaHHbIMK, NpefcTaBrneHne n3obpaxeHun n nx npegobpabdoTka. N3yyeHne
NONMHOCBSA3HOro aBTO3HKOAEpa AN Habopa AaHHbIX MNIST.

PyTorch - Gubnunoteka malmMHHOro 0By4eHUs ¢ OTKPbITbIM MCXOAHBIM KOAOM A5 Python.
PyTorch ucnonb3yetcs 4ns NpUnoXeHni MawmnHHOro oby4eHuns n rmy6bokme HeMpPOHHbIE
ceTu. NepBoHavanbHO PyTorch 6k paspaboTaH nccnenoBaTenbCKOn rpynnon no
MCKYCCTBEHHOMY UHTENNEKTY Facebook. B onnumn ot 6onblueHcTBa Apyrnx
perMBOPKOB MaLLUMHHOIo 06y4YeHus PyTorch coBMeCTUM ¢ B1ubnmotekamm numpy m
scikit-learn.

[ns yctaHoBkM pytorch He06x0ANMMO 3anTn Ha odoeumanbHbIA canT: https://pytorch.org/ B
pasgene INSTALL PYTORCH BbiOpaTb Hy>XHbI€ ONuun.

* [1NA ycTaHOBKM 6e3 Buaeoyckoputens (Ans pacyeToB Ha CPU BbiOpaTh B pasaene CUDA
None)

MmnopT torch

import torch

import numpy as np

import torch.nn as nn

from torch.autograd import Variable
import torch.nn.functional as F

try:
import summary
except:
Ipip install torchsummary
finally:
from torchsummary import summary

import numpy as np
import matplotlib.pyplot as plt

HacTpoum paboTy ¢ torch BbIGUpem cbopmaTt paboThbl 1 YCTPOMUCTBO AN paboThl

dtype = torch.float

device = torch.device("cuda:0" if torch.cuda.is_available() else "cpu")
print(device)

# device = torch.device("cuda:0") # Uncomment this to run on GPU

cpu

[ns nogpo6Horo n3y4yeHnsa ocobeHHocTen pytorch NOMMUMO AaHHOW paboThbl
paspaboTynkamu npegnareTcs


https://pytorch.org/

Ha4yanbHbIA MaHyarn c npumepamu;

cTaTbyM C onMcaHnem oby4aroLwmx NpUMepoB;
penosutopun Ha GitHub c obyyatowmmmn npumepamu.
Twvnbl gaHHbIX

B PyTorch nyto6as onepaumsa npegcraBnset cobon rpad BeluncreHnin. Kaxapii ysen B
rpacde npeacraenset cobon ogHy aneMeHTapHyto onepauumto. lNMprumep Takoro rpada
NPeACTaBreH Ha PUCYHKE HUXe

Prediction

Add Operations
/
Variable Tensors
w X

Placeholder Tensor

Computational Graph

OCHOBHOW TWN AaHHbIX B PyTorch - 3T0 TeH30p. TeH30p B AaHHOM MOHWUMaHUKN OTNnYaeTcs
OT CTaHOAPTHOrO, MPUHSITOrO B hM3unKe, U 0603HaYaeT MHOTOMEPHYO MaTpuLly.

10 TENSORS 0 TENSOR | 10 TENSOR(
VECTOR MATRIX CUBE

4D TEMSOR 40 TEMSOR
VECTOR OF CUBES MATRIX OF CUBES

Takum 06pa3oM TEH30paMu MOryT ObITb CKansipbl, BEKTOPLI, MaTpuULibl M HaGopbl MaTpuL,
B HEMPOHHbIX CETSAX Kak NpaBuno Habopbl MaTpUL, TpeX-MepHbIe.

Ckansp

x = torch.tensor(3.)
print(x)
print(x.size(), 'Hynesas paamepHocme')


https://pytorch.org/tutorials/beginner/pytorch_with_examples.html
https://pytorch.org/tutorials/
https://github.com/pytorch/examples

tensor(3.)
torch.Size([]) Hynesasi pasamepHOCMb

BekTtop

temp = torch.FloatTensor([1,2,3.4,-0.3])
temp.size()

print(temp)

print(temp.size())

tensor([ 1.0000, 2.0000, 3.4000, -0.3000])
torch.Size([4])

MaTtpuua
nonpobyem 3agatb U3 numpy

temp = torch.from_numpy(np.eye(4))
print(temp)
print(temp.size())

tensor([[1., 0., 0., 0.],

[0, 1.,0.,0.],

[0, 0.,1.,0.],

[0., 0., 0., 1.]], dtype=torch.float64)
torch.Size([4, 4])

c MaTpuuamMm 1 BeKTopamm B torch MOXHO pa6OTaTb TaKkXe Kak 1 B numpy

temp = temp|:2,:3]
print(temp)
print(temp.size())

tensor([[1., 0., 0.],
[0., 1., 0.]], dtype=torch.float64)
torch.Size([2, 3])

TeH30p

import torch

x = torch.Tensor(2, 3)
print(x)
print(x.shape)

tensor([[0.0000e+00, 1.8750e+00, 8.4078e-45],
[0.0000e+00, 1.4013e-45, 0.0000e+00]])
torch.Size([2, 3])

CnyyanHble TeH30p

x =torch.rand(2, 3)
print(x)

x = torch.rand(2, 3,2)



print(x)
print(x.shape,'mpex-mMepHbIU meH30p')

tensor([[0.0812, 0.6494, 0.3877],
[0.4282, 0.8209, 0.3250]])
tensor([[[0.6844, 0.3428],
[0.8327, 0.2470],
[0.1784, 0.4802]],

[[0.6151, 0.3245],
[0.9564, 0.5970],
[0.0632, 0.7664]]])
torch.Size([2, 3, 2]) mpex-mepHbItU MeH30p

Mpnmepbl onepauumn ¢ TeH3opamu

C TEH30paMM MOXXHO NPON3BOANTL BONbLUEHCTBO CTaHO4APTHLIX ONepaLumii, UMEKLLNXCS B
nakete NumPy

x = torch.ones(2,3)

y = torch.ones(2,3) * 2
c =torch.ones(2,3) * 0.1
z=x+y*c

print(z)

tensor([[1.2000, 1.2000, 1.2000],
[1.2000, 1.2000, 1.2000]])

a=y[;,:1]+1
print(a)

tensor([[3.],
[3.1])

s = torch.sum(a)
print(s)

tensor(6.)

s = torch.pow(a,2)
print(s)

tensor([[9.],
[9.1])

x = torch.randn(2, 3)
print(x)

s = torch.transpose(x,0,1)
print(s)

tensor([[-0.3215, -0.7384, 1.2512],
[0.3673, -1.1259, 0.2302]])
tensor([[-0.3215, 0.3673],



[-0.7384, -1.1259],
[1.2512, 0.2302]])

t = torch.tensor([1., 2.])
torch.save(t, 'tensordtest.pt’)

del(t)

try:

print(t)
except:
print('now tensor does not exist’)

t _new = torch.load('tensor4test.pt’)
print('new t:,t_new)

now tensor does not exist
new t: tensor([1., 2.])

lMepemeHHble B PyTorch

B 6ubnuoteke PyTorch nmeeTcs psig BCTPOEHHbIX OYHKLNIA, KOTOPbIE MOTYT BbIThb
aBTOTMaW4eCcku Bbl3BaHbl B koge. OAQHOWM U3 OCHOBHbIX TakXu PyHKLMIA ABNAETCH
aBTOMaTU3MPOBAHHbLIN rpagneHT. [JaHHbIn MeXaHN3M 0COBEHHO BaXXeH Npu 06yyYeHnn
HENPOHHbIX CETEN METOAOM 06paTHOrO pacnpocTpaHeHnsa ownbku. [Ansa ocywecTeneHns
aBTOMaTU3MPOBAHHOM PaboTbl CO BCTPOEHHbBIMU (PYHKUMAMU B PyTorch MCNOMb3yeTcs Tun

OaHHbIX NepeMeHHbIEe.

Co3gaavmM nepeMeHHYH 13 MPOCTOro TeH3opa, Ans KOTopoii HeoBXoaAMM rpaMeHT (oHa

MOXET ObITb NCMONb30BaHa anA O6y‘-IeHVIFI):

x = Variable(torch.ones(2, 2) * 2, requires_grad=True)
print(x)

tensor([[2., 2.],
[2., 2.]], requires_grad=True)

TeH30p TOXe MOXET ObITb NEPEMEHHbIM.

x = torch.tensor([3.,4.])
w = torch.tensor([4.,8], requires_grad=True)
b = torch.tensor(5., requires_grad=True)

print(x,y,b)

C NepeMeHHbIMU MOXHO BbIMOMHATL TEXe AENCTBUS, YTO U C TEH30paMu
y=w*x+b

print(y)

tensor([17., 37.], grad_fn=<AddBackward0>)

OpHako, ¢ NnepeMeHHbIMM MOXHO 3a4aTb U cneumduyYeckyto onepaumto - nonyyeHue

rpagveHTa



| obpaTnTe BHMMaHME, YTO obpaTHOE pacnpOCTPOHEHUE OLWMBOKM paboTaeT TONbKO ANs
ckangdpa!

y=w*x+b

dy = torch.sum(y).backward()

print("" sum of dy/dw:"", w.grad)
print('sum of dy/db:', b.grad)

sum of dy/dw: tensor([3., 4.])
sum of dy/db: tensor(2.)

PyTorch cobupaeT Bce aTanbl Bbl4MCreHn B eanHbii rpad. JaHHbin rpad opmumnpyetcs
ANHaMUYecKkn ons Kaxgon ceccun. PaboTy gaHHoro rpadha MOXXHO NpOoUnCTPMpPOBaTh
cneayrowmnm obpasom gns pacyeT PyHKLMM NOTEPb

yhat = a + b * x train tensor error = y train tensor - yhat loss = (error *+* 2).mean()

(40 b (1) b (1 p

MulBackward0

iy (13 h

AddBackward0 AddBackwardD

AddBackwardD

a+b*x a+b*x a+b*x

!E A
SubBackward( SubBackward0

y-fa+b*x y-ta+b*x

y

A
[sutmec
| inBalkwuldl I
A

ly-a+b*x)n° "2

4

MeanBackward| |

(ly - (a + b ™ x) ** 2).mean()

Korga rpac nocTpoeH, oH MOXET ObITb BbINOMHEH UM HA CPU nnu Ha GPU Nvidia (c
ncnonb3oBaHNeM penmBopka cuda).

BcTpoeHHble doyHKUMM akTBauum B PyTorch

data = torch.randn(2, 2)
print(data)
print(torch.relu(data))

data = torch.randn(2, 2)
print(data)
print(torch.sigmoid(data))

data = torch.randn(2, 2)
print(data)
print(torch.tanh(data))

BcTpoeHHble cnou B PyTorch

# Applies a linear transformation to the incoming data: :math:’y = xAT + b’



lin = nn.Linear(5, 3) # maps from RA5 to R"3, parameters A, b

# data is 2x5. A maps from 5 to 3... can we map "data" under A?
data = torch.randn(2, 5)

print(lin(data))

print(lin(data).size())

tensor([[-0.5038, -0.5178, 0.3489],
[0.1732,-1.0476, -0.0381]], grad_fn=<AddmmBackward>)
torch.Size([2, 3])

# Applies a 1D convolution over an input signal composed of several input planes.

lin = nn.Conv1d(in_channels =5,
out_channels = 3,
kernel_size =2,
stride =1,
padding_mode = ‘zeros',)
# data is 2x5. A maps from 5 to 3... can we map "data" under A?
data = torch.randn(1, 5, 2)
print(lin(data))
print(lin(data).size())

tensor([[[-0.0428],

[-0.0871],

[ 0.4935]]], grad_fn=<SqueezeBackward1>)
torch.Size([1, 3, 1])

# Applies a 1D max pooling over an input signal composed of several input planes.

lin = nn.MaxPoolld(kernel_size = 2,
stride =1)
# data is 2x5. A maps from 5 to 3... can we map "data" under A?
data = torch.randn(1, 5, 2)
print(lin(data))
print(lin(data).size())

tensor([[[-0.6559],
[ 1.5549],
[0.1622],
[-0.6880],
[0.1080]]])

torch.Size([1, 5, 1])

# Applies a 2D convolution over an input signal composed of several input planes.

lin = nn.Conv2d(in_channels =5,
out_channels = 3,
kernel_size =2,
stride =1,
padding_mode = ‘zeros',)

data = torch.randn(1, 5, 4, 2)



print(lin(data))
print(lin(data).size())

tensor([[[[-0.1818],
[-0.2898],
[0.6576]],

[[0.6750],
[-1.0868],
[-0.7502]],

[[-0.3926],

[-0.7923],

[ 0.0696]]]], grad_fn=<ThnnConv2DBackward>)
torch.Size([1, 3, 3, 1])

# Applies a multi-layer EIman RNN with :math:"tanh” or :math:'ReLU" non-linearity to an input
sequence.

rnn =nn.RNN(3, 2, 2)
data = torch.randn(3, 2, 3)
h0 =torch.randn(2, 2, 2)
c0 =torch.randn(2, 2, 2)
output, hn = rnn(data, h0)
print(output)
print(output.size())

tensor([[[-0.9743, -0.3390],
[-0.6847, -0.3865]],

[[-0.6346, 0.3954],
[-0.4316, -0.0528]],

[[-0.7212, -0.0350],
[-0.9085, 0.6949]]], grad_fn=<StackBackward>)
torch.Size([3, 2, 2])

# Applies a multi-layer long short-term memory (LSTM) RNN to an input sequence.

rnn =nn.LSTM(3, 2, 2)

data = torch.randn(2, 2, 3)

h0 =torch.randn(2, 2, 2)

c0 =torch.randn(2, 2, 2)

output, (hn, cn) = rnn(data, (h0, c0))
print(output)

print(output.size())

tensor([[[ 0.3315, -0.1456],
[0.1554, 0.0448]],

[[ 0.0270, 0.0837],



[-0.0015, 0.1473]]], grad_fn=<StackBackward>)
torch.Size([2, 2, 2])

JInHenHasa perpeccusi Ha PyTorch
BbipaxeHue ans perpeccu
Sy=a\cdotx+b$

roe:

3HayeHue a ABnsEeTCs HAKNOHOM.
3HayeHue b — 310 y — nepeceyeHue.

r — KO3 PULMEHT Koppensaumnu.

r— KO3 PULMEHT KOppensaunm.
B 6onee obuiem - maTpuyHOM BMae
y=X-W +b
roe:
X - 3TO cKkanap/maTpuua/TeH30p BXOOHbIX 3HAYEHUI;
W - 3TO ckandp/matpuua/TeH30p BECOB (B criydae ckanspa W = a);
b - 9TO ckansip/BekTop/MaTpumLa CMeLeHU (Ha pa3mep MeHbLle, Yem W);
y - 9TO cKansap/mMatpuua/TeH30p BbIXOAHbBIX 3HAYEHU.

OTmeTnm, 4TO YacTo Habop W BkntovaeT B cebst b B kauecTBe HyneBoW NNu NOCNeaHen
COCTaBMALLEN.

y=ax+b _

-
-

e
-
-
-

X

Peanunsyem perpeccuto B pyTorch B py4HOM pexnme
MMMOPT OCHOBHbIX BUGNMoTek

import numpy as np

import matplotlib.pyplot as plt

from matplotlib.animation import FuncAnimation
import torch

import torch.nn as nn

from torch.autograd import Variable



%matplotlib inline
torch.manual_seed(1969)

# import seaborn as sns

# import pandas as pd

# sns.set_style(style = 'whitegrid')

# plt.rcParams|["patch.force_edgecolor"] = True

<torch._C.Generator at Ox1add33ddc30>
co3gaanm gaTtacet

x = torch.randn(100, 1) * 10
y_clear =3*x +4
y =y clear +5 * torch.randn(100, 1)

plt.plot(x,y,'o’
plt.plot(x,y_clear,'-k')

[<matplotlib.lines.Line2D at Ox1adddb5fcc8>]

T T T T
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# x = np.atleast_2d(x)
#y = np.atleast_2d(y)

# inputs = torch.from_numpy(x)
# targets = torch.from_numpy(y)
inputs = x

targets =y

print(inputs.shape)

torch.Size([100, 1])
3ajaguM Beca 1 CMeLLEeHUs CryYanHbIMU TEH30pamMu

w = torch.randn(1, requires_grad=True)
b = torch.randn(1, requires_grad=True)
print(w)
print(b)



tensor([0.7502], requires_grad=True)
tensor([-0.4575], requires_grad=True)

Onpenenvm mMoaenb NMHENnHON perpeccum

def model(x,w,b):
returnx *w+b

3agaavm dyHKLMIO NoTepb
MSE = S(y — x)°/N

def mse(predicts, targets):
diff = torch.abs(predicts - targets)
return torch.sum(diff * diff) / diff.numel()

[MocMmoTprM Ha HavanbHble 3HaYEeHUA NpeackasaHU N CpaBHUM UX C OXngaeMbiMu
3HaYeHnaAMM NyTeM nogyeTa pyHKUnn notepb (MSE)

predicts = model(inputs,w,b)
# print(predicts)

loss = mse(predicts, targets)
print('loss = ', loss.data.numpy())

loss = 515.2697

Moka 3HauyeHue yHKLMKU NoTepb BonbLLoe Moaenb 6yaeT AaBaTb GOMbLLYIO OLIUGKY
npeackasaHus

[nsi CHWKeHNS PYHKUMK NoTepb ByaeM NCnonb3oBaTb METO MPaAMEHTHOrO CryKcka.
MocunTaem oauvH War Takoro rpagmneHTa

predicts = model(inputs,w,b)
loss = mse(predicts, targets)
loss.backward()

db =b.grad

dw = w.grad

Tenepb nonpobyem o6HOBUTL BeCca U COPOCUTLIPAONEHT

LR =0.01

# Adjust weights & reset gradients
with torch.no_grad():

w-=w.grad * LR

b-=b.grad * LR

w.grad.zero_()

b.grad.zero_{()

I'IpOBe,u,eM JaHHYI0 nNpoleaypy ntrepatmsHo, Hanpumep 100 anox



epochs = 100
LR = 0.0005

trainig = np.zeros(epochs)
for iin range(epochs):
predicts = model(inputs,w,b)
loss = mse(predicts, targets)
trainig[i] = loss.data.numpy()
loss.backward()
with torch.no_grad():
w-=w.grad * LR
b-=b.grad * LR
w.grad.zero_()
b.grad.zero ()

if(i%20 == 0):
plt.plot(x, targets.data.numpy(),'o’)
plt.plot(x,predicts.data.numpy(),’-k’')
plt.text(0.1, 0.1, 'Loss=%.4f" %(trainig[i]), fontdict={'size': 20, 'color": 'red'})
plt.show()

plt.plot(trainig)

100

$=453.0313
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[<matplotlib.lines.Line2D at Ox1addda396c8>]



MocuuTtaem, 4TO NOSY4UIIOChH.

predicts = model(inputs,w,b)
loss = mse(predicts, targets)
print(loss)

tensor(28.8742, grad_fn=<DivBackward0>)
[MonyyeHHble 3HaYeHUs Beca (HaKNoH) U CMeLLeHNs

print(w)
print(b)

tensor([2.9912], requires_grad=True)
tensor([-0.0708], requires_grad=True)

pesynesrart

plt.plot(x,targets.data.numpy(),'o’)
plt.plot(x,predicts.data.numpy(),'-k’)

[<matplotlib.lines.Line2D at Ox1addd910e08>]

Peanuayem perpeccuio B PyTorch Npu NOMOLLIM BCTPOEHHbIX METOI0B
Tenepb caenaem perpeccuto B 6onee nonnysipHoM B PyTorch Buae
[lna aTOro 3anuiiem Knacc nuHenHas perpeccus.

IB PyTorch kaxabli Knacc Mogenu xxenaTtenbHo, YTobbl HacnegoBan ot 6a3oBoro knacca
nn.Module!

class LinearRegression(nn.Module):
def _init__(self, in_features=1, out_features=1):
super().__init__()
self.I1 = nn.Linear(in_features=in_features, out_features=out_features)
def forward(self, x):
return self.11(x)

Cosgagum mogens - SK3eMMIAp Hallero Krnacca

model = LinearRegression(1,1)
model

LinearRegression(
(11): Linear(in_features=1, out_features=1, bias=True)

)



Tenepb BoibepeM cTaHOaPTHYHO (OYHKLMIO NOTEPb U ONTUMMU3ATOpP (METoA rpaganeHTHOro
cnycka)

LR=0.01
criterion = nn.MSELoss()
optimizer = torch.optim.SGD(model.parameters(), Ir=LR)

w,b = model.parameters()
print(w,b)

Parameter containing:
tensor([[-0.7876]], requires_grad=True) Parameter containing:
tensor([0.6797], requires_grad=True)

plt.plot(x,y,'o’
plt.plot(x,y_clear,'-k')
#lpenblaylumne gaHHble

NameError Traceback (most recent call last)
<ipython-input-9-fd93063482bb> in <module>
----> 1 plt.plot(x,y,'o’

2 plt.plot(x,y_clear,'-k')

3 #lMpedbidyuue 0aHHbIe

NameError: name 'x' is not defined
MpoBeaem obyyeHue cetu

epochs =100
losses = np.zeros(epochs)

foriin range(epochs):
predict = model.forward(x)

loss = criterion(predict, y)
losses[i] = loss.data.numpy()
optimizer.zero_grad()
loss.backward()
optimizer.step()

if(i//20 == i/20):
print("Epoch: ", i+1, " Loss: ", loss.item())
plt.plot(losses)

Epoch: 1 Loss: 605.1109619140625
Epoch: 21 lLoss: 62.147361755371094



Epoch: 41 lLoss: 23.663070678710938
Epoch: 61 Loss: 19.759572982788086
Epoch: 81 Loss: 18.87649917602539

[<matplotlib.lines.Line2D at Ox1addd3befc8>]
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[w, b] =model.parameters()
print(w[0,0],b[0])
tensor(3.0209, grad_fn=<SelectBackward>) tensor(2.6837, grad_fn=<SelectBackward>)

predict = model.forward(x)
plt.plot(x,y.data.numpy(),'o’)
plt.plot(x,predict.data.numpy(),"-k’)

[<matplotlib.lines.Line2D at Ox1adddcfa848>]
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lMocmoTpuM Ha To, KakMe AaHHble U3 MOAENM MOXHO nony4atb. [ns 3Toro ectb
HEeCKOInbKO cnocobos

print(list(model.parameters()))
print(list(model.state_dict()))
print(list(model.named_buffers()))
print(list(model.named_parameters()))

[Parameter containing:

tensor([[3.0209]], requires_grad=True), Parameter containing:
tensor([2.6837], requires_grad=True)]

['I1.weight’, 'l1.bias’]

)

[('l1.weight', Parameter containing:

tensor([[3.0209]], requires_grad=True)), ('I1.bias’', Parameter containing:
tensor([2.6837], requires_grad=True))]

num_params = sum(p.numel() for p in model.parameters() if p.requires_grad)
print('Number of trainable parameters for the model: %d' % (num_params))



num_params = sum(p.numel() for p in model.parameters() )
print('Number of all parameters for the model: %d' % (num_params))

Number of trainable parameters for the model: 2
Number of all parameters for the model: 2

Takke Ansa oueHKn Mo4enu ecTb cneynanbHaa PyHKUNA summary n3 6GnbnmoTekm
torchsummary

summary(model,input_size = x.shape[1:])

Input size (MB): 0.00
Forward/backward pass size (MB): 0.00
Params size (MB): 0.00

Estimated Total Size (MB): 0.00

Tenepb nonpobyem CoXpaHUTb MOAENb
torch.save(model.state_dict(), 'test_module.pt’)

yoanum mogernb

del(model)

Tenepb 3aHOBO 3arpymm Moaenb, HO Ha3oBeM ee new_model

new_state dict = torch.load('test_module.pt’)
new_model = LinearRegression(1,1)
new_model.load_state_dict(new_state_dict)

<All keys matched successfully>
NPOBEPUM, YTO HOBasi MOLENb COOTBETCTBYET 0Oy4YEeHHOW Npexae

predict = new_model.forward(x)
plt.plot(x,y.data.numpy(),'o’
plt.plot(x,predict.data.numpy(),"-k’)

[<matplotlib.lines.Line2D at Ox1addd2d9808>]
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Takke Moaenb MOXHO COXPaHUTb C UCMONb30BaHMEM JIT CKpUNOTOB, YTO NOMNE3HO AN1s ee
nocneayoLLero NopTMPOBaHusi, Hanpumep Ha C++



scripted_module = torch.jit.script(new_model)
torch.jit.save(scripted_module, 'mymodule.pt’)
again_new_model = torch.jit.load('mymodule.pt’)

predict = again_new_model.forward(x)
plt.plot(x,y.data.numpy(),'o’)
plt.plot(x,predict.data.numpy(),"-k')

[<matplotlib.lines.Line2D at 0x1f9a0597b08>]

—z0 —10 0 10 20
CMoTpuTe Gornblie NpruMepoB paboTkl ¢ MOAENAMM TYT.

YnpaxHeHue 1

peanusyiTte KBagpaTUYHY0 Perpeccuto B Mpu NOMOLLM BCTPOEHHbIX METOAOB PyTorch

2
y=w x +w2-x+b—wl-x1+w2-x2+b

YnpaxHeHue 2

B mecTto BPYYHYIO ONMMCAHHOIO Knacc LinearRegression MOXKHO MCNONb30BaTh
CTaHApapTHble LWabnoHbl Ans co3gaHus HeIZpOHHbIX ceTeun.

OpnHuM U3 TakuX MadIOHOB sABJsieTcs Sequential
BMECTC C JaHHBIM 1a0JI0HOM MOZCJIb MOKHO IIEPCIucarb B CJICAYOIIEM BUAC
model = nn.Sequential(nn.Linear(n_inputs, n_outputs))

3apanue: Nepenewmnte ONUcaHHbIN BbILLE MPUMEP C UCNOSIb30BaHMEM LWABoHa
Sequential

INoructuueckasn perpeccus Ha PyTorch

Cosgapavm gataceT MPMCOB C ABYMS KIllaccaMu, BXOAHbIe AaHHble caenaemM
OBY-MepHbIMHU

from sklearn import datasets

from sklearn.linear_model import LogisticRegression
import numpy as np

from sklearn.model selection 1import train_test split

iris = datasets.load iris()

x = iris.data[:, :2]


https://pytorch.org/docs/stable/notes/serialization.html

y = (iris.target != 0)

plt.scatter(x[:, 0], x[:, 1], c=y, cmap=plt.cm.Setl)
plt.xlabel ('Sepal Length")
plt.ylabel ( 'Sepal width")

plt.show()
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Sepal length
BBIAC/IMM TPECHUPOBOYHYIO U TECTOBYIO HaCTHU
x_train, x_test, y train, y test = train_test split(x, Yy,
test _size=0.3, random_state=0)

x_train = torch.from_numpy(x_train.astype(np.float32))

x_test = torch.from numpy(x_test.astype(np.float32))

y_train = torch.from _numpy(y_train.astype(np.float32).reshape(-1,1))
y_test = torch.from_numpy(y_test.astype(np.float32).reshape(-1,1))

print(x_train.shape, x_test.shape, y train.shape, y test.shape)

torch.Size([1065, 2]) torch.Size([45, 2]) torch.Size([165, 1])
torch.Size([45, 1])

co3gaauM Krnacc perpeccopa, aHanormyHo, Kak B criyvae NMHEeNHOW perpeccumn

class LogisticRegression(nn.Module):

def 1init__ (self, in_features=2, n _classes=1 ):
super(). init_ ()
self.l1 = nn.Linear(in_features=1in_features,
out_features=n_classes)
def forward(self, x):
return torch.sigmoid(self.l1(x))

onuunm napamMeTpbl 06y‘-IeHVI$I

 Byaem ncnonb3oBaTb B KayecTBe (pyHKLMUN NOTEPb OUHAPHYHO IHTPNUIO
e OOyueHMe NnpoBeaeM NPU NOMOLLM CTOXaCTUYECKOro rpagueHTHOro cnycka
LR = 0.1

model = LogisticRegression(x_train.shape[1],y train.shape[1])

criterion = nn.BCELoss()



optimizer = torch.optim.SGD(model .parameters(), Lr=LR)

w,b = model.parameters()
print(w,b)

summary (model, input_size = x.shape[1:])

Parameter containing:
tensor([[0.3340, 0.3726]], requires_grad=True) Parameter containing:
tensor([0.3685], requires_grad=True)

Total params: 3

Trainable params: 3

Non-trainable params: ©

Input size (MB): ©.00
Forward/backward pass size (MB): ©.00
pParams size (MB): ©.00

Estimated Total Size (MB): 0.00

MpoBenem npouecc TpeHMPOBKU perpeccopa

100
np.zeros(epochs)

epochs
Losses

for 1 in range(epochs):
predict = model. forward(x_train)

loss = criterion(predict, y_train)
losses[i] = loss.data.numpy()
optimizer.zero_grad()
Loss.backward()

optimizer.step()

if(i//20 == 1/20):

print("Epoch: ", 1i+1,

"

Loss: ", loss.item())

plt.plot(losses)

Epoch: 1 Loss: ©.6525978446006775
Epoch: 21 Loss: 0.520682692527771
Epoch: 41 Loss: ©.4516817033290863
Epoch: 61 Loss: ©0.3987092971801758
Epoch: 81 Loss: ©.35733699798583984



[<matplotlib.lines.Line2D at 0x1f9a2d1d6c8>]
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IHocMoTpuM Ha OLIUOKY
predict = model. forward(x_test)

print(torch.mean(torch.round(predict)-torch.round(y_test)).data)
tensor(0.0222)

NMonbiTaemMcAa ee BU3yanusmpoBaTb U CPaBHUTb OXnaaemble 3HaYeHus (‘Ground
Truth') n nony4yeHHble ('Predicted')

plt.figure(figsize=(16,10))

plt.subplot(221)

# Plot also the training points

plt.scatter(x_test[:, 0], x_test[:, 1], c=torch.squeeze(y_test),
cmap=plt.cm.Setl)

plt.xlabel('Sepal Length")

plt.ylabel ('Sepal width")

plt.title( 'Ground Truth FOR TEST")

predict = model. forward(x_test)
Lables_predicted = predict.data.numpy().argmax(axis=1)

plt.subplot(222)

# Plot also the training points

plt.scatter(x_test[:, 0], x _test[:, 1], c=Lables_predicted,
cmap=plt.cm.Setl)

plt.xlabel('Sepal Length")

plt.ylabel ('Sepal width")

plt.title( 'Predicted FOR TEST')

predict = model.forward(torch.from_numpy(x.astype(np.float32)))
Lables _predicted = predict.data.numpy().argmax(axis=1)

plt.subplot(223)



plt.scatter(x[:, 0], x[:, 1], c=np.round(np.squeeze(y)),
cmap=plt.cm.Setl)

plt.xlabel ( 'Sepal Length")

plt.ylabel ('Sepal width")

plt.title( 'Ground Truth FOR ALL")

plt.subplot(224)

plt.scatter(x[:, 0], x[:, 1], c=Lables_predicted, cmap=plt.cm.Setl)
plt.xlabel ('Sepal Length")

plt.ylabel ( 'Sepal width")

plt.title( 'Predicted FOR ALL")

