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AJTATITUBHA MOJEJb JMHAMIYHOI OIITUMI3ALII TAPAMETPIB
KOJILOPOBIATBOPEHHSI B YMOBAX BAPIATUBHOCTI JIPYKOBAHUX
30BPAJKEHD Y COJIbBEHTHOMY JIPYIII

Y crarTi po3risaaETecs po3pobKka Moaesli aBTOMat30BaHOro BUOOPY a/IrOpuTMIB KOJIbOPOIOZisly Ta HarisTOHOBOIo
3I71a/KyBaHHS, OPIEHTOBAHOI Ha AOCAIHEHHS CTabI/IbHOro KOJIbOPOBIATBOPEHHS Y LUNPOKOGOPMATHOMY CO/IbBEHTHOMY Apyui. Mogesib
3JIVICHIOE aHa/I3 BXIIHOrO 306PaXEHHS 3 yPaxyBaHHSIM HOIro CrieKTPasibHuX | MOPGO/IOrYHUX XapaKTEPUCTYK, LLO AO3BOJISE MiabupaTu
OnTUMAasIbHI NapameTpyu 06pObku 3a/IEXKHO BIf BMICTY 306paxeHHs [1]. A/IroputM aaantyeTscs 40 PI3HUX TUITIB 306paxeHb (rpagika,
TEKCT, QoTorpagii), Lo rifgBULLYE SKICTb KO/IbOPOINEPEAAYI Ta 3HWKYE BTPATH YOPHWI i MaTtepiasis. BripoBamkeHHs iei Mogesi B RIP-
cucTemu 3abe3rneqye aBToMaTU3aLito rpoLecy rigroToBKU 306PaXeHb, IHIKYE BB JIIOACLKOIO Gaktopy i rifgBuiyye eekTHBHICTbL
BUPOBHNYMX ripoyecis. CTarTs po3r/iSaac pe3y/ibTatv TECTYBaHHS MOAESI B PEasIbHUX YMOBAxX BUPOOHULTBAE, @ TaKOX MOXJ/IMBOCTI
A/19 [104a/1bLUOI ONTUMIZALYT | IHTerpawii 3 IHLLIMMU TEXHOIOIISMU.

KimoyoBi  crioBa:  Co/IbBEHTHM APYK, KOJIbOPOBIATBOPEHHS], APYKYIoYe 300DaXeHHSs, KOJIPHI  rpogin, anroputmy
KOJ/IbOPOIIOAINY, HariBTOHOBE 3I/1afXyBaHHs, IH@OpMaLiviHa cuctema, agantauis kowopis, ICC-rpoggaris, AN3EDHT.
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A MODEL FOR DYNAMIC OPTIMISATION OF COLOUR REPRODUCTION
PARAMETERS UNDER CONDITIONS OF VARIABILITY OF PRINTED IMAGES IN
SOLVENT PRINTING

The article presents the development and practical implementation of an adaptive model for the automated selection of
colour separation and halftone smoothing algorithms in the context of large-format solvent-based printing. This model is designed to
ensure stable and high-quality colour reproduction under variable printing conditions, which are typical for the solvent printing
industry. The proposed system analyses the spectral and morphological features of the input image, allowing the dynamic adjustment
of colour processing parameters based on the specific content and structure of the image, including distinctions between graphical
elements, text, and photographic content. This content-sensitive adaptation enables the model to maintain colour consistency and
fidelity while optimizing ink consumption and minimizing material waste.

A key advantage of the model lies in its integration with Raster Image Processor (RIP) systems, which facilitates automation
of the image preparation process and reduces the dependency on operator expertise. This, in turn, leads to improved productivity,
reduced production errors, and better alignment with modern lean manufacturing principles. By leveraging data-driven optimization
methods and heuristic rules, the model fine-tunes the rendering pipeline to meet both aesthetic and technical requirements of the
final print output.

The article also explores the results of practical testing of the model in real-world production environments. These tests
confirm improvements in output quality, ink usage efficiency, and process repeatability. Furthermore, the authors identify potential
directions for future research, such as integrating the model with machine learning systems to further enhance decision-making
capabilities, and expanding compatibility with a wider range of printing technologies. Overall, the study demonstrates how adaptive
algorithmic approaches can significantly enhance the performance and reliability of colour management in professional printing
workflows.

