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OnpeneneHue BIMSIHUS MOMeX HA U300 pa>keHU s
pa3HbBIX BETOB nmocpeacteom 11O

I.J71. Macruxkos, J1.J1. Jloxcxun, FO.B. Cokonosa

TTOBOJIKCKHM rOCYyAapCTBEHHbIH YHUBEPCUTET TEJIEKOMMYHUKALUH 1 HHPOPMATHKHI
443010, Poccus, r. Camapa,
yn. JI. Toncroro, 23

AnHomayuga - B naHHOM pa6oTe MPOU3BOLUTCS WCCIIENOBAHUE BIUSHUS MMOMEXH HA M300pakKeHWs DPa3NUYHBIX LBETOB M
OIpefie/ieHHe PA3HHULBl B YPOBHE 3THX BIUsHUM. IloNyyeHBl 3HAYEHHUs, XapaKTEPHU3YIOLLHME OTHOLIEHHE CHIHAJA K LIyMy B
neuubenax. [IporsBeneHo cpaBHEHME 3HAYEHUM, MONyYE€HHBIX B PE3Y/IbTATE MOMEIMPOBAHMS, CO 3HAYEHUAMM MaTeMAaTHIeCKUX
pacueToB. B pesynbraTax paboThl MpeCTaBiIeHBl MOAyYeHHbIE ONBITHBIM IyTeM fAaHHbIE. Brarogaps ucnonezosanuio 110,
YHUKAJIBHOU CTPYKTYpPbl, KOTOPOM ymanock HOGUTBCS B pe3yibTaTe COGCTBEHHOTO €ro HANKMCaHWsA, ObUI NPOBENEH PN
MOZIENIMPOBAHUM U MOTYyIEHO HECKOJIBKO IPYII 3HaYeHUH. KOMIBIOTEPHYIO KOJIOPUMETPHIO MO MPABY MOXHO Ha3BaTh LUPPOBO
KOJIOpUMETpHUeN. DTa CTAThsl PACCYMTAHA [JIsi CTYAEHTOB CTAPIIMX KYPCOB BY30B, ACHMPAHTOB U CIELHUATMCTOB, Pa6OTANX
B 00JIaCTH LBETOBOCIIPOW3BEleHHs], 06pabOTKH M300paskeHHWH, LIBETOBBIX HW3MEPEHHH W APYrHX 06JacTsX, CBSI3aHHBIX C

LOBETOBOCIPUATHEM.

Kniouesvle cnosa - BAMsIHME MOMEX Ha M300pa’keHMsl; OCHOBHble L[BeTa 3KpaHa, KolopuMmerpuyeckas cucrema MKO;
TeJIeBU3HOHHOE M300paskeHHe; KOJIOPUMETPUYECKOe BOCIPOM3BENEHHE; KOMIIBIOTEPHAsi KOJIOPUMETPHS; LBETOBOM JIOKYC;

LOBETOBBIE UCKAXKECHU .

BBegenue

B xofe mpakTHYeCKOH HCCIeI0BATENBCKON PaboTHI,
ONMpasich Ha CTAaTbU CXOXeW TEeMaTHUKH, MPeLCTaB-
JIeHHble B XypHase «Du3nKa BOJTHOBBIX IPOLECCOB
U pafUoOTeXHUYECKHE CUCTEMBI», GBUIO ONMpeeneHO
BIIMSIHUE TIOMEeX Ha M300pakeHHUsl PA3HbIX [[BETOB MO
mopnenu RGB [1]. [Tony4eHb! YUCIOBbIE 3HAYEHUSI CUT-
Han/wym (0B) mpu U3MeHEHUU YPOBHS 3TOU MOMEXU
no popmyie:

§=20LgU, [U). (1)

[Tpumep pacyera 1o GpopmyIie: eCIu B3SITh KPACHBIN
LBET CO 3HaYeHHEM OCHOBHBIX KommoHeHT (R, G, B),
paBHBIM 246, 0, 0, To Mo popMyse Bbille MOAyYaeM
§=20Lg(246/1), mpu 3HAYEHUU IOMEXH, PABHOM
epuHune. Orcioga S=47,82 nb gng 4ucTo KpacHoro
1BeTa.

