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B pabome paspabomana cucmema 00pabomxu uz00padicenutl, GKIOYAIOWAs pearu3ayuro ai2opummos
nosvluteHust kKauecmea na sisvike C++. I[lonbzoeamens Modicem npuMeHsms pasiuyHble Memoovl 00pabomxiu,
a makoice oyeHugamo pesynvmam ¢ nomowwto mempux NIQE u PIQE. Cucmema demoHcmpupyem blCOKYIO
aghpexmusHocmb U MOHCEm OblMb UCHOAB308AHA 8 3A0AYAX KOMALIOMEPHO20 3PEHUS U NOO2OMOBKY OAHHBIX
07151 MAWUHHO20 00YUeHUsl, 8 MeOuyuHe U Opyeux ob1acmsx, 20e Kauecmeo uzoopadcerus umeem pewaoujee
3HaueHue.
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This paper presents an image processing system with implemented quality enhancement algorithms in
C++. Users can apply various transformations and assess the results using NIQE and PIQE metrics. The

system demonstrates high efficiency and can be applied in computer vision tasks and in preparing datasets
for machine learning, medicine, and other fields where image quality is of critical importance.
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BsedeHue

CoBpeMeHHbIE TEXHOJOTHH OOPa0OTKH H300paKEHWH WIPalOT KIIOYEBYIO POJIb B CaMBIX DPa3HBIX
00J1aCTSAX HAYKH U TEXHUKH — OT MEIHIIHBI ¥ POOOTOTEXHHUKH JI0 CUCTEM BUICOHAOIIOACHHUS U aBTOHOMHBIX
TPaHCIIOPTHBIX cpefcTB. KadecTBO n300pakeHMs HANpsIMyIO BIHMSCT HAa TOYHOCTh aHANN3a, NPHHSATHE
pemieHHd W 3PPEKTHBHOCTh (YHKIMOHUPOBAHUS HWHTEIIIEKTYalbHBIX cucTeM. [losTomy paspaboTka
YHUBEPCATbHBIX, aJaNTHBHBIX W YAOOHBIX B HCIOJIB30BAHUU CHUCTEM OOpabOTKM M300paskeHUil ocTaércs
OJIHOH M3 IPHOPHUTETHBIX 33/1a4 B 00IACTH NPUKIIATHON HHGOPMATHKHI U KOMITBIOTEPHOTO 3PEHHS.

B pamkax maHHOW paOOThI CIPOSKTUPOBAHA U PEATU30BaHA MPOrpaMMHas CUCTeMa, NpeIHa3HAYCHHAS
sl o0pabOTKM W ynydiieHus HUQPPOBBIX H300pakeHHMd. B cocTaB cHCTeMBl BXOIAT CPEACTBA IS
MPUMEHEHHUST Pa3TIMYHBIX ANTOPUTMOB KOPPEKIMH, OICHKHM KauecTBa TMOJYYCHHBIX PE3yJIbTaTOB, a TAKKE
BU3yanu3auy n3MeHeHnid. OCHOBHOM aKIEHT CHIeNaH Ha peain3anuio 3()(GEKTHBHBIX METOJIOB MOBBIIICHUS
KOHTPACTHOCTH M aJaNTallii HM300paKCHHS IMOJ OCOOCHHOCTH YEJIOBEUYECKOrO BOCIPHUATHS, YTO JejIacT
CUCTEMY TIOJIC3HOM KaK JUIsl KCCIe0BaTeNeH, TaK U sl MPUKIIAJHBIX 33/1a4 MAITHHHOTO 00YYCHUSI.