NameError Traceback (most recent call
Last)
<ipython-input-2-e45b08a05c12> in <module>
----> 1 plt.figure(figsize=(16,10))

2

3 plt.subplot(221)

4 # Plot also the training points

5 plt.scatter(x_test[:, 0], x _test[:, 1],
c=torch.squeeze(y_test), cmap=plt.cm.Setl)

NameError: name 'plt' is not defined
YnpaxHeHue 1

NpoBepbTe Kak Ha kKa4ecTBO 0by4YeHMe NOBNUSIET CHUXKEHNE CKOPOCTH 0ByYeHus, Kak
yBENMYEHNE NOBMUSET CHMKEHME 3MOX 00yYeHus

MHoro-knaccoBas NorucTmyeckas perpeccus

PaccMoTpyM 0COGEHHOCTU 3aMeHbl GUHAPHOWN NOTMCTUYECKON Pperpeccum Ha
MHOro-knaccosyto (CodT-MaKc) perpeccuio

Jaracet u3 3 xiaccoB

from sklearn import datasets
import matplotlib.pyplot as plt
import numpy as np

iris = datasets.load iris()

X
y

iris.data[:,[0,2] ]
(iris. target)

plt.scatter(x[:, 0], x[:, 1], c=y, cmap=plt.cm.Setl)
plt.xlabel ('Sepal Length")
plt.ylabel (' 'Sepal width")



plt.show()

(x[:,0] - x[:,0].mean()) / x[:,0].std()
(x[:,1] - x[:,1].mean()) / x[:,1].std()

x[:,0]
x[:,1]

print(x.shape)
print(y.shape)

x_train, x_test, y train, y_test = train_test _split(x, y,
test_size=0.3, random_state=0)

x_train = torch.from_numpy(x_train.astype(np.float32))

x_test = torch.from numpy(x_test.astype(np.float32))
y_train = torch. from_numpy(y_train.astype(np.float32).reshape(-1,1))
y _test = torch.from_numpy(y_test.astype(np.float32).reshape(-1,1))

print(x_train.shape, x_test.shape, y train.shape, y test.shape)
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Sepal length
(150, 2)
(150, )

torch.Size([105, 2]) torch.Size([45, 2]) torch.Size([165, 1])
torch.Size([45, 1])

Knacc gns perpeccuun

class SoftmaxRegression(LogisticRegression):

def _1init__ (self,
in_features = 2,
n_classes 3):

in_features,
n_classes)

super(). _init__ (in_features
n_classes

def forward(self, x):
return torch.nn. functional.softmax(self.l1(x), dim=1)



O6yueHune npu nomowm PpyHKUMK B3anmHomn aHTponnun

LR = 0.1

model = SoftmaxRegression(x_train.shape[1],3)

criterion = nn.CrossEntropyloss()
optimizer = torch.optim.SGD(model .parameters(), Lr=LR)

w,b = model.parameters()
print(w,b)
summary (model, input_size = x.shape[1:])

Parameter containing:
tensor([[-6.4953, -0.4105],

[-0.2640, ©0.0957],

[-0.4164, ©.1461]], requires_grad=True) Parameter containing:
tensor([-0.2691, -0.0484, -0.2824], requires_grad=True)

Total params: 9
Trainable params: 9
Non-trainable params: ©

Input size (MB): ©.00
Forward/backward pass size (MB): ©.00
pParams size (MB): ©.00

Estimated Total Size (MB): 0.00

Mpouecc o6y4yeHus

epochs = 400
losses = np.zeros(epochs)

for 1 in range(epochs):
predict = model.forward(x_train)
loss = criterion(predict, torch.squeeze(y_train).type(torch.long))
losses[1] = loss.data.numpy()
optimizer.zero _grad()
Loss.backward()
optimizer.step()

1f(i//(epochs//5) == i/(epochs//5)):



print("Epoch: ", 1+1, " Loss: ", loss.item())
plt.plot(losses)
Epoch: 1 Loss: 1.23285818609997559
Epoch: 81 Loss: ©0.8841432332992554
Epoch: 161 Loss: ©.8274716138839722
Epoch: 241 Loss: ©.8089736700057983
Epoch: 321 Loss: ©.7952234148979187
[<matplotlib. lines.Line2D at Ox1f9a2fb5f88>]
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B pe3yabrare pyHkuus npeackazanus BbliaeT 3 Kiacca B BHjie MacCUBa
predict = model.forward(torch.from_numpy(x).type(torch.float))
print(predict.shape)

plt.figure(figsize = (16,4))
plt.subplot(1,3,1);plt.plot(predict.data.numpy()[:,0]);plt.title( 'clas

s 1
plt.
s 2
plt.
s 3
plt.

probability')
subplot(1,3,2);plt.plot(predict.data.numpy()[:,1]);plt.title( 'clas
probability')
subplot(1,3,3);plt.plot(predict.data.numpy()[:,2]);plt.title( 'clas

probability')
show()

torch.Size([150, 3])

class 1 probability

class 2 probability

class 3 probability
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Lables _predicted = predict.data.numpy().argmax(axis=1)
Lables _predicted. shape

plt.plot(lables_predicted)

[<matplotlib.lines.Line2D at Ox1f9a2f6e488>]
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Busyaauzauust
plt.figure(figsize=(16,10))

plt.subplot(221)

# Plot also the training points

plt.scatter(x _test[:, 0], x test[:, 1], c=torch.squeeze(y test),
cmap=plt.cm.Setl)

plt.xlabel ('Sepal Length")

plt.ylabel ( 'Sepal width")

plt.title( 'Ground Truth FOR TEST")

predict = model.forward(x_test)
Lables _predicted = predict.data.numpy().argmax(axis=1)

plt.subplot(222)

# Plot also the training points

plt.scatter(x _test[:, 0], x test[:, 1], c=Lables predicted,
cmap=plt.cm.Setl)

plt.xlabel ('Sepal Length")

plt.ylabel ('Sepal width")

plt.title( 'Predicted FOR TEST')

predict = model.forward(torch.from_numpy(x.astype(np.float32)))
Lables predicted = predict.data.numpy().argmax(axis=1)

plt.subplot(223)

# Plot also the training points

plt.scatter(x[:, 0], x[:, 1], c=np.round(np.squeeze(y)),
cmap=plt.cm.Setl)

plt.xlabel ( 'Sepal Length")

plt.ylabel ('Sepal width")

plt.title( 'Ground Truth FOR ALL")

plt.subplot(224)

# Plot also the training points

plt.scatter(x[:, 0], x[:, 1], c=Lables_predicted, cmap=plt.cm.Setl)
plt.xlabel ( 'Sepal Length")

plt.ylabel( 'Sepal width")

plt.title( 'Predicted FOR ALL")



NameError Traceback (most recent call
Last)
<ipython-input-1-e45b08a05c12> in <module>
----> 1 plt.figure(figsize=(16,10))

2

3 plt.subplot(221)

4 # Plot also the training points

5 plt.scatter(x_test[:, 0], x test[:, 1],
c=torch.squeeze(y_test), cmap=plt.cm.Setl)

NameError: name 'plt' is not defined
YnpaxHeHue 2
Mepenuwmnte Mmogenb NOrMCTUYECKON PeErpeccun ¢ UCnorb3oBaHneM WwabnoHa

Sequential

lMonHocBA3Has HeMPOHHasA cecTb Ha PyTorch

[aBanTe npoTtecTnpyem torch B 3agaye 0by4eHnsa NosIHOCBA3HOW HEMPOHHOW CETU

—
"-\_\_\_‘
¥
H&H Cutput Layer
Tl
nput Layer
Hidden Laver

import torch
import torchvision
from torchvision import transforms, datasets

import torch.nn as nn
import torch.nn. functional as F
import torch.optim as optim

Mbl 6yp,eM UCMNonb30BaTb I'IOI'IyJ'IFIprIIZ Ha6op AaHHbIX MNIST.

Ha6op nanueix MNIST - 310 6a3a nanHbIX pykonucHbIX 1udp (0-9) - onuH U3 caMbix
MOMYJISIPHBIX HAOOPOB NaHHBIX B KoMITbioTepHOM 3peHun. MNIST conepsxut 60 000 obyqaromnmx
u3o0paxenuit 1 10 000 TecToBbIX M300paxkenuil. Kaxnoe nobpaxenue nmeer pasmepsl 28 Ha
28 nuKcee B OTTEHKaxX Ceporo.

MBpI OGyzneM 3arpyxarb 1aHHbIE, UCIIOJB3Ys OubanoTeky torchvision. [ns npeoOp30oBaHus



Habopa JaHHBIX MbI OyJIeM UCIOJIb30BaTh IpeodpazoBanus transforms.Compose. B konue
MBI Oynem rcnoib3oBath GyHKuio torch.utils.data.DatalLoader () nst moaAroTOBKH 3arpy3Ku
JAHHBIX 17151 00yYeHHSI U TECTUPOBAHHUS
BATCH_SIZE = 64

tran

trai

test

trai

test

trai
test

prin

train=True,

download=True,

transform

= transform)

sform=transforms.Compose ([
transforms.ToTensor()
1)
n = torchvision.datasets.MNIST('',
= torchvision.datasets.MNIST(' ',

train=False,
download=True,
transform =transform)

nset = torch.utils.data.DatalLoader(train, batch_size=BATCH_SIZE,
shuffle=True)

set = torch.utils.data.Dataloader(test, batch size=BATCH SIZE,
shuffle=False)

nset_shape
set _shape

t(trainset _shape, testset shape)

trainset.dataset.data. shape
testset.dataset.data. shape

torch.Size([60000, 28, 28]) torch.Size([10000, 28, 28])

impo
impo

def

rt matplotlib.pyplot as plt
rt numpy as np

image_show(images) :

images = images.numpy()

images = images.transpose((1, 2, ©))
print(images. shape)
plt.imshow(images)

plt.show()

dataiter = next(iter(trainset))

images, _ = dataiter

image_show(torchvision.utils.make_grid(images, nrow = 8, padding = 1))

(233, 233, 3)
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Coznaem knacce Net s moaenu. Moaenb coaepkut 3 cnost. Kaxaplit CKpBITBINA CIOW COAEPKUT
64 Brixoza. B BbIxogHOM ciioe - 10 BBIXOJ0B, MIPEICTABISIONIMX AECITh KJIacCOB N300pakeHUH.
JI71st CKpBITHIX CITOEB MBI Oy7ieM Ucoib30Bath (hyHkmio aktuBanuu relu (Rectified Linear
Activation). [[yist BBIXOHOTO CJIOSI MBI OyJIeM HCTIOIb30BaTh (DYHKITHIO aKTHUBAIMH SOftmax.

e [lpymeyaHune * BMECTO NPOCTO softmax Mbl Byaem ncnonb3oBaTtb
log(softmax(x)) n3-3a TpeboBaHui K peanuaaunmn yHKLMM NOTEPD.

IMAGE_WIDTH = 28
IMAGE_HEIGH = 28

class Net(nn.Module):
def _1init_ (self):
super(Net, self). 1init_ ()
self.fcl = nn.Linear (IMAGE_WIDTH*IMAGE _HEIGH, 64)
self.fc2 = nn.Linear (64, 64)
self.fc3 = nn.Linear(64, 10)

def forward(self, x):
X = F.relu(self.fcli(x))
x = F.relu(self.fc2(x))
x = self.fc3(x)

return F.log_softmax(x, dim=1)

net = Net()

summary(net, input_size =(1,784))

Layer (type) Output Shape Param #
Linear-1 [-1, 1, 64] 50, 240
Linear-2 [-1, 1, 64] 4,160



Total params: 55,050

Trainable params: 55,050
Non-trainable params: ©

Input size (MB): ©.00
Forward/backward pass size (MB): ©.00
Params size (MB): ©0.21

Estimated Total Size (MB): 0.21

Mbl 6yaem ncnonb3oBatb onTumMmu3aTop ADAM ans ontummnsauum cetu. Ml Oyaem
MCMNONb30BaTb KPOCC-3HTPONMIO Kak OYHKLMIO NoTepb. ApryMeHT Lr onpeaensiet
CKOPOCTb 06YyYeHMs hyHKLMM onTUMm3aTopa.

criterion = nn.CrossEntropylLoss()
optimizer = optim.Adam(net.parameters(), Lr=6.665)
ObyuyeHue.

VY Hac Oy/ieT MsITh MOJTHBIX IPOXOJIOB 0 TAHHBIM (5 310X).

Oyukius net.zero_grad() ycraHaBiIuBaeT HYJCBBIC TPAIUCHTHI ITEPE]] BHIYUCICHUEM
yobiTKOB. DyHKIUSA net (X.view (-1,784)) no3poiser npeoOpa3oBaTh H300paKeHHS B
OJTHOMEPHBIE BEKTOPHL. Uncio 784 sBiseTcs pe3ysIbTaToM MpeoOpa3oBaHus H300paKeHUS C
pazMepamu 28 Ha 28.

Oyukius criterion(output, y) - 310 QyHKIHS TOTEPS.

[MocnenHsis cTpoka KoJia BRIBOAMT MOTEPH JIJIS KAXKIOH SMOXH.

EPOCHS = 5

for epoch in range(EPOCHS):
for data in trainset:
X, y = data
net.zero _grad()
output = net(X.view(-1,784))
loss = criterion(output, y)
Loss.backward()
optimizer.step()
print('[epoch:%d/%d] '%(epoch, EPOCHS), 'lLoss val =
%.4f '%(loss.item()) )

[epoch:0/5] Loss val = 0.0801
[epoch:1/5] loss val = 6.2674
[epoch:2/5] Loss val = 0.1181
[epoch:3/5] loss val = 6.0115
[epoch:4/5] Loss val = 0.0114
MNMpoBepka

correct = 0

total =0



with torch.no_grad():
for data in testset:
X, y = data
output = net(X.view(-1,784))

for 1idx, 1 in enumerate(output):
if torch.argmax(i) == y[idx]:
correct += 1
total += 1

print("Accuracy: ", round(correct/total, 2))
Accuracy: 0.96
YnpaxHeHue 5
3. [lonpobyn npeobpa3oBaTb CETb B aBTOKOANPOBLLMK (ABTO3HKOAEP).

Ans npeobpasoBaHus BEKTOpa B n3obpaxeHne ncnonb3ynte X.view (-1,28,28)

Momunmo paboTbl C HABOPOM AaHHbBIX Kak TaKOBbIM, Mbl MOXXEM YBENUYNUTL pasmep
Habopa faHHbIX C MOMOLLbI0O METOA0B ayMeHTaLMn. JTa onepaums MOXET BbINONHATLCS
cTaTudecku (nepeq obyyeHnem, He pekoOMeHOyeTCH) UM JUHaMUYECKu (BO BpeMS
3arpysku 6atuen). NocnegHee MOXHO caenatb C MOMOLLBIO Npeobpa3oBaHUm
transforms, Kak noKasaHo HUXe.

transform = transforms.Compose([
transforms.Resize((32, 32)),
transforms.RandomCrop(28),
transforms.RandomHorizontalFlip(),
transforms.ToTensor(),

1)
train = torchvision.datasets.MNIST('',
train=True,
download=True,
transform = transform)
test = torchvision.datasets.MNIST('',

train=False,
download=True,
transform =transform)

trainset = torch.utils.data.DatalLoader(train, batch size=BATCH SIZE,
shuffle=True)

testset = torch.utils.data.DatalLoader(test, batch _size=BATCH_SIZE,
shuffle=False)

images, _ = dataiter = next(iter(trainset))
image_show(torchvision.utils.make_grid(images, nrow = 8, padding = 1))



(233, 233, 3)
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Hwxe BbI MOKeTe HaliTH Oosiee CIIOKHBINA KOHBEHep nmpeodpazoBanuii. OTmeTnm, uto torch
TI03BOJISICT HATUBHO paboTarhk ¢ popmaramu numpy, pillow (PIL) u TeH30paMu
MN300paKEHUH.

import torchvision.transforms as T

to pil = T.ToPILImage()
img = to_pil(images[&])

padding = 30

kernel size = 53

preprocess = T.Compose([
T.ToTensor(),
T.Resize(300),
T.CenterCrop(2560),
T.RandomSizedCrop(260),
T.Pad(padding=padding),
Lambda x:x**2+2,
T.RandomRotation(degrees=180),
T.RandomPerspective(distortion scale=6.6, p=0.3),
T.GaussianBlur(kernel_size=kernel_size),

T.RandomApply ([ T.RandomErasing(), T.RandomHorizontalFlip()],p=6.6),
T.Normalize(mean=[6.5],std=[0.225])

1)
plt.figure(figsize = (16,8))

X = preprocess(img)
plt.subplot(131);plt.imshow(x[E, :,:])

X = preprocess(img)



plt.subplot(132),; plt.imshow(x[6,:,:])

X = preprocess(img)
plt.subplot(133); plt.imshow(x[0,:,:])

C:\ProgramData\Anaconda3\lib\site-packages\torchvision\transforms\func
tional_tensor.py:876: UserWarning: Argument fill/fillcolor is not
supported for Tensor input. Fill value is zero

warnings.warn("Argument fill/fillcolor is not supported for Tensor
input. Fill value 1is zero")

<matplotlib.image.AxesImage at 0x2486f48bac8>
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dakTUYeCKH, BBl MOXKETE paboTaTh ¢ M300paKEHUAMH Kak ¢ 00bekToM PIL, a 3aTtem
npeoOpa3oBaTh €ro 0OpaTHO B TEH30P.
from PIL import Image

to_pil = transforms.ToPILImage()
img = to_pil(images[©])

transforms.ToTensor()

center_crops = transforms.CenterCrop(size=160)(img)
center_crops.show()

torch_image = transforms.ToTensor()(center_crops)
plt.imshow(torch_image[o, :,:])

<matplotlib.image.AxesImage at 0x2486fa012c8>
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TaK)Ke Bbl MOYKETE MCIIOIB30BATh MPEOOPA30BAHMS KaK OTACIbHbIC QYHKIMHU JUIS TCH30PHBIX
M300paxeHUIA



new_img = T.functional.adjust_brightness(img,brightness_factor=160)
plt.imshow(new_img)

<matplotlib.image.AxesImage at 0x2486f784888>
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YnpaxHeHue 6
4. [lonblTanTecb NOBbLICUTb TOYHOCTb HEMPOHHOM CETU (MOKa3aHHOW BbiLLE),
NCnonb3ys ayrMeHTaunio Ans yBennyeHnsa Habopa gaHHbIX.



JTabopaTopHas 4
Paboma conposooicoaemcs dokymenmom 8 hpopmame ipnb

CeepmoyHble HelipoHHble cemu 8 PyTorch
CeepmoyHas HelpoHHass cemb Kraccugbukayuu usobpaxxeHuu

import matplotlib.pyplot as plt
import numpy as np

import torch

import torch.nn as nn

import torch.nn. functional as F
import torch.optim as optim

import torchvision
import torchvision.transforms as transforms

try:
from torchsummary import summary
except:
Ipip install -U torchsummary

from torchsummary import summary

PaccmoTpum 3agavy knaccudumkaumm ana gatacera Cifarl0 - 9To knaccuyeckumn gatacet
C nsobpaxeHnamu, oTHocAWMMUCA K 10 knaccam. Kaxxgoe nsobpaxeHne Tpex-LuBeTHOe n
nmeet pas3mep 32 Ha 32 NuKcrea (To ecTb NpeacTaBnaeT TeEH30p pa3Mmepom 3x32x32).

Hanpumep Cifarl0 comepkut cienyromnme n300paxeHus.

6- frog 9: truck 9: truck 4: deer 1: automobile

= B -

2: bird 7: horse 8: ship 3: cat

4: deer 7: horse 7: horse 2: bird 9: truck

9: truck 9: truck 3: cat 2: bird 6: frog

B e B e

3arpy3uMm JgaTtaceT v MPOBEIEM €r0 HOPMaJIH3alHio
transform =\
transforms.Compose([transforms.ToTensor(),
transforms.Normalize(
mean = (6.5, 6.5, 0.5),
std = (0.5, 0.5, 0.5) )

i

1)

BATCH_SIZE = 4



trainset = torchvision.datasets.CIFAR10(root = './data’,

train = True,
download = True,
transform = transform)

trainloader = torch.utils.data.Dataloader(trainset,
batch_size

BATCH_SIZE,

shuffle = True)
testset = torchvision.datasets.CIFAR10(root = './data’,
train = False,
download = True,
transform = transform)

testloader = torch.utils.data.Dataloader(testset,
batch_size
shuffle

BATCH_SIZE,
False)

classes = ('plane’', 'car', 'bird', 'cat', 'deer’', 'dog', 'frog',
'horse', 'ship', 'truck')

Files already downloaded and verified
Files already downloaded and verified

MocMoTprM Ha NpUMepbI M300paeHUN

def imshow(img):
img = img / 2 + 0.5 # unnormalize
npimg = img.numpy()
plt.figure(figsize=(16,4))
plt.imshow(np.transpose(npimg, (1, 2, ©)))
plt.show()

batch = trainloader

dataiter = iter(trainloader)
images, labels = dataiter.next()

imshow(torchvision.utils.make_grid(images))

print(' '.join('%5s' % classes[labels[j]] for j in range(4)))




dog horse frog bird

Tenepb onuwem knacc cetu. byaem ncnonb3oBaTh Kraccuyeckyto cetb LeNet. [laHHadA
ceTb Obina npegnoxeHa B 1998 roay v ABNSIETCA O4HON U3 NEPBbIX MNOMbITOK pa3paboTku
COBpeMeHHOoro deep learning.

CeTb UMEET CIENYIOILYI0 APXUTEKTYPY

C3:f. maps 16@10x10
C1: feature maps 54:f. maps 16@5x5
INPUT 6@28x28
32x32 52:f. maps C5: layer e layer OUTPUT
120 84 10

6@14x14

Full connection Gaussian connections
Convolutions Subsampling Convolutions  Subsampling Full connection
Takum 00pa3oM ceTh UMEET:
e BXOAHOW Cnou Ans nsobpaxeHun 32x32 ( B HawweMm criyyae 3x32x32),
e  [1Ba CBEPTOYHbIX CI104,
*  KaXObll CBEPTOYHbIN CITIOM UMEET Takke MaKC-NynuHr cybamnckpeTnsaumio,
e CIOW BEKTOpM3AUUKM KapTbl NPU3HaKoB (MpnobpasoBaHnsa MaTpuLbl B BEKTOP
nyTem ee "pasBopadmBaHuna”,
e [Ba NOSTHOCBA3HbLIX BHYTPEHHMUX CrOS,
e  BbIXOOQHOW CrON - cron knaccudukaumm ¢ 10 BbIXogamu.

Takke 0COBEHHOCTUN apXUTEKTYPbI:

e  CBepTKa BanuaHas (C yMeHblUeHneM pa3mMepa KapTbl NPU3HaKoB Ha pa3mMep sapa
-1);

* AP0 CBEPTKU UMeEET pa3mep 5x5 (pasmep gapa =5);

e MaKC-MynuH BbIMOSTHAETCS C Warom 2 rno tannam 2x2;

e  [epBbIV CBEPTOYHbLIN CNOW BbIOAET 6 KapT Npu3HakoB 14x14 (nocrne
Makc-nysivHra);

e  BTOPOW CBEPTOYHbLIN CMOM BblAAeT 16 KapT NPU3HaKoB 5x5 (mocre Makc-nynuHra);

e CInou pasBopayMBaHus NPUHUMAET 16 KapT NPU3HAKOB 5X5 1 BbIOET BEKTOP
1x16 * 5 * 5 (1x400);

e MepBbIN NOMHOCBA3HbLIN CNon nMeeT 120 BbIXOA0B (120 nepLenTpOHOB);

e  BTOPOW MNOSMMHOCBA3HbLIN CIION UMEET Ha BbIXOAe 84 nepuenTpoHa.

*Bo6u_\eM cnyyae pasmep Bbixoda CBEPTKM MOXHO pacymTaTb Kak: W=(W—F+2P)/S+1,
where W is input size, F is kernel size, S is stride applied, and P is padding.

Peanusyem cBeprounyio cerb LeNet B Buje kiacca, !Ognako, 1y y4eOHbIX 1HeJ1ei
100aBUM B CeTh 0ATY-HOPMAJIN3AIUIO U APON-AyThI
class CNNModel (nn.Module) :

N_CLASSES = 16

def _1init__ (self):
super(CNNModel, self).__init_ ()



# convolution

self.convl = nn.Conv2d(in_channels = 3,
out_channels = 6,
kernel _size = 5)

self.conv2 = nn.Conv2d(in_channels = 6,
out_channels = 16,
kernel size = 5)

self.bn = nn.BatchNorm2d(16)
self.dropout = nn.Dropout(6.1)

self.maxpool = nn.MaxPool2d(kernel_size = 2,
stride = 2)

# classification

self.fcl = nn.Linear(in_features = 16 * 5 * 5,

out_features = 120)
self.fc2 = nn.Linear(in_features = 120,
out_features = 84)

self.fc _out = nn.Linear(in_features = 84,
out_features = self.N_CLASSES)

# specific operation
def flatten(self, x):
return x.view(-1, 16 * 5 * 5)

def forward(self, x):

# 1-st layer

x = self.convi(x)
torch.relu(x)
self.maxpool (x)
self.dropout(x)

X X X
non

H

2-nd layer
self.conv2(x)
self.bn(x)

= torch.relu(x)
self.maxpool (x)

X X X X
non

#flatten
x = self.flatten(x)

# 1-st fc layer
x = self.fci(x)

x = torch.relu(x)



x = self.fc2(x)

x = torch.relu(x)
x = self.fc out(x)
return x

print(images. shape)
torch.Size([4, 3, 32, 32])

Onuwwnm HacTpon

LR = 0.001

cnn_net CNNModel ()

criterion = nn.CrossEntropylLoss()

optimizer = torch.optim.Adam(cnn_net.parameters(), Lr=LR)

[MocmoTpMM CTPYKTYpY NapamMeTpoB CO34aHHOM CETU

for name, param in cnn_net.named_parameters():
print(name, '\t structure =',list(param.size()))

convl.weight structure = [6, 3, 5, 5]
convl.bias structure = [6]
conv2.weight structure = [16, 6, 5, 5]
conv2.bias structure = [16]
bn.weight structure = [16]

bn.bias structure = [16]

fcl.weight structure = [120, 400]
fcl.bias structure = [120]

fc2.weight structure = [84, 120]

fc2.bias structure = [84]
fc_out.weight structure = [10, 84]
fc_out.bias structure = [10]

summary(cnn_net, input_size=(3, 32, 32))

Layer (type) Output Shape Param #
Conv2d-1 [-1, 6, 28, 28] 456
MaxPool2d-2 [-1, 6, 14, 14] 7]
Dropout-3 [-1, 6, 14, 14] (7]
Conv2d-4 [-1, 16, 10, 10] 2,416
BatchNorm2d-5 [-1, 16, 16, 10] 32
MaxPool2d-6 [-1, 16, 5, 5] 7]
Linear-7 [-1, 120] 48,120
Linear-8 [-1, 84] 10,164
Linear-9 [-1, 10] 850

Total params: 62,038



Trainable params: 62,038
Non-trainable params: ©

Input size (MB): 0.01
Forward/backward pass size (MB): 0.08
Params size (MB): 0.24

Estimated Total Size (MB): .33

Mpouecc o6y4eHus

EPOHS = 5

for epoch in range(EPOHS): # loop over the dataset multiple times
cnn_net.train()
running_Loss = 0.6
for 1, data in enumerate(trainloader, 0):

# get the inputs; data is a list of [inputs, labels]
inputs, Llabels = data

# zero the parameter gradients
optimizer.zero_grad()

# forward + backward + optimize
outputs = cnn_net(inputs)

Loss = criterion(outputs, Llabels)
Loss.backward()

optimizer.step()

# print statistics
running Lloss += loss.item()

if 1 % 2000 == 1999: # print every 2000 mini-batches
print('[%d, %5d] Loss: %.3f" %
(epoch + 1, 1 + 1, running _loss / 2000))
running_Lloss = 0.0

print('Finished Training')

[1, 2000] loss: 1.894
[5, 12000] loss: 1.165
Finished Training

CoxpaHuMm pe3ynbraTt

PATH = './cifar net.pth’
torch.save(cnn_net.state _dict(), PATH)

3arpys3um pesynbraTt

cnn_net = CNNModel ()
cnn_net. load_state_dict(torch.load(PATH))



<ALL keys matched successfully>

MpoBepum pe3ynksTaT Ha TecTe

cnn_net.eval ()

dataiter = 1iter(testloader)
images, labels = dataiter.next()
outputs = cnn_net(images)
print(outputs)

MpuBeaem pesynbraT k 60nee NOHATHOMY Buay Kaxabii HOMep B BbIXOAHOM TEH30pe
Oy[eT Krnacc COOTBETCTBYHOLLMI KapTMHKe GaTya

_, predicted = torch.max(outputs, 1)
print(predicted)

tensor([3, 1, 8, 8])
MocmoTpum, 4TO NONYy4YUNoch

# print images
imshow(torchvision.utils.make_grid(images))

print( 'GroundTruth: ', ' '.join('%5s' % classes[labels[j]] for j in
range(4)))

print('Predicted : ', ' '.join('%5s' % classes[predicted[j]] for j in
range(4)))

GroundTruth: cat ship ship plane
Predicted : cat car ship ship

Monpo6yeM nocunTaTbh TOYHOCTb KaK YACIO NPaBUITbHO KNnaccudLuMpoBaHHbIX
n3o06apxeHun K obLemy Yyncny nsobpaxeHunmn

cnn_net.eval ()
correct = 0
total =0
with torch.no_grad():
for data in testloader:

images, labels = data
outputs = cnn_net(images)
_, predicted = torch.max(outputs.data, 1)

total += labels.size(0)
correct += (predicted == Llabels).sum().item()



print('Accuracy of the network on the 10000 test images: %d %%' % (
100 * correct / total))

Accuracy of the network on the 10000 test images: 59 %

MpoBepem aHanNM3 No KaXXaoMmy Knaccy

cnn_net.eval()
class _correct = List(@. for 1 in range(16))
class_total = Llist(9. for 1 in range(10))
with torch.no _grad():
for data in testloader:
images, Llabels = data
outputs = cnn_net(images)
_, predicted = torch.max(outputs, 1)
c = (predicted == labels).squeeze()
for i in range(4):
Label = Llabels[i]
class_correct[label] += c[1].1tem()
class_total[label] += 1

for 1 in range(160):
print('Accuracy of %5s : %2d %%' % (
classes[1], 1660 * class_correct[i] / class_total[i]))

Accuracy of plane : 76 %
Accuracy of car : 83 %
Accuracy of bird : 52 %
Accuracy of cat : 30 %
Accuracy of deer : 49 %
Accuracy of dog : 43
Accuracy of frog : 67

3R 3R ¥R ¥R ¥

Accuracy of horse : 70
Accuracy of ship : 65
Accuracy of truck : 57

YnpaxHeHue 1

[ob6aBbTe k npoueccy 0byyeHus Banvaaumo n nobaBsTe BannaauUMOHHBIN aaTaceT.