Keywords: solvent printing, colour reproduction, printed image, colour profiles, colour separation algorithms, halftone
rasterization, information system, colour adaptation, ICC profile, dithering.
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MOCTAHOBKA IMPOBJEMMU Y 3ATAJIBHOMY BUIJISIAIL
TA 1i 3B°S130K I3 BAXKJIMBUMH HAYKOBUMHA YN TIPAKTUYHNUMU 3ABJAHHSIMHA

OnHi€ero 3 OCHOBHUX TPO0OJIeM IMUPOKO()OPMATHOTO CONBBEHTHOTO JPYKY € 3a0e3MeueHHs] CTaOilIbHOTO i

TOYHOTO KOJBOPOBIATBOPEHHS, IO YacTO CTa€ BHMKIMKOM 4Yepe3 3HauHy BapiaTHUBHICTh BXIJHHUX 300pakeHb.

TpaanniiHi migxou 10 KoJIboponpodiTIoBaHHS HE 3aTHI BpaXxOBYBaTH CIIeIM(iKy KOXKHOTO OKPEMOTO 300pakeHHS,

TOMY SIKICTb IPYKY 3HAYHO 3aJICKUTD BiJl XapaKTEPUCTUK MaTepiaiy Ta THITy 300paskeHHs1. 11 300paxkeHs i3 pi3HUMHU

PIBHSAMH KOHTPAcTy, Ipafi€eHTaMH, TEKCTAaMH Ta IHIIUMH JETaJsIMH HEOOXiIHO 3aCTOCOBYBAaTH Di3HI aJrOpUTMHU

KOJILOPOIIO/LTY 1 HaINliBTOHOBOTO 3TV KYBaHHS, 00 JOCAITH ONTHMAIBHOTO pe3yiabTary. BomHouac, OLIBIIICTD

Cy4acHHMX CHCTEM JPyKY HE 37aTHI aBTOMaTUYHO HaJIAIITOBYBATH 1Ii MapaMeTpH 3aJIe)KHO Bijl BXiTHOTO 300paXKeHHS

[2]. BHacmigok 11bOT0 BUHUKAKOTH TPYAHOII y JOCSATHEHHI CTabilbHOT KONMBOpOTIepeiadi, a TaKOX CIOCTePIiraeThest

Ha/JIMipHE BHKOPHCTaHHSA YOPHWJ Ta 3HOUICHHS APYKYIOYMX eleMeHTIB. Lle mpu3BoauTh 10 301IBIIEHHS BUTpAT 1
3HIKEHHS €()eKTHBHOCTI BUPOOHHUYHUX MPOIIECIB.
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TakuMm 4mHOM, 1 BHUpINICHHS Ii€l MpoOieMu HEOOXiMHO pPO3POOUTH HOBI TEXHOJOTII, SIKi JO3BOJIATH
aBTOMAaTH3yBaTH MpPOICC BUOOPY ONTHMATIBHHUX AJITOPUTMIB KIIFOYOBUX CIIEMEHTIB CKJIAJOBUAX KOJNBOIPODLIIO, s
3a0e3TeUeHHs TOYHOTO Ta CTabiIEHOTO KOJIBOPOBIATBOPEHHS €3 MoAaTKOBUX BUTpAT [3].

BUKJIAL OCHOBHOI'O MATEPIAJTY

3abe3nedeHHs] KOPEKTHOTO KOJIHOPOBIATBOPEHHS Y MIMPOKOPOPMATHOMY PYJIOHHOMY IpVIi Iependadae
BIIPOBA/DKEHHA LITICHOI CHCTEMH, sika 00’ €JHy€e B cO01 aHAIi3 BXiqHOTO 300pa)XeHHs, BHOIp BiIMOBIAHOTO cIIOCOOy
KOJIbOPOTIO/ITY, HAIIIBTOHOBOTO 3TJIa/DKYBaHHA, a TAKOXK aJalTAIlif0 MapaMeTpiB IpyKy A0 CIEIH(IiKN IPYyKYIOUHX
300paxkeHb. Y TepeBakHIM OuTbIIOCTI BunankiB mporec nodynosu ICC-mpodimto peani3yeTsest K CTaTUYHHA 1
yHi(IKOBaHMI — BIH HE aJaNTYEThCS 1O BMICTY KOHKPETHOTO 300paKeHHs, IO ICTOTHO 0OMexye Horo
e(QeKTUBHICTb. BUX0ASI4YM 3 IPaKTHYHUX BUMOT 10 APYKY PEKJIaMHUX OaHepiB, MOCTEPIB, TEXHIYHUX CXEM YU rpadiku
3 BUCOKHUM TEKCTOBHM HaBaHTaKEHHSM, OUEBHJHUM CTa€ Te, IO OAMH MPOo(uIb HE MOXKe 3a0e3MEeYUTH OJHAKOBO
SKICHY Iepesiady IJIsl BCIX MOKJIMBHX THITIB 300pakeHsb. Lle 3yMoBiroe motpedy B o0y 10Bi aJalTHBHOTO aITOPUTMY
nornepeIHb01 00pOOKH, SIKUI JMHAMIYHO ITiJUIAIITOBYETHCS 11iJ] peajibHi BXiJHI JaHi, 3a0e3nedyoun cTabiIbHICTb Ta
OIITHMI3AIIi0 TEXHOJIOTIYHOTO TIporiecy [4].