1. Cmpykmypa npozpaMMHO20 KOMII/IeKca

Cucrema coctout u3 Tpé€x OmoxoB. IlepBrlii ONOK TpemHa3HaueH IS 3arpy3Kd H300paskeHUs,
COXpaHEHHUs pe3yibTara 00pabOTKM M OIICHKH KadecTBa M300pakeHus. BTopoli Onok mpeaHa3HaueH s
otobpaxkenus nHGopMauu 00 N300paKeHUHU: Ha3BaHUE M300pakKeHUs], ero pa3Mepsl U ajapec XpaHeHus. B
TpeTheM OJIOKE MpPE/ICTABICHBI ACHCTBUS M AITOPUTMBI 00paboTKK u3obpaxenus. [lomp3oBarenb BeIOMpacT
MOAXOISIIIMN aJrOPUTM WM MPeoOpa3oBaHKe, a 3aTeM HCIONb3yeT HHCTpyMeHT Apply, 4T00bI IPUMEHHUTH
X K u300pakeHuto. PesynbTaT 00paboTKH OoTOOpaxaercs Ha SkpaHe. C MOMOIIBI0 MHCTPyMEHTa Save
results mosip30BaTeNb COXpaHsIeT 00pabOTaHHOE H300paKEHHUE.

CrpyKTypa IporpaMMHOI0 KOMIUIEKCa MPeCTaBjIeHa Ha puc. 1.

® ' MainWindow -— X

: Name: *.png *xpm *.jpg
Load your image

Dimensions: W:0 H:0

Size:

B Adaptive gamma correction (C, G)
B Gamma correction (C, G)

. M Show histogram (C, G)
M Equalization (G)

M _Adantive imana anhancamant (0

B Save results ;
: Display the results
M Image quality assessment -

Puc. 1. Humepghetic cucmempl oyenxu kavecmea u 0opabomxu u300padicerus

Uuctpyment Image quality assessment OlEHKH KadecTBa H300paKeHUs] OTOOpaXKaeT OLEHKU KayecTBa
HUCXOMHOTO M 00pabOTaHHOTO W300paKEHHS, TONYYCHHBIC C WCIOJL30BAHUEM PA3UYHBIX METPHK.
ITonp30BaTeNi0 TaKKE TPETOCTABISACTCS OMpenaesicHHas uHpopMmaius o MeTpukax (puc. 2). B cucreme
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ucnonb3oBadbl MeTpuku NIQE (Naturalness Image Quality Evaluatore) u PIQE (Perception Based Image

Quality Evaluator).

5 Filelnf
7w Headers QFilelnfo f|

ui->name->s
n mainwindow.h 3
¢ ¢ Sources } :
¢= main.cpp
R - show histogram

8 Image quality assessment =

Name: ImmageEqualization1,jp¢

Load your image

Dimensions: W: 333 H: 499

Size: 47230 bytes

DESCRIPTION
NIQE (Natural Image Quality Evaluator) is 2 no-reference image
quality assessment metric that provides a numerical score to
evaluate the quality of 3 given image. The NIQE score represents

In general, a low NIQE score indicates that an image has good quality,
while 3 high NIQE score indicates that an image has poor quality.

the perceived quality of the image, with higher scores indicating better image quality.

Location:

C:/Users/START/YSU/Diploma :

% Adaptive gamma correction (C, G)

PIQE (Perception based Image Quality Evaluator ) is designed to mimic the
way humans perceive image quality, taking into account factors such as contrast,

for each of these factors. The scores are then combined into a final PIQE score,

better image quality, while lower scores indicate lower quality.

sharpness, and naturalness. PIQE works by analyzing an image and calculating scores

which represents the overall visual quality of the image. Higher PIQE scores indicate

B Gamma correction (C, G)
.00
B Show histogram (C, G)

M Equalization (G)

ptive gamma forimage
INIQE score of source image: 0.000302261
NIQE score of destination image: 0.0230449
PIQE score of source image: 6.35127¢+08

T B Adantive imane enhapcemant ()
W Save results
¥ Image quality assessment

Display the results

PIQE score of destination image: 1.70132e+09

Puc. 2. Image quality assessment

2. Peanusauusi anzopummos obpabomku usobpaxxeHuu

B pabGote Ha s3bike nmporpammupoBanus C++ peain3oBaH psiJi aITOPUTMOB 00pPaOOTKH M300paXKEHUM.
PesynpTaThl BHIMOMHEHNS aJITOPUTMOB TpeCcTaBleHbl Ha puc. 3 — 10.