YnpaxHeHue 2

lMpoaHanuaupyrTe Nony4veHHble pesynbrathl, yoepuTte n3 obyyatoLern BbIBOPKKU Knacc ¢
HaVMeHbLUEeN TOYHOCTbIO, NPOBEANTE NOBTOPHOE 0By4YeHNe.

OnTuMmnsauma odyyeHnsa Mmoaenu CBEPTOYHON CeTU
UHnumanunsauma BecoB moaenu

cnn_net = CNNModel ()

def init_weights(m):



# for differernt types of layers different initialization could be
applied
i1f type(m) == nn.L1inear:
torch.nn.init.kaiming_normal_(m.weight)
m.bias.data.fill_(©.01)

#same as type(m) == nn.Conv2d, but more correct to use isinstance

if isinstance(m, nn.Conv2d):
torch.nn.init.xavier_uniform_(m.weight)
torch.nn.init.zeros_(m.bias)

cnn_net.apply(init_weights);

nn.CrossEntropylLoss()
torch.optim.Adam(cnn_net.parameters(), Lr=60.601)

criterion
optimizer

[MpoBepuM Kak npoLuna nHuumnanmsaums ansa sHa4eHnm cMeLLeHnin

for name, p in cnn_net.named _parameters():
if 'bias’' in name:
print(p, "\n")

Takke NOCMOPTMM Beca ANst O4HOro 13 CroeB

print(cnn_net. fc2.weight)

Peaynspu3sausi

HCIIOJIB3YEM JJIACTUUCCKYIO PETYJIApU3aluio 111 BECOB U JJIs1 CMCIICHUS.

EPOHS = 5

Lambda_L1 = 1e-5

Lambda L2 = 1e-3

for epoch in range(EPOHS): # loop over the dataset multiple times
cnn_net.train()
running_Loss = 0.6
for 1, data in enumerate(trainloader, 0):

# get the inputs; data is a list of [inputs, labels]
inputs, Llabels = data

# zero the parameter gradients
optimizer.zero_grad()

# forward + backward + optimize
outputs = cnn_net(inputs)

Loss = criterion(outputs, Llabels)
L1 _regularization = 6
L2_regularization = ©

for p in cnn_net.parameters():



L1 regularization += torch.abs(p).sum()
L2 regularization += torch.pow(p,2).sum()

loss += lambda_L1*l1_regularization +
Lambda_L2*L2 regularization

Loss.backward()
optimizer.step()

# print statistics
running Lloss += Lloss.item()

if 1 % 2000 == 1999: # print every 2000 mini-batches
print('[%d, %5d] lLoss: %.3f" %
(epoch + 1, 1 + 1, running_Lloss / 2060))
running_Lloss = 0.0

print( 'Finished Training")

[1, 2000] loss: 2.244
[2, 10000] lLoss: 1.588

KeyboardInterrupt Traceback (most recent call
Last)
<ipython-input-35-ace@efcf3cc4> in <module>
21
22 for p in cnn_net.parameters():
---> 23 L1 regularization += torch.abs(p).sum()
24 L2_regularization += torch.pow(p,2).sum()
25
KeyboardInterrupt:

NOCMOTPUM Ha pe3ynbTaT

cnn_net.eval()
class _correct = List(@. for i1 in range(16))
class_total List(@. for i in range(10))
with torch.no _grad():
for data in testloader:
images, labels = data
outputs = cnn_net(images)
_, predicted = torch.max(outputs, 1)
c = (predicted == labels).squeeze()
for i in range(4):
Label = Llabels[i]
class_correct[label] += c[1].1tem()
class_total[label] += 1

for i in range(16):



print('Accuracy of %5s : %2d %%" % (
classes[1], 100 * class_correct[i1] / class_total[1]))

YnpnaxHeHue 1

I'IpOBe,que MHMUMann3auuno cMeLleHnsa crnod 6aT‘-l-HOpMaJ'II/I3aLI,VIM HYIAMMW.

YnpnaxHeHue 2

5. Wcknouunte ns perynapmsauum cnown 6aty-Hopmanuaaumm.
6. Bsegute ocobyto npoueaypy perynspusaunmn ans BeIXogHoro crnosi cetn Click here
for hint OBpaTUTCH K KOHKPETHOMY CITOH MOXHO
torch.norm(model. fcl.weight, p=1)

MNepeHoc obyyeHus

Ha npakTuke o4eHb peaKo KTO-TO NbiTaeTCcsa 0B6y4nTb BCIO CBEPTOYHYIO CETb C HYNS (CO
CnyYyanHou nH1uypnanuaaumen), noTomMy YTo OTHOCUTESNbHO peako nMmeeTcs Habop AaHHbIX
A0CTaTOYHOro pasmepa 1 AoCTaTtodHOE BpeMS/BblYUCTIUTENBHBIE PECCYPChl A5
0by4eHuns. BMecTo 3T0ro 06b614HO MCNONb3YIOT NPeABapPUTENbHO OOYYEHHYO CETb
(npepoby4eHHyo Ha o4eHb 6onbLiomM Habope AaHHbIX, Hanpumep, ImageNet, KOTOPbIV
coaepXuT 1,2 MMnnunoHa naobpakeHnn ¢ 1000 kaTeropuamu). Pesynbsrathbl
npenoby4yeHHOM CETU NCNOSb3YHOT NMOO Kak MHMUManm3aumo, nnbo kak UKCMpOBaHHbLIN
3KCTpaKTOp NPU3HAKOB (KOOUPOBLUNK NPU3HAKOB).

import torch

import torch.nn as nn

import torch.optim as optim

from torch.optim import Lr_scheduler

import numpy as np

import torchvision

from torchvision import datasets, models, transforms
import matplotlib.pyplot as plt

from torchsummary import summary

3arpysum npegsaputernbHO 06y4YeHHy0 mogenb ResNet18

resnet = torchvision.models.resnetl8(pretrained=True)
summary(resnet, input_size=(3, 32, 32))

for name, param in resnet.named_parameters():
print(name, '\t structure =',list(param.size()))

Tenepb HaM HY>XXHO 3aMOpPO3nNTb BCE NapaMeTpbl AN 3KCTpakTopa npuaHakos. [nga atoro
HaM HY>KHO YCTaHOBUTb requires_grad == False, YTOObl 3aMOpPO31Tb NAapamMeTpbl,
4YTOObI rpaANEHTbI HE BbIYUCIIANUCL B backward( ).

for param in resnet.parameters():
param.requires_grad = False



[ns co3naHns Hawero cobCTBEHHOrO KnaccmndukaTopa Ham HY>KHO COpOCUTbL NocnegHUn
NMOSNMHOCBSA3aHHbIN CITON.

num_ftrs = resnet. fc.in_features

resnet.fc = nn.Linear(num_ftrs, len(classes))

NameError Traceback (most recent call
Last)
<ipython-input-7-64edd8e9d67f> in <module>
2 num_ftrs = resnet.fc.1in_features
3
----> 4 resnet.fc = nn.Linear(num_ftrs, len(classes))

NameError: name 'classes' 1s not defined

Onpeaennm ocobeHHocTM fooby4veHus cetu. byaem obyyaTb TONbLKO NOCNEAHWIA CIOW.

resnet = resnet.to(device)

criterion = nn.CrossEntropyloss()

optimizer_resnet
momentum=06.9)

optim.SGD(model conv. fc.parameters(), Lr=0.001,

exp_Lr_scheduler
gamma=0.1)

Lr_scheduler.StepLR(optimizer_conv, step size=7,

NameError Traceback (most recent call
Last)
<ipython-input-9-e9dc163a3971> in <module>
----> 1 resnet = resnet.to(device)

2

3 criterion = nn.CrossEntropylLoss()

4

5 # Observe that only parameters of final Llayer are being
optimized as

NameError: name 'device' is not defined

EPOHS = 5

for epoch in range(EPOHS) :
resnet.train()



running _Loss = 0.6
for i, data in enumerate(trainloader, 9):

# get the inputs; data is a list of [inputs, labels]
inputs, Llabels = data

# zero the parameter gradients
optimizer_resnet.zero_grad()

# forward + backward + optimize
outputs = resnet(inputs)

Loss

criterion(outputs, Llabels)
Loss.backward()
optimizer_resnet.step()

# print statistics
running_Lloss += Lloss.item()

if 1 % 2000 == 1999: # print every 2000 mini-batches
print('[%d, %5d] loss: %.3f" %
(epoch + 1, 1 + 1, running _loss / 2000))
running_Lloss = 0.0

print('Finished Training')

resnet.eval ()
class_correct
class_total

List(o. for 1 in range(16))
List(@. for i in range(10))

with torch.no _grad():
for data in testloader:
images, labels = data
outputs = resnet(images)

_, predicted = torch.max(outputs, 1)
c = (predicted == labels).squeeze()

for 1 1in range(4):
Label = Llabels[1i]
class _correct[label] += c[1].1item()
class_total[label] += 1

for 1 in range(10):
print( 'Accuracy of %5s : %2d %%" % (
classes[1], 166 * class correct[i] / class total[i]))

YnpaxHeHue 6



7. [epeobyunTb CETb resnet NOMTHOCTLIO (MCNONb3YSA NpeaobyyeHHbIE NnapameTpbl
KaK nHuuuanusaumto).
8. CpaBHuTe pesynbraThl C MOMyYEeHHbIMU BbiLLE.

lNpumeyaHue Ecnu y Bac HeT GPU, TO pekomeHayeM ucrornb3oBaTtb Google Colab ¢
BKIMOYEHHbIM GPU. [1ns1 cMeHbI cpeapbl BbINONMHEHUS (runtime) BbIGUpuTe Change runtime
type B COOTBETCTBYIOLLEM MeHI0. [ocne akcnepnMeHTOB He 3abyabTe BEPHYTh Ccpeay Ha
None Tak Kak Bpems Bbiaensemoe ang pabotsel GPU orpaHnMYeHo.



JTabopaTtopHas 5
Paboma conposooicoaemcs dokymenmom 8 hpopmame ipnb

CermeHTauUMoHHbIe Moaenu B PyTorch

CermeHTauMoHHbIE MOAENW B 3afa4ax KOMMbIOTEPHOTO 3peHus. M3yvyeHne mogenu
U-Net. MNpenoby4veHne mogenun. OcobeHHOCTM NnepeHoca obyyeHuns ons 3agad
CeMaHTMYecKom cermeHTaummn. Iaydenne ayrmeHtaumm n3obpaxxeHun B 3agadax
CeMaHTUYeCcKon cermeHTaumun.

B npenpiaymux npumepax padotsl ¢ pytorch Mbl paccmoTpenu 3aauy kiaccugukanuu. OHaKo,
9TO HE €IUCTBEHHAs 3a7a4a, KOTOPYK MOXHO pelllaTb HEWPOHHBIMU CETAMU. B 1aHHOM npumepe
paccMOTpHUM 3aj/ladyy CEMaHTUYECKOM CerMeHTallHN.

B Takux 3amauax TpeOyercs BblIeIEHNE KAKUX-TH00 OOBEKTOB B BBIXOJHBIX JaHHBIX (HalpUMep,
M300pakeHNH) M3 BXOAHBIX JaHHBIX (HAIPUMeEp, BXOJAHOTO N300paKeHHS).

Paboty cetn MOXXHO NPOUJUTIOCTPUPOBATD CIIEAYIOLUIMM 00pa3oM.

Inipit Matwelk T T

3ajady ceMaTuyecKol CerMeHTaIluu pacCMOTpUM it Mozenu HeipoHnHou cetn UNet. Jlannas
CeTh, KaK ¥ OOJBIIMHCTBO CErMEHTAIMOHHBIX MOJIEJICH, COCTOUT U3 ABYX YacTEil: SHKOAepa U
JeKozepa.

Lens mepBoii yacTH (3HKOAEPA) - CKATUE UCXOAHBIX JaHHBIX B T.H. "Ha0Op KapT JTaTEHTHBIX
IpU3HAKOB'".

To ecTb, 1O CyIIECTBY, 3aKOTUPOBATH BXOAHYIO0 HH(OPMAIIUIO C U30BITOYHOCTHIO TaK, YTOOBI
IIOTOM MOKHO GI)IJIO PACKOAUPOBATH TOJBKO TO, UTO HYXXHO - 3aJ1aHO BbIXOIIHOfI MAacKOH.
Lens Bropoit yacTu (Iekaepa) - pacKoAUpOBaHHE HaOOpa IaTeHTHBIX MPU3HAKOB TaK, YTOOBI
OCTaJICA BBIACIICHHBIM TOJIBKO Hy)I(HLIﬁ 00BEKT.

Ocobennoctsb cetn UNet 3akiouaercs B TOM, 4TO MPU PACKOJUPOBAHUU HCIIONIB3YETCS HE
TOJBKO MH(OPMAIIHIO JIEKO/IEpa, HO ¥ MH(POPMALIUS U3 SHKOAA. ITO JOCTUTAETCS 3a CUET
COEIMHEHUS CIIOEB, MOIYYaeMbIX B IEKOJepe HEMOCPEACTBEHHO U aHAJOTUYHBIX M0 pa3Mepy
CJIOEB HHKOJIEpA.

Cxema naHHOU CeTH MOKa3aHa Ha PUCYHKE HIKE.

In__ Out_
channels 32 32 channels
= =
. | 64 64 - 1

S 1 5 B
=
gL | -1-0
= [ 32 32
conwl = l'- nzs S - 1
= I upconv3
- — — =
= | A
1 " 64 54
conw2 E;_ ‘ ‘| . l upconv2
= 1—» =
o
=
128 128

conv3 upconvl

HNmnopT ocHOBHBIX 0u0/IMOTEK



import torch

import torch.nn as nn

import torch.nn.functional as F
from torchsummary import summary
import torch.optim as optim

from torch.optim import Lr_scheduler

from torch.utils.data import Dataset, Dataloader
from torchvision import transforms, datasets, models

import time

import copy

import numpy as np

import random

import matplotlib.pyplot as plt

from PIL import Image

Cosgagumm gartacer - 6yaem ncnonb3oBaTh rOTOBLIV NPUMEP, B3ATbIV TYT, OAHAKO He
MHOIO U3MEHEHHbIN.

Bynem co3naBark n300paxKeHus, Ha KOTOPBIX UMEIOTCS Pa3HbIE TeOMETPUICCKHE (QUTYPHI.
JlomycTum, 9T0 U3 3THX (GUTyp HAC UHTEPECYET TPEYroibHUK. [l0aTOMY MBI OyieM reHepupoBaTh
M300paKEHUS ¢ Pa3HBIMU (PUTYpaMH B Ka4€CTBE BXOIHBIX M BBIXOAHOE M300paxkeHue (T.H.
MAacKy) B BUJIE TPEYTOJIbHHKA.

def generate_random_data(height, width, count):

X, y = zip(*[generate _img _and _mask(height, width) for 1 1in
range(9, count)])

X = np.asarray(x) * 255

X = X.transpose([©, 2, 3, 1]).astype(np.uint8)

Y = np.asarray(y)

return X, Y

def generate_img_and_mask(height, width):
shape = (height, width)

triangle_Llocation = get_random_Location(*shape, zoom = 2)
circle Llocationl get _random_Location(*shape, zoom=1)

circle_Llocation2 = get_random Location(*shape, zoom=06.7)
mesh_Location = get_random_Location(*shape, zoom=6.7)
square_Llocation = get_random_Llocation(*shape, zoom=6.4)

get_random_Location(*shape, zoom=1.2)

plus Llocation

arr = np.zeros(shape, dtype=bool)

arr = add_triangle(arr, *triangle_ Location)

arr = add_circle(arr, *circle_locationl)

arr = add_circle(arr, *circle_location2, fill=True)
arr = add_mesh_square(arr, *mesh_Location)

arr = add_filled_square(arr, *square_location)


https://github.com/usuyama/pytorch-unet

arr
arr

add_plus(arr, *plus_Llocation)
np.reshape(arr, (1, height, width)).astype(np.float32)

masks = np.asarray([

add_filled square(np.zeros(shape, dtype=bool),
*square_Location),

add_circle(np.zeros(shape, dtype=bool), *circle Llocation2,
fill=True),

add_triangle(np.zeros(shape, dtype=bool), *triangle Llocation),

add_circle(np.zeros(shape, dtype=bool), *circle_Llocationl),

add_filled square(np.zeros(shape, dtype=bool),
*mesh_Location),

add_plus(np.zeros(shape, dtype=bool),
*plus_Location)]).astype(np. float32)

return arr, masks
def add_square(arr, x, y, size):

s = int(size / 2)
arr[x-s,y-s:y+s] = True

arr[x+s,y-s:y+s] = True
arr[x-s:x+s,y-s] = True
arr[x-s:x+s,y+s] = True

return arr

def add filled square(arr, x, y, size):

s = int(size / 2)

XX, yy = np.mgrid[:arr.shape[0], :arr.shape[1]]

return np.logical_or(arr, logical _and([xx > x - s, XX < X + S, Yy
>y - S, yy <y +5s]))

def Llogical and(arrays):
new_array = np.ones(arrays[@].shape, dtype=bool)
for a in arrays:
new_array = np.logical_and(new_array, a)
return new_array

def add _mesh_square(arr, x, y, size):

s = int(size / 2)

XX, yy = np.mgrid[:arr.shape[0], :arr.shape[1]]

return np.logical_or(arr, logical_and([xx > x - s, XX < X + S, XX
%2==1,yY >y - S, Y <y+s,yy%2==1]))

def add_triangle(arr, x, y, size):
s = int(size / 2)
triangle = np.tril(4*np.ones((size, size), dtype=bool))
arr[x-s:x-s+triangle.shape[0],y-s:y-s+triangle.shape[1]] =
triangle
return arr



def add circle(arr, x, y, size, fill=False):

XX, yy = np.mgrid[:arr.shape[0], :arr.shape[1]]

circle = np.sqrt((xx - x) ** 2 + (yy - y) ** 2)

new_arr = np.logical_or(arr, np.logical_and(circle < size, circle
>= size * 0.7 if not fill else True))

return new_arr

def add plus(arr, x, y, size):
s = int(size / 2)
arr[x-1:x+1,y-s:y+s] = True
arr[x-s:x+s,y-1:y+1] = True
return arr

def get_random_Location(width, height, zoom=1.0):
x = int(width * random.uniform(6.1, ©.9))
y = int(height * random.uniform(6.1, 6.9))
size = int(min(width, height) * random.uniform(6.606, 6.12) * zoom)
return (x, y, size)

class SimDataset(Dataset):
def 1init__(self, count, transform=None):
self.input_1images, self.target_masks =
generate_random_data(32, 32, count=count)
self.transform = transform

def _Llen (self):
return Llen(self.input_1images)

def _ getitem (self, 1idx):
image = self.input_images[idx]
mask = self.target_masks[idx]

1f self.transform:
image = self.transform(image)

return [image, mask[:][2:3]]
# use the same transformations for train/val in this example
trans = transforms.Compose([

transforms.ToTensor(),

transforms.Normalize([0.5], [ ©.2])])

train_set = SimDataset (2000, transform = trans)
val_set = SimDataset(200, transform = trans)

image_datasets = {'train’': train_set, 'val': val_set}
batch_size = 8

dataloaders = {
"train': Dataloader(train_set, batch size=batch size,



shuffle=True, num_workers=0),
‘val ': Dataloader(val_set, batch_size=batch_size, shuffle=True,
num_workers=0)

}

MocmoTpuM Ha oAMH MMHMGATY U3 AaTaceTa - BXOAHble N300paXXeHUA N MaCKU

images,masks = next(iter(dataloaders['train']))

print(images. shape)

print(images. shape)
print(masks. shape)

plt. figure(figsize=(16,4))

plt.subplot(141);plt.imshow(images[0][O])
plt.subplot(142);plt.imshow(images[1][O])
plt.subplot(143);plt.imshow(images[2][0])
plt.subplot(144);plt.imshow(images[3][O])

print(images. shape)
plt.figure(figsize=(16,4))
plt.subplot(141);plt.imshow(masks[O][O])
plt.subplot(142);plt.imshow(masks[1][E])
plt.subplot(143);plt.imshow(masks[2][O])
plt.subplot(144);plt.imshow(masks[3][E])

torch.Size([8, 1, 32, 32])

torch.Size([8, 1, 32, 32])
torch.Size([8, 1, 32, 32])
torch.Size([8, 1, 32, 32])

<matplotlib.image.AxesImage at 6x1d8ae2720c8>
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Co3pagum KJjacc HeMPOHHOM ceTH
e Cetb Oyaet cocToAaTb 13 4 Br1oKOB aHKOAepa 1 4 BNokoB AeKkoTopa.



e Kaxpgbii 6nok 6yaet cocToATb U3 ABYX OnepaLmii CBEPTKN C SAPOM 3X3 N PEXMOM
same.
e B aHkoagepe 6yaem ucnonb3oBaTb MakcnysnuH (MaxPool2d).
* B pekogepe onepaumto, o6patHyt0 MakCnynuHry - (Upsample) metogom
BGunmHenHoro npeobpasoBaHus.
e Bnbibepem "ognHapHbIn" pasmep (YMCro) KapT NPU3HAKOB Kak SIZE = 32.
def conv_block(in_channels, out channels):
return nn.Sequential(
nn.Conv2d(in_channels, out_channels, 3, padding=1),
nn.RelLU(inplace=True),
nn.Conv2d(out_channels, out_channels, 3, padding=1),
nn.RelLU(inplace=True)

)

SIZE = 32
class UNet(nn.Module):

def init_(self, n_class=1):
super(). init_ ()

self.downl = conv_block(1, SIZE)

self.down2 = conv_block(SIZE, SIZE*2)
self.down3 = conv_block(SIZE*2, SIZE*4)
self.downd = conv_block(SIZE*4, SIZE*8)

nn.MaxPool2d(2)

nn.Upsample(scale_factor=2,
mode="bilinear’,
align_corners=True)

self.maxpool
self.upsample

self.up3 = conv_block(SIZE*4 + SIZE*8, SIZE*4)

self.up2 = conv_block(SIZE*2 + SIZE*4, SIZE*2)
self.upl = conv_block(SIZE*2 + SIZE, SIZE)
self.out = nn.Conv2d(SIZE, n class, 1)

def forward(self, x):
convl = self.downl(x)
x = self.maxpool (convl)

conv2 = self.down2(x)
x = self.maxpool (conv2)

conv3 = self.down3(x)
x = self.maxpool (conv3)

x = self.down4(x)



x = self.upsample(x)
x = torch.cat([x, conv3], dim=1)

x = self.up3(x)
x = self.upsample(x)
x = torch.cat([x, conv2], dim=1)

x = self.up2(x)
x = self.upsample(x)
x = torch.cat([x, convl], dim=1)

x = self.upl(x)
out = self.out(x)

return out

Co3pgaaum ak3emMnnsip HEUPOHHOU CeTU

unet_model = UNet()
summary (unet_model, input size=(1, 32, 32),device='cpu’)

Layer (type) Output Shape Param #
Conv2d-1 [-1, 32, 32, 32] 320
RelLU-2 [-1, 32, 32, 32] )
Conv2d-3 [-1, 32, 32, 32] 9,248
RelLU-4 [-1, 32, 32, 32] )
MaxPool2d-5 [-1, 32, 16, 16] 7]
Conv2d-6 [-1, 64, 16, 16] 18,496
RelLU-7 [-1, 64, 16, 16] )
Conv2d-8 [-1, 64, 16, 16] 36,928
RelLU-9 [-1, 64, 16, 16] )
MaxPool2d-10 [-1, 64, 8, 8] 0
Conv2d-11 [-1, 128, 8, 8] 73,856
RelLU-12 [-1, 128, 8, 8] )
Conv2d-13 [-1, 128, 8, 8] 147,584
RelLU-14 [-1, 128, 8, 8] )
MaxPool2d-15 [-1, 128, 4, 4] )
Conv2d-16 [-1, 256, 4, 4] 295,168
RelLU-17 [-1, 256, 4, 4] )
Conv2d-18 [-1, 256, 4, 4] 599, 080
RelLU-19 [-1, 256, 4, 4] )
Upsample-20 [-1, 256, 8, 8] 7
Conv2d-21 [-1, 128, 8, 8] 442,496
ReLU-22 [-1, 128, 8, 8] )
Conv2d-23 [-1, 128, 8, 8] 147,584
RelLU-24 [-1, 128, 8, 8] )
Upsample-25 [-1, 128, 16, 16] 7]



Conv2d-26 [-1, 64, 16, 16] 110,656
RelLU-27 [-1, 64, 16, 16] )
Conv2d-28 [-1, 64, 16, 16] 36,928
RelLU-29 [-1, 64, 16, 16] )
Upsample-30 [-1, 64, 32, 32] (7]
Conv2d-31 [-1, 32, 32, 32] 27,680
RelLU-32 [-1, 32, 32, 32] )
Conv2d-33 [-1, 32, 32, 32] 9,248
RelLU-34 [-1, 32, 32, 32] )
Conv2d-35 [-1, 1, 32, 32] 33

Total params: 1,946,305

Trainable params: 1,946,305
Non-trainable params: ©

Input size (MB): ©.00
Forward/backward pass size (MB): 4.62
Params size (MB): 7.42

Estimated Total Size (MB): 12.05

O6y4yeHue 6yaem npoBoauTb NO ABYM BapuaHTam hyHKLUMU NoTepb: OMHapHasn
3HTpONMUSA U T.H. DICE

Dice (Koaddunment Cepenca-/laiica) mpencraBisier co00i METPUKY, XapaKTEPHYIO TSt
CErMEHTAIIUH - TI0 CYIIECTBY, OTHOILIICHHUE YIIBOCHHOM IJIONIA U IEPECEUYCHHUS UCKOMOTO OOBEKTa
(Makcu) K cyMMe TUTOIIaieli HCKOMOTO 00BEKTa U MOJyUYE€HHOTO 110 pe3yibTaraM padoTh
HEUPOHHOMU CETH.

Ecnu roBoputs Oosee kauecTBEHHO, TO Dice TOBOPUT O TOM, Ha CKOJIBKO IPAaBUIIBHO OOBEKT
BBIJICJIEH T10 IUIOLAIU U 110 €r0 PaCcIOIOKEHUIO OTHOCUTEIBHO HCKOMOTO. MintrocTpanus
mioxoro, cpeasero u xopoutero DICE npuBeneHa Ha KapTUHKE HUXKE



Poor Good Excellent

Paccrosinue, coorBeTcTBYIOIIMEe Dice pacyMTUBACTCS KaK:
2-(ANB)
|A|+|B|

dice = 1 —

rae A, B - 9To nnowaam nosly4eHHOro 1 UICKOMOro 06beKTOB, 3HaK N - 3T0 0603HaYeHne
nepecevyeHuns nnowanen

def dice_loss(pred, target, smooth = 1.):
pred = pred.contiguous()
target = target.contiguous()

intersection (pred * target).sum(dim=2).sum(dim=2)
sum_of _squares = pred.sum(dim=2).sum(dim=2) +
target.sum(dim=2).sum(dim=2)

loss = 1 - 2. * intersection / sum_of_squares

return Loss.mean()

Takum obpa3om y Hac GyaeT ase MmeTpuku DICE u BCE, a Takke yHKUUS noTepb. byaem
cynTaTb PyHKLMIO NOTEPb Kak KOMOGMHaLUMIO DICE 1 BCE ¢ p3HbIMU BECaMMU.

Takum 00pa3om B pyHKIIMK OTEPh OyeT YUUTHIBAThCS MecTo 00bekTa u ero miomans (DICE),

a TaKke 0co0eHHOCTH (POPMBI OOBEKTA C TOUKHU 3PEHUSI €0 TapaMeTPOB, HAIPUMED SIPKOCTH MU

ocobeHHocTel Gpopmbl (Hanpumep mupoxoBaroctu kpaes) (BCE).
METRICS _DEFAULT = {'bce':0.0, 'dice':0.0, "Loss ':0.0}

O6beaeHnM pacyeT METPYUK M NOTEPb B 0AHY PYHKLNIO

def calc_Lloss(pred, target, metrics = None, bce_weight=0.5):

1f (metrics is None):
metrics = METRICS _DEFAULT.copy()

bce = F.binary cross_entropy with_Logits(pred, target)

torch.sigmoid(pred)
dice_Lloss(pred, target)

pred
dice

loss = bce * bce weight + dice * (1 - bce_weight)

metrics['bce'] += bce.data.cpu().numpy()
metrics['dice'] += dice.data.cpu().numpy()
metrics['loss'] += loss.data.cpu().numpy()



return lLloss, metrics

Onuwem npoueaypy TPEHUPOBKU KaK OTAENbHYHO (DYHKLMIO

[Ipouenypa BKIIOYAET CIECAYIOIINE TAPAMETPHI:
e  MOAEenb HEMPOHHOW ceTu (unet_model);
e  CrnoBapb ABYX 3arpy34mkoB AaHHbIX B popmaTe Dataloader (dataloaders) (ons
Banungaumu 'valid'; ona TPeHUPOBKY 'train');
e (OYHKUMIO ONTUMM3ATOP (optimizer);
e OYHKLYMIO NUBMEHEHNA COKPOCTU 0By4eHUs (scheduler);
e yuMcno anox (num_epochs).

Bbixog npouenypbl - 06y4eHHas Moaensb.