Ki1r040BOI0O METOHONOTIYHOI0 MEpPEeayMOBOIO Ui (OPMYBAaHHS TAaKOTO AITOPUTMY € YSBICHHS IIPO
KOJILOPONPO(UTIOBaHHA AK NP0 0araTOKOMIIOHCHTHHH MpONEC, y SKOMY 3HA4€HHS MaioTh HE JIMIIE ONTHYHI
XapaKTePUCTHKH (THIT YOPHWII, BIACTHBOCTI HOCISI, KOJIbOPOBHU MPOCTIp), @ # MOP(OIIOTIUHI OCOOTUBOCTI CaMOTO
300pakeHHs. 3 Mi€I0 METO0 B OCHOBI 3aIIPOIIOHOBAHOI MO 3aKJIaIeHO MiaXi/ J0 aHai3y 300pakeHH 3a KiIbkoMa
O3HaKaMH: HAsSBHICTh TEKCTOBHX CJIEMEHTIB, IIUIBHICTD TiHBOBHX 30H, Xapaktep (OHY, TpalicHTHa CTPYKTypa Ta
criBBigHOIIEHHs: yopHOi mom. KoxkHa 3 mux o3HaK mpsMo abo ONOCEepeKOBaHO BIUIMBAE Ha BHOIp MeETOAY
konboponoainy (UCR a6o GCR), a TakoK Ha JOIIBHICTP BUKOPUCTAHHS OJHOTO 3 QJTOPUTMIB HAMiBTOHOBOTO
srmamkyBanns, (Ordered Dithering, Error Diffusion, SO Diffusion a6o Stochastic Dithering) [5].

VY 1upOMY KOHTEKCTI CTPYKTYpa ajllOPUTMY IMOJUISETHCS Ha TPU B3a€MOIIOB’si3aHi piBHI. [lepmmit — e
PiBEHb aHATIITHKH 300paskeHHsI, IKUil BUKOHY€E Oe3M0CEPE/IHE BIIYYCHHS O3HAK Yepe3 CICKTPAIbHY, CTPYKTYpHY a00
TEKCTOBY 00pOOKy. [Ipyruit — piBeHb JOTIKN NPUHHATTS PillleHb, e 00poOIIeHi aHi POPMYIOTh BEKTOP MapaMeTpiB,
Ha OCHOBI SKOTO aJTOPHTM YXBAaJIO€ PIllIeHHS MOoA0 KoHQirypamii mpodimto. Tperiit — piBeHb peamizarii, sSKuit
3MIMCHIOE aIaNTAIliF0 TApaMeTPIiB IPYKY Ta OpraHi3allifo BUXiHOTO 300paxeHHs y BiamnoBigHomy ¢opmari (Puc. 1).
Ha nepmmomy etarmi 300pakeHHS 3aBaHTaXKY€EThCS 1 TIEPEBIpSETHCS HA BIAMOBIOHICTE (hopMaTy Ta TOCTYMHICTH. [ai
BHKOHYETHCS TICPETBOPCHHS y BIATIHKH CIpOTO 3 HACTYIHOIO OiHApW3aIli€ro, IO JO03BOJIIE BHU3HAYUTH BiTHOCHY
wromy TeMHuX AiSHOK (black area percentage). Lleit mapameTp KpUTHYHO BaXKJIMBHU IS TPABIIIEHOTO BHOOpY
METOJy Kojboporoaity. Skmio rroma mepesuiaye 30%, amroputm obupae GCR — wmeron, mo a03BOJIsE
3aMicTuTd HaTUIIOK CMY KOMIIOHEHT IJTHOOKHUM YOPHHM, CTaOLIi3yI0YH KOJIBOPOBHit OanaHC. Y pasi MEHIIIOro
HaBaHTa)XeHHs 3aCcTOCOBYEThCss UCR, 1110 30epirae KoJ0pOBY HACHYUCHICTD y CBITJIMX IUISHKAX 300pakeHHsI.