[nst aHanusa 6bUIO BBIOPAHO HECKOJIBKO OCHOB-
HBIX U HECKOJIbBKO BTOPOCTENEeHHBIX I1BeToB. Ha Kax-
OOM 3Tame paboThl YBETUYMBAJICS YPOBEHb MOMEXH,
BIUIOTB [0 MaKCUMaJbHOTO, PABHOT'0 246, U IPOU3BO-
OUIICS AHAIM3 OTHOIIEHUsI CUTHAJI/IIYM, a TAKXKe pak-
THYECKOE CpaBHEHUE U300 pakeHUsI, TOIBEPKEHHOTO
IoMexe, C OPUTHHAJIOM.

1. ®DyHKIHOHAI MPOrpamMMBbl

[Tporpamma mosBonsier fo6aButh no 10 nuHUUN
uBeToB (puc. 1) s ganpHeHIIero U3yYeHus BIUSHUS

danil1232011@mail.ru (Macrukos Janun JIbeosuu)

nomex Ha HUX. [[POUCXOIUT 3TO MyTeM YKA3aHUS KO-
OpAMHAT OCHOBHBIX I1BeTOB B cucTeMe RGB.

Oyukuronan ga€HHoro 1O MO3BOJsSET MyTEM W3-
MEHEHUs] YPOBHS BIIUSHUSA MOMEX HA M300pakeHUs
OOGUTHCST HATJISIAHOTO MIPEACTABIIEHUS O HeM (pucC. 2),
a TaKXe IMOJYYUTh YKUCIOBblEe 3HAYEHUS OTHOILEHUS
cur"an/wym (oB).

2. BaussHusa nmomMmex
Ha U300pakeHUsI Pa3HbIX IBETOB

[71s1 mony4eHUs TOYHBIX NAHHBIX O CTEIE€HU BIIHSI-
HUSI TIOMEXH Ha M300pa’keHHe B MpOrpaMme Mpeay-
CMOTPEHO MOJie ¢ AAHHBIMHU OTHOLIEHUs CUTHAJ/IIyM
B 0B. Braromapsi aTUM 3HaYE€HHUSIM MOXHO MOJYYUTD
npeacraBieHrHe 06 ypOBHE HCKa’KEHUsI OpUIHHAIA
M306paskeHNUsT KaXKIOTO KOHKPETHOrO I[BETa, YTO,
B CBOIO OYepelb, JaeT 6ojiee MOTHYI KAPTUHY O CTe-
MEeHU BIIUSHUS TOMEXH.

B kayecTBe OCHOBHBIX IIBETOB [JIsl aHAMU3a ObUIH
BBIGpAHB! ClIeAyIOLINe: KPACHBIH, 3eJeHbIH, CHHUH,
6esbli, YepHBIN U XKeNThIH, a TAK)KEe HECKOJIBKO BCIIO-
MoTraTeNbHbIX [2].

W3 puc. 3 BUAHO, 4YTO NPU MUHUMaJIbHOM yPOBHE
noMexH U306pakeHUs] PA3HBIX LBETOB MPAKTUYECKU
He TOABEP>KeHbl UCKAXKEHUSIM, KPOME ABYX MOCTE/-
HUX. 3HAYEHHE CUTHAJ/IIYM Y OCHOBHBIX KOMIIOHEHT
(R, G, B) mnist KaKIOM I[BETOBOU JTUHUU UMEET OKOJIO
50 % oT mepBOHAYaNBHOTO (PU HATUYMHU CAMOU MU-
HUMaJIbHOU MTOMEXH).

