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KNACUPUKALIUA HA KALLKABAI B
NEPNOA HA CbXPAHEHUE YPE3
HENMWHEEH OUCKPUMUWHAHTEH
AHAJIN3 U UBETOBU NMPU3HALIU

Mupocnas [lumyeB Bacunes

B poknapga ca
Knacudgukauma Ha 0BEeKTHU
obnacty Ha KawkaBan B Nepuoa  Ha
CbXpaHeHwue. M3nonssaHu ca LBETOBM
npusHauu ot yeTupu uBetoBu Mogena (RGB,
HSV, Lab, XYZ) 3a pasgensHe Ha obnactu c
Kalwkasan W nreceH B onpegeneH JeH u
OTAenHUTe OHW Ha CbXpaHeHneTo. M3nonasaH e

Pe3rome:
pesyntatm oOT

npeacTaBeHu

OUCKPUMWHAHTEH aHanu3 C YeTUpU HENUHENHM
pasgensiwm dYHKLUMM (KBagpaTuuHa,
OuaroHarnHa-kBagpatnyHa W pascTosiHue Ha
MaxanaHobuc). ToyHoCcTTa Ha knacudukaums e
B pamkute Ha 48-95% B 3aBUCMMOCT OT
n3nona3saHuTe LiIBETOBU KOMMOHEHTN n

pasgensiwa dyHKUMS.

Kmo4yoeu Oymu:. Kawkasan, LiBetosu
npusHaum, HenvHeeH AMCKPUMUHAHTEH aHanu3

1.YBon

Bbnrapckuar kawwkaesan e TpaguuMOHEH
3a HawaTa cTpaHa M uMa HEenoBTOPUMMU
BKYCOBW KadecTBa. Ton € euH OT OCHOBHUTE
MIEYHM NPOAYKTU KOHCYMUPaHu oT
HaceneHueTo, Hapeg C KUCENOTO MIISIKO,
BAN0TO cCanamypeHoO CUpPEHE U KaKTO THAX ce
M3Mnon3Ba 3a AMPEKTHa KOHCymauus, Taka u
npwv N3roTBSHETO Ha pa3Hoobpa3sHu
KYNMHApHW U34enusi, B NOBEYETO OT KOUTO He
ce noanara Ha JONbJfHUTENHA TEPMUYHA UK
apyra, obesBpexgalwia MUKPOOpraHu3amMmuTe
obpaboTka [4].

Mopagn cneundpmyHata cu CTpyKTypa U
XUMUYEH CbCTaB KalKaBanbT e
GnaronpusaTHa cpega 3a pas3BuTME  Ha
MUKpoOpraHnamn. BTopunyHn 3ambpcaBaHus

ANALYSIS AND COLOR
FEATURES
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Abstract: The report presents the
results of classification of objects areas
of yellow cheese in storage period. Color
features of four color model (RGB, HSV,
Lab, XYZ) are used for the separation of
areas with yellow cheese mold and on
different days of storage. Discriminant
analysis is used with four nonlinear

separating functions (quadratic,
diagonal-quadratic and Mahalanobis
distance). The accuracy of the
classification is within 48-95%,
depending on the used color
components.
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1. Introduction

Bulgarian  yellow cheese s

traditional for our country and has a
unique taste. It is one of the main
dairy products consumed by the
population, along with yoghurt, white
cheese and as they are used for
direct consumption, and in the
preparation of various culinary
products, most of which are not
subjected to additional heat or other
microorganism decontamination
treatment [4].

Because of its specific structure and
chemical composition the yellow
cheese is conducive environment for
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MoraT fga HacTbnat npu pobmeB  Ha
CypoBMHATa W Ha pas3nu4HM eTanu oT
NPOM3BOACTBOTO N CbXPaHEHUETO My.

LiBeTbT e nokasaten, 4ecto W3Mori3BaH
NPy OUEHKaTa Ha KayeCTBOTO Ha MIIeYHU
NPOAYKTM WM B YaCTHOCT Ha KallkasBan B
nepuog Ha cCbxpaHenue [2,3,4,9,10,11,12].
M3mepBaHeTO My MOXe [a Ce M3BbpLKN C
KOnopuMeTbp, kamepa. [Mpu HAKoM no-HOBWU
n3cnegsaHus ce npunarat n
AOMbITHUTENHUTE yCTpOWNCTBa KbM
MHTEpPaKTMBHA CUCTemMa 3a npeseHTauus,
KaKBUTO Ca [OKYMEHT KamMepuTe OT BUCOK
Knac, Tbi KaTo MO TEXHUYECKN BBb3MOXHOCTU
Te ce pobnwxkaBaT [0 uMHAYCTpUanHuTe
Buaeokamepu [1,5,6,7,8].

Ha cbBpeMeHHOTO HMBO Ha pasBuUTUE Ha
HaykaTa MU TexHuKaTta ce TbpCAT MeToau 3a
Knacudmkaums, KOUTo 13nonssaT OMpPOCTEHU
N3YNCNUTENHN MNpoLueaypu, KOMTO MmoraT Aa
6baat mM3non3BaHM B TEXHUYECKM CpencTea
NOCTaBAHN OMPEKTHO Ha MpPOM3BOACTBEHaTa
nnHusa [4,10].