Jlerekuis TEKCTy BHUKOHYeThcs 3a nonomororo OCR (onTHYHOro po3mi3HaBaHHS CHUMBOJIIB) Ha 0asi
6i6miorexn Tesseract[6]. Ilpi HasBHOCTI YITKOTO TEKCTOBOTO IIAPy AITOPHTM HAga€ TMEpeBary THM METOAaM
JIM3EPHHTY, sIKi 3a0€3Me4YyI0Th BUCOKY TOYHICTh Y BIATBOpEHHI KpaiB i popm — Hampukiaj, Stochastic Dithering.
SIKImIo k TEKCT BiACYTHIH, Y MO€IHAHHI 3 HASBHICTIO 3HAYHHUX TIHBOBUX TPAJi€HTIB (BH3HAYCHHX UYepe3 OIepaTop
Cobemns), nonimsHIM € BukopuctaHds Error Diffusion a6o SO Diffusion, 3anexHo BiJ XapaKTepHUCTHK QOHY.

BaxnmBuM eTaroM € OIiHKa OJHOPIMHOCTI Tia. SIKII0 BHSIBIEHO, IO NEpeBa)kHA YacTHHA 300pakeHHS
nepedyBae y BY3bKOMY CIpOMY Iiama3oHi, Il CBIMYUTH MPO HASBHICTH MOHOTOHHOTO ()OHY. Y TaKMX BHITaIKax
pexomennoBaHo BukopuctoByBatd Ordered Dithering — MeTon, mo 3abe3nedye Bi3yallbHY PiBHOMIPHICTH 3a
HHU3BKOTO KOHTpacty [7].

Ha ocHOBI Bcix BUILE3ralaHiX O3HaK (OPMYETHCS BEKTOpP O3HAK 300payKeHHs, KUl CIyrye BXIIHUMH
JAHUMHU TS JIOTiYHOI MOZEN MpUHHATTA pimeHb. Came TYT peanizyeTbesl KJIIOYOBA IepeBara 3amporiOHOBAHOTO
ANTOPUTMY — MOJKJIMBICTh TUHAMIYHO aganTyBaTH NMpo(iiab A0 BXiAHOTO 300pa)KeHHSA, MiHIMI3YIOUM BTPYYaHHS
orneparopa.

Bbrok-cxeMma imocTpye 3arajdpbHUE Xil 00pOOKH, TOYNHAIOYH BiJl 3aBaHTAKEHHS 300payKEeHHS 1 3aKi HIYIOUH
€KCIIOPTOM T'OTOBOTO pe3yIbTaTy. Y cXeMi YiTKO BUJIIEHO T'UJIKH, 110 BiANOBINAal0Th 32 MOP(OJIOTYHNH aHaIi3 (TEKCT,
TpajlieHTH), CIEKTPaIbHY OLIHKY (YOpHa IuIoa, cipuil GoH), a TaKOX PIlIEHHS M0A0 ANTOPUTMIYHOTO MapIIPYyTy
[8].

30kpema, 300paxeHHsI MiCJIsl MPOXOKEHHS Yepe3 OJIOK «aHalli3 YOpHOI 001acTi» CpsIMOBY€EThCS Ha BHOIp
Mk GCR/UCR. [laii, 3a51e>xHO BiJ| ieTeKLii TiHEH 1 HassBHOCTI TEKCTY, popMyeThes Trika 3 Bapiantamu SO Diffusion,
Error Diffusion, Stochastic Dithering a6o Ordered Dithering. fIkmo o0paHO MeTOX 3 BHCOKOIO MIUIBHICTIO
BIATBOPEHHS (HANPHKIAA, A TeKCTy abo iHdorpadikn), aKTUBYETHCS JTOJATKOBHHA MOIYIh aJanTallii po3aiIbHOL
3IaTHOCTi, IO MAacmITaOHO 30UNbIIye JIOKaNbHI AUISHKH A 4iTKocTi. HapemTti, 300paxxeHHsT 30epiraeTscst y
BINOBITHIN mamiyi npodisto, 0 BiANOBiga€ BHOPAHOMY alTOPUTMY, i MOKe OyTH aBTOMaTHYHO nepeaaHo a0 RIP-
CHCTEMH I IOAaIbIIOTo ApyKY [9].
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detect_text(image)

image = cv2.imread(image_path)

image is None
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return text_present

analyze_image_parameters(image)