2.1. ApantTnBHas ramma-koppekuusa (AGC)

AnantusHas ramma-koppekims (AGC) — 3 dhexkTHBHBINA METO/ MTOBBIIICHHUST KOHTPACTHOCTH IIH(POBBIX
n300paxkeHu# (puc. 3). OTOT METOL OCHOBAH HA CTATUCTUYECKUX XapaKTEPHCTUKAX IMHUKCeIeld n300paxeHus,
YTO TMO3BOJSECT 33/1aBaTh JIMHAMHUYECKHE IapaMeTpbl ISl JIOCTHIKEHHsI ONTUMAaJbHBIX DPE3yJbTaToOB
MOBBIIIIEHUS KOHTPACTHOCTH. BHauae anroputM aHanu3upyeT U300paKeHne, YTOObI ONPENIENIUTh €ro KIIAce
Ha OCHOBE CTATUCTUYECKHUX XapaKTEPUCTHK — CPEAHEr0 3HAYCHUS MTUKCENS U 3HAUCHHUS! TUCTICPCHH.

% Adaptive Gamma Correction For Image Enhancement - o x

Name: Gamma.png

Load your image
Dimensions: W: 508 H: 447

Size: 132777 bytes

Location: C:/Users/START/YSU/Diploma

} J & Adaptive gamma correction (C, G)

| B Gamma correction (C, G)
N\ ; |
1 B Show histogram (C, G)
W Equalizat
. | A4
: ?;Z;IL;E;;Y assessment DsiMhoesuls

Puc. 3. Aoanmuenwiii 2amma-memoo

Metox AGC amanTupyeT raMMa-xapakTepHCTHKY M300pa’keHHs K CTATHCTUYECKUM XapaKTePUCTHKaM
n300paXkeHrs. 3HAUCHHE TaMMBI H3MEHSIETCSI Ha OCHOBE CIIEAYIONIEH GOpMYIIBI:

I'=al,

rne I — BxogHoe wu3o0paxkeHue, I’ — BBIXOAHOC H300pakeHHE, a — MAaCIITaOHbBIH KO3()HIHEHT,
oTpeneNnsIeMblil [0 CTATUCTUYECKUM XapaKTePUCTHKaM H300pakeHHsl. 3HaueHHEe MapaMeTpa Y BBIYHCISIETCS
o popMmyiie
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_ log, I
log, I — log, o,

rme I ¥ O cpeiHee 3HAUeHHWE M CTaHAAPTHOE OTKJIOHEHHE 3HAYEHMIl THKcelel H300paXkeHuit
ompeneneHHoro kinacca. Koagduuuent a Berancnsercs mno popmyie

255
a = —
I
CpaBHI/ITeJ'IBHI:If/’I dHaJIU3 IIOKa3bIBACT, UYTO MCTO[ AGC OpeBOCXOAUT APYTruc MCETOIbI, obecreunBast
Jydillee yCUICHHE KOHTPACTHOCTH JAJSl Pa3luuHbIX THNOB n3o0paxkenuid. Meron AGC ummeer Oojbiioe
SHAYCHUEC JIA pas3INYHBIX HpHJ’IO)KCHPIﬁ, B TOM YMCJIC IJId aHaJIn3a U CUHTE3a CITYTHHKOBBIX I/I306pa)KCHI/II71,
OMOJIOrHYECKUX TKaHeﬁ, rac  YCWICHHE KOHTPACTHOCTHU HGO6XOI[I/IMO 4 TOYHOI'O aHajlu3a Hu
HUHTCPIPCTALIUHA. BreraucnurenpHas B(b(l)eKTI/IBHOCTL MCTOJa M C€ro HNpurogHOCTb JIA PAa3HbBIX TUIIOB
M300paKeHHUH AETAI0T eTo IEHHBIM MHCTPYMEHTOM ISl MCCIIE0BaTENEH.

