ISSN 1561-5359. llItyuHwuii inTesekt, 2017, Ne 1

VIIK 004

B.B. I'puyux*?

'Teproninbehkuil HallioHANbHK TeXHiunuit yHiBepcuTeT im. 1. ITymros, Ykpaina
ByIL. Pycpka, 56, M. TepHomins, 46001

’HauionansHuii yHiBepcuteT «JIpBiBCHKa MOMiTeXHIKay, YikpaiHa

Bya. C. bannepu, 12, m. JIbBiB, 79000

OCHOBHI OIIHKH AKOCTI 30bPAKEHHS, AKI
CbOI'OJHI BUKOPUCTOBYIOTHCHA ITPU PO3B’S13YBAHHI
MNPOBJIEMU ABTOMATUYHOI OBPOBKU OBPA3IB

V.Hrytsyk!?

Ternopil Ivan Pului National Technical University, Ukraine
56, Rus'ka Str., Ternopil, 46001

2Lviv Polytechnic National University, Ukraine

12, S. Bandery Str., Lviv, 79000

BASIC IMAGE QUALITY ESTIMATES METHODS ARE USED TODAY
TO SOLVE THE PROBLEM OF AUTOMATIC IMAGE PROCESSING

Y uiif poGOTI NOpPIBHSHO METONU OLIHKH SIKOCTI 300pakeHb. Y poOOTi BHOpPaHO OCHOBHI
iHpopMaNiliHi mapameTpu, SKi BAKOPUCTOBYIOTHCS JJIsi CTBOPEHHS Mip OLIHKHU SIKOCTi 300paKeHb.

Karwu4oBi cjioBa: cydacHi METOIM OIPAIFOBAHHS OI[IHKH 300paKeHb.

The basic methods of evaluating image quality are showed. Basic parameters are established measures
for evaluating the quality of images.

Keywords: modern methods of image quality evaluation.

Beryn

[HTErpalLlist CHCTEM IITYYHOTO 1HTEJICKTY MPAKTHYHO B YCI Tally3i BUMarae CTBOPCHHS
1 BIIOCKOHAJICHHS CHCTeM 00’ €KTHUBHOI OLIHKH 1 caMOOIiHKUA. OCOONMBO 1€ CTOCYEThCS
ABTOMAaTU30BaHUX CHCTEM pO3Ii3HaBaHHs Ta kiacudikarii [4-9].

BBenemMo 115 IbOTO BU3HAUEHHSI.

Skicte inpopmarnii (Information/Data quality) — cykymHicTe BIacTHBOCTEH, IO
BiT0OOpakaloTh CTYIMiHb MPUIATHOCTI KOHKPETHOI iHdopMallii abo JaHuX Tpo 00 €KTH i
iXHIi B3a€MO3B’ 30K ISl TIOCATHEHHS I1JI€H, 1110 CTOATH Mepe]] KOPUCTYBAuEM.

CriBBIIHOIIEHHS CHUTHAJ/IIYyM TOBOPUTH MpPO SAKICTh BHXIAHOTO BiJEOCUTHAIY
kaMmepH cnocrepeskeHHs. CriBBigHomeHHs curtan/myMm (CCHI a6o BCILI, anrn. SNR abo
SIN, Signal-to-noise ratio) — wipa, 110 3aCTOCOBYETHCS B Haylli Ta iHXKCHepii st
BHU3HAUEHHS TOTO, HACKUIBKM CHUJIBHO CHUTHANl CIOTBOPEHUN ITyMOoM. Bu3HadaeTbes sk
BITHOILIEHHSI IOTY)XKHOCTI KOPHCHOTO CHUTHally JI0 TOTY)XHOCTI 1ymy. ToOrto,
CHIBBIIHOIICHHS CHUTHAI/IIYM BU3HAYAEThCS SK BIJHOLIECHHS TMOTYXXHOCTI CHUTHAIY
(3HaunMoi 1H(popMallii) 10 NOTYKHOCTI (POHOBOTO 1IyMYy (HEOaX)aHOT'O CUTHATTY).