text_present = detect_text(image)
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gray_image = cv2.cviColor(image,
©v2.COLOR_BGR2GRAY)
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sobel_y = cv2.Sobellgray_image,
v2.CV_64F, 0, 1, ksize=5)
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gradient_magnitude =
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shadow_threshold = 50 7
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shadow_area_percentage =
np.sum{gradient_magnitude >
shadow_threshold) /
gradient_magnitude.size * 100

return shadow_area_percentage

detect_gray_background(image)

gray_image = cv2.cvtColorlimage,
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return gray_background_present
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"gray_background_present”:
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return image_parameters
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cv2imwriteloutput_file, img)
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gray_image = cv2.cvtColor(image,
€v2 COLOR_BGR2GRAY)
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_ thresholded =
cv2threshold(gray_image, 128,
255, cv2.THRESH_BINARY)
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black_pixels =
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black_area_percentage = (black_pixels /
total_pixels) * 100

return black_area_percentage
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Opo0Ku 300pakeHHs: Ta BHOOPY MapaMeTp!

i30BaHM KUTTEBHIT IMHUKJ 0

Puc. 1. Ontum

1 THY4YKICTb, aJallTUBHICTb 1 aBTOMATU3AlllIO, a

TakuMm 9HWHOM, 3alPONIOHOBAaHA CTPYKTYpa MOEIHYE B COO

Harlpukiiazg, 4Y€pe3 MAKIIOYECHHSI MOAYJIA MallnHHOTO

TaKOX € BIAKPUTOIO JId NOAAJIBIIOrO pPO3HMIMPCHHSA
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HaByaHHS 200 00’eJHaHHA 3 023010 JaHUX BXKE MPOTeCTOBaHUX NMPodiiiB. TakuM YHHOM, aJITOPUTM MOXKE CIYT'yBaTH
BIZINPAaBHOIO TOYKOIO JJIsi MOOYIOBM IPAaKTUYHOI CHUCTEMH IONEpeqHbOI OOpoOKH 300pakeHb 13 IMOJANIBIIUM
pO3MOAIIOM 3a TOTOBUMH mpodinsamu, mo 0a3yroThcs Ha PI3HHX MIAXOMaX O KOJBOPOIIOALTY Ta pacTpyBaHHS,
30epiraroun Mpyu HHOMY IIOTEHIIIAN IS PO3MHPEHHS Ta HAYKOBOTO JOCIIIKESHHS.

BHUCHOBKH 3 JAHOI'O JOCJIIKEHHSA
I IEPCIIEKTHUBHU NNOJAJIBIIUX PO3BIAOK Y JAHOMY HAIIPSIMI

Po3pobnennit anroputm AeMOHCTpYe eheKTUBHUM MiAXi 10 aJanTariii mapaMeTpiB KOJbOPOBIATBOPEHHS Y
HPOKO(HOPMATHOMY APYIIi 3aJIEKHO BiJi MOP(HOJIOTIYHNX Ta CIIEKTPAIEHIX XapaKTepUCTHK 300pakeHHs1. Ha BiqMiny
BiJl TPAIUIIIITHOTO CTATHYHOTO MPOQLTIOBAHHS, 3aPOIIOHOBAHA MOJIC)Ib BPaXoBye crieludiky 300pakeHHsI, 30KpeMa
HasIBHICTh TEKCTY, PO3MOALT TiHEH, xapakrep (JOHY Ta BiIICOTKOBY IUIOLLY YOPHOTo, 110 3a0e3redye OLIbII TOYHY
BiJINIOBIJTHICTh Mi’K BXiTHUMH JAaHUMH Ta BUOPAHUMHE MapaMeTpaMu OpyKy. Takui miaxin 103BOJIsE aBTOMATU3yBaTH
mporiec migdopy npodiiaro, MiHIMI3yBaTH y4acTh OIepaTopa Ta 3a0e3MeyuTd CTaliIbHICTh KOJIBOPOBIITBOPCHHS B
YMOBax BapiaTHBHOCTI 3aBJaHb. 3aBISKW MOJIYJBHIH CTPYKTypi cUCTeMa € TpuaTHowo Juisi iHterpamii 3 RIP-
HPOrpaMHUM 3a0€3IIEUEHHSM 1 BIIKPHTOIO 1O MOAANIBIIOT0 PO3LIMPEHHS — 30KpeMa, Yepe3 BIIPOBALKECHHS Moeeit
MAalIMHHOTO HaBYaHHS a00 BUKOPUCTaHHS 0a3 mpoTecToBaHHX mpodiniB. Lle cTBOproe MiArpyHTS Ui MPaK THYHOL
peaiizarii THyYKHX, KOHTEKCTHO-3QJICKHUX pillleHb Y mudpoBii momirpadii.
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