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Anomauyia—Yy cTaTTi pO3rJsIHYTO 32124y 00po0ku rpagivyHux 300pakeHb 3 BUKOPUCTAHHIM MAaTeMATUYHOI0 anapaTy
INTYYHUX HelpoHHHX Mepe:k. OKpeMo po3riasiIacTbesi CTPYKTYPa 3ropTKOBOI HeiipoHHOI Mepe:xki. 11 BupimeHHs 3agaui
Xy/10:KHB01 00po0KHu ¢oTorpadii 3 BUKOPUCTAHHAM 32JaHOI CTUJIICTUYHOI TeXHIKH BUKOPHUCTOBYIOTHCH B 300paKeHHS —
«KaPpTHHKA-KOHTEHT» Ta «KAPTHHKA-CTWIbY, KA 3aa€ mAa0J0H cTuiicTuky. Ilpu 3acTocyBaHHi pi3HUX CTHIICTHYHHX 1IA-
0s10HIB MOkHA chopmyBaTH GOTO 3 Pi3HOI CTHIICTHKOI — HANIPUKJIAJ, Y CTWI iMInpecionizmy, aGcTpakuionismy, Toimo.
TakuMm 4HHOM, po0OTa NPeCTaBJIsIE IHTepec K 3 Xy/10:KHbO]I, TAK i 3 AOCAITHHIILKOI TOYKH 30pY.

Bi6.. 10, puc. 6.

Knrouogi cnoea—obpooka 300pasrcens; wimyuni HelpoRni Mepedici; 320pmKo6i mepedici; 320pmKa; nepeoava cmuio.

I. Bcrvn

MaTtemaTUUHUH anapar IWTYYHUX HEUPOHHUX MEPEK
€ TIOTY>KHHM IHCTPYMEHTOM, [0 HIMPOKO 3aCTOCOBYETHCS
B 3amadax OOpOOKM Ta aHaNi3y PI3HOTHITHHX [IaHUX .
Cepen uux 3a1a4 BaXJIMBE Miclie TIOCIIa€ 3aa4a po3ii-
3HaBaHHA 00 €KTIB, sIKa Y BUIAAKy HE0OXiITHOCTI 00po-
Oku BenMkHX TOTOKIB naHux (Big Data) ta anamizy
00’€KTIB 31 CKIaTHOIO CTPYKTYpOIO Mae Oe33amepedHi
nepeBar nepe TPAAUIinHUMHA 00UYHCITIOBAIbHUMH Me-
TOJAaMH. 3aBISIKH MOXKJIMBOCTI HaBYAHHS LITYy4YHI HEH-
POHHI Mepexi 31aTHi OUTbII e)EeKTUBHO BUPIIIYBATH 3a-
Jladi po3mi3HaBaHHA Ta ineHTh(iKarii rpadivarX 00pasiB
Y pI3HHX rajy3sx — eJIeKTPOHIli, OioMequIuHi, Teorpa-
¢ii, Tomo. 1oqaTKoBO MiIBUIIYETHCS €(DEKTUBHICTD HEl-
POHHHX MEpEX 3a PaXyHOK BUKOPUCTAHHS CIIeIliali3oBa-
HUX ITPUCTPOIB Ta MIKPOCXEM - HEHPOKOMII IOTEPiB, HEH-
poumnIiB, HeHPOKOHTPOIepiB. Ha choroaHinHiNi geHs yac
icCHye 0arato THIIB apXiTEKTYpH IUTYYHUX HEHPOHHHUX
Mepex, sIKi B Iporieci 00poOKK 300pakeHb 3MaTHI BHSB-
JISITH OKpPEeMi JieTalli, HaJalTOBYBaTH KOHTPACTHICTD, ajle
apXiTeKTypa 3rOPTKOBOI HEWPOHHOI MEpexi TO3BOJIIE
BUPINIYBaTH SIKICHO HOBY 3a/1ady — XyJJ0HBO1, ab0 CcTH-
JmiCcTHYHOI 0OpOOKM 300pakeHb, IO A€ MOXIIUBICTH
(dbopMyBaHHS 00pa3iB 3alaHOi CTHJIICTUKU. 3TOPTKOBI
HEHpOHHI Mepexi 34aTHI 3HAXOIWUTH TIIEBHI 3aaHi
00’eKTH Ha 300pa)KEHHSIX, a TaKOX BUSBIISITH BasKJIUBI
JeTali X 00’€KTiB, TOOTO BUCOKOpiBHEBI 03HAKHU. Ll
3MATHICTh JO3BOJIAE PO3PI3HATH 00 €KTH MK COO0O¥0,
BHU3HAYATH BiJICTaHh MK 00’€KTaMH Ta MOJCpPHI3yBaTH
300pa)keHHsI 3 MOJATBIINM 30€PEKEHHSIM BUCOKOpIBHE-
BUX O3HAaK. TaK SIK INTY4YHI HEHPOHHI MepexXi MoIi0HI M
010JIOTIYHUMH HEHPOHHHUMH MeEpEeXaMHu, JaHa poOoTa
PO3IIIsAaE MIEBHUH IUIAX JI0 JITOPUTMIYHOTO PO3yMiHHSA