S N R _ Psignal
noise
ne P — cepenns motyxHicTb. CUrHa i mrym, oOuBa, HTOBUHHI OyTH BUMIPSIHI y Tii ke,
a00 eKBIBAJICHTHIM, TOYIIl B CUCTEMI, B MEXKaX OZHI€T 1 TI€T K CMYTH MIPOMYCKAHHS CUCTEMH.
SNR, Takox, Moxe OyTH 00YMCICHUN K KBapaT BiIHOILEHHS aMILTITYL:
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2
SNR = JPsigma.l . flsignal

P noise *'1n1:rise !

1e A — cepeTHbOKBaIpaTUYHE 3HAUCHHS amInTiTyu (aHrt. RMS — root mean square).

B 06po61i 300paxkens SNR, 3a3Bu4aif, po3paxoByeThCA SIK BIHOIICHHS CEPEIHBOTIO
3HAYCHHsI MKCEeNIs A0 CTAaHJAPTHOTO BiAXUJICHHS 3HAYCHb CYCIHIX TIKCEIB.

SIKII0 XapakTepUCTUKHU IIIyMY € BIJOMHMH 1 BIIPI3HSIOTHCS Bl CUTHATY, TOJI IEH IITyM
MOXKJTUBO BiIpUTETPYBaTH 200 00pOOUTH CUTHAIL. SIKIIIO CUTHAN € TIOCTIHHNM a00 MepioINIHIM, a
IITyM BUTIAJIKOBUM, MOKITBO 30UTHIIIMTH SNR, IPOBIBIIN ycepeTHEHHS BUMIPIOBAHHSI.

Metorw pobotu € 00’eaHaHHs (y3araJbHEHHS) AOCTIIKeHb [1,2] METOMIB OIlIHKH
300paKeHHS Uil TA0OPY ONTUMAJBbHOTO KPHUTEPIFO OIIHKK  300pa)KeHHS IS
ABTOMATH30BAHUX CHUCTEM Bi3yaJIbHOTO PO3Ii3HABAHHSI.

TeopeTnyna yacTuHa

IIpu CTBOpEHHI CHCTEM aBTOMATHYHOI'O PO3ITi3HABaHHS, BIAMOBIMHOI Kiacudikarii
yi ifeHTU(IKalil MU HE MOXXEMO MOKIaJaTUCS Ha MEeBHI Cy0’€KTHBHI OILIIHKH SKOCTI
300pakeHHs, HEOOXimHO 3AiCHUTH 00’€KTHBHY OIiHKY. Hexaii iHTEHCHBHICTB
so6paxenns T (X,Y) mpexncrasnena ma perentopHoMy modi MXN y BUMIAMI MiKcediB.

Posrnsnemo ¢yHkIrio fo (X, y) , o mpecTanisie nudpose 300pakeHHs Oro 00pa3y y

BUIJIAJII TIEPETBOPEHHS YU nepenadi oOpa3y. Hukde HaBeeHO OIS MiIXO/iB 0 OLIHKH
SIKOCT1 300paKCHHSI.

PosrnsinemMo KisbKa MeTo/1iB 00’ €KTUBHHX OILIIHOK MipH SIKOCTI 00pOOKH 300paskeHHs
y MePETBOPEHHSX alpOKCUMAIIi] Ta nepenadi AJaHux 300paxkenHs [1,2]:

1. Cepenne 3Ha4eHHS MIEPETBOPEHHS 300pasKEHHS:

S E(xy) = fo(x, Y)]

_ x=1ly=l
H mon
2. CTpyKTYpHHHN TiAXIA:

m n
I LCH)IG
x=1y=1

H2 == yn
> Y lfox NP
x=1y=1

3. B3aemHa kopernsitisi, HopMaizoBaHa Kpoc-kopersiitist (normalized cross-correlation):

S y)- fo(x,y)]

x=1ly=1
> Y[ty

x=1ly=1
4. SIxicte xopensii (correlation quality):

H3 =
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> S [F(xy) - fo(x, )]
x=1ly=1
My = p—
> 2 [f(xy)]
x=1ly=1

5. Makcumanpae 3HaueHHs (maximum difference) mikoBoro momuikow (peak
absolute error(PAC)):

s = Max{| f (x,y) - fo(x, y)}

6. [IpaBunbsHe 300pakeHHs (image fidelity):