2.2. FTamma-Koppekuus

'amMMa-KOppEeKLUsT — 93TO METOJ, HCIOJIb3YeMbIil Ui PETYIUPOBKH SIPKOCTH M KOHTPACTHOCTU
H306pa)KeHHI>'I 1 BUACO ITYTEM U3MCHCHHA COOTHOMICHUA MCKAY MHTCHCUBHOCTBIO 3HAYCHUS IMUKCEIIA U €ro
BOCIIPHHUMAEMOM IpKOCThI0. [lapameTrp Yy 0ObIYHO MpUHUMAET 3HaueHue u3 amanazona [1.0,2.5], koropoe
OIpe/ieNIsieT BENMYMHY KOPPEKIHHU, IPUMEHIeMO K n300paxxeH 0. boJipiioe 3HaueHne y IpUBOAUT K Oolee
SPKOMY, HHM3KOKOHTPAaCTHOMY H300paKEHHIO, TOrJa KaK MaJeHbKOE 3HAuCHHE ) CO3[aeT TeMHOE,
BBICOKOKOHTpacTHOE H300pakenue (puc. 4).

5 N . R Gamma = 2.500000 u] X

Load your image

2

-
B Save results
B Image quality assessme

Puc. 4. Pezynoemam pabomoel 2amma mMemooa npu pa3iuyHbix 3HAYEHUSAX Napamempa y
2.3. T'uctorpamma nsobpaxeHus
l'ucrorpamma u3o0pakeHHs — 3TO TpadUyecKoe IMPEICTaBICHUE paclpeieCHUss HHTEHCUBHOCTH

nuKcese n3oopaxenus (puc. S5), rae mo ocu X OTKIAIABIBAETCS YPOBEHb WHTCHCHUBHOCTH muKcens oT 0
(depHsbIit) 10 255 (6emnblit), a o ocH Y — 4acTOTa BCTPEYAEMOCTH TUKCEIISl JAHHOTO YPOBHS HHTEHCUBHOCTH.
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Original Histogram before equalization Original Cumulative Distribution Function

Input Image

Equalized histogram Equalized Cumulative Distribution Function

Puc. 5. l'ucmoepammnoe npedcmasnenue uzoopasicenus

Hcronp3yst THCTOrpaMMy, MOKHO TIOJNyYHTh MPEACTaBICHHE O SPKOCTH M KOHTPACTHOCTH
n300pakeHNs], a TaKKe O JUana3oHe AOCTYIMHBIX IBeTOB. Hampumep, ecnn n3o0pakeHHe II0X0 OCBEIIEHO,
Ooublas 4acTh 3HAUCHHWH THCTOTPaMMBI OylIeT COCpEelOTOYEHa B JIEBOM 4YacTH rpaduka, TOTAA Kak s
SPKOTO M300pakeHUsT uMeeT MecTo oOparHoe. Criia)knBaHHWE T'HCTOTPAMMBI — 3TO METOJ]], MCIIOIb3YyEeMBbIH
mpu 00paboTke W300paKeHUH M YIydIIeHWsT KOHTPACTHOCTH u300pakeHus. OH JeWCTByeT myTeM
nepepacnpeeicHusl 3HAUYeHHWH MUKceNneil B M300pakeHWH, 4TOObl OHH ObUIH OoJiee paBHOMEPHO
pacrpe/eNieHpl M0 JUana3oHy AOCTYMHBIX 3HaueHHH. DTO MOXKET OBbITh OCOOEHHO IMOJIE3HO B CHUTYaIMsIX,
KOT/1a M300paKeHNe UMEeT HU3KYI0 KOHTPACTHOCTB, YTO CKPBIBAET MHOT'O JeTaliedl Ha N300pakeHnH (puc.