Oco0enHocTu nmpoueaypsl train_model:
e [lpoueaypa BKAOYaET Kak hasy TPEHUPOBKY, Tak 1 dhady Banugaumio ass Kaxaomn
3Moxu.
e  Kaxgbii pas, korga nocrie obyyeHus anoxm 3Ha4eHNa METPUK HKe Yem Obinn o
3TOro, TO pesynbraT TPEHUPOBKM 3arnncbiBaeTCs.
e B wuTore Bo3BpallaeTcs pesyrnbraT Ha fy4Llen arnoxe.
e B npouecce kaxxaon anoxm Ha 3KpaH BbIBOAUTCA Cry>kebHasn nHgopmaums.
def train_model (unet_model, dataloaders, optimizer, scheduler=None,
num_epochs=25):

best _model = copy.deepcopy(unet_model.state dict())
best Loss lelo
best _epoch = 0

start_time = time.time()

for epoch in range(num_epochs):

print('-"' * 10)

since = time.time()

print( 'Epoch {}/{}"'.format(epoch+1, num_epochs),end=" ")

for param_group in optimizer.param_groups: print("LR",
param_group[ 'Lr"])

for phase in [ 'train', 'val']:

1f phase == 'train':
unet_model . train()
else:
unet_model .eval ()



#COUNTER FOR SAMPLES PROCESSED IN THE EPOCH
epoch_samples = 6

#RESET METRICS VALUES FOR EPOCH
metrics = METRICS DEFAULT.copy()

#MINI BATCHES
for 1inputs, labels 1in dataloaders[phase]:
optimizer.zero_grad()

#IF VAL, THEN NO_GRAD, ELSE GRAD_ENABLE

with torch.set_grad enabled(phase == "train'):
outputs = unet_model. forward(inputs)
Loss, metrics = calc_Lloss(outputs, Labels,
metrics)
i1f phase == 'train':
Loss.backward()
optimizer.step()

#FOR LOSS NORMALIZATION
epoch_samples += inputs.size(9)

#CHECK FOR THE BEST RESULT
epoch_Loss = metrics[ 'loss'] / epoch_samples
1f phase == 'val' and epoch Loss < best loss:
print("saving best model")
best Loss = epoch Lloss
best_epoch = epoch
best_model = copy.deepcopy(unet_model.state _dict())

#LEARNING RATE SCHADULER
if phase == 'train' and scheduler 1is not None:
scheduler.step()

#SERVICE INFORMATION
print(str(phase), ":",
"Loss:%.5f"'%(metrics[ 'Loss']),
‘dice:%.5f'%(1-metrics[ 'dice']), #1-DICE IS BETTER
TO INTERPRITATE
'"bece:%.5F" %(metrics['bce’']))

#SERVICE INFORMATION

time_elapsed = time.time() - since

print( 'Epoch time: {:.0f}m {:.0f}s" .\
format(time_elapsed // 66, time_elapsed % 60))

#SERVICE INFORMATION
print('Best val Lloss: {:4f}"'.format(best_Loss),
'best epoch: %d'%(best_epoch),



"training_time:{:.0f}m {:.0f}s".\
format((time.time()-start_time) // 66,
(time.time()-start _time) % 660))

unet_model . load_state_dict(best_model)
return unet_model

3apagum ocob6eHHOCTU OByUeHus.

e Ontummsartop Adam;

e Kaxgble 10 anox 6yaem CHmXaTb CKOPOCTb 06y4eHus ¢ koadhdumumeHTom 0.9;

« Cpenaem BO3MOXHOCTb BblbUpaTth Unm ncnonb3oBaTb NpeaobyvyeHHas Moaenb
NN MHUMann3npoBaTh HOBYLO. TO eCTb caenaemM BO3MOXHOCTb Jooby4aTb
mogenu.

EPOCH = 20
pretrained = True

optimizer_ft = optim.Adam(unet_model.parameters(), lLr=1e-4)

exp_Lr_scheduler = Lr_scheduler.StepLR(optimizer_ ft, step size=10,
gamma=0.9)

1f pretrained == False:
unet_model = UNet()

TPEeHNPOBKa ceTu

unet_model =\
train_model (unet_model,

dataloaders = dataloaders,
optimizer = optimizer_ft,
scheduler = exp_Lr_scheduler,
num_epochs = EPOCH)

Epoch 1/20 LR ©.0001

train : Loss:88.99715 dice:-149.26764 bce:27.72667
saving best model

val : L0ss:3.41808 dice:-5.21179 bce:0.62436

Epoch time: ém 52s

Epoch 20/20 LR 9e-05

train : Loss:0.74586 dice:-0.37008 bce:0.12164
saving best model

val : Loss:0.05855 dice:0.89247 bce:0.00957

Epoch time: 1m 53s

Best val Lloss: 6.000293 best epoch: 19 training_time:21m 44s

Co3pagum TecToBbIM AaTa-ceT



test _dataset = SimDataset(4, transform = trans)
test _loader = Dataloader(test _dataset, batch_size=4, shuffle=False,
num_workers=0)

nOCMOTpMM Ha MEeTPUKN Ha TeCTOBOM AgaTtaceTte

unet_model .eval ()

inputs, Llabels = next(iter(test Loader))

predicts unet_model (inputs)

Loss, metrics calc _loss(predicts, Llabels)

print('loss:%.5f '%(metrics['loss"']),
‘dice:%.5f'%(1-metrics[ 'dice']),
'bece:%.5f" %(metrics['bce’]))

L0ss:0.00043 dice:0.99918 bce:0.00005

MpoBepum pe3ynbTaT BU3yanbHo

predicts = predicts.data.cpu().numpy()

print(" I NP UT ")
plt.figure(figsize=(16,4))
plt.subplot(141);plt.imshow(inputs[o][O])
plt.subplot(142);plt.imshow(inputs[1][O])
plt.subplot(143);plt.imshow(inputs[2][E])
plt.subplot(144);plt.imshow(inputs[3][O])
plt.show()

print(" GROUNDTRUTH ")
plt.figure(figsize=(16,4))
plt.subplot(141);plt.imshow(labels[0].sum(©))
plt.subplot(142);plt.imshow(labels[1].sum(©))
plt.subplot(143);plt.imshow(labels[2].sum(©))
plt.subplot(144);plt.imshow(labels[3].sum(©))
plt.show()

print(' PREDICTED ")
plt.figure(figsize=(16,4))
plt.subplot(141);plt.imshow(predicts[o][0])
plt.subplot(142);plt.imshow(predicts[1][0])
plt.subplot(143);plt.imshow(predicts[2][O])
plt.subplot(144);plt.imshow(predicts[3][0])
plt.show()
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GROUNDTRUTH

YnpaxHeHue 1
CoxpaHuTe Beca Mogenu B OTAeNbHbIN dhann.

Hoobyunte mogens (6e3 ee cbpoca - nepesarpy3kn) Ha 10 anoxax

YnpaxHeHue 2

[lobaBbTe BO3MOXHOCTL BbiBOAA rpadhmka gyHKUMM NoTepb U METPUKK DICE no
pesynsratam obyyeHus.

YnpaxHeHue 3

[ob6aBbTe Kk npoueccy 0bydeHns OyHKLNIO paHHEN OCTAHOBKM (OCTAHOBKM MO
HEN3MEHEHWIO UM POCTY Banuaauunmn)

YnpaxHeHue 4

Y6epute n3s apxmutekTypbl UNet CBS3M 3HKOAEpaA U AeKo4epa - TO eCTb Npeobpasyinte
UNet B SegNet. CpaBHUTE Ka4eCcTBO 0By4eHns ceTu.

MpenobyyeHne CBEPTOYHOM CETU aBTOIHKOAEPOM

YacTto npm obyyeHnn Mmogenm cetu - 4ns nogHATUA kadyectaa ee obyveHunsi, 0cO6eHHO
AN HeBOonbLUMX faTaceToB XenaTenbHbiM ABAsieTcs npegobyyeHne HEMPOHHOW CETH.
Takoe npenobyyeHne MoXeT ObITb MPOM3BEAEHO NN HA KAKOM-TO BrIM3KOM, HO 605bLIOM
aaraceTe unu, HanpMMmep, METOAOM aBTO3HKOAEpPa (Takom Noaxo4? no CyLecTsy,
npeactaenaet cobown KoHuenuumto ceTen rmybokoro aosepus - deep belief network). B
cny4dae UNet nogxop, rny6oKoro JoBepust MOXET ObiTb Mpon3BeaeH NyTeM obyyeHns



HEMPOHHOW CETU AN Criyyas, Koraa ee Bbixon, AOIMKEH MOBTOPSATb €€ BXOA - MO CyTU 3TO
obyyeHune 6e3 yuntenda. CTont oTMETUTL, 4TO Npeoby4veHne n obyyeHme MoryT ObiTb
NPOBEAEHbI C pa3HbIMY BUAAMU PYHKLMKN NOTEPb UK APYTMMM NapameTpamMm 00yyYeHus.

JTan aBTO’HKOAEpa
Bribupem B kauectBe pynkimu noreps MSE (Minimum Square Error)
AUTOMETRICS DEFAULT = {'mse':6.0, 'dice':0.0, 'Loss"':0.0}

Mepecospaaum moaenb

unet_model = UNet()

MycTb pyHKUMA NOoTepb GyaeT TorbKO MSE

def calc_autoloss(pred, inputs, metrics = None, mce_weight=1):

if (metrics is None):
metrics = AUTOMETRICS _DEFAULT.copy()

mse = F.mse_Loss(pred, inputs)

pred = torch.sigmoid(pred)
dice = dice loss(pred, inputs)
loss = mse

metrics['mse'] += mse.data.cpu().numpy()
metrics['dice'] += dice.data.cpu().numpy()
metrics['loss'] += loss.data.cpu().numpy()

return loss, metrics

Mepennwem npoueaypy ob6yveHUs cetu

def train_autoencoder(unet_model, dataloaders, optimizer,
scheduler=None, num_epochs=25):

best _model = copy.deepcopy(unet_model.state _dict())
best Lloss = 1lel®
best _epoch = 0

start_time = time.time()

for epoch in range(num_epochs):

print('-"' * 10)

since = time.time()

print( 'Epoch {}/{}"'.format(epoch+1, num_epochs),end=" ")
for param_group in optimizer.param_groups: print("LR",



param_group[ 'Lr'])

#TRAINING AND VALIDATION PHASES

for phase in ['train’, 'val']:

metrics)

#FOR SUCH LAYERS AS DROPOUT AND BATCH NORM
1f phase == 'train':

unet_model . train()
else:

unet_model .eval ()

#COUNTER FOR SAMPLES PROCESSED IN THE EPOCH
epoch_samples = 6

#RESET METRICS VALUES FOR EPOCH
metrics = AUTOMETRICS DEFAULT.copy()

#MINI BATCHES
for 1inputs, Llabels in dataloaders[phase]:
optimizer.zero_grad()

#IF VAL, THEN NO_GRAD, ELSE GRAD_ ENABLE

with torch.set_grad_enabled(phase == 'train'):
outputs = unet_model. forward(inputs)
Loss, metrics = calc_autoloss(outputs, inputs,

i1f phase == 'train':
Loss.backward()
optimizer.step()

#FOR LOSS NORMALIZATION ON THE BATCH SIZE
epoch_samples += inputs.size(©9)

#CHECK FOR THE BEST RESULT
epoch_Loss = metrics[ 'Loss'] / epoch_samples
1f phase == 'val' and epoch_loss < best Lloss:
print("“saving best model")
best Lloss = epoch_Lloss
best _epoch = epoch
best _model = copy.deepcopy(unet_model.state dict())

#LEARNING RATE SCHADULER
1f phase == 'train' and scheduler 1is not None:
scheduler.step()

#SERVICE INFORMATION
print(str(phase),":",
"Loss:%.5f"'%(metrics[ 'Loss"']),

‘dice:%.5f'%(1-metrics[ 'dice']), #1-DICE IS BETTER

TO INTERPRITATE



‘'mse:%.5f" %(metrics[ 'mse’']))

#SERVICE INFORMATION

time_elapsed = time.time() - since

print( 'Epoch time: {:.0f}m {:.6f}s".\
format(time_elapsed // 66, time_elapsed % 60))

#SERVICE INFORMATION
print('Best val Lloss: {:4f}"'.format(best_Lloss),
'best epoch: %d'%(best_epoch),
"training time:{:.0f}m {:.0f}s".\
format((time.time()-start_time) // 66,
(time.time()-start_time) % 60))

#LOAD THE BEST MODEL STATE (WEIGHTS AND BIASES)
unet_model.load _state dict(best_model)
return unet_model

MapameTpbl 06y4YeHus

EPOCH = 20
pretrained = True

# Observe that all parameters are being optimized
optimizer_ft = optim.Adam(unet_model .parameters(), Llr=1le-4)

exp_Lr_scheduler = Lr_scheduler.StepLR(optimizer_ft, step size=10,

gamma=06.9)

1f pretrained == False:
unet_model = UNet()

TpeHunpoBKa aBTO3HKOAEpaA

unet_model =\
train_autoencoder (unet_model,

dataloaders = dataloaders,
optimizer = optimizer_ft,
scheduler = exp_Lr_scheduler,

num_epochs EPOCH)

Epoch 1/20 LR ©.0001

train : L0ss:6883.09349 dice:-222.18551 mse:6883.09349
saving best model

val : Loss:3.59113 dice:-21.36611 mse:3.59113

Epoch time: Om 51s

Epoch 2/20 LR ©.0001

train : Loss:21.05984 dice:-223.37881 mse:21.05984
saving best model

val : Loss:1.06789 dice:-21.71218 mse:1.06789

Epoch time: ém 52s



Epoch 19/26 LR 9e-05

train : L0ss:0.73902 dice:-225.55331 mse:0.73902
saving best model

val : Lo0ss:0.06993 dice:-21.64289 mse:0.06993
Epoch time: ém 49s

Epoch 20/20 LR 9e-05

train : L0ss:0.67419 dice:-225.55898 mse:0.67419
saving best model

val : Lloss:0.06309 dice:-21.66396 mse:0.06309
Epoch time: ém 56s

Best val Lloss: 0.000315 best epoch: 19 training_time:17m 52s

NMocmoTpum pe3ynkTaTt Ans TeCTOBOro AaraceTra, Co3fgaHHOro paHee

) Ecnu TecTOBBIN 1aTaceT He HalIeH, IPECO3JANTE €ro

unet_model .eval ()

inputs, Llabels = next(iter(test_Lloader))

predicts unet_model (inputs)

loss, metrics = calc_autoloss(predicts, 1inputs)

print('loss:%.5f " '%(metrics[ 'Lloss']),
‘dice:%.5f"'%(1-metrics[ 'dice']),
‘'mse:%.5f" %(metrics['mse’']))

predicts = predicts.data.cpu().numpy()

print(" INPUT = GROUNDTRUTH")
plt.figure(figsize=(16,4))
plt.subplot(141);plt.imshow(inputs[o][O])
plt.subplot(142);plt.imshow(inputs[1][O])
plt.subplot(143);plt.imshow(inputs[2][EO])
plt.subplot(144);plt.imshow(inputs[3][0])
plt.show()

print(' PREDICTED ")
plt.figure(figsize=(16,4))
plt.subplot(141);plt.imshow(predicts[o][0])
plt.subplot(142);plt.imshow(predicts[1][0])
plt.subplot(143);plt.imshow(predicts[2][O])
plt.subplot(144);plt.imshow(predicts[3][0])
plt.show()

L0ss:0.00181 dice:0.09802 mse:0.00181
INPUT =GROUNDTRUTH
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IonpoOyem 00y4nTh Npego0y4eHHYIO CEeTh
unet _model =\
train_model (unet_model,

dataloaders = dataloaders,
optimizer = optimizer_ft,
scheduler = exp_Lr_scheduler,

num_epochs EPOCH)

Epoch ©/19 LR 8.1e-05

train : Loss:9.51207 dice:-16.98738 bce:1.63676
saving best model

val : Loss:0.38224 dice:0.26683 bce:0.63131
Epoch time: Om 50s

Epoch 1/19 LR 8.1e-05

train : Lo0ss:2.64964 dice:-4.07184 bce:0.22745
saving best model

val : Loss:0.32173 dice:0.38086 bce:0.02432
Epoch time: ém 55s

Epoch 18/19 LR 7.290000000000001e¢-05

train : L0ss:0.42796 dice:0.19255 bce:0.04848
saving best model

val : Loss:0.05664 dice:0.89400 bce:0.00727
Epoch time: ém 52s

Epoch 19/19 LR 7.290000000000001¢-05

train : L0ss:0.45972 dice:0.13232 bce:0.05176
saving best model

val : Loss:0.05570 dice:0.89581 bce:0.00720
Epoch time: ém 51s

Best val Lloss: 6.000278 best epoch: 19 training_time:17m 31s



unet_model .eval ()

inputs, labels = next(iter(test_Loader))

predicts = unet_model (inputs)

Loss, metrics = calc_Lloss(predicts, Labels)

print('loss:%.5f '%(metrics['loss"']),
‘dice:%.5f'%(1-metrics[ 'dice']),
'bece:%.5f" %(metrics['bce']))

predicts = predicts.data.cpu().numpy()

print(" I NPUT =GROUNDTRUTH")
plt.figure(figsize=(16,4))
plt.subplot(141);plt.imshow(inputs[o][o])
plt.subplot(142);plt.imshow(inputs[1][O])
plt.subplot(143);plt.imshow(inputs[2][6])
plt.subplot(144);plt.imshow(inputs[3][0])
plt.show()

print(' PREDICTED ")
plt.figure(figsize=(16,4))
plt.subplot(141);plt.imshow(predicts[o][O])
plt.subplot(142);plt.imshow(predicts[1][0])
plt.subplot(143);plt.imshow(predicts[2][O])
plt.subplot(144);plt.imshow(predicts[3][0])
plt.show()

L0ss:0.00000 dice:0.99999 bce:0.00000
INPUT =GROUNDTRUTH
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YnpaxHeHue 5

CpaBHuTe pesynbsTaT paboTbl npeaobyyYeHHO CETU U CETU C NPOM3BOSBHOW
NHULUManM3aumen napaMeTpoB. [1ns 3Toro 3arpysuTe v TOT U ApYrol B pa3Hble MOAeNn n



npoBeanTe OUEHKY PYHKLIMKN NOTEPb, METPUK KAYECTBA, a Takke NpoBeanTe BU3yarnbHoe
CpaBHeHMe.

YnpaxHeHue 6

[obasbTe Kk npouenype 0by4eHns HEMPOHHOM CETU ayTMEHTALMIO AAHHbIX C
ncnonb3oBaHnem yHKUMIN transform. NepeobyynTe ceTb U CpaBHUTE pe3ynbTaThl.



JTabopaTopHas 6
Paboma conposooicoaemces dokymenmom 8 hopmame ipnb

N3yyeHne ocobeHHOCTeN 3agay nomncka u nokanumaaumm o6beKToB Ha N306paxeHnsax Ha
ocHoBe 6nbnnoTekn Detectron2

3apaym nomcka u nokanuaawmm o6beKToB Ha n3obpakeHunsx. OcobeHHOCTN paboTbl
onbnnotekm Detectron2. Habop gaHHbIX COCO. N3yyeHne HEMPOHHbIX ceTen Faster-RCNN
(object detection), Mask-RCNN (instance segmentation) u FPN (Panoptic Segmentation).

bubnmuoreka Detectron? siBnsiercst high-api 6ubnmorexoit Ha ocHoBe Py Torch nns pemeHus
TaKMX 3aja4, Kak object detection (oucka u JIOKaIU3auu 0ObEKTOB Ha U300PAKEHUSIX),
instance segmentation (3k3eMILISIPHO), keypoint segmentation u panoptic segmentationoto- u
BUJICO TAaHHBIX.

bubnmnoteka paspaborana kommnanuei facebook 1 mMeeT OTKPHITHIN UCXOMHBIN Ko/I. B ocHOBE
6ubnuoreku Joxar ¢ppeiimBopk pytorch u caffe2 (Ha koropoM HanucaHa epBas Bepcus

detectron).

Ccbuiku
e penosuTopuin bubnumnoteku https://github.com/facebookresearch/Detectron2

e [OKYMEHTALMS N CPaBHEHUS C aHaNorm4yHbIMu pperimBopkamMmm
https://detectron2.readthedocs.io/notes/benchmarks.html

e perno3uTopum https://github.com/facebookresearch/detectron2/tree/master/projects

e  https://ai.facebook.com/blog/-detectron2-a-pytorch-based-modular-object-detection-li
brary-/ - "Hpopmauma Ha odmunanbHOM canTe.

e rnpedblaywasn Bepcus https://github.com/facebookresearch/Detectron/

e https://github.com/facebookresearch/maskrcnn-benchmark/ Takke ppenmaopk ans

cerMeHTauum, nexallunin B OCHOBE.

e  YctaHoBKa Detectron2 Ha Bauw K
https://detectron2.readthedocs.io/tutorials/install.html

MosicHeHus K TOMY, YTO TaKOoe CeMaHTU4YEeCKas, SK3eMnyiapHad n naHonTn4yeckKas
cerMeHTauunn.

Paznrbie BHUBI CCFMCHT&HI/II/I/ ACTCKIHHU, JOCTYIIHBIC B Detectron2

cTpykTypa detectron2
—checkpoint <- checkpointer and model catalog handlers
—config <- default configs and handlers
—data <- dataset handlers and data Lloaders
—engine <- predictor and trainer engines
—evaluation <- evaluator for each dataset



https://github.com/facebookresearch/Detectron2
https://github.com/facebookresearch/Detectron
https://github.com/facebookresearch/Detectron
https://github.com/facebookresearch/Detectron2
https://detectron2.readthedocs.io/notes/benchmarks.html
https://github.com/facebookresearch/detectron2/tree/master/projects
https://ai.facebook.com/blog/-detectron2-a-pytorch-based-modular-object-detection-library-/
https://ai.facebook.com/blog/-detectron2-a-pytorch-based-modular-object-detection-library-/
https://github.com/facebookresearch/Detectron/
https://github.com/facebookresearch/maskrcnn-benchmark/
https://detectron2.readthedocs.io/tutorials/install.html

—export <- converter of detectron2 models to caffe2 (ONNX)

—Layers <- custom lLayers e.g. deformable conv.
—model _zoo  <- pre-trained model Links and handler
—modeling

—meta_arch <- meta architecture e.g. R-CNN, RetinaNet
—backbone <- backbone network e.g. ResNet, FPN
—proposal_generator <- region proposal network

—roil_heads <- head networks for pooled ROIs e.g. box, maskR heads

—solver <- optimizer and scheduler builders
—structures <- structure classes e.g. Boxes, Instances, etc
—utils <- utility modules e.g. visualizer, logger, etc

https://medium.com/@hirotoschwert/digging-into-detectron-2-47b2e794fabd
https://medium.com/deepvisionguru

https://medium.com/deepvisionguru/how-to-embed-detectron2-in-your-computer-vision-project-
81729149461

VYCTAHOBKA ITAKETOB

I'pip install pyyaml==5.1

import torch

TORCH_VERSION = ".".join(torch.__version__.split(".")[:2])
CUDA_VERSION torch.__version__.split("+")[-1]
print("“torch: ", TORCH _VERSION, "; cuda: ", CUDA VERSION)
rocrsie ycmaHo8Kku HeobxoOumo bydem nepesariycmume cpedy

Ecnu y Bac BO3HUKIIN IPOOIEMBI C YCTaHOBKOW, BBl MOYKETE MPOBEPUTH IPABUIIBHOCTH CCHUIKU
YCTaHOBKHU JUIs Ballel Bepcuu torch, nepeias mo ccolike
https: ron2.readth 1 1 rials/install.html nnu ucnonb3ys opuIMATBHBIN

npumep colab:
https://colab.research.google.com/drive/16jcaJocobCFAQ96]De2HwtXj7BMD_-m35

MMI1OPT

import detectron2
import torch, torchvision

import numpy as np
import os, json, cv2, random
from google.colab.patches import cv2_imshow

from detectron2 import model zoo

from detectron2.engine import DefaultPredictor, DefaultTrainer
from detectron2.config import get_cfg

from detectron2.utils.visualizer import Visualizer

from detectron2.data import MetadataCatalog,
DatasetCatalog

from detectron2.structures import BoxMode

from detectron2.data.datasets import register_coco_1instances,
Lload_coco_json

from detectron2.utils. logger import setup_ Logger

from detectron2.utils.visualizer import ColorMode
from detectron2.evaluation import COCOEvaluator,


https://medium.com/@hirotoschwert/digging-into-detectron-2-47b2e794fabd
https://medium.com/deepvisionguru/
https://medium.com/deepvisionguru/how-to-embed-detectron2-in-your-computer-vision-project-817f29149461
https://medium.com/deepvisionguru/how-to-embed-detectron2-in-your-computer-vision-project-817f29149461
https://detectron2.readthedocs.io/en/latest/tutorials/install.html
https://colab.research.google.com/drive/16jcaJoc6bCFAQ96jDe2HwtXj7BMD_-m5

inference_on_dataset
from detectron2.data import build _detection_test_Loader

lNposepka eeculi

print(torch.__version__, torch.cuda.is_available())
!gcc --version
assert torch.__version__.startswith("1.7")

setup_Logger()

NOCMOTPUM KaKne €CTb apXUTEKTYPbI

from detectron2.model_zoo.model zoo import _ModelZooUrls
mz = _ModelZooUrls()
print("\n".join(list(mz.CONFIG_PATH_TO URL _SUFFIX.keys())))

Lemekyusi uzobpaxeHul (Object Detection)

3anycTum Ha TecTe - U306pakeHUn U3 T.H. coco dataset

!wget http://images.cocodataset.org/val2017/000000439715. jpg -q -0
input. jpg

im = cv2.imread("./input.jpg")

cv2_imshow(im)

Coznagum koHpUrypanuto s detectron? s moaenu mo ymondanuto Defaul tPredictor
JUTSL IPOBEPKU PabOTOCIIOCOOHOCTH MOJIEIIH.

cfg = get_cfg()

3arpysmm KHogurypauuio n3 rotosblx model _zoo Hanpumep faster rcnn Ha ocHOBeE
9HKOOepa resnet 50

config =

model_zoo.get_config _file("COCO-Detection/faster rcnn_R_56 DC5 3x.yaml
")

cfg.merge_from_file(config)

3arpyaum npegobydeHHyo Mmoaenb n3 Habopa rotoBbIx Mogenen model zoo

model_weights =
model_zoo.get_checkpoint_url("COCO-Detection/faster _rcnn_R_56 DC5 3x.y
amlL")

Ccfg.MODEL .WEIGHTS = model _weights



M Ham Hy>KHO yKkasaTb Nopor 4OCTOBEPHOCTU ANS BbIXxoda CETU
cfg.MODEL .ROI_HEADS.SCORE_THRESH TEST = 0.4
3arpy3vm KOHUrypaumio B npeaukTop

predictor = DefaultPredictor(cfg)

NpoBepuM Kak paboTaeT 4ns 3arpy>KeHHOro n3obpaxeHns

MOCTPOEM IPE/ICKa3aHue
outputs = predictor(im)

HDOBeD,eM BM3yann3auunto npeackasaHunsa

v = Visualizer(im[:, :, ::-1],
MetadataCatalog.get(cfg.DATASETS.TEST[O]),
scale=1.2)

out = v.draw_instance_predictions(outputs["instances”].to("cpu”))

cv2_imshow(out.get _image()[:, :, ::-1])

=

Sk3emnnsapHasa cermeHTaums (Instace Segmentation)
Tenepb NpoBepUM TOXe camMoe, HO AnNS instance segmentation

MODEL = "COCO-InstanceSegmentation/mask_rcnn_R_50 _C4 1x.yamlL"
cfg = get_cfg()

model _config = model_zoo.get config file(MODEL)
model_weights model_zoo.get_checkpoint_url (MODEL)

cfg.merge_from_file(model_config)
Ccfg.MODEL .WEIGHTS = model _weights
cfg.MODEL .ROI_HEADS.SCORE_THRESH_TEST = 0.4
predictor = DefaultPredictor(cfg)

outputs = predictor(im)

v = Visualizer(im[:, :, ::-1],
MetadataCatalog.get(cfg.DATASETS.TEST[?O]),
scale=1.2)

out = v.draw_1instance _predictions(outputs["instances"].to("cpu"))
cv2_imshow(out.get _image()[:, :, ::-1])



model_final_9243eb.pkl: 144MB [00:06, 20.7MB/s]

CeameHmauusi no krroyesbiM moykam (Key Point Segmentation)

MODEL = "COCO-Keypoints/keypoint_rcnn_R_50 FPN_3x.yaml"

# Inference with a keypoint detection model

cfg = get cfg() # get a fresh new config
cfg.merge_from_file(model_zoo.get config file(MODEL))
Ccfg.MODEL.ROI_HEADS.SCORE_THRESH TEST = 6.7 # set threshold for this
model

cfg.MODEL .WEIGHTS = model_zoo.get_checkpoint_url (MODEL)

predictor = DefaultPredictor(cfg)

outputs = predictor(im)

v = Visualizer(im[:,:,::1],
MetadataCatalog.get(cfg.DATASETS.TRAIN[O]), scale=1.2)

out = v.draw_1instance predictions(outputs["instances"].to("cpu"))
cv2_imshow(out.get image()[:, :, ::1])

lNaH-onmuyeckass ceameHmauyusi (Panoptic Segmentation)

MODEL = "COCO-PanopticSegmentation/panoptic_fpn R_101_3x.yaml"

cfg = get_cfg()

cfg.merge_from_file(model_zoo.get config_file(MODEL))
cfg.MODEL .WEIGHTS = model_zoo.get checkpoint_url (MODEL)
predictor = DefaultPredictor(cfg)

panoptic_seg, segments_info = predictor(im)["panoptic seg"]



v = Visualizer(im[:, :, ::-1],
MetadataCatalog.get(cfg.DATASETS.TRAIN[O]), scale=1.2)

out = v.draw_panoptic_seg predictions(panoptic_seg.to("cpu”),
segments_1info)

cv2_imshow(out.get _image()[:, :, ::-1])
model_final_cafdbl.pkl: 26IMB [00:11, 22.7MB/s]

TpeHuposka MASK RCNN Onisi 3a0adqu 3K3eMrisipHoU ceaMmeHmauyuu

Paccmompum 3adavyy mpeHuposku modesnu u3 Habopa, ¢ 1 kraccom the
balloon dataset

CxayaeM garacet M pasapXuBHpPYeM ero

# download, decompress the data

'wget
https://github.com/matterport/Mask_RCNN/releases/download/v2.1/balloon
_dataset.zip

lunzip balloon_dataset.zip > /dev/null

balloon_dataset.zip 0%[ ] @ --.-KB/s
e

replace balloon/train/via_region_data.json? [y]es, [n]o, [A]LL,
[N]one, [r]ename:

Tenepb Haao 3aperncTnupoBaTb AATACET - TO €CTb npeo6pa303aTb €ro K BHyTpeHHnmy
cbopmaTy OEeTeKTpOHa. [ns atoro ncnonb3dyem crenyrLulyro (byHKLI,I/IlO.