© Mscuukos [.J1. u np., 2023
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Puc. 1. [lo6aBneHve INHUY 1IBETa IyT€M BBICTABJIEHHS €ro KOOpAUHAT 1o Mogend RGB
Fig. 1. Adding a color line by setting its coordinates according to the RGB model
! Momexw & TB (He oteevaer) n
OpuruHansHoe n3obpaxenue BrniuaHue nomex Ha n3obpaxeHue Wupekc R G B
o] [o] o]l o]
[ 1] [o][246][ o]
[ 2 | [246]] 246]] o0 |
[ 3 | [ 248]] 246|[ 246]
[ 4 ] [246] o |[ 246]
[ 5 | [ o] o][248]
L 6 | [ o | 246]] 246
[ 7 ] [o] 2] o]
[ 8 ] [ o] 13s] o]
[ o | [208] 136] o |
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Puc. 2. [Ipoliecc OTpHCOBKU N306paskeHNUS, TTIOABEPKEHHOTO CPeIHEMY YPOBHIO IOMEXH, [JIsl HATJISIIHOTO CPaBHEHHSI C OPUTHHAIOM

Fig. 2. The process of rendering an image subject to an average level of interference, for visual comparison with the original

OTHOwWweHKe curHan/wym 6 [16
G B

OpuruHansHoe u3obpaxeHue Brnuanue nomex Ha n3obpaxeHne Wupekc R Wupexkc R G B
| o | 24.30]|-2352|[-2352] [ o || 246]] 0 || 0 |
[ 1 |[2352|[2230][2352] [ 1 |[ o |[246] 0 |
[ 2 |[2352][2352|[2430] [ 2 |[ o |[ o ][ 26|
[ 3 |[2430][2430][2430] [ 3 |[ 246]| 246]] 248|
[4 Izl 2] (=) [ 4 ][ o ][ 0] o]
[ 5 |[2430][2430][2352] [ 5 |[ 246][ 246][ o0 |
[ 6 |[2430][-2352|[2430] [ 6 |[ 246]] o0 || 246]
[ 7 |[2352|[2a30][2230] [ 7 |[ o |[ 246]] 28|
| 1828 [1828][1828] | 8 |[ 123][ 123] 123]
[ 9 |[04.08][0s08][0408] [ 9 |[ 24 |[ 24 ][ 24|

Puc. 3. BiusiHie NoMexy Ha U306paskeHKe ¢ ypOBHEM, paBHbIM 15
Fig. 3. Effect of interference on the image with a level, equal to 15
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Puc. 4. YBenuueHue ypoBHs TOMeXH [0 35 1 BIUsIHUE Ha H306paskeHUs (a); AeTaNbHOE CpaBHEHHE U306 pakeHHH ¢ OpUrHHAIOM (6)
Fig. 4. Increasing the noise level up to 35 and the effect on the images (a); detailed comparison of images with the original (b)

Puc. 5. Bnusinue nomexu ¢ ypoBHEM, PaBHBIM 65
Fig. 5. Influence of interference with level, equal to 65

ALIETan R

Puc. 6. [TofBep>keHHOE BIUSHUIO IOMEXH H306paskeHre Ha ypoBHe 105
Fig. 6. Interference-affected image at level 105

Ha puc. 4, 6 MOXXHO BUOETb Pa3NUIUMOE BIUSHHE
[OMEXH Ha U300paskeHHsl CPa3y ABYX OCHOBHBIX LiBe-
TOB — CHHETO U YepHOro. Bo3melicTBre mOMexH HeNlb-
351 HA3BaThb KPUTUYECKUM, HO OHO BIIOJIHE PA3TTMYHMMO
[Jis1 O6BIYHOTrO HAGMIOAaTeNs. 3HAYeHHEe CUTHAI/IYM
y ocHOBHBIX KoMIoHeHT (R, G, B) mist kaxxmo# uBeTo-
BOM nuHUM uMeeT oKosio 35 % oT mepBOHAYATIBHOIO
(mpu HANTMYKMK CAMOW MUHUMAJIBHOU TOMEXH).