6).

" | Equalization : grayscale image —_ o >

Puc. 6. Equalization darkened image

2.4. ApanTMBHOe ynyuJweHue nsobpaxeHus (AlE)

AJITOpUTM aanTHBHOTO yiydiieHus: nzoopaxenus (Adaptive Image Enhancement — AIE) ocHoBan Ha
METOAE€ KOPPEKLUUH LBETHOIO H300paKEHHsI C HCIOJIb30BAHUEM HEJIMHEWHBIX (YHKIMOHAJIBHBIX
npeobpazoBanuii. CHavyana ucxogHoe RGB-uzobpaxenue mpeodpasyeTcs B IBETOBOE mpocTpancTBo HSV ¢
ucnojp3oBanueM (ynkiuu [aycca. 3atem Ha ocHOBe 3akoHa BeOepa-®dexHepa cTpouTcs (QYHKIHSA
KOPpPEKIIMM U TONY4aroTCs [Ba H300paKeHHs IyTeM aJalTHBHOM HACTPOMKH mapaMeTpoB (YHKLIUHU
yiryuiieHus n3o0paxenus. opmynupyercs ctpaTerusi 00beAMHEHUS H300paKeHUH, KOTOpasi UCTIONB3YETCs
JUTSL MI3BJICUCHIS IeTajlei 3 IBYX n300paxeHuit (puc. 7).
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. ' Adaptive Image Enhancement - o X

Load your image

-
B Save results
B Image quality assessment

Puc. 7. Adaptive image enhancement

2.5. CoBmecTHOe BblpaBHUBaHue ructorpammoli (JHE)

Anroputm JHE (4 novel joint histogram equalization based image contrast enhancement)
(hoxycHupyeTcsi Ha WCIONB30BaHUN WHPOPMAINH O KaXKIOM THKCENe W ero cocedsx. MeTos HCIONb3yeT
HUCXOAHOE W300paKEHHEe H €ro YyCPEAHEHHOE W300pakeHWe W CTPOUT COBMECTHYIO THCTOTpaMMY.
3KCHepI/IMeHT IMOKa3bIBaCOT, YTO 3Ta mpouncaypa Aact JIydlinuc pe3yJbTaTbl, YCM CYHICCTBYIOUIWE
aITOPUTMBI TIOBEIIIIEHUST KOHTPacTHOCTH Ha ocHoBe HE (puc. 8).

B ‘l JHE - a X

. Name:
Load your image - :
Dimensions:
Size:

Location:

M Equalizatio
W Adaptive ir
M Split RGB ¢
| ™ JHE histog

B | uminance

- \
M Save results
M Image quality assessment

Displdy the re

Puc. 8. Pezynvmam pabomwr memooa JHE joint histogram equalization

2.6. MeTtop Retinex
TeopI/IH Retinex OCHOBAHAa Ha NPUHLOUIIAX 3PUTCIBHOIO BOCIIPUATHSA YCJIOBCKA U ABJISICTCA CIIC OAHUM

BaXHBIM METOJIOM yIydlieHus u3oOpaxkeHus. OHa paziaraeT n300pakeHHe Ha KOMIIOHEHTHI C TTOMOIIBIO
¢byHKIMK criaxuanus 1o ['ayccy (puc. 9).
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Puc. 9. Pezynomam Retinex-based memooa

Retinex-Based meron, MCmons3ys aganTanuio OCBEHICHHS, CITOCOOEH MOACTPOHMTh H300pa)KeHHE IO
SPKOCTHYIO UYyBCTBUTEJIHHOCTH UEIOBEUECKOTO IJiaza. JTOT METOJ COYeTaeT B cebe MHOroMaciiTaOHBIN
Retinex u aganTUBHYO raMMa-KOppeKino. MeTo/ cHadalia mpeobpa3yeT BXOIHOE H300paKEHHE B I[BETOBOE
mpoctpancTBo HSV, momydaer ciioit spKocTH ¢ MOMOIIBI0 afanTuBHOTO GmibTpa ['aycca Ha KaHalle SIPKOCTH
V, a 3arem ynanser 3¢ dexr sproctu (puc. 10).