Cnedye ommemums, umo 0nsi oamacema gopmama COCO dannasn gynkyus wenyucrna. EE
MONHCHO 3aMeHUNb HAa Cﬂedyiowy;o.

from detectron2.data.datasets import register_coco_instances
register_coco_instances("my dataset train", {},
"json_annotation_train.json", "path/to/image/dir")
register_coco_1instances("my dataset val", {},

"json_annotation val.json", "path/to/image/dir")

from detectron2.structures import BoxMode

def get _balloon dicts(img_dir):


https://github.com/matterport/Mask_RCNN/tree/master/samples/balloon
https://github.com/matterport/Mask_RCNN/tree/master/samples/balloon
https://detectron2.readthedocs.io/tutorials/datasets.html

json _file = os.path.join(img_dir, "via region data.json")
with open(json_file) as f:
imgs_anns = json.load(f)

dataset dicts = []
for 1idx, v in enumerate(imgs_anns.values()):
record = {}

filename = os.path.join(img_dir, v["filename"])
height, width = cv2.imread(filename).shape[:2]

record["file name"] = filename
record[ "image 1d"] = idx
record[ "height"] = height
record[ "width"] = width

annos = v["regions"]
objs = []
for _, anno 1in annos.1items():
assert not anno[ "region_attributes"]
anno = anno[ "shape attributes"]
px = anno["all points x"]
py = anno["all points y"]
poly = [(x + 6.5, y + 6.5) for x, y in zip(px, py)]
poly = [p for x in poly for p in x]

obj = {
"bbox": [np.min(px), np.min(py), np.max(px),

np.max(py) ],
"bbox_mode": BoxMode.XYXY_ABS,

"segmentation”: [poly],
"category_1id": 0,
}
objs.append(obj)
record[ "annotations"] = objs
dataset _dicts.append(record)
return dataset_dicts

[nsa nByx kaTanoros train 1 val NpoBeAeM perncTpaumio AaHHbIX U METOAAHHbIX - UX
pasMeTKu.

|Cnedyem ommemums, ymo 6 OaHHOM clayuae y HAC Hem Mecmo8o20 0amacema - NOIMOMY Mbl
OyO0em ucnonb308ams 8aIUOAYUOHHbIIL 0amacem Kak mecmosslil, a 8aiuouposams 6yoem Ha
yacmu mpeHuposouH020 damacema(mo ecmov oH 6yOem pazoum Ha 08e Yacmu 8 pamMKax
npoyeoypel 00yueHus!).
for d in ["train", "val"]:

try:

DatasetCatalog.register("balloon_" + d, lLambda d=d:

get balloon dicts("balloon/" + d))

except:

print('Probably data %s have been already registred'%d)



MetadataCatalog.get("balloon " + d).set(thing _classes=["balloon"])

Probably data train have been already registred
Probably data val have been already registred

Tenepb NpoBEpPVM YTO BCE NPOLLIO YAa4yHO - AN 3TOro 3arpy3vuM oAHO cryyaiHoe
n3obpakeHune 1 Macky AN Hero U3 TPeHNPOBOYHOTO KaTarora

I[HSI 9TOT'0 MOJYUYUM HJAHHBIC 1 METOJAHHBIC IJII TPCHUPOBOYHOI'O JaTaccTa
balloon_metadata = MetadataCatalog.get("balloon train")
dataset_dicts = get_balloon_dicts("balloon/train")

Tenepb BO3LTEM U NOCMOTPUM Ha 2 |/|306pa>|<eHV|$|

for d in random.sample(dataset _dicts, 2):
print(d)
img = cv2.imread(d["file _name"])
cv2_imshow(img)

visualizer = Visualizer(img[:, :, ::-1],
metadata=balloon_metadata, scale=6.1)

out = visualizer.draw_dataset _dict(d)

cv2_imshow(out.get _image()[:, :, ::-1])
Output hidden; open in https://colab.research.google.com to view.
TpeHnpoBka

Tenepb NpoBeAeM TPEHNPOBKY - 400BYyYEHME instace segmentataion LLAPUKOB
MCcnonb3o0BaHHOW paHee moaenu, oby4yeHHoOM Ha gaTtaceTte COCO

*

Mozket 3aHaTh opsiaka 6 MunayT 11 300 3110X.
WMnopt GyHKIUU TPEHUPOBIITHKA
from detectron2.engine import DefaultTrainer

HacTpoika KoHurypaumm TpeHNpoBKu

e KoHdurypaumus Ha ocHoBe mask_rcnn_R_50_FPN_3x
e paTtacet balloon_train
*  Yyucno anox 300
e 6arty 128 n3obpaxxeHnn
e yupcno knaccos 1
cfg = get_cfg()
cfg.merge_from_file(model_zoo.get config file("COCO-InstanceSegmentati
on/mask_rcnn_R_50 FPN_3x.yaml"))
Cfg.DATASETS.TRAIN = ("balloon train",)
Cfg.DATASETS.TEST = ()



Ccfg.DATALOADER.NUM_WORKERS = 2

Ccfg.MODEL .WEIGHTS =

model zoo.get checkpoint _url("COCO-InstanceSegmentation/mask rcnn_ R 50
_FPN_3x.yaml") # Let training initialize from model zoo
cfg.SOLVER.IMS_PER _BATCH = 2

cfg.SOLVER.BASE LR = 0.00025 # pick a good LR

Ccfg.SOLVER.MAX_ITER = 3600 # 300 iterations seems good enough for
this toy dataset; you will need to train longer for a practical
dataset

cfg.MODEL .ROI_HEADS.BATCH SIZE PER IMAGE = 128 # faster, and good
enough for this toy dataset (default: 512)
Ccfg.MODEL.ROI_HEADS.NUM_CLASSES = 1 # only has one class (ballon).
(see
https://detectron2.readthedocs.io/tutorials/datasets.html#update-the-c
onfig-for-new-datasets)

Mpouenypa TPEeHNPOBKU

os.makedirs(cfg.OUTPUT_DIR, exist_ok=True)
trainer = DefaultTrainer(cfg)
trainer.resume_or Load(resume=False)
trainer.train()

B crnyyae Heo6xoanumMocTy MOCMOTPETb pe3ynbTaThl TPEHUPOBKM Pa3KOMMEHTUPYNTE
cnenyroLLmMx ko

# Look at training curves in tensorboard:
%Lload_ext tensorboard
Ztensorboard --Llogdir output

OueHka pesynbsratoB 06y4eHUs HEMPOHHOW CETU
lMpoBeaem oUeHKy pe3ynsTatoB 0byyYeHus Ha BanuaaunoHHOM Habope AaHHbIX.
Jist 3TOTO CO3aa1UM OOBEKT - IPEACKa3aTellb, B KOTOPOM UCIIOJIb3YEM PE3YJbTaThl TOJIBKO YTO

00y4EeHHOW MOJICIIH.

) Kouduryparus npezackasaresist J0JKHA ObITh OCHOBaHA Ha KOH(GHUTYPALIUH Il TPCHUPOBKH.
Ho B Heill Hy’)XHO 100aBUTH ITyTh K OOy4EHHBIM BECaM M BBICTABUTh OPOT IPUHATHS PEILICHUS
00 00bekTe (BeposATHOCTh 00bekTa He MeHee 70%).

Ccfg.MODEL .WEIGHTS = os.path.join(cfg.OUTPUT_DIR, "model final.pth")
cfg.MODEL .ROI_HEADS.SCORE_THRESH TEST = 0.7

predictor = DefaultPredictor(cfg)

MocMOTpUM, YTO NOMY4YNCNOCh

from detectron2.utils.visualizer import ColorMode
from detectron2.evaluation import COCOEvaluator, inference_on_dataset
from detectron2.data import build_detection_test_Loader

BosbmeM BanMaaunoHHbIn gataceT
dataset_dicts = get_balloon_dicts("balloon/val")

for d in random.sample(dataset dicts, 3):
im = cv2.imread(d["file name"])



outputs = predictor(im) # format is documented at
https://detectron2.readthedocs.io/tutorials/models.html#model-output-f
ormat
v = Visualizer(im[:, :, ::-1],
metadata=bal loon _metadata,
scale=6.25,
instance_mode=ColorMode.IMAGE _BW # remove the
colors of unsegmented pixels. This option is only available for
segmentation models
)
out = v.draw_instance_predictions(outputs["instances"].to("cpu”))
cv2_imshow(out.get_image()[:, :, ::-1])




[TpoBeneM KOIMYECTBEHHYIO OLIEHKY TOYHOCTH PE3y/IbTaToB 00yueHHs ceTu. st 3Toro
HCTIOJIBb3YeM METPUKY CpelHsIsl TOUHOCTh (average precision, AP), a Takyke OIEeHUM CPEIHION0
MOJIHOTY pe3yabTaroB oOyueHus (average recall, AR).

Co3magm 00BEKT - OI[EHKAa TOYHOCTH

evaluator = COCOEvaluator(dataset name = "balloon val",
tasks = ("bbox", "segm"),
distributed = False,
output_dir = "./output/")

Cosgaavm oGbeKT 3arpy3ku gataceTa

val_Lloader = build _detection_test Lloader(cfg, "balloon val")

YnpaxHeHue 1.
9. [lonpobyiiTe 0By4nTb MOAENb AN 3a4a4m 0GHapPY>XEHWSI OKOH M 30aHuK No
CChbINKe
https://github.com/InformationSystemsFreiburg/image segmentation_japan/raw/mast
er/buildings.zip
10. lMonpobynTe nocTponTb Mogenb obHapyxeHns 06bEKTOB Ans Habopa AaHHbIX
noaun Ha ynuuax, KOTOpYH Bbl MOXETE HaNTW 30eCb:

https://www.cis.upenn.edu/~jshi/ped_html/PennFudanPed.zip lMpumeyaHue Habop
nmeet goopmat COCO



https://github.com/InformationSystemsFreiburg/image_segmentation_japan/raw/master/buildings.zip
https://github.com/InformationSystemsFreiburg/image_segmentation_japan/raw/master/buildings.zip
https://www.cis.upenn.edu/~jshi/ped_html/PennFudanPed.zip

JTabGopartopHas 7
Paboma conposooicoaemces dokymenmom 8 hopmame ipnb

YOLO V5

YOLOV5 - 9TO CEMENCTBO Mogernen obHapyKeHnsi 06bEKTOB CO CIOXHbIM
MacLTabupoBaHNeM, NOATOTOBMEHHbIX Kak AUCTPUBYTUB Ha ocHoBe PyTorch. Mogenu
npenobyyeHbl Ha Habope faHHbIX COCO. Anctpmby T Yolo BKIHOYAET NPOCTbIE PYHKL MM
AN TPEHMPOBKU, TECTUPOBAHMSA U BAaNUANPOBaHNS Modenen Ha Mpon3BosbHbIX Habopax
AaHHbIX, @ TaKKe BO3MOXXHOCTM CO31aHMs COOCTBEHHbIX MOAENEN M NX 3KCropTa B
Apyrve nonynsipHble goopmartbl, Takme kak ONNX, CoreML n TFLite.

MpE1 HAaCTOSATETHFHO PEKOMEHIYEM BBITIOHATH TaHHYIO0 padoty B Google Colab.
Import

import cv2

import torch

from PIL import Image

import matplotlib.pyplot as plt

import IPython

from IPython import display

3arpy3V|M OCbI/ILI,M&J'IbeII?] pe|'|03|/|Top|/||7| C MoAersbiko U yCTaHOBUM BCe Tpe6OBaHI/IFI.

%cd /content/
!git clone https://github.com/ultralytics/yolov5
%cd yolovs
Ipip install -r requirements.txt
try:
import yolov5
except:
pass
else:
display.clear_output()

print(f"Setup complete. Using torch {torch.__version_ _}
({torch.cuda.get_device properties(9).name if
torch.cuda.is_available() else 'CPU'})")

Setup complete. Using torch 1.10.6+culll (CPU)

Tenepb Bbl MOXeTe NPOBEPUTb, YTO Ha Bawlen BMpTyaﬂbHOﬁ MallnHe eCTb pen03|/|TopM|?1,
KaK NOKa3aHO HMXe.

Tak>xe MbI MOJKEM ITPOBEPUTH 3TO € TIOMOLIBIO KOMaH/ bash

!'pwd

I'ls

CONTRIBUTING.md export.py  README.md train.py yolov5
data hubconf.py requirements.txt tutorial.ipynb yolov5s.pt
detect.py  LICENSE runs utils yolovsx.pt
Dockerfile models setup.cfg val.py

Mbl MOXXeM NpoBepPUTb, YTO Yolo paboTaeT, MCNOonb3ysa CNneayrLnn Kog,



'rm -r -f /content/yolov5/runs/detect/*

Ipython detect.py --weights yolov5s.pt --img 646 --conf ©.25 --source
data/images

display.Image(filename="/content/yolov5/runs/detect/exp/zidane. jpg"’,
width=600)

detect: weights=[ 'yolov5s.pt'], source=data/images, imgsz=[640, 640],
conf_thres=0.25, 1iou thres=0.45, max_det=1000, device=,
view_img=False, save_txt=False, save_conf=False, save_crop=False,
nosave=False, classes=None, agnostic_nms=False, augment=False,
visualize=False, update=False, project=runs/detect, name=exp,

exist ok=False, Line_thickness=3, hide_ labels=False, hide conf=False,
half=False, dnn=False

YOLOV5 <7 v6.0-84-gdef7a0f torch 1.10.0+culll CPU

Fusing Llayers...

Model Summary: 213 layers, 7225885 parameters, © gradients

image 1/2 /content/yolov5/data/images/bus.jpg: 640x480 4 persons, 1
bus, Done. (0.283s)

image 2/2 /content/yolov5/data/images/zidane.jpg: 384x640 2 persons, 1
tie, Done. (0.215s)

Speed: 2.2ms pre-process, 248.9ms inference, 1.2ms NMS per image at
shape (1, 3, 640, 640)

Results saved to runs/detect/exp

person 0.88

person 0.57

COCO Dataset validation

Bo-nepBbix, Mbl MOXXeM NpoBepuUTb, Kak YOLO ByaeTt pabotaTtb ¢ Habopom AaHHbIX COCO.
[nsa TectoB COCO Bocnonb3yemcs CKpunToMm val.py. CKpMnT MOXHO BbI3BaTb CO
cnegylowmmMm aprymeHTamu: '--data’, default=ROOT / 'data/coco128.yaml', 'nyTb K panny
Buaa dataset.yaml' '--weights', nargs = '+', default = ROOT / 'yolov5s.pt', 'model.pt path (s)'
'--batch-size' , no ymonyaHuio = 32, 'pasmep naptum' ‘'--imgsz', '--img', '--img-size',, No



yMosnyaHuio = 640, 'pa3mMep BbiBoda (B nukcensx)' '--conf-thres', no ymonyanuio = 0,001,
'Mopor 4OCTOBEPHOCTN' '--iou-thres', N0 ymonyaHuio = 0,6, 'Tlopor NMS loU' '--task’,
default = 'val', 'train, val, test, speed or study' '--device', default =", 'cuda device, T.e. 0 Unun
0,1,2,3 unn cpu' '--single-cls', 'paccmaTpuBaTth Kak Habop AaHHbIX O4HOrO Knacca'
'--augment', 'paclUMpeHHbIN BbiBOg' '--verbose', 'coobwmnTb MAP no knaccam' '--save-txt'
, 'COXpaHATb pe3ynbrathbl B.txt' '--save-hybrid', 'coxpaHume 2ubpudHbIe pe3yribmamb|
MemkKu + rpoegHo3a 8 .txt' '--save-conf', 'COXpaHUTb JOCTOBEPHOCTb B ApIiblkax --save-txt'
'--save-json', 'coxpaHnTb pann pesynsratoB COCO-JSON' '--project’, MO yMONYaHuio =
ROOT/'run/ val', 'save to project / name' '--name', default = 'exp', 'COXpaHUTb B NPOEKT /
nms' '--exist-ok', 'cyLLEeCTBYIOLLMI NPOEKT / UMs B nopsiake, 6e3 ysenuyeHns' '--half',
'MCnonNb30BaTh BbIBOA MNOMOBMHHOM TOYHOCTU FP16' '--dnn', 'cnonb3oBaTtb OpenCV DNN
ang seiBoga ONNX'

Jlnist mpoBepKy Mbl Oy/ieM HCIIONb30BaTh MaJICHbKYI0 Mojiens yolov5s. pt

lIpumeuanue

Pe3ynbTarhl MpOBEpKH COXpaHSIOTCS B 'run/val/' ¢ yBeIMYMBAIOIIMMUCS HOMEPAMHU KaTajora
BBITIOJTHEHHUS, TO €CTh 'Tun/val/ exp2', 'run/val/exp3' u T.11.

Bwmecro ncnonb3oBanus nogHoro Habopa qaHHbx COCO MBI MOXKEM IPOBEPUTH PE3YNITAThI HA
yMeHbllIeHHOM kornuu 3Toro Habopa COCO128.

[TpenBapuTenbHO OOyUYEeHHBIE MOIETH 3arpyXaroTcs aBTOMAaTHUECKU U3 TIOCTeIHEH Bepcun
penosutopust YOLOVS, Bbl MoxkeTe HaiiTu ee B '/yolo/models/'.

HaGopb! 1aHHBIX , TOCTYIMHBIE U1 aBTOMaTHYECKO# 3arpy3kH, Bkitouator: COCO, COCO128,
VOC, Argoverse, VisDrone, GlobalWheat, xView, Objects365, SKU-110K .

Bbl MOkeTe HaliTH BCIO JOCTYIHYIO HH(POPMALIMIO O TEKYIIEM COCTOSHUU Yolov5, ucnomnb3ys
cTpaHully uHGopmanuu o penusax : https://github.com/ultralytics/yolov5/Release/

Takoke Bbl MOXKeTe 3arpy3uTh Habopb! naHHbIx COCO u COCO128 Bpyunyto. Hanpumep, s
COCO128 BbI MOXKETE UCTIOIB30BATh CIACAYIOIMINMA KOJI:

torch.hub.download_url_to_file('https://ultralytics.com/assets/cocol28
.zip', 'tmp.zip")
lunzip -q tmp.zip -d ../datasets && rm tmp.zip

Ipython val.py --weights 'yolov5s.pt' --data cocol28.yaml --img 640
--iou 6.65 --half

val: data=/content/yolov5/data/cocol28.yaml, weights=['yolov5s.pt'],
batch _size=32, imgsz=640, conf _thres=0.001, iou_thres=0.65, task=val,
device=, single_cls=False, augment=False, verbose=False,
save_txt=False, save_hybrid=False, save conf=False, save_json=False,
project=runs/val, name=exp, exist_ok=False, half=True, dnn=False
YOLOV5 7 v6.0-84-gdef7a0f torch 1.10.0+culll CPU

Fusing layers...

Model Summary: 213 layers, 7225885 parameters, © gradients

val: Scanning '../datasets/cocol28/labels/train2017.cache’ images and
Labels... 128 found, © missing, 2 empty, © corrupted: 100% 128/128
[60:00<?, ?it/s]

Class Images Labels P R
mAP@.5 mAP@.5:.95: 100% 4/4 [00:49<00:00, 12.44s/it]
all 128 929 0.664 0.536
0.619 0.409

Speed: 5.1ms pre-process, 356.5ms inference, 9.2ms NMS per image at



shape (32, 3, 640, 640)
Results saved to runs/val/exp8

Bbl MOXeTe HalTK BClo MHGOPMAaLMIO O pe3yrnbTatax 0Gy4eHus], TPOBEPKU U
obHapyeHus B kaTanore /yolov5/run/. Hanpumep, Mbl MOXeM YBUAETb, KaK BbIrmAaaT
pe3ynbTaThl AN nocnegHero 6atya

display.Image(filename="'/content/yolov5/runs/val/exp/val _batch@ Labels
.jpg ', width=1624)

W!ﬂnk - chair hadetal

i 7

TpeHupoBKa

[ns obyyeHns BOCNonb3yemMcs NoAroTOBAEHHbIM CKPUNTOM train.py. nyTb
Ha4yanbHbIX BECOB: --weights, no ymon4yaHuo = ROOT/'yolov5s.pt'

nyTk K model.yaml mys kondurypauuu: --cfg default="
myTh K dataset.yaml: --data, no ymomuanuto = ROOT /'data / cocol128.yaml'
yTh K KOHQUTYpalK THIIepIapamMeTpoB: --hyp, no ymomyanuto = ROOT /'data / hyps /
hyp.scratch.yaml'
KOJTMYECTBO MOX: --epochs, mo ymomdanuio = 300
o0muii pazMep nakera Jyisi BceX rpadudecKux MporeccopoB: --batch-size no ymom4aHuio
=16, -1 ans aBTomogdopa
TPEHUPOBKA, pazMep u300paxkeHus val (B mukcensx): --imgsz,--img, --img-size, no
yMonuaHuto = 640
UCIIOJIb30BaTh B3BELICHHBIN BEIOOp N300paXkeHUH 17 oOyueHus:: - -image-weights, action =
'store true’
o0yuaTh JaHHBIE C HECKOJIBKUMU KJIacCaMM KakK C OIHUM KjaccoMm: --Single-cls, action =
'store_true'
COXPaHUTH B IPOEKT/UMA: --project, no ymomyanuto = ROOT/'run/train'
COXPAHHUTH B IPOSKT/UMs: - -name, default = 'exp'
KonnuectBo crnoeB i 3akperuienus. backbone = 10, all = 24: - -freeze, no ymonuanuto = 0
CoxpaHsTh KOHTPOJIEHYIO TOUKY Ka)Ible X 30X (OTKIIF0YEeHO, ecin <1): --save-period, no
YMOJTYaHUIO = -1

e [lpumeyaHue * Bbl MOXeETe HaNTU OCTarbHbIE NapameTpbl B train. py B opme,

nogobHom: parser.add_argument ('- freeze', default = @, 'Number of
Layers to freeze . backbone = 10, all = 24 ')



Hanpumep, Mbl 06y4nm mogens YOLOvSs Ha Habope AaHHbIX COCO128 ¢ NOMOLLbIO
--data cocol28.yaml, c npeaobyyeHHbIMM BECaMu - -weights yolov5s.pt co
cneundukaumen, onpegeneHHon B amne --cfg ‘yolov5s. yaml.

[Tpumeuanne  Pesynbrarel 00yueHHsI COXpaHSIOTCS B 'run/train/' ¢ yBelIW4eHHEM HOMEpa
KaTaJioroB, HalpuMep, 'run/train/exp2', 'run/train/exp3' u T. 1.

Ipython train.py --img 646 --batch 16 --epochs 3 --data cocol28.yaml
--weights yolov5s.pt --cache

python3: can't open file 'train.py': [Errno 2] No such file or
directory

YnpaxHeHue 1.

11. [NpoBepbTe NPOM3BOAUTENBHOCTL(TOMHOCTL) 4OOBYYEHHON Mogenu Ha Habope
BannOauUMOHHbIX AaHHbIX.

12. Hanagute 1 npoBepbTe rpadudeckue pesynsratbl 00yyeHus (results. png).

13. [MpoepbTe Npons3BoanTENBHOCTL Modenu Yolovs nano And Habopa AaHHbIX
C0C0128, cpaBHUTE METPUKY MAP @ .5 ona mogenu small v nano

14. TMonpobynte 0byunTb MoLENb yolo nano C Hyns (6e3 npeaob4YyeHHbIX BECOB) C
MUHMMYM 100 anoxammn obyveHnsa onga 3agayum C0C0128.

15. [lMpoBepbTe Npon3BoaNTENBHOCTL OBYYEHHON MOAEeNN Ha BanMaauMOHHbIX
OaHHbIX.

YnpaxHeHue 2.

16. lMonpobyiTte 06y4nTb Mogenb YOLO small (npeaobyyvyeHHyo) C NOMOLLbIO
cneayroLlero nonb3oBaTenbCKoro Habopa AaHHbIX.
! wget
https://raw.githubusercontent.com/shitkov/signature_detector/main/data

set.zip
! pacnakosampb dataset.zip
display.clear_output ()

Mcnonb3ynTe pasmep nsobpaxeHus 640, paamep 6atyB 16, KonmyecTso anox 100.
lNMpumeyaHue faHHble B 00y4eHUn AomkHbl ObIThb yKasaHbl Kak bann . yaml, Hanpumep
'/content/yolov5/dataset/sig.yaml"’

17. HDOBepre pesynbraTbl B 454 BaJIMAaUuNOHHbLIX AaHHbIX.

YnpaxHeHue 3. NMpoaBUHYTHIN ypoBEHb (He 0bsi3aTernbHoe).

18. WN3yuunte, kak 06y4nTb YOLO Ha Nonb3oBaTeNbCKMUX AaHHbIX, UCMNOMNb3Yys,
Hanpumep,



e  3TO pPyKOBOACTBO
https://blog.roboflow.com/how-to-train-yolov5-on-a-custom-dataset/?ref=ultralytics

e W 3TOT ONOKHOT
https://colab.research.google.com/github/roboflow-ai/yolov5-custom-training-tutorial/
blob/main/yolov5-custom-training.ipynb

e UK 3TO HeouMLManbHOEe PyKOBOACTBO
https://wandb.ai/onlineinference/YOLO/reports/YOLOv5-Object-Detection-on-Windows

-Step-By-Step-Tutorial---VmlldzoxMDQwNzk4

e KN 3TOT BNIOKHOT
https://colab.research.google.com/drive/1gDZ2xcTOgR39tGGs-EZ6i3RTs16wmzZQ#tscroll

To=SDIlhrBFOsPaM
19. Takxe 03HaKOMbTECH C OhULManNbHON BUKU-CTpaHuLen YOLO

https://github.com/ultralytics/yolov5/wiki.



https://blog.roboflow.com/how-to-train-yolov5-on-a-custom-dataset/?ref=ultralytics
https://colab.research.google.com/github/roboflow-ai/yolov5-custom-training-tutorial/blob/main/yolov5-custom-training.ipynb
https://colab.research.google.com/github/roboflow-ai/yolov5-custom-training-tutorial/blob/main/yolov5-custom-training.ipynb
https://wandb.ai/onlineinference/YOLO/reports/YOLOv5-Object-Detection-on-Windows-Step-By-Step-Tutorial---VmlldzoxMDQwNzk4
https://wandb.ai/onlineinference/YOLO/reports/YOLOv5-Object-Detection-on-Windows-Step-By-Step-Tutorial---VmlldzoxMDQwNzk4
https://colab.research.google.com/drive/1gDZ2xcTOgR39tGGs-EZ6i3RTs16wmzZQ#scrollTo=SDIhrBF0sPaM
https://colab.research.google.com/drive/1gDZ2xcTOgR39tGGs-EZ6i3RTs16wmzZQ#scrollTo=SDIhrBF0sPaM
https://github.com/ultralytics/yolov5/wiki

JTabopartopHas 8
Paboma conposooicoaemces dokymenmom 8 hopmame ipnb

GAN in PyTorch
Bctynnenue

I'enepatuBHas cocrszarenbHas cetb (GAN) Mo3BosII€T TeHEPUPOBATh HOBBIE N300paXKEHMUS
noclie AeMoHCcTpanuu (00yeHus) peaabHbIX PUMEPOB.

Hens GAN - HayuuTh MoJENb IIyOOKOTr0 00yueHus (PUKCHPOBAThH PACIIPEEICHUS
TPEHUPOBOYHBIX TAHHBIX, YTOOBI MBI MOTJIM T€HEPUPOBATh HOBBIE IAHHBIEC U3 TOTO XKe
pacnpenenenusi. Cetu GAN Obu1 n300perenst SAnom ['yndemnoy B 2014 roxy. O6mmas moaens
GAN cocrout u3 eenepamopa (G(z), rie zZ - HEKOTOPBIH CTOXaCTUYECKUI BXOJ (T.€. IIyMbl)) U
ouckpumunamopa ($ D (x) $ , tae $ x$ - mpumep peasbHOro U300paKSHHS).

3amagya reHeparopa - Co3aBaTh «IOAJICIBHBIC» H300paKeHUs, MOXOXKUE Ha o0ydJaromye. 3aaada
TUCKPUMHHATOPA - OMPEIEIIUT, SIBISETCS JIU BBIXOIHOM CUTHANI NEeHCTBUTENLHBIM UITH (QEeilkoM -
NOJIENTFHBIM M300paxkeHreM (M300pakeHne ¢ reneparopa). Bo Bpemst o0ydeHus reHeparop
MOCTOSTHHO TBITAETCA MEPEXUTPUTDH JUCKPUMHUHATOP, TeHepUpPYs Bce Ooliee KaueCTBEHHBIE
HOAJIENTbHBIE N300paKeHHs, B TO BpeMs KaK TUCKPUMUHATOP padoOTaeT Haj TeM, 4YTOOBI CTaTh
Jy4llle ¥ IPaBUIBHO KJIacCU(UIMPOBATh peajabHble U MOAAeIbHbIe H300pakeHus. PaBHoBecue
9TOTO IMpOIECCa - KOI/Ia TeHEpaTop TeHEePUPYET UeaabHbIe TOAICNIKH, KOTOPhI€ BBIIISAAT TaK,
Kak OyJITO OHM MPUIILJIN HETIOCPEICTBEHHO U3 TAHHBIX O0y4YeHHUsI, a AUCKPUMUHATOPY OCTaeTCs
Bcera yraabiBath ¢ 50% BEpOSITHOCTHIO, HACTOSIINH WK (DaTbIIUBBIA IPUMED TIEpe HUM.
[TepBonauanbHas unes GAN 3akirodaiach B TOM, 4TOObI IMETh MUHUMAKCHYO 3a1aqy a1 $D $
u$G§@ED

) — ToecTb3ajauy, KOJaJAuCKPEeMUHATOPNIbITAETCAMAaKCUMU3UPOBATbBEPOSTHOCTHTOr O, YTOOHIIPA:
\log D(x)$), a $ G $ meITaeTcss MUHUMHU3HPOBATH BEPOSATHOCTH TOT0, 4T0 $ D § mpenckaspiBaer,
YTO €ro BBIXOJHbBIC NaHHbIe sBIst0TCS noaaeasHbiMu ($ \log(1-D (G (2)))$). Torna dpyukmus
notepb GAN mmeet By \begin{align} \underset{G} {\text{min}}

\underset{D} {\text{max} } V(D,G) = \mathbb{E} {x\sim p{data}(x)}\big[logD(x)\big] +
\mathbb{E}{z\sim p{z}(z)}\big[log(1-D(G(z)))\big] \end {align}

TeopeTrnuecku pernieHne 3Toi MPoOIEMBI - 3TO CUTYaIus KOTaa P, = P4 1 MCKPUMHHATOD

CIIy9aifHBIM 00pa30M YTaJIbIBAET, SIBJISFOTCS JTU BXOHBIC JAHHBIC HACTOSIIIUMU VI
noaaenbHeIMU. OHako Teopust cxonuMoctd GAN Bce erle aKTUBHO UCCIEyeTCs, U B
JIEUCTBUTEIILHOCTH MOJIENIA HE BCETIa TPEHUPYUTECH JO 3TOTO MOMEHTA.

Hpumeanue. Mbl 6yp,eM ncnosrnb3oBaThb ynpoweHHYo Mmoaerb U3-3a BbICOKOWN
BbIYUCITUTESTbHOW CNOXHOCTU MOSMHbIX Moaernien GAN. ﬂ,aHHbII7I NPakTUKym aacrt
BaM TOSIbKO 0ObACHEHNE 00LMX NPUHLMNO peanusaunm GAN U TOro, Kak U
novyemy pa60TaeT 3Ta Mofesib.

Paan akoHOMUM BpeMEHU Mbl PEKOMEHAYEM BaM MCMNONb30BaTb rpachnyeckumi
npoueccop. Ecnu Bbl pabotaeTte B Google Colab, Bbl MOXETE BKIHOYMUTL €70 B
MEHI0 MynbTUMeama.