S S y) - folx )]

x=1ly=1

ii[f(x, W§

x=1y=1

tg =1-

7. JlanmaciitHa cepenHs kBaaparHa momuiika (Laplacian mean square error):

3 S [0{f (x, y)} - Offo (x, )2

_ x=ly=1

H7 = mon
3 S [off (x, y)3?

x=1ly=1
e O{f(x, y)}=Ff(x+Ly)+ f(x=Ly)+ f(x,y+D)+ f(X,y=-D)-9(f(x,y))
8. CepenHboKBapaTHYHA TOMIJIKA (mean square error):

2

1 mWon
pg=——2 2 [f(xy)-folxy)]
m-NySy=
9. CepennboKBapaTHyUHA MMIKOBA MOMMUIIKA (peak mean square error):

m n 5
SN y) - fo(x, y)]

_ 1 x=ly=1
m-n max{ f(x, )3

10. 3Buuaiina, mnpsma (Oe3yMOBHa), HOpMaji30oBaHa aOCOJIIOTHA IOMHIIKA
(normalized absolute error):

Hg

m n
22 f ey = fo(xy)|
x=1y=1
Hi0 = m n
2. 2T y)
x=1y=1
11. CepennbokBagpaTuyHa HOpMasi3oBaHa moMuika (normalized mean square error):
m n 2
1= > [Fxy) = fo(x,y)]
x=1ly=1
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12. Hopma L, (Norma L,):

m n p y
o =L =D |f(xy) - foxy) ¥ P, p=123,..

x=1ly=1
13. 3Baxkena Bijnans (weighted distance):

= (gwi (Xi - b.)z)%

Ae X, - 1ie 3Hau€HHsI i-TO 3aMipIOBAaHH ULl KOHKPETHUX JaHUX (3HaYeHH: 1-1 KapTUHKK);

bi - BIIMIOBITHE 3HAYCHHS €TAIOHY (3HAYCHHS 2-1 KAPTUHKH);

W, - 3HAYEHHs Baru, 010 JIOJAE€ThCA JI0 1-T0 BUMIPY NPU JOTPMMaHHI YMOB:

n
O<w, <k ra Yk
i=1l
14. BigHormenns curHai/3aBaza (signal to noise ratio):

i i[f x )

x=1ly=1

m
3 S f(xy) - fox N

x=1y=1

14 =10log 19

15. TlikoBe BiIHOIIICHHSI CUTHAJI/3aBajia (peak signal to noise ratio)

ZZ[ {f o y)IF
s =10log g mX iy =

Z Z[f (X! y) - fO(X! Y)]2
x=1y=1
[MpuMiTKa: KOIH MiKCeNi MarTh po3psiaHicTh 8 6it, MAXi=255 [3].

16. Tugekc crpykrypHoi cxoxocTi (SSIM — structure similarity).
Mipa cxo0xocCTi

obuncmoeTbess Mk gsoma BikHamu posmipom N x N 3a
HACTYITHOIO ()OPMYJIOH0!

2phpfly + €1 (205, + ¢
SSIM(:::_,y):( g ;’ 1)(2 L 5 2)
M2+ p2 +c1)(02 + 02 + )

Ie, ule) CcepelHe 3HAUEHHS JUIS MEePIIOl KAapTUHKH;

uly)

— CepeaHE 3HAYCHHS JUTA IPYTol;
olx) _ CepeIHbOKBAPATUYHE BIIXUIICHHS JUISl IEPIIOT KAPTUHKH;

ETD'] — CCPCAHBbOKBAAPATUIHC BiI[XI/IJIeHHH 151 prTOI KapTHUHKH,
U'{l'._"r'] = _I[I[Zl'._‘r'] - _{I[:L] * _{i(_"r'] ] — KOBapiaui;{;

C, = (le)z C, = (kz L)2

© B.B. I'punuk 11



ISSN 1561-5359. llItyuHwuii inTesekt, 2017, Ne 1

k1 =0,01 1 k2 =0,03 — koHcTanTH, L — nuHAMiYHMI JIiarma30H IiKCeiB (3a3BHYai
2(6iT Ha niKcenb)_l)
OcoOJMBICTIO € Te, IO PE3YIbTAT 3aBXK/IU JSKHUTh y MPOMIKKY Bix -1 10 1, mpudomy
npu Horo 3HaueHHi, piBHOMY 1, 03Hauae, 1110 MM MAa€EMO 1B OJTHAKOB1 KAPTHHKH.
Anroput™m SSIM BuMmiproe sckpaBicTb I(X,y), KOHTpACT c(X,Y), CTPYKTYpPY s(X,Y)