%' Luminance adaptation - o X o

Name: OIP (3)jpg
Load your image
W:474 H: 474

Dimensions:

Size: 13612 bytes

Location: C:/Users/START/YSU/Diploma ~ *
oun o M

—rrovTnsTograiirpe oy
B Equalization (G)

W Adaptive image enhancement (C)
¥ Split RGB channels (C, G)

F B JHE histogram equalization (C, G)

¥ Luminance adaptation (C) <

— \
W Save results o
¥ Disply the results
M Image quality assessment P .

Puc. 10. Pezynomam evinonnenus Retinex-based memooa

3amMeTHUM, 9TO HEKOTOphIE aJTOPUTMBI pabOTAalOT HE TOJHKO C YEPHO-OEIBIMH, HO W C IBETHBIMHU
n300pakeHuIMU. ITa MHOOPMAIIUsA YKa3aHa PSJIOM ¢ Ha3BaHHUEM aJIrOPUTMA.

3. BoamoxxHocmu ripuMeHeHusi cucmemabl

PazpaboranHas crcTeMa MOXKET CITY>KUTh TIaTQOPMOU Kak Jisi aBTOHOMHOM 00pabOTKH H300paKeHHH,
Tak ¥ I MOATOTOBKM OOYYalONUX M TECTOBBIX JAHHBIX JUIS Pa3HBIX MOJENEH MAIlMHHOTO OOYYCHHS,
paboTaroimux ¢ u3obpaxkeHusMu. CodyeTaHHWE Pa3HBIX TEXHOJIOTMH B €IMHOM CHUCTEME MMEET OTPOMHBIM
MOTCHOMAI I HIMPOKOro CIICKTpa IMPUKIIAIHBIX 06JIaCTeI71, TaKHMX KaK MCAWIMUHa, pOGOTOTeXHI/IKa,
0e30MacHOCTh U HaOJIOJICHUE, KOMITbIOTepHOe 3peHre. COBMECTHOE HCIIONIB30BAHUE Pa3HBIX TEXHOJIOTHH
OTKPBIBACT MyTh JIJIS JATLHEHIIINX MCCIICAOBAHUN 1 Pa3paboTOK B 00JIACTH KOMITBIOTEPHBIX HAYK.
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3aknoyeHue

PaspabotanHas cuctema 00pabOTKH M300pakeHnit oobeanHseT 3 PeKTUBHBIC ATOPUTMBI OBBIIICHHUS
KadecTBa M YAOOHBIH TOJB30BaTENbCKUH WHTEpdeiic. Peann3oBaHHbIE METOABI, TaKWE KakK aJalTHBHAs
raMMa-Koppekiusi, Retinex u criiaxuBaHue ruCTOrpaMMBbl, O3BOJISIIOT YIIy4IIaTh H300paKeHUs pa3IMIHOTO
THNA U clokHOCTH. CHcTeMa IEeMOHCTPUPYET BBICOKYIO YHHBEPCAJIBLHOCTh U MOXKET OBITH UCIOJIb30BaHA B
TaKUX KPUTUYECKH BaKHBIX 00JACTAX, KaK MEIHWIMHA, MAIlMHHOE OOy4YeHHWE W CUCTEMBbl HaOJIOJCHUSI.
PaboTa oTKpBIBaET BO3MOKHOCTH AJIs AAbHEHILETro pa3BUTHS M HHTETPALUH HOBBIX aJITOPUTMOB 00pabOoTKH
M300paKCHUI W TEXHOJIOTHH aHaIHM3a KadecTRa.
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