I SAS [pumeyaHue:

Ecnu eI ucnionb3yere Google Colab, Mmoxxao ucnonb3oBare CPU unmu GPU.
Jlyist i3MeHeHus cpeibl BbINOJIHeHHus BbiOepruTe U3MEHUTHh THI Cpebl BHITIOJTHEHUS B
COOTBETCTBYIOIIEM MeHI0.  [locie SkcriepruMeHTOB He 3a0yIbpTe BEpHYTh THIT Cpeibl Ha None
(CPU). Google mpenocrasnser rpadhudecKkuii mpoIeccop TOIbKO BPEMEHHO.

import torch

import torch.nn as nn

import torch.nn.parallel



import torch.backends.cudnn as cudnn

import torch.optim as optim

import torch.utils.data

import torchvision.datasets as datasets
import torchvision.transforms as transforms
import torchvision.utils as vutils

from torch.utils.data import Dataloader

import os
import random

import numpy as np

import matplotlib.pyplot as plt

import matplotlib.animation as animation
zmatplotlib inline

from IPython.display import HTML

Determine if any GPUs are available

DEVICE = torch.device('cuda’ if torch.cuda.is_available() else 'cpu’)

DEVICE
device(type="cpu')

import random

# Set random seed for reproducibility

manualSeed = 999

#manualSeed = random.randint(1l, 10000) # use if you want new results
print("Random Seed: ", manualSeed)

random. seed(manualSeed)

torch.manual_seed(manualSeed)

Random Seed: 999

<torch._C.Generator at 6x25dbaadf5do>

Habop aaHHbIX.

BATCH SIZE = 128

NOISE SIZE = 128 #7Z NOISES

IMAGE SIZE = 28 #IMAGE WIDHT AND HEIGHT

transform=transforms.Compose([transforms.ToTensor(),
transforms.Normalize((9.5,), (9.5,)),

1)

train_set = datasets.MNIST( 'mnist/’,
train = True,
download = True,
transform = transform)



dataloader = torch.utils.data.Dataloader(train_set,
batch_size=BATCH_SIZE,
shuffle=True,
drop_Llast=True)

MocMOTprM Ha HEKOTOPbIE U3 NPUMEPOB N30BpPaKeHN

X _batch = next(iter(dataloader))

plt.figure(figsize=(8,8))

plt.title("Training Images")
plt.imshow(np.transpose(vutils.make_grid(x_batch[0].to(DEVICE)[:16],
nrow = 4,
normalize=True).cpu(),
(1,2,0)))
plt.show()

Training Images

Peanunsauus

MHuumanuasyuma BecoBbIX napameTpoB

def weights_init(m):

classname = m.__class__. name__

1f classname. find('Conv"') != -1:
nn.init.normal_(m.weight.data, 6.6, 0.02)

elif classname.find( 'BatchNorm') != -1:

nn.init.normal_(m.weight.data, 1.6, ©.02)
nn.init.constant_(m.bias.data, ©)

ApxuTekTypa mogenu

leHepaTop $G S oToOpakaeT BEKTOP CKPbITOro MPOCTPaHCTBA (S z$) B NPOCTPAHCTBO
AaHHbIX (doopMa n3obpaxeHus). duckpummHatop D npeacrasnseT cobon ceTb
BuHapHoN Knaccndukaumm, Kotopas NPUHMMaeT n3obpaxeHne Ha BXoAe U BbIBOAUT
BEPOSATHOCTb YTO BXOAHOE N300paXkeHne HacTosILLee Ha BbiIXoae

def vanilla_block(in_feat,
out_feat,
normalize=True,
activation=None) :



Layers = []
Layers.append(nn.Linear(in_feat, out_feat))

1f normalize:
Layers.append(nn.BatchNormld(out_feat))

i1f activation:
Layers.append(activation)

else:
Layers.append(nn.LeakyRelLU(6.2))

return Llayers

class Generator(nn.Module):
def 1init_ (self):
super(). init__ ()

self.net = nn.Sequential(
*vanilla_block(NOISE SIZE, 256),
*vanilla _block(256, 512),
*vanilla _block(512, 1624),
*vanilla _block (1624, IMAGE SIZE**2,
normalize=False,
activation=nn.Tanh())

)

def forward(self, Llatent_vector_batch):
x = self.net(latent_vector_batch)
# un-flatten (N, 1, 28, 28) shape for MNIST
return x.view(-1, 1, IMAGE SIZE, IMAGE SIZE)

class Discriminator(nn.Module):

def __1init__ (self):
super(). _init__ ()

self.net = nn.Sequential(
*vanilla_block(IMAGE _SIZE**2, 512, normalize=False),
*vanilla _block(512, 256, normalize=False),
*vanilla _block(256, 1,
normalize=False,
activation=nn.Sigmoid())

)

def forward(self, img_batch):
# flatten from (N,1,H,W) into (N, HxW)



X = img_batch.view(img_batch.shape[0], -1)
return self.net(x)

Tenepb Mbl MOXEM CcO3aTb 9K3EeMNNAP reHeparopa u AUCKpUMMUHaTOpa U NPUMEHNTL
dyHKUMo weights init. [locMOTpuUTE Ha MoAenb, YTOObI YBMAETD, Kak OHa YCTPOEHa.

# Create the generator
G = Generator().to(DEVICE)

# # Handle multi-gpu if desired
# if (DEVICE.type == 'cuda') and (ngpu > 1):
# G = nn.DataParallel(G, list(range(ngpu)))

# Apply the weights init function to randomly initialize all weights
G.apply(weights_1init)

# Print the model
print(G)

Generator(
(net): Sequential(
(0): Linear(in_features=128, out_ features=256, bias=True)
(1): BatchNormld(256, eps=1e-05, momentum=0.1, affine=True,
track_running_stats=True)
(2): LeakyRelLU(negative_slope=0.2)
(3): Linear(in_features=256, out features=512, bias=True)
(4): BatchNormlid(512, eps=1e-05, momentum=60.1, affine=True,
track_running_stats=True)
(5): LeakyRelLU(negative slope=0.2)
(6): Linear(in_features=512, out_features=1024, bias=True)
(7): BatchNormld(1024, eps=1e-05, momentum=60.1, affine=True,
track_running_stats=True)
(8): LeakyRelLU(negative slope=0.2)
(9): Linear(in_features=1024, out_features=784, bias=True)
(16): Tanh()
)

# Create the Discriminator
D = Discriminator().to(DEVICE)

# # Handle multi-gpu if desired
# if (DEVICE.type == 'cuda') and (ngpu > 1):
# D = nn.DataParallel(D, list(range(ngpu)))

# Apply the weights init function to randomly initialize all weights
D.apply(weights_init)

# Print the model
print(D)

Discriminator(
(net): Sequential(



(0): Linear(in_features=784, out_features=512, bias=True)
(1): LeakyRelLU(negative_slope=0.2)
(2): Linear(in_features=512, out_ features=256, bias=True)
(3): LeakyRelLU(negative_slope=0.2)
(4): Linear(in_features=256, out features=1, bias=True)
(5): Sigmoid()
)
)

dyHKUUM NOTEPb 1 ONTUMM3ALUS

Mbl MOXeM yKasaTb, Kak n3yyatb SD S 1 S GS ¢ NOMOLLbIO OYHKLMIA NOTEPb U
onTummaatopa. Mel 6yaem ncnonb3oBatb OYyHKLNIO OMHAPHOM B3aUMHOM 3HTPONUN,
KoTopas onpeaerneHa B PyTorch Kak: \begin{align} \ell(x, y) = L = {I_1,\dots,|_N}*\top, \quad
| n=-\left{y_n\cdot \logx_n+(1-y_n)\cdot \log (1 -x_n) \right] \end{align}

lMpumeyaHue. 3Ta PyHKUMS NO3BONSAET paccynTblaTh Kak log(D(x)) Tak n
log(1 — D[G(2)]) nyTem cneundukaumm y u x.

Takke HaM HY>XHO onpeaennTb pearnbHOe N3o6paxeHne kak MeTKy "1" 1 panbLUMBKY Kak
meTKy "0". HakoHel, Mbl HACTPOMM OTAENbHbIE ONTUMM3ATOPbLI AN SD S n S GS.

criterion = nn.BCELoss()

Lr = ©.0002
betal = 0.5
beta2 = 6.999

optimizerD = optim.Adam(D.parameters(), Lr=Lr, betas=(betal, beta2))
optimizerG = optim.Adam(G.parameters(), Lr=Lr, betas=(betal, beta2))

[ns eauHoobpasuna Tecta gasanTe co3gaanm 6aty ckpbITbiX BEKTOPOB. Mbl Bygem
Mcnonb3oBaTh AaHHbLIN 6aTy Ans BU3yanusaunm.

fixed _noise = torch.randn(16, NOISE_SIZE, device=DEVICE)

def generate _samples(G, z noise = fixed _noise):

with torch.no_grad():
z = G(z_noise).detach().cpu()
return z

YcTtaHOBUM METKU baTyen

Labels_x = torch.ones( BATCH_SIZE).to(DEVICE)

Labels_z = torch.zeros(BATCH _SIZE).to(DEVICE)



TpeHnpoBka

# Training Loop
EPOCHS = 16

# Lists to keep track of progress
img _Llist = []
G losses =[]
D losses = []

print("Starting Training Loop...")
# For each epoch
for epoch in range(EPOCHS) :

# For each batch in the dataloader
for 1idx, (images, ) in enumerate(dataloader):
HHHHHHHHHHHH R
# 1. Train D network: maximize log(D(x)) + log(1l - D(G(z)))
D.zero_grad()
G.zero_grad()

HHHAHF
# 1 Train D network with real images

# 1.1 Format batch and labels
x = images.to(DEVICE)
b size = x.size(9) # to train if not full batch

# 1.2 Forward pass real batch through D
output = D(x).view(-1)

# 1.3 Calculate loss on real batch
Loss D x = criterion(output, Llabels x[:b_size])

# 1.4 Calculate gradients for D (backward pass)
Loss D x.backward()

e e

# 2 Train with fake batch

# 2.1 Generate batch of latent vectors

z _noise = torch.randn(b_size, NOISE SIZE, device=DEVICE)

#
V4

N

.2 Generate fake image batch with G
G(z_noise)

# 2.3 Classify fake images batch with D(G(z_noise))
output = D(z.detach()).view(-1)

# 2.4 Calculate D loss on the fake batch
Loss D z = criterion(output, Llabels z[:b size])

# 2.5 Calculate the gradients for fake batch,



Loss D z.backward()

HHHAHF R

# 2.7 Compute error of D as sum over the fake and the real
batches

Loss D = Loss D x + Loss D z

# 2.8 Update Discrimenator weights
optimizerD.step()

HHHHH R
# 3. Update G network: maximize log(D(G(z)))

HEHAHEH

# 3.1 Since updating D, another forward pass of fake batch
through D

output = D(z).view(-1)

# 3.2 Calculate G's loss based on this output
Loss G = criterion(output, labels x[:b size])

# 3.3 Calculate gradients for G
Loss_G.backward()

# 3.4 Update G
optimizerG.step()

HHHHHH R
# 4. Auxiliary part

# 4.1 Output training stats
if idx % 50 == 0:
print("""[%d/%d][%d/%d]\t Loss D:%.4f\t Loss_G:%.4f\t"""
% (epoch, EPOCHS,
idx, Len(dataloader),
Loss D.item(),
Loss G.item()))

# 4.2 Save Losses for plotting later
G losses.append(Loss _G.item())
D Llosses.append(Loss _D.item())

# 4.3 Check how the generator is doing by saving G's output on
fixed_noise
if (idx % 500 == 0) or (
(epoch == EPOCHS-1) and (idx == len(dataloader)-1)
):
z = generate_samples(G)
img_Llist.append(vutils.make grid(z, padding=2,
normalize=True))



Starting Training Loop...

[e/10][0/468] Loss D:1.2405  Loss_G:1.1543
[4/10][100/468] Loss D:1.2635 Loss G:0.9093
[4/10][150/468] Loss _D:1.3173  Loss_G:0.6138
[9/10][250/468] Loss D:1.3816  Loss G:1.1371
[9/10][366/468] Loss D:1.2596 Loss G:0.8510
[9/10][350/468] Loss D:1.2474  Loss_G:0.9508
[9/10][4606/468] Loss D:1.3004 Loss G:0.6113
[9/10][450/468] Loss _D:1.3673  Loss_G:1.4952

OueHka pe3yrnbraTtoB

MoTepu no utepaumsam obyyeHus Hwxke npmeeneH rpadmnk notepb DM G B
3aBMCUMOCTHU OT UTepauun obyyeHus.

plt.figure(figsize=(10,5))

plt.title("Generator and Discriminator Loss During Training")
plt.plot(G_Losses, Label="G")

plt.plot(D _ Losses, label="D")

plt.xlabel("iterations")

plt.ylabel("Loss")

plt.legend()

plt.show()

Generator and Discriminator Loss During Training
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Busyanu3zanus nporpecca redeparopa Mbl MOXXKEM BU3yaJIn3UpOBaTh Mpolecc 00ydeHus G ¢

MTOMOIIIbIO aHUMANMKA. HakMHTE KHOTIKY BOCIIPOM3BEICHHUS, YTOOBI HAYaTh aHUMAIIHIO.
#%%capture

fig = plt.figure(figsize=(8,8))

ims = [[plt.imshow(np.transpose(i,(1,2,0)), animated=True)] for i1 1in
img_Llist]

ani = animation.ArtistAnimation(fig, ims, interval=1600,
repeat_delay=1000, blit=True)



HTML (ani.to_jshtml())

<IPython.core.display.HTML object>

I

0 50 100 1=0 200

Hacrosimue u3o0paxeHusi U mojajae/ibHble H300pa:xkenusi Hakonel, 1aBaiiTe mOCMOTPHUM Ha
HECKOJIBKO PeaTbHBIX U MOCIBHBIX N300paKEHUH.

X_batch = next(iter(dataloader))

plt.figure(figsize=(15,15))
plt.subplot(1,2,1)

plt.title("Real Images")
plt.imshow(np.transpose(vutils.make_grid(x_batch[0].to(DEVICE)[:16],
nrow = 8,
padding=5,
normalize=True).cpu(),

(1,2,6)))
plt.subplot(1,2,2)
plt.title("Fake Images")

plt.imshow(np. transpose(img_Llist[-1],(1,2,0)))
plt.show()

Real Images Fake Images

def save_checkpoint(state, file_name='checkpoint.pth.tar"):
torch.save(state, file _name)

save_checkpoint({ 'epoch': epoch + 1, 'state dict':D.state _dict(),
‘optimizer' : optimizerD.state_dict()}, 'D.pth.tar’)
save_checkpoint({ 'epoch': epoch + 1, 'state dict':G.state dict(),
‘optimizer' : optimizerG.state_dict()}, 'G.pth.tar’)



YnpaxHeHue 1

1. MonpobynTte 0by4nTb GAN paboTte ¢ HabopoM AaHHbIX Fashion MNIST
(datasets.FashionMNIST ()).

2. [MonpobyunTe co3gatb GAN Ha OCHOBE CBEPTOK BMECTO TEKYLLIEN BEPCUN C
MONTHOCBSI3HBIMW CIIOSIMMU.

CONDITIONAL M INFO GAN

OcHoBHas npobrnema nokasaHHOro Bbile 06bIYHOrO GAN - 3TO BbICOKasi BEPOATHOCTb
nepeobyyeHuns n3-3a OTCYTCTBMS KAaKON-NnMbo AoNONHUTENbHON MHopmaummn ob
n3obpaxxeHnn. 3To NO3BONSAET Ucnonb3oBaTb GAN 6e3 yuntens. OgHako, ecnv y Bac eCcTb
HY>XHas MHOpPMaLKs, Bbl MOXETe UCMNONb30BaThb ee AN NOBbILEHNS
npoussBoanTenbHOCTM GAN. [1nS 3TOro MOXXHO NPUMEHUTb Ba OCHOBHbIX NOAX0A4a.
YcnoBHbIN (conditional) GAN - 3TOT NOAX04 NO3BOSISET Y4ECTb TPEOyeMbIN Knacc
n306paxkeHnsi, UCNoMb3ys AOMNOMHUTENbHbIN BEKTOP 00beAeHEHHbIN
(KOHKaQTUHUPOBAHHbIN) C LLYMOBbIM (CKPbITbIM) MPOCTPaHCTBOM GAN. Info GAN nossongaet
NPOrHO3MpPoBaTh KIlacc U300paxeHns (QUCKPETHOE pacnpeaeneHne) n ero KOHKPETHbIE
napameTpbl (pacnpeaeneHuns) B JONOMHEHNE K NPUHATUIO peLLIeHWi O
peanbHOM/anbneom n3obpaxeHuun. pyrummn cnosamu, InfoGan pasgensiet BXogHble
AaHHble reHepaTopa Ha ABe YacTu: OObIYHbIA BEKTOP LLYMa U HOBbIN BEKTOP «CKPbITOrO
koga». 3aTeM KoAbl CTAaHOBATCS 3HAYMMbIMUW, MAaKCUMU3UPYSA B3aUMHYO MHbOpMaLnio
MeXay Ko4oOM U BbIXOAOM reHepaTtopa. 3Ty B3aMMHY0 MHGOPMaLmMo MOXHO NMPUMEHNUTb
B Ka4yecTBe perynapusaumoHHOro gaktopa B pyHKuumn notepb. \begin{align}
\underset{G}{\text{min}} \underset{D}{\text{max}}V(D,G) = \mathbb{E}{x\sim
p{data}(x)N\big[logD(x)\big] + \mathbb{E}{z\sim p{z}(z)}\big[log(1-D(G(z,c)))\big] - \lambda
Q(c,G(z,c)), \end{align} rae Q(c, G(z, ¢)) 31O gONONHUTENBHAsA CETb ANA Knaccupukauyuu.

GAN and its cousins

real _real _real
fake  fake C " fake C '
" : . 2 .
D D D
'__x_real_' X_fake ' X_real X_fake X_real X_fake
' i i . : i
G G G
Z (noise) | C (latent) | Z (noise) " C (latent)
(a) (b) (c)

Figure 1: Graphical representation of different GAN configurations: (a) Vanilla GAN; (b) InfoGAN;
(c) InfoGAN w/ only latent codes. The style of these diagrams was inspired by [OOS16].

YnpaxHeHue 2.

U3yqume npumepsb! ycrioeHo2o (Conditional) u uHgopmayuoHHoz20(Info) GAN
HUXe.



Llobasbme KOMMeHmapuu K HUM O MOM, Kak OHu pabomarom, u 20€e UX MOXHO
unu Hernb3si fNpuUMeHsIMsb.

Conditional GAN
CONDITION SIZE = 10

def to_onehot(x):
assert isinstance(x, 1int) or isinstance(x, (torch.LongTensor,
torch.cuda.LongTensor))

if isinstance(x, 1int):
c = torch.zeros(1, CONDITION_SIZE).long()

c[o][x] = 1
else:
x = x.cpu()
c = torch.LongTensor(x.size(©), CONDITION_SIZE)
c.zero ()
c.scatter (1, x, 1) # dim, index, src value
return c

torch.randn(16, NOISE SIZE, device=DEVICE)
torch.zeros([16, CONDITION_SIZE]).to(DEVICE)

fixed _noise
fixed c

def generate_samples(G, z_noise = fixed _noise):
#instead of G.eval() due to recomendations
#of using same config for batchnorm and droput
#in the eval for GAN
with torch.no_grad():
z = G(z_noise,fixed c).detach().cpu()
return z

class Discriminator(nn.Module):

def __1init__ (self):
super(). _init__ ()

self.net = nn.Sequential(
*vanilla_block(IMAGE_SIZE**2+CONDITION SIZE, 512,
normalize=False),
*vanilla_block(512, 256, normalize=False),
*vanilla _block(256, 1,
normalize=False,
activation=nn.Sigmoid())

)

def forward(self, img_batch, condition):

# flatten from (N,1,H,W) into (N, HxW)
X = img_batch.view(img_batch.shape[0], -1)



# flatten condition into (N, c)

c = condition.view(condition.size(9), -1).float()
# create new vector

# v: [input, label] concatenated vector

v = torch.cat((x, c), 1)

return self.net(v)

class Generator(nn.Module):

#

def __init__ (self):
super(). _init__ ()

self.net = nn.Sequential(
*vanilla_block(NOISE_SIZE+CONDITION SIZE, 256),
*vanilla_block(256, 512),
*vanilla _block(512, 1624),
*vanilla _block (1624, IMAGE _SIZE**2,
normalize=False,
activation=nn.Tanh())

)

def forward(self, Llatent_vector_batch, condition):

# check if input vector
= latent _vector_batch.view(latent vector batch.size(9), -1)
check if condition vector
condition.view(condition.size(0), -1).float()

[input, label] concatenated vector

torch.cat((y, c), 1)
make forward pass
= self.net(v)
un-flatten (N, 1, 28, 28) shape for MNIST
return x.view(-1, 1, IMAGE_SIZE, IMAGE_SIZE)

<

y
#
C
#
v
#
X
#

Create the Discriminator
= Discriminator().to(DEVICE)
Generator().to(DEVICE)

Apply the weights_init function to randomly initialize all weights

.apply(weights_1init)
G.

apply(weights_1init)

Print the model

print(D)
print(G)

Discriminator(

(net): Sequential(
(9): Linear(in_features=794, out features=512, bias=True)
(1): LeakyRelLU(negative slope=0.2)
(2): Linear(in_features=512, out features=256, bias=True)
(3): LeakyRelLU(negative slope=0.2)



(4): Linear(in_features=256, out features=1, bias=True)
(5): Sigmoid()
)
)

Generator(
(net): Sequential(
(0): Linear(in_features=138, out features=256, bias=True)
(1): BatchNormld(256, eps=1e-05, momentum=60.1, affine=True,
track_running_stats=True)
(2): LeakyRelLU(negative slope=0.2)
(3): Linear(in_features=256, out_ features=512, bias=True)
(4): BatchNormld(512, eps=1e-05, momentum=60.1, affine=True,
track_running_stats=True)
(5): LeakyRelLU(negative_slope=0.2)
(6): Linear(in_features=512, out_features=1024, bias=True)
(7): BatchNormld(1024, eps=1e-05, momentum=60.1, affine=True,
track_running_stats=True)
(8): LeakyRelLU(negative slope=0.2)
(9): Linear(in_features=1024, out_ features=784, bias=True)
(18): Tanh()
)
)

Labels x = labels x.view(-1,1)

labels_z = labels_z.view(-1,1)
G losses =[]
D losses = []

for epoch in range(EPOCHS) :
for idx, (images, labels) in enumerate(dataloader):

x = images.to(DEVICE)
y = labels.view(BATCH SIZE, 1)
y = to_onehot(y).to(DEVICE)

x_outputs = D(x, y)
Loss D x = criterion(x_outputs, Llabels x)

Z _noise = torch.randn(BATCH SIZE, NOISE SIZE).to(DEVICE)
z outputs = D(G(z_noise, y), y)

Loss D z = criterion(z_outputs, labels_z)

Loss D = Loss D x + Loss D z

D.zero _grad()

Loss D.backward()
optimizerD.step()

z = torch.randn(BATCH_SIZE, NOISE_SIZE).to(DEVICE)



z outputs = D(G(z, y), y)
Loss G = criterion(z_outputs, Llabels x)

G.zero_grad()
Loss _G.backward()
optimizerG.step()

R R R R R R R
# 4. Auxiliary part

# 4.1 Output training stats
if idx % 560 == 0:
print("""[%d/%d][%d/%d ]\t Loss_D:%.4f\t Loss_G:%.4f\t"""
% (epoch, EPOCHS,
idx, Len(dataloader),
Loss D.item(),
Loss G.item()))

# 4.2 Save Losses for plotting later
G losses.append(Loss _G.item())
D Llosses.append(Loss _D.item())

[6/10][06/468] Loss D:1.3500 Loss G:0.6701
[6/10][56/468] Loss D:1.3505 Loss G:0.6703
[9/10][400/468] Loss _D:1.3542 Loss_G:0.6685
[9/10][456/468] Loss D:1.3508 Loss G:0.6696

plt.figure(figsize=(16,5))

plt.title("Generator and Discriminator Loss During Training")
plt.plot(G_Losses, Label="G")

plt.plot(D_Losses, label="D")

plt.xlabel ("iterations")

plt.ylabel("Loss")

plt.legend()

plt.show()

# Grab a batch of real images from the dataloader
X_batch = next(iter(dataloader))

# Plot the real images
plt.figure(figsize=(15,15))
plt.subplot(1,2,1)

plt.title("Real Images")
plt.imshow(np.transpose(vutils.make_grid(x_batch[6].to(DEVICE)[:16],
nrow = 8,
padding=5,
normalize=True).cpu(),

(1,2,6)))

# Plot the fake images from the last epoch



plt.subplot(1,2,2)

plt.title("Fake Images")
plt.imshow(np.transpose(,(1,2,0)))
plt.show()

Info GAN

class Discriminator(nn.Module):

def __1init__ (self):
super(). _init__ ()

self.net = nn.Sequential(
*vanilla_block(IMAGE_SIZE**2, 512, normalize=False),
*vanilla block(512, 256, normalize=False),

)

self.last = nn.Sequential(
*vanilla_block(256, 1,
normalize=False,
activation=nn.Sigmoid())

)

def forward(self, img):
x = img.view(img.shape[0], -1)

# return with top layer features for Q
features = self.net(x)

y = self.last(features) # Real / Fake

return y, features

CODE _SIZE = 12
class Generator(nn.Module):
def __init__ (self):
super(). init__ ()

self.net = nn.Sequential(
*vanilla_block (NOISE_SIZE+CODE_SIZE, 256),
*vanilla block(256, 512),
*vanilla_block (512, 1624),
*vanilla _block(1624, IMAGE _SIZE**2,
normalize=False,
activation=nn.Tanh())



def forward(self, Llatent vector, code):

#
y

[ E=S

X

#

check if input vector
= Llatent_vector.view(latent _vector.size(9), -1)

check if code vector
= code.view(code.size(0), -1).float()

<

[input, label] concatenated vector
torch.cat((y, c), 1)

make forward pass
= self.net(v)

un-flatten (N, 1, 28, 28) shape for MNIST

return x.view(-1, 1, IMAGE_SIZE, IMAGE_SIZE)

CLASSES =

10

class Qrator(nn.Module):

Regularization Network for increasing Mutual Information

def __

init__ (self):

super(Qrator, self). 1init_ ()
self.fc = nn.Sequential(

*vanilla_block(256, 128),
nn.Linear(128, CLASSES+4),

)

def forward(self, x):

#
C

C—

Seperate code

= self.fc(x)
discrete = torch.softmax(c[:, :CLASSES], dim=-1) # Digit

Label {0~9}

C_

mu = cf[:, 10:12] # mu & var of Rotation & Thickness

cvar = c[:, 12:14].exp() # mu & var of Rotation & Thickness
return c_discrete, c _mu, c_var

Q& O
oo

Discriminator().to(DEVICE)
Generator().to(DEVICE)
Qrator().to(DEVICE)

def sample_noise(n_c_discrete, n_c_continuous, Llabel=None):

z = torch.randn(BATCH_SIZE, NOISE SIZE).to(DEVICE)

if Label:

c_discrete

else:

to_onehot(label).to(DEVICE) # (B,10)

c_discrete = to_onehot(torch.LongTensor(BATCH_SIZE,



1).random_ (6, n_c_discrete)).to(DEVICE)

c_continuous = torch.zeros(BATCH _SIZE,
n_c_continuous).uniform (-1, 1).to(DEVICE)

c = torch.cat((c_discrete.float(), c_continuous), 1)

return z, c

bce Loss = nn.BCELoss()
ce_Loss = nn.CrossEntropylLoss()

def log gaussian(c, mu, var):

return -((c - mu)**2)/(2*var+le-8) -
9.5*%torch.log(2*np.pi*var+le-8)

n_c_discrete, n_c_continuous = CLASSES, 2

G losses =[]
D losses = []
GnQ Llosses = []

for epoch in range(EPOCHS):
for 1idx, (images, labels) in enumerate(dataloader):

Labels = labels.view(BATCH SIZE, 1)

x = images.to(DEVICE)
X_outputs, , = D(x)
D x Loss = bce Lloss(x_outputs, labels x)

z, ¢ = sample_noise(n_c_discrete, n_c_continuous,
Label=Labels)

z outputs, _, = D(G(z, c))

D z Loss = bce Lloss(z outputs, labels z)

D Lloss = D x _Loss + D_z loss

optimizerD.zero_grad()
D Loss.backward()
optimizerD.step()

z, ¢ = sample_noise(n_c_discrete, n_c_continuous,
Label=Labels)
c_discrete_Llabel = torch.max(c[:, :-2], 1)[1].view(-1, 1)

z_outputs, features = D(G(z, c))
c_discrete_out, cc_mu, cc_var = Q(features)



G loss = bce _loss(z_outputs, Llabels x)
Q Lloss discrete = ce_Lloss(c_discrete out,
c_discrete Label.view(-1))

Q loss _continuous = -torch.mean(torch.sum(log gaussian(c[:,
-2:], cc_mu, cc_var), 1)) # N(x | mu,var) -> (B, 2) -> (,1)

mutual_1info _loss = Q_Lloss _discrete + Q_Loss_continuous*0.1
GnQ _Loss = G_Lloss + mutual_1info_Lloss

optimizerG.zero_grad()
GnQ_Loss.backward()
optimizerG.step()

# Auxiliary part
if idx % 56 == 0:
print("""[%d/%d][%d/%d ]\t Loss D:%.4f\t Loss_G:%.4f\t"""
% (epoch, EPOCHS,
idx, Len(dataloader),
G loss.item(),
D Lloss.item()))

# 4.2 Save Losses for plotting later
G losses.append(G_Loss.item())

D losses.append(D_Loss.item())

GnQ _Llosses.append(GnQ Loss.item())

[6/10][06/468] Loss D:0.6709 Loss G:1.4219

[9/10][4560/468] Loss D:0.6702 Loss _G:1.4204



Cnucok NMPUMEPHbIX TECTOBbLIX 3ap,aHv|17| OnA 3a4eTa:

1. Bbibepute HeBepHOe YTBEpXOEHMEe KacaTeNbHO MNpPUYMH  NOMYNsiPHOCTU
CBEPTOYHbIX HEMPOHHBIX CETEN:
a. BoamoxHOCTb aBTOMaTM4YeCKOro oTbopa NpU3HaKoB.
b. Bbicokas cTeneHb nepe-Ucnosfib3oBaHMA BecoB (3acpdekT
namsaTm).
c. CHMXeHHOe 4Mcrio napamMeTpoB MO CPABHEHWUIO C NMOSTHO-CBA3HLIMU
ceTsaMun.
2. Bbibepute BepHOe yTBepXAeHue KacaTeNbHO MPUYUH NONYNsSPHOCTU rMyBOoKMX
HENPOHHbIX CETEN B KOMMbIOTEPHOM 3PEHUM:
a. BoamoxHOCTb aBTOMaTU4eCKOro oTéopa npu3HaKkoB.
b. BO3MOXHOCTb NepeobyyeHuns B xoge paboTbl.
c. CHMXeHHOe 4Mcno napamMeTpoB MO CPaBHEHWIO C  OpYyrvMu
MeToAaMmn MalMHHOMO OByYeHUs.
3. Bbibepute BepHoe yTBepXAeHWe KacaTeNbHO MPUYUH NOMYNAPHOCTU ryBOoKUX
CBEPTOYHbIX HEMPOHHbIX CeTEN B KOMMbIOTEPHOM 3pEHUN:
a. Bblcokas cTteneHb nepe-ncnonb3oBaHUs BECOB (3EEKT NnamaTH).
b. B0O3MOXHOCTb NepeobyyeHuns B xone paboTbl.
c. CHMXeHHOe 4YuCnoO napamMeTpoB MO  CpPaBHEHUIO C
NOJSTHO-CBA3HbIMU CETAMMU.
4. BblbepuTe HEBEPHOE yTBEPXAEHME KacaTeNbHO MPUYUH NONYNAPHOCTU ryBoKuX
HEWPOHHbIX CETEN B KOMIMbIOTEPHOM 3PEHUN:
a. BoamoxHOCTb aBTOMaTM4YECKOro oT6opa NPU3HaKOB.
b. Bo3amoxHOCTb nepeoby4yeHusi B xoge paboThbl.
c. Bblcokas obobLiatowasa cnocobHOCTb.