TOro, 4K JIFOAW CTBOPIOKOTH Ta CHpHﬁMaIOTb XYHAOXHIO
00pa3HiCTb.

II. TIOCTAHOBKA ITPOBJIEMU

B pnaniii poGoti posrisimaerscs 3amadya  0OpoOKu
¢dortorpadiii Ta mepeHocy MEBHOTO 33aJaHOTO CTHIIIO Ha
MoYaTKOBe 300pakeHHsA. ToOTO Ha MifCTaBi HASBHUX
JIBOX 300pakeHb — MOYaTKOBOI pororpadii Ta rpadidro-
CTHJIICTUYHOTO KOHTEHTY, SIKUI 33/1a€ CTHUIIICTHKY, (Qop-
MYETbCsl HOBa cTHI30BaHa ¢otorpadis. Lls cTunizoBana
¢dororpadis 3anuImaeThCs BII3HABAHOK, ajle Ha Hel
HaKJIaJIal0ThCsl TIEBHI CTPYKTYPH, KOJBOPU Ta (OPMH.
[Tpu 3acTocyBaHHI pi3HUX rpadiyHUX KOHTEHTIB MOXHA
chopMmyBaTu (HOTO 3 Pi3HOIO CTIITICTHKOIO — HATIPHUKIIA,
y CTHJII IMIIPECiOHI3MY, aOCTPaKI[iOHI3MY, TOIIO. Takum
YHHOM, po0OTa MPEACTABIIE iHTEpeC SK 3 XyIO0XKHBOI,
TakK 1 3 AOCIITHHUILKOT TOYKH 30py. 30KpeMa, BaXKJINBOIO
€ po3pobOKka Ta peamizaiis alropuTMy OOpoOKH 300pa-
’KEeHb Ha 0a3l MaTeMaTHYHOTO arapary ITY4YHHX HEHPOH-
HHUX MEPEeX.

III. AHAJI3 JITEPATYPHUX JAHUX

Heiipoxomi’1otep — 1ie npucTpiii nepepoOku iHpop-
MaIlii Ha OCHOBI IPHHIIHITIB POOOTH IIPUPOJHUX HEHPOH-
HUX cucTeM. Komm‘toTep mpaifoe Ha OCHOBI HaBYaHHS,
a He mporpamyBaHHs. [IpucTpiit anst BUpiIeHHS 3a1a4
MPOTHO3YBAHHSI, IIarHOCTUKH, PO3Mi3HABAHHS Ta IHIIHUX.

[Ty4Ha HelpOHHA MEpeXa € CUHCTEMHOIO MOJICILTIO
GionoriuHoi HelpoHHOT Mepexi. KoxeH mTydHuid Hei-
POH Ma€ JEeKiTbKa BXO/IB, Ha SIKi MMOJAIOTHCS TICBHI CHT-
HaJ X;, e i=1,2,...n — HOMEp BXiHOTO CUTHAJY. 3B’ 30K
MDK BXOJOM Ta HEHPOHOM HA3UBAETHCS CHHAIICOM.
CHHAIC XapaKTepU3yEThCs MEBHOK Barorw — koedirieH-
TOM W;. 3 CHTHAIIB, 1[0 HAAXOASTh HA BXOJIU HEHUPOHY
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4yepe3 CUHAICH, POPMYETHCS 3BayKeHa cyMa S, sika MoTiM
00pobmseThest QyHKIiero aktuBamii Y=F(S). BuxigHuii
curHai Y Jiaiti HaJIXOUTh Yepe3 HIINH CHHAIIC 3 IEBHOIO
Barolo Ha BXiJ HACTYIHOTO HelpoHy. [lepenada curHamy
BiZIOYBa€THCS MOMIAPOBO, IPUUOMY, SIK TIPABHJIO, B CTPY-
KTypi HEHPOHHOI MEpEXi € NeKiIbKa MPUXOBAHMX IIAPiB.