Ha puc. 5 MOXHO BHUAETb 3aKOHOMEpPHOE YXYA-
[IeHWe KadecTBa W300pakeHUM, OMUCAHHBIX paHee,
BCJIEICTBUE YBEJIMUEHHUS BO3LEUCTBUS IOMEXH. 3eCh
TakXke MOXHO OTMETUTb HA4YaJIO MaryOHBIX BIUSHHUU
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Puc. 7. [logBepskeHHOE BIUSHUIO IOMEXH M306paskeHue: a — Ha ypoBHe 155; 6 — Ha ypoBHe 195

Fig. 7. Image affected by noise: a - at level 155; b - at level 195

Puc. 8. [TofBep>kKeHHOE BIAMSHUIO TOMeXH H306pakeHHe HA MAKCHMAIbHOM YPOBHE, PABHOM 246, B CPABHEHHH C KCXOAHBIM
Fig. 8. Interference-affected image at maximum level of 246 compared to original

Ha U300pakeHre KPACHOTO LBeTa. 3HaYeHHe CUTHa/
IyM y OCHOBHBIX KoMmoHeHT (R, G, B) myist kaxkpoi
LIBETOBOM JINHUU UMeeT 0KoJIo 25 % OT nepBOHAYab-
HOTO (IPY HAJTUYMK CAMON MUHUMAIBHOU TOMEXH).

Kak BugHO Ha puC. 6, u306pakeHre KPACHOTO [[Be-
Ta U3BMEHHJIOCH B 3HAYUTEIBHOU Mepe, & TAKKE BIIUSI-
HUe TIOMEXHU TeMePb MOKHO HAGIONATh U Ha 3eJIEHOM
nBeTe. Benblil M XeNThIM I[BeTa B OOJbIIEN CTeleHHU
He MCKaXalTCsl, a BCe OCTAJIbHBIE IIBETA — HA060POT,
U3MEHAIOTCA Bce 6o/blle U 60blie. 3HAYEHUE CUT-
HaJ/IyM y OCHOBHBIX KoMroHeHT (R, G, B) mist kax-
[OM 11BeTOBOM TuHUU UMeeT 15 % oT mepBoHavYabHO-
ro (Ipu HAIMYUKU CAMOU MUHUMAITBHOU MIOMEXH).

Ucxopst U3 puc. 7, 6, MOXKHO CHenaTh BBIBOL O Ha-
qyaJyie 3aMEe€THOI'O BJIMSHUSA IMIOMEXU Ha I/I306pa)KeHI/Ie
SKEJITOTO LIBETa, HY M, KOHEYHO, CEPHE3HOMY VXYI-
[IEHUI0 Ka4yeCTBa BCEX OCTAJbHBIX LBETOB. OCHOB-
Hble cocrapnsomue (R, G, B) mns kKaxkmoi 1BeToBOM
JIUHUU UMEIT MeHee 5 % OT mepBOHAYANBHOTO (IpH
HAJIWYUM CaMOM MHUHHUMAQJIBHOM IOMEXM) 3HAYEHUS
CUTHAJI/IIYM.

Ha puc. 8 oTyeT/IBO BUAHA PA3HULIA MEXIY UCXO[I-
HBIM M306pakeHHEeM U OPUTHHAJIOM, BCE L[BETA IIOf-
BEPIJIMCh 3HAYUTENBHON fedopMaLUU U HE MOIYT B

Ta6nuua 1. COOTHOLIEHUS YPOBHSI IOMEXH

u 3HaveHus curran/wym (%)

Table 1. Interference level and signal-to-noise ratios (%)

BenuyuHa nomexu Vposensb curnan/uym (%)
1 99
2 85
3 80
4 73
5 69
7 62
10 56
15 50
35 35
65 25

105 15
155 9
195 4
245 0,1
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Puc. 9. Ipaduk 3aBUCUMOCTH OTHOIIEHHsI CUTHA/IIyM (3B) TPeX OCHOBHBIX LIBETOB OT ypPOBHsI IIOMEX
Fig. 9. Graph of the signal-to-noise ratio (dB) of the three primary colors on the level of interference

Ta6nuua 2. COOTHOLIEHHS YPOBHSI IOMEXH BU3YalbHOTO OT/IMYHs 1IBETOB Ha aKkpaHe (%)
Table 2. Ratios of the interference level of the visual difference of colors on the screen (%)