5. Bbibepute BepHOe YyTBepXaeHuMe KacaTenibHO O0COBEHHOCTEN [OBYXMEPHOM
CBEPTKMU:
a. BxogHble AaHHble OOMKHbLI UMETb PAa3MEPHOCTD 2.
b. Kaxpoe aapo cBepTKU AOIMKHO ObITb TPEXMEPHbIM.
c. Kaxpgoe sapo npon3BoauT 3agaHHOE KONMYECTBO KapT NPU3HAKOB.
6. Bblbepute BepHOe YyTBeEpXOeHWe KacaTernbHO OCOBEeHHOCTEN [OBYXMEpPHOM
CBEpPTKMU:
a. BxogHble AaHHble AOMKHbI ObITb BEKTOPOM.
b. Kaxpgoe si4po CBEPTKN AOMMKHO ObITb TPEXMEPHbLIM.
c. Kaxpoe sa4po cBepTKMN A0MKHO BbITh YETbIPEXMEPHbIM.
7. Bblbepute HeBepHOe yTBEpPXAEHWE KacaTenbHO OCOBEHHOCTEN ABYXMEPHOW
CBEpPTKU:
a. BxoagHble gaHHble AOMKHbI ObITb BEKTOPOM.
b. Kaxpoe a0po CBEPTKM LOMKHO BbITb TPEXMEPHbIM.
c. BxogHble AaHHbIE MOTYT BbITb TPEXMEPHBLIMM.
8. Bblbepute HeBepHOe yTBepXAEeHWe KacaTerlbHO OCOBEeHHOCTEN [OBYXMEPHOM
CBEpPTKMU:
a. BxogHble AaHHble MOTYT BbITb TPEXMEPHBIMM.
b. Kaxpoe 90po CBEPTKM LOMKHO BbITb TPEXMEPHbLIM.
c. Kaxpoe agpo cBepTKU JOMKHO ObITb YeTbIpeXMEPHbIM.



9. Bbibepute BepHOE YTBEPXOEHWE KacaTenbHO OCOBEHHOCTEN ABYXMEPHON

CBEPTKMU:

KackagHass cBepTka — 9TO nocriedoBaTtenbHOe coeauHeHne
FOPM30OHTaNbHOMO 1 BEPTUKANbHOIO NPSIMOYrONbHbIX SAEp.
lpynnoBasi cBepTKa No3BONsIET paclUMpUTL PeLeNTUBHOE More.
PaclwmpeHHas cBepTKa yBenM4nBaeT peLenTUBHOE norne.

10. BoibepuTe HeBepHOEe YyTBEpXOEHWe KacaTerbHO OCOGEHHOCTEN [OBYXMEPHOM

CBEpTKU:

11. Boibepute

CBEPTKMU:

c

a.
b.
C.

lMpocTpaHCTBEHHO-pa3psKEHHaa (pasgerneHHas)) cBepTka — 9TO
nocrnegoBaTternbHoe coeanHeHune rOpuU3oHTanbHoOro n
BEPTMKaNbHOro NPAMOYrosibHbIX 94ep.
FpynnoBas cBepTKa NO3BOSISIET pacLIMPUTb peLenTUBHOE norne.
PacwupeHHas cBepTka yBenuymBaeT peLenTUBHOE norne.

BEPHOE YyTBepXAeHue KacaTenbHO OCOBeHHOCTEN [OBYXMEpPHOW

KackagHas CBepTKa yBeJIM4YMBAET peuenTnBHOE norie.
prnnosaﬂ CBepTKa Nno3BoJideT pacllmnpuTb peuenTtnBHoOE rnormne.
PacmupeHHaﬂ CBepTKa yBenninBaeT peuenTtuBHoe nore.

12. BbibepuTe HeBepHoe YyTBepXOeHue KacaTerlbHO OCODEHHOCTEW ABYXMEPHOW

CBEPTKMU:

MpocTpaHCTBEHHO-pa3psikeHHas! (pa3ferieHHasl) cBepTka — 3TO
nocnegosaTtenbHOe coefuHeHve FOPM30HTaNbHOrO 7
BEPTUKANbHOIO NPSIMOYTOSbHbIX SAEP.

MpynnoBas cBepTKa No3BonseT paclMpUTb peLenTUBHoOe nore.
PaclunpeHHasi cBepTKa yBenuYMBaeT peLenTUBHOE rnore.

13. BoibepuTe HeBepHOe YyTBeEpXOEHWe KacaTerbHO OCOGEHHOCTEN OBYXMEPHOM

CBEPTKMU:

14. Bbibepute

CBEPTKMU:

ToyeyHas cBepTka 4acTo NPUMEHSIETCA AN USMEHEHUS Yncna kapT
NPM3HAKOB.

My6okas cBepTka NO3BONSET CHU3UTb YACIIO NapaMeTPOB COS.
MpocTpaHCTBEHHO-pa3aeneHHass cBepTKa Mcnonb3yetcs Ans
3aMeHbl O4HOro sigpa 60oNnbLONW pPa3MepHOCTU Ha HECKONbKO
fanep MeHbLluen pa3smMepHOCTH.
BEpPHOE YTBEpXOEeHUEe KacaTenbHO OCOBEHHOCTEN [OBYXMEpPHOW

[MpocTpaHCTBEHHO-pa3aeneHHasl CBepTka 4YacTto NPUMEHsieTca ans
N3MEHEHUS YMcna KapT NPU3HaKoB.

ToyeyHasi cBepTka NO3BOMSET CHU3UTb YMCIO NAapaMeTpPoB COS.
KackagHasa cBepTka ucnonb3yeTcs ANA 3aMeHbl OQHOro siapa
OonbLWON pa3MepHOCTU Ha HEeCKONbKO faep MeHbluen
pa3mepHoCTM.

15. BbibepuTe HeBepHoe YyTBepXOeHMe KacaTerlbHO OCOBEHHOCTEN ABYXMEPHOW

CBEPTKMU:

a.

MpocTpaHcTBeHHO-pa3aeneHHass cBepTKa 4acTo NMpUMeHsieTcs
AN U3MEeHeHUs Yncna KapT NPU3HaKoB.

b. my6okas cBepTka No3BONSIET CHU3WUTbL YMCIIO NAapaMeTPOB CIOS.



16.

17.

18.

19.

20.

c. KackagHass cBepTka wucnonb3yeTcsa AnNd 3aMeHbl OA4HOro sapa
Gonbwon  pa3sMEpPHOCTM  Ha  HECKONMbKO  A4ep  MEeHbLUEWn
pasMepHOCTW.

Boibepnte BepHoe yTBepXAeHWe KacaTenbHO OCOBEHHOCTEN [BYXMEPHOW
CBEPTKM:
d. ToyeyHas cBepTKa YaCcTO NPUMEHAETCA AN U3MEHeHUsl Yucna
KapT NPU3HaKoOB.
e. nybokaa cBepTka 93TO 3amMeHa KBagpaTHOW CBEpPTKM Ha
nocnegoBaTenbHOCTb ABYX MPSMOYTOSibHbIX CBEPTOK.
f. TpocTpaHCTBEHHO-pas3deneHHass CcBepTka ucnonb3yerca  Ans
3aMeHbl 0gHOro siapa 6onbLION pPasMepHOCTU Ha HECKOMNbKO aaep
MEHbLLEN pa3MeEpPHOCTH.
BbibepuTe BepHOE yTBEPXKOEHME KacaTenbHO 0COBEeHHOCTEN crnoda rnobanbHOro

nynuHra:

a. mobanbHbIn Makc-NynuHr Hawubonee nonynspHas Ha CerofHs

peanusauna ngen AaHHoro crios.

b. MMob6anbHbIN NYNUHI NPU3BaH pewnTb NPobnemMy N36bITOYHOro

yMucrna napaMmeTpoB NOSIHOCBA3HOIO CIIOA.

c. mo6anbHbIN NYNYHI NPU3BaH CHU3UTb YNCO KapT NPU3HAKOB.
Boibepnte HeBepHoe yTBepXAeHWe KacaTenbHO OCOBEeHHOCTeW  cros
rno6anbHOro nynuHra:

a. mobanbHbIn ycpeaHaWMA NynuHr Hanbonee nonynsipHas Ha

cerofHs peanu3auns naevn JaHHOro Crosi.

b. MobanbHbI NyNUHT NpuU3BaH pewwunTb npobnemy m3BbITOYHOrO

yucna napameTpoB MOMTHOCBA3HOIO CIOS.

c. MnoGanbHbIN NYNUHI NPU3BaH CHU3UTb YACIIO KapT NPU3HaKOB.
Bbibepute BepHoe yTBepxaeHue kacatenbHO ocobeHHocTewn cnos rnobanbHOro
nynuHra:

a. mobanbHbIn Makc-NynuHr Hawubonee nonynspHas Ha CerogHs

peanusauus ngeun JaHHOro Cros.

b. mobGanbHbIN yCcpeaHAOWMA NYNIUHI Hanbornee nonynsapHasa Ha

cerogHs peanusauus naen AaHHoOro crios.

c. nobBanbHbIN soatmax-NynWHr Hanbonee nonynspHas Ha CerogHs

peanusauus ngeun JaHHOro Cros.
Boibepute  HeBepHoe yTBepxaeHWe  KacaTenbHO ocobeHHocTen  cros
rnoGanbHOro NynuHra:

a. [mobanbHbIN ycpedHsaLWMIA NynuMHr Hanbonee nonynspHas Ha

cerogHs peanvsaums naen 4aHHoro Cros.

b. MnobGanbHbIN NyNUMHI Npu3BaH pewnTb NpobrnemMy wn3bbLITOYHOro

yucra napameTpoB MOSTHOCBA3HOIO CII0S.

c. TnobanbHbIN softmax-NnynMHr Haubonee nonynsApHasas Ha

cerogHs peanusauusa naeu 4aHHoOro Cros.



21.

22.

23.

24,

25.

26.

Bbibepute HeBepHOE YTBEPXAEHWE KacaTenbHO OCOBeHHOCTEN  (PYHKUMUK
akTuBaumm RelLU:
a. PyHkuma RelU wHorga Bbi3biBaeT npobnembl  BbIMblBAHUS
rpagueHTa.
b. ®yHKumna ReLU nHorga nmeet npobrnembl C OTCYyTCTBUEM HACbILLEHUSA
B obnacTtu 3Ha4yeHun 6onbLue Hyns.
c. PyHKUMA RelU wumeer npobnembl B CBA3UM C o06nacTbro
HacbIWeHUsA B NPOU3BOAHOMN.
BbibepuTe BepHOE yTBEPXKOEHWNE KacaTenbHO 0COGEHHOCTEN DYHKLMM aKTMBaLUN
RelU:
a. PyHKUMA RelU uHorpa Bbi3bliBaeT MNpob6nemMbl BbiMblIBaHUA
rpagueHTa.
b. ®yHKuusa ReLU nmeet npobrnembl B CBA3N C HECUMMETPUYHOCTbHO.
c. PyHKuMA ReLU nmeeT npobnembl B CBA3M C 06NacTbio HACLILLEHWS B
NPOWN3BOAHOWN.
Bbibepute HeBepHOe YTBepXAEeHWe KacaTenbHO OCOBeHHOCTEN  (PyHKUUK
akTuBaumm RelU:
a. PyHkumMa RelU wHorga Bbi3biBaeT Npobnembl  BbiMblIBAHWS
rpagueHTa.
b. ®yHKuusa ReLU nHoraa nmeet npobrnembl C OTCYyTCTBUEM HaCbILLEHUS
B 06n1acTu 3Ha4eHnn 6onbLue Hyns.
c. ®yHKUMss RelU wuHOrga wuMmeeT npobnembl B CBSA3U C
HECUMMMETPUYHOCTLIO.
BbibepuTte BepHOE yTBEPXKAEHME KacaTerbHO 0COBEHHOCTEN (PYHKLUKM aKTUBaLUN
RelLU:
a. PyHKUMA RelU uHoOrga Bbi3blBaeT Mpob6nemMbl BbIMbIBaHUA
rpagueHTa.
b. ®yHKuuMA ReLU nmeet npobrnembl B CBA3N C HECUMMETPUYHOCTBHO.
c. PyHKuMA ReLU nmeet npobnembl B CBSA3M OTCYTCTBMEM HaCbILLEHUSA
B 0611aCT MEHbLLE HyIS.

Bbibepnte BepHoOe yTBepXaeHue KacaTerlbHO OCOOEHHOCTEN WHULManu3auuu
BECOBbIX NapamMeTpOB:

a. Hauwnyuwwne pesynbratbl obydeHuss MoryT ObiTb LOCTUrHYThHI, B
cnyyae, Korga BecoBble  napamMeTpbl  MHULManM3vpOBaHbI
HebGonbLINMM paBHOMEPHO pacnpeaeneHHbIMU 3HaYEHNAMMN.

b. Haunyudwwue pe3ynbraTtbl 06y4eHUsA MOTYT ObITb JOCTUTHYThLI, B
cnyyae, Korga BecOBble NapamMeTpbl WHULMANU3UPOBAaHDI
pacnpeneneHuemM ¢ gucnepcuen ob6paTtHoO NPonopLUUoOHaNbLHOU
pa3mepy cnosi.

c. Haunyudwwne pesyneratel 0bydeHns MoryT ObiTb OOCTUMHYTHI, B
Cnyyae, Korga BecOBble nNapaMeTpbl  MHMLMANM3MPOBaHLI
pacnpeneneHnem ¢ NoOCTOSAHHOW anucnepcuen.

BbibepuTe BepHoe yTBEpPXAEHMEe KacaTenbHO OCOBEHHOCTEW MHULUManM3auumn
BECOBbIX MApaMeTPOB:



a. Haumnyywwe pesyneratbl obydeHuss MoryT 6bITb LOCTUrHYTbI, B
Cnyyae, Korga BecOBble nNapamMeTpbl  MHULMaNM3MpOBaHbI
NOCTOSIHHLIMW 3HAYEHNAMMN.

b. Haunyuywwue pe3ynbratbl 06y4eHUSA MOTYT ObITb OCTUTHYThbI, B
cnyyae, Korga BecOBble MNapamMeTpbl WHALMANU3UPOBAHbI
pacnpeaeneHveM ¢ gucnepcven o6paTHO NponopLMoHanbLHOMN
pa3mepy cnos.

c. Haumnyywwe pesyneratel obydeHuss moryT ObiTb LOCTUrHYTbI, B
cnyyae, Korga BecOBble  napameTpbl  MHULManM3MpOBaHbI
pacnpegeneHnem ¢ NOCTOSIHHOW anucnepcuen.

27. Bbibepute HEBEpHOE yTBEPXKAEHME KacaTernbHO O0CODEHHOCTEN MHULManu3aumm
BECOBbIX NapamMeTPOB:

a. Haunyu4wwme pe3ynbraTbl 06y4eHUA MOTyT ObITb AOCTUTHYTHI, B
cnyvyae, Korga BecOBble MapamMeTpbl WHALMANU3UPOBAHbI
He6GOoNbLWMMM paBHOMEPHO pacnpeaenieHHbIMU 3HaYeHUSIMU.

b. Haumnydwwue pesynbratbl 00yvyeHuss MoryT ObiTb OOCTUIHYThI, B
cnyyae, Korga BecoBble  napamMeTpbl  MHULManM3MpOBaHbI
pacnpegeneHvem ¢ gucnepcmenn obpaTtHO nponopuuoHanbHOM
pasmepy cnos.

c. Haumnyuwwme pesynbratbl obydeHuss moryT ObiTb LOCTUrHYTHI, B
crnyyae, Korga Bce BeCOBble MapaMeTpbl WHULMANIM3MPOBaHbI
pa3HbIMU 3HAYEHNAMMU, a HE OANHAKOBLIMM.

28. Buibepute HeBepHOe yTBepXAEeHWe KacaTenbHO 0COBeHHOCTEN MHMUManu3aumm
BECOBbIX NapameTpoB:

a. Haunyu4wwe pe3ynbraTbl 06y4eHUA MOTYT ObITb AOCTUTHYTHI, B
cny4yae, Korga BecOBble MapamMeTpbl WHULMANU3UPOBAHbI
pacnpegeneHnem ¢ oAMHaAKOBOMW AMCNEepCUen.

b. Hauvnydwwue pesynsratbl obyvyeHuss MoryT ObiTb OOCTUrHYThI, B
Ccnyyae, Korga BecoBble  napamMeTpbl  MHULMaNM3MpOBaHbI
pacnpegeneHnemMm ¢ gucnepcmen obpaTtHO NponopuUOHanbHOM
pasmepy Crnos.

c. Haumnyywwe pesyneratbl obydeHuss MoryT 6biTb LOCTUrHYThHI, B
Ccrnyyae, Korga Bce BeCOBble MapaMeTpbl WHULMANM3MPOBAHbI
pa3HbIMW 3HAYEHNAMMU, @ HE OANHAKOBBIMM.

29. BbibepuTe BepHOe onpeneneHne yHKUUN NoTepb:

a. DyHKUMA noTepb — 3TO METOA OLIeHKM TOro, Kak oby4vyaemas
Moaenb NoAXOAUT ANS peLleHUs NOCTaBNeHHOW 3aaayun.

b. ®yHKUMA nNoTepb MNOKa3blBa€T TOYHOCTb paboTbl Mogenu Ans
peLlaemoun 3agayn.

c. OyHKUMA nNoTepb MNO3BOMAET  OLEHWUTb, Hanpumep, 4YuCno
npaBuUrbHbIX OTBETOB Cpeau BCEX UMW APYron CXOXWK rnokasaTtesb
cpeaHero kadecTtBa paboTbl MOaenn.

30. Boibepute BepHOE onpeaeneHne pyHKLmm notepb:

a. DyHKUMA NoTepb — 3TO METOA OLeHKM TOro, Kak oby4vyaemas

MoAenb NoAXOAUT ANS peLleHUs NOCTaBNeHHOW 3aaayun.



b. ®yHKUMA nOTEepb MNOKa3biBAET OTHOLLUEHWE 4YMCNa NpaBUSbHbIX
OTBETOB ANS1 OAHOrNO Knacca K 4MCrly BCEX OTBETOB Afs 3TOro
Knacca.

c. OYyHKUMA nOTEepb MNOKa3blBAET OTHOLLUEHWE 4YuMCNa NpaBUSbHbBIX
OTBETOB AN OQHOrO Krnacca K YMCry npaBuibHbIX OTBETOB AJ1S1 BCEX
Knaccos.

31. Buibepute BepHoe onpeaeneHme oyHKLMM NoTepb:

a. PyHKUMA NoTepb — ITO METOA OLEHKU TOro, Kak oby4yaemas
mMoaernb NOAXOAUT ANSA pelleHUs NOCTaBNeHHOM 3a4ayun.

b. ®yHKUMA NOTepb MNOKa3blBaeT OTHOLUEHME Yucna HenpaBUIbHbIX
OTBETOB AN OQHOro Krnacca K obuwiemy uyucrny HenpasBuilbHbIX
OTBETOB.

c. ®PyHKUMA nNOTepb MO3BONSAET OLEHWUTb, HanNpuMep, YUCIo
NpaBuUIbHbIX OTBETOB CPEeAM BCEX MMM APYrOM CXOXWUIA nokasartesb
cpefHero kadecTtsa paboTbl MOAenNn.

32. BeibepuTe BepHOe onpeaeneHne pyHKumm notepsb:

a. DOyHKUMA noTepb — 3TO METOA OLIEHKM TOro, Kak oby4yaemas
MoAenb NoAXOAUT ANS peLueHUs NOCTaBeHHOW 3aaaydun.

b. ®yHKUMA nNOTepb MOKa3blBa€T TOYHOCTb paboTbl Mogenu Ans
peluaemMon 3agadn.

c. OYyHKUMA noTepb MOKasbiBaeT MNOMNHOTY paboTbl Mogenn Aans
peLlaemMoun 3agayn.

33. Bbibepute HeBepHbIi BapuaHT (YHKUMM NOTEPb ANs  peweHus  3agadn
CeMaHTUYeCKON cermeHTauunm:
a. MexkaHanbHas cpegHekBagpaTU4Hasa owmnbKa (Mo NUKCensam ¢
OQHOM NPOCTPAHCTBEHHOWN NO3MLUEN).
b. MexkaHanbHaga kaTeropuaribHas KpOCC-3HTPOMNUS.
c. DyHKumsa (koadpuumeHT) danc.
34. Bbibepute BepHbIN BapuaHT QYHKUUMXM NOTEepb ANA  peleHus 3agayu
CeMaHTMYeCKOM cermeHTaummn:
a. MexkaHanbHass cpegHekBagpaTMyHaa owubka (No nuKcensm cC
OAHOW NPOCTPaHCTBEHHOW NO3ULINEN).
b. MexkKaHanbHasa KaTteropuanbHas KPOCC-3HTponuA + PYHKUUA
(koacppuumenT) Aanc.
c. CpegHee pa3HOCTM NUKCeNen NosTy4eHHOro 1 LLeneBoro pesynerara.
35. Bbibepute HeBepHbIM BapuaHT (YHKUMKM NOTepb Ans peweHus 3agadn
CeMaHTMYeCKOM cermeHTaummn:
a. CpegHee pa3HOCTM TMUKCeENen MONy4YeHHOro U LueneBoro
pe3ynkrara.
b. MexkaHanbHasa kaTeropuarnbHas KpOCC-3HTPOMKUS.
c. DyHKuma (koadbdumumeHT) Janc.
36. Bbibepute BepHbIM BapuvaHT (PYHKUUMM nNOTepb ANs  peweHus 3agayu
CeMaHTUYeCKON cermeHTauuu:
a. CpepaHee pas3HOCTM NUKCeNen Nosy4eHHOro 1 LieneBoro pesynesrarta.
b. MexkaHanbHas cpegHekBagpaTudHas owwnbka (N0 nukcensam cC
OLHOW NPOCTPaHCTBEHHOW NO3ULINEN).
c. DyHKumsa (koachcdpuumeHT) fanc.



37. Bbibepute BepHbIN BApUaHT NPUYMHbLI UCMOMb30BaHUS perynapusaumm:
a. CHumxeHue npobrnembl HEYCTOMYNBOCTU pe3yribTaToB 00yYeHus
npu BBEAEHUUN CMELLEeHUSA B AaHHble.
b. CHwXeHne BpeMeHn obyyeHuns.
c. [loBbiweHMe TOYHOCTN 0ByYeHUs ANA TPEHNPOBOYHOM BbIOOPKM.
38. BbibepuTe BEpHbIN BApUaHT NPUYMHbLI UCMOMb30BaHWSA perynapmusaumm:
a. CHumxeHue NnpobnemMbl HEYCTOMYNBOCTU pe3ynbTaToB 00yYeHus
npv BBEAEHUUN CMELLEHUSA B AlaHHble.
b. CHwxeHue TpeboBaHuK K BbIBOpy napameTpoB 06y4eHus.
c. [loBblWeHNEe TOYHOCTM 0BYYeHUS 1151 TPEHUPOBOYHOM BbIBOPKN.
39. BbibepuTe HEBEPHbIN BAPUAHT NPUYMHBLI UICNONBL30BaHMA Perynsapusaumm:
a. CHwmxeHne npobnembl HEYCTONYMBOCTM pe3ynbratoB 0bydeHus npu
BBEJEHUN CMELLIEHNS pe3ynbTaToB.
b. [lMoBblleHne obobLatoLLen cnocobHOCTW.
c. lMNoBblWweHMe TOYHOCTM OOyYeHMA ANA TPEHUPOBOYHOW
BbIOOPKM.
40. BbibepuTe HeBEPHbIN BAPUAHT NPUYMHBI UICNOMb30BaHUS perynapusaunm:
a. CHuxeHne npobnemMbl HEYCTONYMBOCTU pe3ynbTaToB 0ByyYeHns npu
BBEJEHNN CMeLLeHUs pe3ynbTaTos.
b. [lMoBblleHne obobLatoLLen cnocobHOCTW.
c. CHuxeHne BpeMeHn obydeHus.

41. BblbepuTe BepHbIvi BapuaHT NPUYMHbI UCMONb30BaHUA MeToA AproayT:
a. CHuxeHue BEPOATHOCTHU BO3HMKHOBEHMA npo6nemsbl
coagonTauum.
b. CHuxeHue TpeboBaHWi K BbIBOPY CKOPOCTN OBYYEHNS U 3HAYEHUAM
ApYyrux runepnapameTpos.
c. CHwxeHne BEpPOSATHOCTU BO3HUKHOBEHWUS Mpobnembl B3pbiBa
rpagveHTa.
42. BblbepuTe BepHbIVi BapuaHT NPUYMHbI UCMONb30BaHUA METOA AproayT:
a. CHuxeHue BEPOATHOCTHU BO3HMKHOBEHMA npo6nemsbl
coagonTauum.
b. CHuxeHue TpeboBaHW K BbIDOPY CKOPOCTUN 0ByYEeHUsT U 3HAYEHNAM
ApYyrux runepnapameTpos.
c. YBenuyeHue cCKopoCTn 0BydeHus.
43. BblbepuTe BepHbIV BapuaHT NpUYMHbI MCMONb30BaHUSA METOA ApnoayT:
a. CHuxeHue BEPOSATHOCTHU BO3HMKHOBEHMA npo6nembl

coagonTauum.
b. CHwkeHne BepOSITHOCTU BO3HUKHOBEHWsI NPOOnembl BbIMblBaHUS
rpagueHTa.
c. CHWmxeHMe BepoOsITHOCTM BO3HMKHOBEHWUSI Mpobnembl B3pbiBa
rpagueHTa.

44. BblbepuTe BEPHbIV BapUaHT NPUYMHbI MCMONb30BaHUSA METOA AproayT:
a. CHuxeHue BEPOATHOCTU BO3HUKHOBEHMUS npoGnemsbl
coagonTauumm.
b. YBenuuyeHune ckopocTu obyveHus.



c. CHWXeHne BEepOSATHOCTU BO3HMKHOBEHUSI NMPOOGMEMbl BbIMbIBAHUS
rpagveHTa.

45. BbibepuTe BepHbI  BapuvaHT  MNPUYUHBI  UCMONb30BaHUSA  MeToad  Gatd
HopManusaummn:
a. CHWXeHne BepOATHOCTN BO3HUKHOBEHNA NPOGneMbl coagonTaumu.
b. CHuXeHune BEpPOSATHOCTU BO3HMKHOBEHUS npo6nemsbil
KOBapMauMOHHOro caBura wunu Apyrux npobrnem pasbpoca
3HaYeHUWN.
c. CHwmxkeHue TpeboBaHUN K BbIGOPY pasmepa batya.
46. Boibepute HeBepHbI BapuvaHT MPUYUHBI  UCMNOMb30BaHMA MeTod ©Oatuy
HOpManusauun:
a. YckopeHue obyyeHus.

b. CHuxeHue BEPOSATHOCTU BO3HUKHOBEHUSA npodnembl
KOBapuMauuoHHOro casura wunuv  gpyrux npobnem pasbpoca
3Ha4YeHun.

c. CHuxeHue TpeboBaHUM K BbIOOpPY pa3mepa GaTtya.
47.Bblbepute  BepHbIN  BapuvaHT  MPUYUHBI  UCNONb30OBaHWA  MeTod  GaTy
HopManuaauuu:
a. CHwxXeHne BepOSATHOCTM BO3HUKHOBEHUSA NpobnemMbl coagontaumm.
b. CHuXeHue BEPOATHOCTU BO3HUKHOBEHMUS npoGnemsbl
KOBapMaLMOHHOro caBura wvnu ppyrux npobnem pasbpoca
3HaYeHUMn.
c. [loBbllWEHNE YCTONYNBOCTM NpK NepeHoce 0bydeHums.
48. BblbepuTe HEBEpPHbLIN BapuvaHT MNPUYMHBI  UCMOMNb30BaHWSA MeTod  6Garty
HOopManuaauuu:

a. CHuxeHue BEPOATHOCTU BO3HUKHOBEHUS npoo6nembl

coagonTtauuu.

b. CHwxeHune BEPOSATHOCTU BO3HWKHOBEHUSA npobnemsbl
KOBapuMauuoHHOIro caBura wunuv  gpyrux npobnem pasbpoca
3HAYEHUMN.

c. YckopeHue obyyeHus.

49. BoibepuTe BEpPHbIN BapnaHT HegocTaTka metoda 6aty Hopmanuaaummn:
a. CHMXeHMe TOYHOCTMU B crly4yae HebonbLIOro UM nepeMeHHoro
pa3mepa 6aTuva.
b. TpeboBaHus Gonee TWATENbHOrO BblGOpPa 3HAYEHUA CKOPOCTU
0By4eHnsa unm apyrmx napameTpoB.
c. [loBblWweHNe BEPOATHOCTN BO3HUKHOBEHWUSA NMPOOGremsbl BbiIMbIBaHUS
rpagueHTa.
50. BbibepuTe BEpHbLIN BapuaHT HegocTaTka Metoga 6aty Hopmanuaaumm:
a. CHMXeHMe TOYHOCTM B crly4yae HebGonbLOoro unm nepemMeHHoro
pa3mepa 6artya.
b. lNoBblleHNe BEPOATHOCTU BO3HWKHOBEHUS Mpobnembl B3pbiBa
rpagueHTa.
c. [loBblleHNe BEPOATHOCTN BO3HUKHOBEHUSA NMPOOnembl BbiIMbIBaHUS
rpagueHTa.
51. BbibepuTe BEpHbIN BapmMaHT HegocTaTka Metoga 6arty Hopmanusaumm:



52.

53.

54,

55.

56.

57.

a. CHMXeHMe TOYHOCTM B Crly4ae HeGOoNbLIOro U NepemMeHHoro
pa3mepa 6artyva.

b. TpeboBaHua ©Gonee TwWaTenbHOro BblibOpa 3HAYEHUSs CKOPOCTU
0by4eHus unu apyrmx napaMmeTpoB.

c. lMoBbiweHne BEPOSATHOCTU BO3HUKHOBEHUSA npobnembl
coagonTauumn.