3ropTkoBa HEMpOHHA Mepexa — CTPYKTYPHHUH BHJ
OaraTomrapoBoi MTYYHOT HEHPOHHOI MEpeXi, SKa BUKO-
pHUCTOBY€EThCS TSl €peKTHBHOT POOOTH 3 300parKEHHSIMH.
Merton Ga3yeTbcsi HA BUKOPUCTaHHI MAaTEMaTHYHO]I OIle-
paii «3roptkay. [{o mapiB B it Mepexi 3aCTOCOBY€ETHCS
oriepartist 3ropTKU Ha BXOJI, a Pe3yJIbTaT MePeacThCs 10
HACTyHHOTO mrapy. Taka opraHizarist poOOTH Mepexi imi-
Ty€e peakIlito 010JIOTIYHOTO HelipoHa Ha Bi3yalbHi OJpa-
3HUKH.

3ropTKa BUKOHYETHCS 3 JJOMTOMDKHOK (DYHKIII€F0, 10
3aJ1a€ThCs KIHIIEBUMU IMITYJIbCHUMHU XapaKTEePUCTUKAMH
cepii mudppoBux GUIBTPIB, sKi MOCIIIOBHO HaKIaja-
FOThCSI Ha BXIJHUH CHTHA — 300pa)KeHHsI, 1O i IsIrae
00po06i. Li GineTpu € MaTpUIIMH — 3a3BUYAll TPUBUMI-
pHUMH HaOOpaMH 3HAYEHb, IO Y TMPOCTOP1 YTBOPIOIOTH
KBanpatHy mpmsmy. [lpu o0poOui 300pakeHb YacTo
BHUKOPHCTOBYIOTBCSI MATPHIIl 3 BHCOTOI Ta LIMPHHOIO,
0 JOPIBHIOIOTH 3 abo 5. ['uOuHa MaTpuIll BiANOBiIaE
KUIBKOCTI KaHaJiB 300paykeHHs. Tpu KOJIbOPOBI KaHAIU
(RGB) o3Ha4a0Th TIKOUHY, IO JOPIBHIOE TPHOM.

Hefiporna mepenada CTIIIO — MeTO POPMYBAHHS 30-
OpakeHHs UIIXOM 00’ €/IHaHHS JIBOX 1HIIUX 300paKeHb.
ITpu 11bOMy 3a7a€ThCs ABA 300paXKeHHS: KapTHHKA-KOH-
TEHT Ta KapTUHKA-CTUIIb. Pe3ynbTyloue 300pakeHHs Mi-
CTHUTB B cO01 00’€KTH KOHTEHTY Ta IpiOHi AeTaii KapTH-
HKU-CTWIIO. 3a3BWuaii, KOHTEHT — Ii¢ ¢ororpadis, a
CTWJIb — aOCTPaKTHUH MAaTIOHOK, B PE3yJIbTaTi OCPKY-
€Thcst HIOM HamasiboBaHa (otorpadis. BximHi 300pa-
JKEHHS TIPOITYCKAIOTHCS Yepe3 3TOPTKOBY HEHPOHHY Me-
PEXYy, MICIIs YOTOo JJIsl BUX1IHOTO 300pa)KCHHS BUPAXOBY-
IOTHCSl 3HAYCHHS (DYHKINI BTpaTH KOHTEHTY Ta (YHKIIii
BTPaTH CTHIIIO.

q)yHK].[iﬂ BTPATHU KOHTCHTY BU3HAYA€THCS AK:

I (X.Y, -

‘content content )
CHW 1
1 Ry (1
H—WZZZ(ch —Y,-jc) ;

c=li=1 j=1

ne X', Y — o3Haku, oTpuMaHi T1icis 06poOKH 300pakeHb

X Ta Y B [-my wapi Hetipomepexi; H,W,C — po3mip Ta
KIJIBKICTh KaHAIIB BiAIOBiAHO.

OyHKIsI BTpaTH KOHTEHTY ICMOHCTPYE, HACKIIbKH
JaHl 300pa)XKCHHS CXO0XKiI MiDX CO0O0I0, IPUIOMY MOpiB-
HSHHSI 3[IACHIOETHCS HE Oe3mocepeIHbO (MOMKCEIbHO),
a I[UIIXOM BH3HAYCHHS Ta MOJAJBIIOrO ITOPIBHSHHS
BUCOKOPIBHEBUX O3HAK 300paKeHb.