TECTOBOTO Y 300pa)XCHHsI BiJIIOBIHO IO €TAJIOHHOTO 300paKeHHsI X, BHKOPHCTOBYIOYH
HACTYIHI BUPa3H.

BaxmBuM GakTOpoM € HE3aIeKHICTh YCIX TPbOX KOMIIOHEHTIB, HAIIPHKIIAJ, 3MiHA
SICKPABOCTI 1/a00 KOHTPACTy HE BIUIMBAE HA CTPYKTYPY 300pasKeHHSI.

BucHoBok

Y po6OTi JOCIIIKEHO OCHOBHI METO/IN JUTS OLIIHKH SIKOCTI BiJI€O.

3acTocyBaHHS aBTOMATH30BaHOI OIIHKK 00pasy, IO HAJXOIUTh Ha aHAJI3 y CUCTEMY
po3mi3HaBaHHSA Ta iAeHTH(]IKAIll, JO3BOJIHUTH peaTi3yBaTh THYYKHH MiAXiA 10 MIoopy
Koe(illieHTiB (YMHHUKIB BIUIMBY) TIpM BHOOpI TOXHMOKM 1 JOMYCKIB B alrOpUTMi
posmizHaBanHs. Lle 3po0uTh KOMIT FOTepHHIA 3ip OUTBIIT aJaITHBHIM JI0 30BHIIIIHHOTO BIUIHBY.

Ocob6a1BO BXXIIMBOIO 1151 OLIIHKA € JUIs po0sieMu po3mnizHaBaHHs [4-7] Ta kinacudikarii
[10], ockiibKy, 3aJIEKHO BiJl PO3IMI3HAHOTO CHUCTEMOIO KOHTYPY 00’€KTy — pOOOT OTpHMYyeE
pi3Hi 00pa3u Ha Kinacudikaropi abo cucremi Bepudikariii. [Hii 3acrocysannst [11-17].
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RESUME

V.V. Hrytsyk

Basic image quality estimates methods are used today to solve the problem of
automatic image processing

Our society needs to systems for objective assessment and self-evaluation were
integrated into practically all industries requiring the creation and improvement today. This
is especially true for automated recognition and classification systems in visual specter.
Therefore, the purpose of the work is to unite (synthesize) part of the author's research on
the methods of estimating of images for the selection of the optimal criterion.

The problem of separating the signal-to-noise ratio is actual, because quality of the
video signal of the surveillance camera it is basic for success result of image processing.
Signal-to-noise ratio is a measure used in science and engineering to determine how much
the signal is distorted by noise. This relationship is determined as the ratio of the power of
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the useful signal to the power of noise. That is, the signal / noise ratio is defined as the
ratio of the power of the signal (meaningful information) to the power of the background
noise (unwanted signal). A particularly difficult problem is the separation of values of the
useful signal and the values of interference in case of overlap.

The research was shown in the paper taking into account the current trends of data
volume increase, which represent large video data and real-time data processing.

Author studied the next most popular methods for evaluating video quality:
estimating the ratio of amplitudes; average image conversion; structural approach; mutual
correlation, normalized cross-correlation (normalized cross-correlation); correlation
quality; maximum difference (peak error) (peak absolute error (PAC)); correct image
(image fidelity); Laplacian mean square error; mean square error; peak average square
error; normal, direct (unconditional) normalized absolute error (normalized absolute error);
weighted distance; signal to noise ratio; peak signal to noise ratio; index of structural
similarity (SSIM).

If estimation of the image is automated, the analysis methods in the system of recognition
and identification, will allow to implement a flexible approach to the selection of coefficients
(factors of influence) during machine choosing the error and tolerances in the recognition
algorithm. This will make the computer vision more adaptive to external influences.

Haoitiwna oo peoaxyii 18.10.2016
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