BbibepunTe BEpHbIN BapnaHT HeagocTaTka metoaa 6aty HopMmanusauum:

a. CHMXeHue TOYHOCTMU B crlyyae He6ONbLIOro Unu NepeMeHHoro

pa3mepa 6artuva.

b. MosblleHne BEPOATHOCTU BO3HUKHOBEHUSA npobnemsl
coagonTaumu.

c. lMoBbllleHMe BEPOATHOCTU BO3HUKHOBEHUS Npo6nemMbl B3pbiBa
rpagueHTa.

BbibepuTe HEBEPHLIN BapuaHT, KacatoLmnncs ocobeHHOCTeN pasnnyHbiX METOA0B
HOpManuaauum:
a. Cnown LayerNorm paboTaeT O4MHAKOBO Kak Npu TPEHUPOBKE, TakK u
npwv TECTUPOBAHNN.
b. Cnown GroupNorm npeaHa3HayYeH TONMbKO Ana 6atyen 6onbLioro
pa3mepa.
c. B cnyyae Hebonblworo pasmepa 6artya 4acTto pekoMeHayeTcs
ncnosib3oBaTb HOpManuaaumo (UnNu ctaHgapTM3aunio) BeCOB.
BbibepuTe BepHbLIM BapuaHT, Kacalwmnnca 0COBEHHOCTEN pasfMYHbIX METOO0B
HOopManuaauum:
a. Cnou LayerNorm paboTtaeT oAMHAKOBO KaK Npu TPEHUPOBKe, TakK
M NPy TECTUPOBAHUMN.
b. Cnon GroupNorm npegHasHadYeH TOnbko Anst Gatyen GonbLIoro
pasmepa.
c. B cnyyae Hebonbworo pasmepa ©Gatya pekomeHayertcs
ncnonb3oBaTtb cnomn BatchNorm.
BbibepnTe BepHbIi BapuaHT, Kacawowwminca ocobeHHOCTEN pasnMyHbIX METOLO0B
HOopManusauuu:
a. Cnon BatchNorm paboTaeT 0AMHAKOBO Kak NpW TPEHMPOBKE, TaK U
npwn TECTUPOBAHNN.
b. Cnon GroupNorm npegHasHadYeH TONbKo Ans Gatyen GOMbLIOro
pasmepa.
c. B cnyyae Hebonbloro pasmepa 6arya 4acto pekomeHayeTcs
MCNONIb30BaTb HOPManNU3auuio (UnNn cTaHaapTU3aLuuio) BeCcoB.
BbibepuTe HEBEPHbLIN BapuaHT, KacaroLmncs ocobeHHOCTEN pasnnyHbIX METOA0B
HopManuaauum:
a. Cnon BatchNorm paboTaeT no-pasHOMYy npu TPEHUPOBKE, U MNpwu
TECTUPOBAHUN.
b. Cnon GroupNorm npegHa3Ha4yeH TONbKO Ana 6atyen 60nbLUIOro
pa3mepa.
c. B cnyyae HebGonbworo pasmepa 6atya He pekomeHayertcs
ncnonb3oBaTtb cnomn BatchNorm.

BbibepuTe HEBEPHbLIV BapnaHT KacaroLmincsa MeToga Kpoce Banvaaumnm:



a. MeTtopg kpocc Banugaumm Hold-Out Cross-Validation Hanbonee ob6Lwmnn
BbIGOp.
b. MeTtog k-Fold Cross-Validation MOXeT GbITb UCMONBL30BaH ANs Bbibopa
Hauny4ywen Moaenu.
c. Meton Hold-Out Cross-Validation cnegyetr ucnonb3oBaTb ANA
Hec6anaHCUPOBaHHbIX AaHHbIX.
58. BbibepuTe BEPHbLIN BapMaHT KacalLnncs Metoga Kpocc Bannaaunm:
a. Metog kpocc Banupauum LOO Cross-Validation Hambonee o6wwwmin
BbIGOP.
b. Metoa k-Fold Cross-Validation MoxeT ObITb Mcnonb3oBaH AnNA
BblOOpa Hauny4wen moaenu.
c. Metogq Hold-Out Cross-Validation cnegyet wucnonb3oBaTb AN
HecOanaHCMpPOBaHHbIX AaHHbIX.
59. BbibepuTe BEPHbIN BapnaHT KacatoLMncs MeToda Kpocc Bannaaunu:
a. Metog kpocc Banmgauum k-Fold Cross-Validation Hanbonee obwmn
BbIOOP.
b. Metoa k-Fold Cross-Validation MoxeT ObITb MCNONb30OBaH AnNs
BblOOpa Hauny4lwen moaenu.
c. Metog Hold-Out Cross-Validation cnegyetr wcnonb3oBatb AN
HecOanaHCMpPOBaHHbIX JaHHbIX.
60. BbibepnTe HEBEPHbLIV BapUaHT KacaroLMnca MeToda Kpocc Bannaauum:
a. MeTtopg kpocc Banugaumm Hold-Out Cross-Validation Hanbonee o6wwunn
BbIGOp.
b. MeTog LOO Cross-Validation MoxeT 6bITb MCNONb30BaH ANg Bbibopa
Hauny4yLwen Moaenu.
c. Meton Hold-Out Cross-Validation cnegyetr ucnonb3oBaTb AnA
HecOanaHCUPOBaHHbIX AaHHbIX.

61. Boibepute BepHbIN BapuaHT YTBEpXAeHus KacatenbHo CToxacTu4eckoro
rpagueHTHOro cnycka (SGD):
a. Metoaq SGD pekomeHOYyeTCA WUCNOSMb30BaTb C MOMEHTOM,
0Cco6eHHO Ans HebonbLwnx pasmepoB 6aTya.
b. Pa3bueHne Ha GaTum nyywe nNPOBOAUTbL €OUHOXAbl U nepen
Hayanom npoueaypbl TPEHNUPOBKM.
c. Wcnonb3oBaHne nepemMeHHON CckopocTn oby4vyeHus Heobxoammo
TONbKO Ansa nogbopa ee NpaBUNbHOIO 3Ha4YeHust B SGD — TO eCTb B
KayecTBe Mepbl NpeaBapuTENbHOIO 0byYeHus.
62. Boibepnte BepHbIN BapuaHT YyTBepXaeHus KacatenbHo CToxacTuyeckoro
rpagueHTHoro cnycka (SGD):
a. Metoa SGD pekomeHAyeTCA WUCMOSIb30BaTb € MOMEHTOM,
0CO6EeHHO AnA HebonbLWKMX pa3mepoB 6aTua.
b. PexkomeHayeTcs ucnonb3oBaTb SGD BTOPOro nopsiaka, Tak OHWU
cxoaartcs boicTpee.
c. Wcnonb3oBaHne nepemMeHHOW CKopocTM 0byveHnsa Heobxogmmo
TONbKO Ans nogbopa ee NpaBUNbHOMO 3Ha4YeHus B SGD — TO eCTb B
KayeCcTBe Mepbl NpeaBapuTensHOro odyyeHus.
63. Boibepnte HeBepHbI BapuaHT YTBEpXAeHMst KacaTenbHo CToxacTuyeckoro
rpagueHTHoro cnycka (SGD):



64.

65.

66.

67.

68.

69.

a. Metog SGD pekoMmeHAyeTCcsa MCMOmnb3oBaTb ¢ MOMEHTOM, OCOBEHHO
Ans HebonbLnX pa3mepos H6aTya.
b. PasbueHne Ha 6Gatum nyywe npoBOAMTb OUHAMMYECKM B XoAe
npoueaypbl TPEHUPOBKW.
c. Ucnonb3oBaHue nepemMeHHoOMn CKOpOCTU obyueHus
Heo6XoAMMO TONMbLKO AN noabdopa ee NPaBUITbLHOIO 3Ha4YeHUsA B
SGD — TO eCTb B Ka4yeCcTBe Mepbl NpeaBapuUTenbHOro ooy4eHus.
BbibepnTe HeBepHbI BapuaHT YTBEpXOeHua kKacatenbHo CToxaCcTuyeckoro
rpagneHTHoro cnycka (SGD):
a. Metog SGD pekoMmeHAayeTcsa MCMNONb30BaTb ¢ MOMEHTOM, OCOBEHHO
Ans HebonbLMX pa3mepos baTya.
b. Pa3bueHue Ha 6aTtum nyywe NpoBOAUTbL €AUHOXAbI U nepen
Havyanom npoueaypbl TPEHUPOBKU.
c. Wcnonb3oBaHue nepemMeHHomn CKOpOCTH o0yyeHus
NpeanoyvTUTENbHO ANA  CHUWXEHUA BEPOATHOCTM MonagaHus B
nokaribHble MUHUMYMbI penbeda (yHKLUKN NoTepPb.

BbibepnTe BepHbIN BapuvaHT YTBEPXOEHUSA KacaTeNbHO afdanTUBHbIX METOLOB
CTOXaCTMYeCKOro rpagMeHTHOro crycka:
a. MeTtog RMSProp He BKItOYaEeT MOMEHT.
b. Metoabl aganTUBHOrO CMNycKa He HyXpalwTcsa B Bblbope
nepeMeHHON CKOPOCTU OOy4eHus.
c. Metog ADAM He BKMOYaeT MOMEHT.
BbibeprTe HEBEpPHbLIN BapyaHT yTBEPXKOEHUA KacaTeNnbHO afanTUBHbBIX METOO0B
CTOXaCTMYECKOro rpagMeHTHOro crycka:
a. Metoa RMSProp He BKIHOYaeT MOMEHT.
b. MeTtogbl aganTMBHOrO Crycka HyxgakTcs B Bblbope nepemMeHHoMm
CKOPOCTK 0By4eHus.
c. Metog ADAM BKIHOYAET MOMEHT.
BbibepnTe BepHbIN BapuvaHT YTBEPXOEHUSA KacaTeNbHO afdanTUMBHLbIX METOLOB
CTOXaCTUYECKOro rpafiMeHTHOro criycka:
a. Metogq RMSProp pekoMeHOyeTCca C UCNOoSib30BaHWEM MepeMeHHOM
CKOPOCTU 0By4eHUs.
b. Metoabl SGD pekomeHAyeTCA C MCNONIb30OBaHUEM NMepeMeHHOM
CKOpPOCTH OOyUYeHUs.
c. Metogq ADAM peKOMeHAyeTcs C MWCMNofb30BaHMEM MNepeMeHHON
CKOPOCTU 0By4YeHus.
BbibepuTe HeBepHbIV BapuaHT YTBEPXKOEHUS KacaTenbHO aganTUBHbBIX METOO0B
CTOXaCTUYECKOro rpafiMeHTHOro criycka:
a. Metog RMSProp He pekoMeHOyeTCcs UCnonb3oBaTb C NepeMeHHON
CKOpPOCTM 0ByYeHus.
b. MeToabl SGD He peKoMeHAYyeTCA UCMNOMb30BaTb C NepeMeHHOMN
CKOPOCTU OByuYeHuUsI.
c. Metog ADAM He peKkoMeHOyeTCcs WCMnonb3oBaTb C MNepemMeHHOon
CKOpPOCTM 0ByYeHMs.

BbiGepurTe BepHbIN BapnaHT YTBEPXKAEHMS KacaTenbHO apXMTeKTypbl VGG:



a. OcobGeHHOCTb apxuUTeKTypbl VGG — UCNOSIb30BaHMe KacKagHoOMU
CBEpPTKMU.
b. Knaccudeckne peanusaumm apxutektyp VGG MMEKT 4uCho
napamMeTpoB MeHbLUe, YeM AlexNet.
c. B ocHoBe apxutekTypbl VGG CTPYKTypa apxXuTtekTypbl LeNet.
70. BbibepuTe BepHbIN BapuaHT YTBEPXKAEHMS KacaTeNbHO apXUTEKTYpbl VGG:
d. OcobGeHHOCTb apxuTeKTypbl VGG — UCNONb30BaHME KacKagHOW

CBEepTKU.

e. OcobeHHOCTb apxuTekTypbl VGG — WCMNOMb30BaHUE rpynrnoBOM
CBEPTKMU.

f.  OcobGeHHOCTb APXUTEKTYPHI VGG - Mcrnonb3oBaHme

NPOCTPaHCTBEHHO-PA3PSKEHHOM (pa3geneHHomn) CBEPTKU.
71. Bbibepute HEBEPHbIN BapuaHT YTBEPXKAEHUS KacaTenbHO apXUTeKTypbl VGG:
a. OcobeHHOCTb apxuTekTypbl VGG — MWCMNoNb3oBaHWE KackagHou
CBEpPTKMU.
b. Apxutektypa VGG ogHa 13 cambiX 60SbLINX MO COOTHOLLEHMIO YMUCIO
napamMeTpoB K YUCITy CIOEB.
c. OcobeHHOCTb apxuTekTypbl VGG -  ucnonb30BaHuWe
NPOCTPaHCTBEHHO-Pa3pPAXKEeHHOMN (pa3aeneHHON) CBePTKU.
72. BbibepuTe HEBEPHbIN BapuaHT YTBEPXAEHUS KacaTernbHO apXUTeKTypbl VGG:
a. OcoBeHHOCTb apxuTekTypbl VGG — MWCMNONb3oBaHWE KacKagHou
CBEpPTKW.
b. Apxutektypa VGG ogHa 13 cambliX 60MbLINX MO COOTHOLLEHMIO YUCIO
napameTpoB K YNCIY CINOEB.
c. B ocHoBe apxuTekTypbl VGG CTPYKTypa apXUTeKTypbl LeNet.

73. BbibepunTe HEBEPHbLIN BapuaHT YTBEPXKOEHUS KacaTenbHO apXUTEKTYpbI NiN:
a. ApxutekTypa InceptionNet (GooglLeNet) 3TO BapuaHT pasBuUTUsS naen
NiN.
b. B ocHoBe nogxoga NiN nexuT ugea obyy4yeHuUst HECKONbKUX
HEMPOHHbIX CETEN N MUCMNOSb30BaHME OOHOW OOMOMHUTENBHON CETH,
06y4YeHHOW No pesynbTatamM NpeablayLnX.
c. MpepnonaraeTrcs, YTO 3a cyeT pa3BeTBNeHUA rpagueHTa B NiN
pa3Hble YacTu Criosi MOTyT BbIAENATb pa3fiudHbie MPU3HaKW.
74. BbibepuTe BEPHbIN BapUaHT YTBEPXKAEHUSA KacaTenbHO apXuTeKTypbl NiN:
a. Apxutektypa InceptionNet (GooglLeNet) 3TO BapuaHT pa3BUTUA
naoen NiN.
b. ApxuTekTypa ResNet 3TO BapuaHT pa3sutnda naemn NiN.
c. lpepnonaraetcs, 4TO 3a CYET pas3BeTBNeHus rpaameHTa B NiN
pasHble YacTu CNost MOTryT BblAENATb Pa3fiMyHble MPU3HAKW.
75. BbibepunTe HEBEPHbLIN BapuaHT YTBEPXOEHUS KacaTenbHO apXUTeKTypbl NiN:
a. ApxutekTypa InceptionNet (GooglLeNet) 3TO BapuaHT pasBUTUA naen
NiN.
b. B ocHoBe noaxoga NiN nexuT uaea obyyvyeHus HECKONbKUX
HEMPOHHbLIX CETEN N UCMONb30BaHNE OAHON OOMNOSHUTENBHOM CETH,
oBy4yeHHOM No pesynbratam npeablayLmx.
c. Apxutektypa ResNet 3TO BapuaHT pa3Butus ngem NiN.
76. BbibepnTe BEPHbLIN BapuaHT YTBEPXKAEHUSA KacaTernbHO apXmUTEKTYpbl NiN:



a. Apxutektypa InceptionNet (GoogleNet) 3TO BapuaHT pa3BUTUS
naen NiN.

b. Apxutektypa ResNet 3T0 BapuaHT pa3sutna naem NiN.

c. ApxutekTypa Transformer 370 BapuaHT pa3sutua naemn NiN.

77. Bblibepute HEBEPHbLIN BapuaHT YTBEPXAEHMA KacaTenbHO 060CHOBaHMS
paboTocnocobHOCTM apXUTEKTYpP ResNet.
a. OcTaTo4yHbIN Crion CHWXaeT TpeboBaHUS K pa3mepy Habopa
AaHHbIX, TaK KaK NO3BONSieT NPOBOAUTL PErynsapusaLuio.
b. OCTaTO4YHbLIN  CIOW  CHWXaeT BEPOATHOCTb  BO3HMKHOBEHUS
nepeobyyeHunsi, Tak Kak MO3BONSAET NPOBOAMTb pPerynsapusaumio
OCTaTOYHbIMU CBA3AMM.
c. OcTaToyHbIM Criov MO3BONSIET HapawmBaTb MMyOGUHY ceTn 3a cyeT
OCTaTOYHbIX CBA3EMN.
78. Bbibepnte  BeEpHbIN BapuvaHT  YTBEPXAEHMSI  KacaTerbHO  0BOCHOBaHUSA
paboToCnoCOBHOCTN apXnTEKTYp ResNet.
a. OcTaTo4HbIn Cron CHWXKaeT npobnemy coagonTaumu.
b. OcTaTO4HbIN CrIoN CHWXKaeT Npobnemy KoBapuauMoHHOro CABura.
c. OcTaTouyHbIN CnoW MO3BONSAET HapawuBaTb rMyOMHY ceTu 3a
CYeT OCTaTOYHbIX CBSA3EMN.
79. Boibepnte HeBepHbIM BapuaHT YTBEPXAEHWA KacaTenbHO 0OOCHOBaHUA
paboToCcnocoBbHOCTN apXnTEKTYp ResNet.
a. OcTaTo4YHbIA CNOM CHMXaeT npobnemy KoBapuauMOHHOro
caBwura.
b. OCTaTO4YHbIN  CrOM  CHWXaAEeT BEPOATHOCTb  BO3HMKHOBEHUSA
nepeobyyeHnss Tak Kak MO3BOMSET MPOBOAUTL perynspusauuto
OCTaTOYHbIMU CBA3AMM.
c. OcTaToyHbI Criov MO3BONSIET HapawmBaTb MMYyOUHY CeTU 3a cyeT
OCTaTOUYHbIX CBSA3EMN.
80. BbibepuTe BepHbIl BapuaHT  YTBEPXAEHMS  KacaTenbHO  06OCHOBaHWUA
paboToCcnoCcoBHOCTN apxXUTEKTYpP ResNet.
a. OcTtaTto4HbIn cnon cHxaeT Npobnemy coagonTauuu.
b. OcTaTo4YHbIN CNOW CHUXaeT BEPOATHOCTb BO3HMKHOBEHMA
nepeody4yeHns TaK Kak Nno3BONSAET NPOBOAUTL perynsapusauuto
OCTaTO4YHbIMUN CBA3AMM.
c. OcTaTo4HbIN Cron CHWXaeT Npobnemy KoBapuaLMOHHOro caBura.

81. Bbibepute HeBepHbll BapuaHT YTBEpPXAEeHMs KacaTenbHo 060CHOBaHMS
paboToCnoCOBHOCTN apXNTEKTYp ResNet.
a. Heobxoammo ucnonb3oBaTb OAMHAKOBbLIA pa3mep KapT NPU3HaKOB
Ha BxoAe 1 Bbixoge 6roka ¢ 0cTaToOuHbIMN CBA3AMMN.
b. Ecnnm uucno kapT npu3HakoB Ha Bxoge M Bbixoge 0Onoka c
OCTaTOYHbIMM  CBSI3IMW  pa3HOe HeobXoAMMO  MCNonb30oBaTb
TOYEYHYIO CBEPTKY.
c. PekomeHayetca wucnonb3oBaTb CfoOW gponayta B cocTaBe
6rnoka ResNet.
82. Bbibepute HeBepHbIW BapuaHT YTBEpPXAeHMst KacaTenbHo 060CHOBaHMS
paboToCcnocobHOCTN apXnTEKTyp ResNet.
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a. Ecnm umcno kapT npusHakoB Ha Bxoge W Bbixoge Onoka c
OCTaTOYHbIMM  CBA3SIMW  pa3HOe HeobXxooMmMO  MCMNoNb30BaTb
TOYEYHYIO CBEPTKY.
b. XenaTtenbHoO Mcnonb3oBaTb OAUHAKOBOE YMCIIO KApT NPU3HAKOB Ha
BX0OAe U BbixoAe 6noka ¢ 0CTaToO4HbIMU CBA3SMM.
c. PexomeHayetca ucnonb3oBaTb CNOW gponayta B cocTaBe
6noka ResNet.
BbibepnTe HeBepHbI BapuaHT YTBEPXKOEHUA KacatenbHO 0B60CHOBaHUSA
paboTocnocobHOCTN apxXUTEKTYpP ResNet.
a. brnok ResNet He nogpasymeBaeT Cnov nynuHra.
b. Ecnnm uucno kapT npu3HakoB Ha BXxoge M Bbixoge 6Onoka ¢
OCTaTOYHbIMM  CBA3SIMW  pa3Hoe HeobxoauMmMoO  UCNoNb3oBaTb
TOYEYHYIO CBEPTKY.
c. PekomeHayeTcs ucnonb3oBaTb CroOW Aponayta B cocTaBe
6roka ResNet.
BbibepnTe HeBepHbI BapuvaHT YTBEPXOEHUA KacaTenbHO O0O00CHOBaHMUSA
paboToCnocoBbHOCTN apxXnTEKTYp ResNet.
a. Heobxoanmmo mcnonb3oBaTb O4MHAKOBLINM pasmMep KapT NpuM3HaKoB
Ha BXOAe 1 BbixoAe 6rioka ¢ 0CTaTOYHbIMU CBA3AMM.
. Bbnok ResNet He nogpasymMeBaeT Criou NynuHra.
c. PekomeHayeTcsa ucnonb3oBaTb CrOW Apornayta B cocTaBe
6rnoka ResNet.

BbibepuTe HEBEpHbLIN BapuaHT YTBEPXAEHUA KacaTenbHO OCOBEHHOCTEN
apxutektyp DenseNet.

a. bnok DenseNet no3BonseTr MNpMHUMaTb BO BHUMAaHWE HU3KO
pasMepHble AeTanu u3obpaxeHun 3a cyeT Habopa OCTaTOYHbIX
cBsA3eMn.

b. Yucno napameTpoB apxuTeKTypbl DenseNet Kak npaBuSio Bbille,
yem Aansa ResNet.

c. bnok DenseNet MOXeT MMeTb pa3HOE YUCNO KapT MNPU3HAKOB Ha
BXOJe W Ha BbIXoae.

Bboibepnte BepHbIM BapuvaHT  YTBEPXAEHMS  KacaTenbHO 0cOBeHHOoCTEeN
apxuTeKkTyp DenseNet.

a. PekomeHgyetcsa mcnonb3oBaTb Crov gponayta B cocTaBe OGnoka
DenseNet.

b. Yucno napameTpoB apxuTeKTypbl DenseNet kKak MpaBuIo Bbille, YeM
ana ResNet.

c. Bnok DenseNet MOXeT UMeTb pa3HOe YUCIIO KapT NPMU3HAKOB Ha
BXOAie U Ha Bbixopfe.

BbibepuTe HEBEpHbLIN BapuaHT YTBEPXAEHUA KacaTerbHO OCOBeHHOCTEN
apxutekTyp DenseNet.

a. bnok DenseNet no3Bonser MpMHUMaTb BO BHUMaHWE HU3KO
pa3MepHble geTtann u3obpaxeHun 3a cyeT Habopa OCTaTOYHbIX
CBA3EN.

b. PekomeHayeTcsi ucnonb3oBaTb CrfiOM Aponayta B cocTaBe
6noka DenseNet.

c. bnok DenseNet MOXeET MMeTb pa3HOE 4YMCNO KapT MPU3HAKOB Ha
BXOJ€E U Ha BbiXoae.



88.

89.

90.

91.

92.

93.

94.

BbibepnuTe HEBEpHbLIN BapuaHT YTBEPXAEHUA KacaTenbHO OCOBeHHOCTEN
apxutektyp DenseNet.
a. PekomeHgyetca mcnonb3oBaTb Crov gponayta B cocTaBe OGnoka
DenseNet.
b. Bnok DenseNet MOXeT UMETb pa3HOEe YUCIIO KapT NPU3HAKOB Ha
BXOAe U Ha BbixopAe.
c. Yncno napameTpoB apxuTekTypbl DenseNet Kak NpaBuIio BbILLE, YEM
ana ResNet.

BbibepuTe HeBepHbLIN BapuaHT YTBEPXAEHWA KacaTerbHO OCOBeHHOCTEN
apxuTekTyp MobileNet

a. bnok MobileNet BKnto4aeT Crnoun paclUMpeHUs U Crou Npoekumn, rae

CTeneHb paclinmpeHmne — aTo rmnepnapamMepT apXUTEKTYpbI.
b. Bnok MobileNet ncnonb3yet DeepWise-Separable CBEPTKY.
c. Brnok MobileNet He ucnonb3yeT oCTaTOUYHbIE CBA3M — CeTb U TakK
HeGonbLlias.
BbibepuTe HEBEpHbLIN BapuaHT YTBEPXAEHUA KacaTenbHO OCOBeHHOCTEN
apxuTekTyp MobileNet

a. Bbnok MobileNet BKIto4aeT Cron paclMpeHns U Crion Npoekumn, rae

cTerneHb paclunmpeHue — 3To rmnepnapamMmepT apXUTEKTYpbl.

b. Bnok MobileNet ncnonb3yet DeepWise-Separable CBEPTKY.

c. Bbnok MobileNet ucnonb3yeT peyrnspusauuio metoaom Dropout.
BbibepuTe BEpHbLIN BapuaHT YTBEPXKOEHMS KacaTenbHO OCOBEHHOCTEN
apxXuTekTyp MobileNet

a. Bnok MobileNet BkntoyaeT cnow pacimpeHus n Crion NpPoeKLumum,

rae cteneHb pacluMpeHue — 3To rmneprnapamMepT apXuTeKTypbl.

b. Bnok MobileNet ncnonb3yet peyrnspusawumio metogom Dropout.

c. bnok MobileNet He mcnornb3yeT OoCTaToOvHble CBA3M — CE€Tb U TakK

HebonbLias.
BboibepnTe BepHbIM BapuvaHT  YTBEPXAEHUS  KacaTenbHO 0cOBeHHOCTEN
apxuTtekTyp MobileNet

a. Bbnok MobileNet ucnone3yeTt peyrnsapusaumio MeTogom Dropout.

b. Bnok MobileNet ucnonb3yet DeepWise-Separable cBepTKy.

c. bnok MobileNet He mMcnomnb3yeT OCTaTOYHble CBA3M — CE€Tb U TakK

HebonbLias.

BbibepuTe HeBepHbI BapuaHT YTBEPXAEHUA KacaTenbHO OCOBeHHOCTEN
apxutekTyp brnoka Squeeze-and-Excitation, (SE):

a. bnok SE no3sonsieT noacBeTUTL Hanbonee BaXKHbIE NPU3HAKaAMM.

b. bnok SE cC©XumaeT NpPOCTPAHCTBEHHbIE pPa3MEepHOCTU  KapT

NPU3HaKOB.

c. Bnok SE umeet cteneHb pacluMpeHUs Kak runepnapameTp.
BbibepnuTe HEBEpPHbLIN BapuaHT YTBEPXAEHUA KacaTenbHO OCOBeHHOCTEN
apxutekTyp brnoka Squeeze-and-Excitation, (SE):

a. bnok SE no3sonsieT noacBeTUTb Hanbonee BaXKHbIE NPU3HAKaAMM.

b. bnok SE cCXumaeT NpPOCTPAHCTBEHHbIE pPa3MEepHOCTU  KapT

NPU3HaKOB.
c. Bnok SE umeet rnybuHy Kak runepnapameTp.
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BbibepnuTe BepHbI BapuaHT YTBEPXKOEHMS  KacaTenbHO OCOBEHHOCTEN
apxutekTyp 6rnoka Squeeze-and-Excitation, (SE):

a. bnok SE umeet rmy6buHy kak runepnapamertp.

b. Bnok SE cXuMMaeT NPOCTPAHCTBEHHble pPa3MepHOCTU KapT

NPU3HaKOB.

c. Bbnok SE umeeT cTeneHb pacluMpeHns Kak runepnapamertp.
Bboibepnte BepHbIM BapuvaHT  YTBEPXAEHMS  KacaTenbHO 0cOBeHHOoCTEeN
apxuTekTyp bnoka Squeeze-and-Excitation, (SE):

a. bnok SE nosBonseT noAcBeTUTbL Haubomnee BaXHble

npusHaKkamu.

b. Bnok SE nmeet rmybuHy Kak runepnapameTp.

c. Bbnok SE umeet cteneHb pacluMpeHnst Kak rmneprnapameTp.

BbibepuTe HeBepHbI BapuaHT YTBEPXAEHUA KacaTenbHO OCoBeHHOCTEN
apxuTekTypsbl Efficient Net:
a. Efficient Net nonyyeHa MeTOOOM aBTOMartU4eckoro mMoucka
apXUTEKTyp.
b. Efficient Net ucnonb3ayet 6mnoku Tuna MobileNet.
c. CemencrtBo apxutekTyp Efficient Net npeaHasHayeHbl Ans
paboTbl HA MOOUNbHBLIX U MOPTAaTUBHbIX YCTPOMUCTBAX.
BbibepnuTe HEBEpPHbLIN BapuaHT YTBEPXAEHUA KacaTenbHO OCOBeHHOCTEN
apxutekTypsbl Efficient Net:
a. Efficient Net nonyyeHa MeTOOOM aBTOMaTM4YECKOro TMOUCKaA
apXUTEKTyp.
b. Efficient Net ucnonb3yet 6noku Tuna Inception.
c. Efficient Net UmeeT pag BapmaHTOB, NONy4YeHHbIX METOAOM compound
scaling.
BbibepnTe HeBepHbI BapuvaHT YTBEPXAEHWS KacaTerbHO OCOBeHHOoCTen
apxuTekTypsbl Efficient Net:
a. Efficient Net nonyyeHa MeTOOOM aBTOMAaTM4YECKOro MOUCKa
apxXuUTEeKTyp.
b. Efficient Net UMeeT psag BapuaHTOB, NONTy4YeHHbIX MeETOAOM compound
scaling.

c. CemencrtBo apxutekTyp Efficient Net npeaHasHayeHbl Ans
paboTbl HA MOGUIIbHBLIX U NOPTAaTUBHbLIX YCTPOUCTBAX.
Bbibepute BepHbI BapuaHT YTBEPXOEHWA KacaTenbHO O0CobeHHocTen

apxuTekTypsbl Efficient Net:
a. Efficient Net ucnons3syet 6roku Tuna Inception.
b. Efficient Net ucnonb3yeT 6510ku TUNa MobileNet.
c. Efficient Net ucnonb3syet 6noku Tuna shuffle net.