OyHKIIS BTPATH CTHIIIO:

l && x! Ysltyle ’
Lstyle (X’ Ystyle ) = Z Z Gij - Gij , @
i

1

ne G4 — marpuus I'pama mis 36ipku o3HaK A:

Bxogn Cuuance

X, Exement
HelipoHy
X
Axcon Bmxin
Xa Y
X Y = F(S)

i=1

Puc.1. CtpykTypa IITy4HOTO HEHPOHY

fAlecoTa

ZWnprHa

Puc.2. Monenb 3ropTkoBoi HEHPOHHOT MEpexi

LYY LY L)

Puc.3. Ilpuniun po6oTu GyHKIii BTpaT KOHTEHTY Ta CTUIIIO

P | o wH
1
Gif = e 2 2. Ayl 3)
x=1y=1
a;y — HEWPOH B KOOPAWHATAX X) B KaHAJI O3HAK A.

Marpung I'pama inroctpye 3B’S130K MiX HeHpoHaMu
B PI3HHMX KaHamax, a (yHKIIS BTPaTH CTHIIIO OOMEXYE
PI3HUIIO B MATPHIIAX Ta JCMOHCTPYE, HACKUIBKU 300pa-
JKEHHSI CXO)K1 38 CTHIIEM.

Jlani Bupilyerbes 3ajja4a onTuMizanii:

a Z Llcontent (X’ Ycontent ) +

1€Qcontent

B z L{vtyle (Xv Yslyle )

1€Qcontent

X =argmin

»(4)

e Qcontent Ta Qsiyie — HAOOPH HOMEPIB THX MIAPIB,
B SIKMX NOTPiOHO BM3HAYMTH (QYHKIIT BTpar, o Ta S — Bara
KOHTCHTY Ta CTHJIIO BiINOBiZHO (YMM  OLIbIIHM
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1 HABITAKH).

IV. EKCIIEPUMEHT

BxinHi 300paxkeHHs MacmTabyeMo 70 HEOOXiIHOTO
PO3Mipy. 3aBaHTaXyEMO TOTIEPEIHBO IMiJrOTOBICHY HEl-
pomepexy (VGG19).3naroun, mo Mu MOXKEMO po3pis-
HSTH LIAPH, IO BIAMOBIAIOTH 32 CTHIIL (OCHOBHI (hopmu)
i Ti, IO BiMOBiAIOTH 32 KOHTEHT (0COOIHMBOCTI 300pa-
JKEHHST), MK MOYKEMO PO3JUINTH IIapU JUIs CaMOCTIiHHOT
pOOOTH HAJ] 3MICTOM 1 CTHIICM.

Tozi MU CTaBMMO Hallle 3aBIAHHS K 3aBJaHHS OITH-
Mi3arlii, e Mu OyIeMO MiHIMi3yBaTH:

® BTpaTy KOHTEHTY (BiACTaHb MK BXIIHHMH Ta
BUXIIHUMH 300paKEHHIMH )

e BTpary CTWIKO (BiACTaHb MK CTHJIEM 1 BUXiJ-
HUMH 300paKEHHSIMH)

e cyMmapHi BTpaTH Bapiamii (IIpocTopoBe 3riaxy-
BaHHS BUXIJIHOTO 300pa)KeHH)

Content Image
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Puc.5. BxinHe 300paeHHs] CTUITIO

Puc. 6. Pe3ynbrar exciepumMeHTy

BusHaumBIIM HAaIly MOJENb, BH3HAYAEMO (DYHKIIIFO
BTpaTu KoHTeHTy. 1100 30epertu OpuriHaabHHH KOH-
TEHT, 3BOJHMMO JI0 MIiHIMyMYy pIi3HHII0O MK BXiJTHUM
300payKeHHSIM 1 BUX1IHUM 300pa)kKEHHSIM.

IMoai6HO 10 BTpaTH KOHTEHTY, BTpATa CTHIIIO TAKOXK
BU3HAYAETHCS SIK PI3HUIL MDK JBOMa 300payKCHHSIMH.
OpHax, Jis 3aCTOCYBaHHSI HOBOT'O CTHUIIIO, BTPATY CTHITIO
BHU3HAYAEMO SIK B PI3HHII0 MK 300paXKSHHSAM CTHIIIO Ta
BUXIJIHUM 300paxkeHHsIM. BU3HAa4aeMO 3arajibHy BTPaTy
Bapiarfii.

[Ticnst 1bOro, OOUUCITUBIIY BTPATY KOHTEHTY, CTHITIO
Ta 3arajibHy BTpaTy Bapiaiiid, BA3HAYAEMO IPOIIEC Iepe-
Jladi CTHITIO SIK MPOOJIEMY ONTHMI3allii, e MU 3BOJAHMO
3BECTH 0 MIHIMyMy Haiii rjobanbHi BTpaTH (€ MOEI-
HaHHSA BMICTY, CTHJIIO Ta 3arajbHUX BTpaT Bapiallii).
V KOXHi# iTeparlii CTBOPIOEMO BHXiIHE 300paKeHHS TaK,
00 BificTaHb (Pi3HUI) MiXK BUXOJIOM 1 BXOJOM / CTHIIEM
Ha BIJNOBIHKX LIapax 00'eKTiB OyJia MiHIMi30BaHa.