BenuuuHa nomexu Red Green Blue White Black
1 100 100 100 100 100
2 100 100 100 100 100
3 100 100 100 100 100
4 100 100 100 100 100
5 100 100 100 100 100
7 100 100 100 100 100
10 100 100 100 100 95
15 100 100 95 100 920
35 95 100 920 100 85
65 80 95 75 100 70
105 70 90 60 100 58
155 60 80 50 100 45
195 40 50 30 100 25
245 10 15 5 100 5
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Puc. 10. T'paduK 3aBUCHMOCTH PaslIMIMMOCTH LBETA HA 9KpaHe (/s CTaHAPTHOTO HA6II0AATeNsA) OT yPOBHS MOMEX
Fig. 10. Graph of the dependence of color visibility on the screen (for a standard observer) on the level of interference
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LOJIKHOM Mepe Croco6CTBOBATh Nepepade nHGopma-
uu. 17151 BceX MpefCTaBIeHHBIX [[BETOB IIyM IIPEBBI-
[IaeT WM PaBEH 3HAYEHUIO CUTHAIA.

3akinouyeHue

[IpuMeHssT yKa3aHHYIO BO BBefeHUH, GOPMYIy
(§=20LgU,/U,)), nna KaXxmoro ypoBHs MOMeXH U
KakK[IOU JTMHUY [[BETA GBUIM TMONyYeHbl TOYHBIE OaH-
Hble 06 oTHOWeHUK curHan/uym (1B). Ha ocHoBaHuu
9TUX HAHHBIX MOCTPOEHBbI I'padUKU 3aBUCUMOCTEN
OTHOILIEHUsI CUTHAN/IyM (1B) Tpex OCHOBHBIX LIBETOB
OT YPOBHsI IOMEX U PA3TUYMMOCTH 1IBETA HA SKpaHe
(DJ1st cTAHEAPTHOTO HAGITIOAATESA) OT YPOBHS [TOMeX [3].

[Tonp3ysich JAaHHBIMH, 3aHECEHHBIMHU B Tabnuiy 1,
nonaydyeH rpaduk 3aBUCUMOCTH [UIsl HATJISIAHOTO
npepcrasneHus (Ha puc. 9).

B pesynbpraTe paboThl ObUTa ONpefiesieHa CTENeHb
BIIMSIHUS TIOMEX Ha U306PaskeHUsi PA3HBIX [[BETOB IO
mopenu RGB. [TonyyeHHBbIe YUCIOBbIe 3HAUYEHUS CUT-
Han/iym (0B) mpy M3MeHEeHUH YPOBHS 9TOM MOMEXH,
a TaKXXe HEMOCPEeNCTBEHHBIM aHaIu3 CTAHLAPTHOIO
HabofaTeNs AT MOHSTh, YTO IS KaXI0ro IBETa
CYILECTBYET CBOE KPUTHYECKOE 3HAYEHHE YPOBHS 10-
mexu [4].

[Ipy UCHONB30BAHUM OAHHBIX, 3AHECEHHBIX B Ta-
6uLy 2, nonydeH rpadpuk 3aBucumMocTu Ha puc. 10.
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Determination of the effect of noise on the image using software

Danil L. Myasnikov, Leonid D. Lozhkin, Yulia V. Sokolova

Povolzhskiy State University of Telecommunications and Informatics
23, L. Tolstoy Street,
Samara, 443010, Russia

Abstract - In this paper, we study the influence of noise on images of different colors and determine the difference in the
level of these influences. Values characterizing the signal-to-noise ratio in decibels are obtained. The comparison of the values
obtained as a result of modeling with the values of mathematical calculations is made. The results of the work present the data
learned empirically. Thanks to the use of software, a unique structure that was achieved as a result of its own writing, it was
possible to carry out a number of simulations and obtain several groups of values. Computer colorimetry can rightly be called
digital colorimetry. This article is intended for senior students of universities, graduate students and professionals working in the
field of color reproduction, image processing, color measurements and other areas related to color perception.

Keywords - noise effects on images; primary screen colors; CIE colorimetric system; television image; colorimetric
reproduction; computer colorimetry; color locus; color distortions.
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