BUCHOBKU

B nmawniit po6ori Oyna peanizoBaHa HEHpPOHHA MEpeka
3 IKICHOO TIMOMHOIO 300paskeHHst. IIpy BUBUCHHI pO3ITi-
3HaBaHHS 00’ €KTY 3rOPTKOBA MEpEexkKa CTa€ iHBAPiaHTHOIO
IO BCHOT'O 300paykeHHs 1 30epirae iIeHTUIHICTL 00 ‘€KTa.
Te, o HeiipoHHA Mepeka HaBYCHA IMepeaBaTH CTHIIb -
€ BCIIUKHM IMOIITOBXOM Yy MOJXJIMBOCTSIX BHBEICHHS
HAIIOi Bi3yalbHOI CHCTEMHU.
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Annomayua—B craTbe paccMOTpeHa 3a7a4a o0podkH rpaguyecKux M300pakeHHil ¢ HCMOJIB30BAHHEM MaTeMaTHYe-
CKOI'0 aNnapara HCKYCCTBEHHBIX HelipOHHBIX ceTell. OTae1bHO pacCMATPUBAETCS CTPYKTYPA CBEPTOYHOM HeliPOHHOI ceTH.
Jlns pellenus 3a1a4u XyA0:KeCTBeHHOH 00padoTku doTorpaduu ¢ HCNOJAb30BAHNEM 32JAHHOH CTHIHCTHYCCKOH TeXHUKH
HCNOJIB3YIOTCS IBA H300PakeHUsl — KKAPTHHKA-KOHTEHT» H «KAPTHHKA-CTUJIbY, KOTOpas 3aaeT madiaoH cruimmcTuku. Ilpu
HCI0JIb30BAHUM PA3IHYHBIX CTUIHCTHYECKUX IIA0J0HOB MOKHO c(hopMUPOBATH (OTO B Pa3HOI CTHIIMCTHKE — HAIIpUMep,
B CTHJIe HMINIPECCHOHM3MA, A0CTPAKIIMOHU3MA M T.II. TakuMm o0pa3oM, paGoTa mpeAcTaBJisieT HHTepec KaK C Xy/105KeCTBeH-
HOIf, TAK U ¢ HCCI1e0BATeILCKOI TOUKH 3peHus.
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Application of a Neural Network
for Stylized Image Processing
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Abstract—Manually re-drawing an image in a certain artistic style takes a professional artist a long time. Here you can
use image representations derived from the Neural Networks. It is considered the problem of image processing using con-
volutional neural network. The article deals with the typical architecture of the convolutional neural network,
the advantages of their use in problems associated with pattern recognition are presented. The problem of artist style trans-
fer where the painting style of a given artist is applied on a real world photograph is addressed. approach uses the statistics
of high-level feature representations of the images from the hidden layers of an image classification network to separate and
reassemble content and style. To automatically transfer an artistic style, the first and most important issue is how to model
and extract style from an image. Transferring the style from one image onto another can be considered a problem of texture
transfer. In texture transfer the goal is to synthesise a texture from a source image while constraining the texture synthesis
in order to preserve the semantic content of a target image. Since style is very related to texture, a straightforward way is
to relate Visual Style Modelling back to previously well-studied. After obtaining the style representation, the next issue is
how to reconstruct an image with desired style information while preserving its content, which is addressed by the image
reconstruction technique.This is done by formulating an optimization problem that, starting with white noise, searches for
a new image showing similar neural activations as the content image and similar feature correlations as the style image.
A Neural Algorithm of Artistic Style is a pattern that can be separate and recombine the images is introduced. The algorithm
allows us to produce new images of High quality perceptual artworks. The result provides new insights into the for high
level representations image synthesis and manipulation. The result was generated on the basis of the VGG network , which
was trained to perform object recognition and localisation The usage of convolutional neural network is analyzed. Repre-
sentations that factorise the variation in the content of an image and the variation in its appearance would be extremely
practical for this task. In light of the striking similarities between performance optimised artificial neural networks and
biological vision, the human ability to abstract content from style — and therefore our ability to create and enjoy art — might
also be primarily a preeminent signature of the powerful inference capabilities of our visual system.

Ref. 10, fig. 6.
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