B ronama 4yact OT  M3BECTHUTE
nitepaTypHM  U3TOYHWUM  Ce  U3nosn3ear
Knacudgukatopy C JIMHEMHUM  pasgenswm
dyHKUMK, KaTo JIMHEEeH ANCKPUMUHAHTEH

aHanu3, KbpHb BapuaHT Ha MeToga Ha
onopHute Bektopu [3,4]. lMpu un3bopa Ha
KnacuukaTtop OCHOBHUTE KPUTEPUWU, KOUTO
ce cvbnogasaTt ca NPWNOXMMOCT,
e(EeKTMBHOCT M BpemMe 3a Kracudukaums,
Npy OOCTaTbYyHO BMCOKA TOYHOCT M MO-Marsnka
rpeLuka Ha knacudukaums.

YecTo npunaraH meTop 3a knacudukaumns
€ OUCKPUMWHAHTHUSA aHanua, u13nonssaLy,
nuHenHa pasgenswa QyHkums. Manko ca
nscnegsaHuaTa no n3nonssaHe Ha
HENMUHENHN  pasgendawm  yHKuMn  npu
NPUIIOXEHME Ha OUCKPUMMUHAHTEH aHanv3 3a
knacudpmkaums [1,10,12].

Llenta Ha HacTtoswma goknag € ga ce
n3cnegsa Bb3MOXHOCTTA 3a NPUNOXeHne Ha
ONCKPUMUHAHTEH aHanms, N3non3Bsalty
HEeNMUHENHN  pasgendawm  yHKuMn  npum

development of microorganisms.
Secondary contamination can occur
in the extraction of raw materials and
in different stages of production and
storage.

The color is an indicator often used
in assessing the quality of dairy
products, particularly yellow cheese
in storage period [2,3,4,9,11,12]. Its
measurement can be performed with
a colorimeter, a video camera. In
some more recent studies are applied
the additional devices to the
interactive  presentation  systems,
such as high-end document cameras
because its technical capabilities are
close to industrial video cameras
[1,5,6,7,8].

In contemporary level of
development of science and
technology are sought classification
methods using simplified
computational procedures that can be
used in technical devices placed
directly on the production line [4,10].

In most popular literary sources
classifiers are wused with linear
separating functions such as linear
discriminant analysis, kernel variant
of the method of support vector
machines [3,4]. In choosing the
classifier main criteria to be observed
are applicability, efficiency and time
of classification at sufficiently high

accuracy and less error of
classification. Frequently used
method for classification is the

discriminant analysis that use linear
separating function. Few are the
studies on the use of nonlinear
separating functions in application of
discriminant analysis for classification
[1,10,12].

The aim of this report is to examine
the possibility of application of
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KJ'IaCI/ICbVIKaLI,VIFI Ha KallkaBaJjl B nepuoa Ha
CbXpaHeHne no UuBeToBU NpmM3HaLn.

2. MaTtepuan n metoau

NscnegeaHo e N3MEHeHMEeTO Ha
NOBBPXHOCTHUTE XapaKTepuCTUKN Ha
KalwkaBan B Mepuog Ha CbXpaHeHue B
yCroBUsi He CbOTBETCTBAWM Ha Tesw,
noco4eHu oT npoussoauTens. IamepsaHudata
ca nNpoBefeHn npu ctarMHa Temnepartypa 20-
22°C n oTHOCWTeNnHa BMaXHOCT Ha Bb3dyxa
RH=50-52%. W3nonssaH e Kallkasarn,
npounsBedeH Mo TexXHU4YecKka [LOKYMeHTauud
Ha npousBoguTen oT rpag CmonsH,
Bunrapus. lMonydeHn ca uBeTHUM UNPPOBU
n3obpaxkeHmss Ha obnactu C Kawkaean W
nneceH B Nepuvog Ha CbXpaHeHWe OT LuecCT
OHW.

Ha cmrypa 1 e npeacraseH B 06wy Bug
n3crnegBaHUs KallkaBasn M M3MEHEHMETO Ha
NOBLPXHOCTHUTE MY  XapaKTepuUCTUKN B
nepuvoga Ha cbxpaHeHue. Habniopgasat ce
obnacTtuTe ¢ nneceH, NosBUIIM Ce B HA4aroTo
Ha geH 3.

Jen 1/ Day 1 OeH 3/ Dy 3

discriminant analysis using nonlinear
separating functions in the
classification of yellow cheese in
storage period by color features.

2. Material and methods

Studied the change of surface
characteristics of yellow cheese in
storage period in conditions not
corresponding to those specified by
the manufacturer. Measurements
were carried out at room temperature
20-22°C and a relative humidity RH =
50-52%.

Used is yellow cheese produced of
technical documentation of
manufacturer of Smolyan, Bulgaria.

Color digital images have been
obtained of areas with yellow cheese
and mold in storage period of 6 days.

Figure 1 outlining the studied
yellow cheese and amendment of the
surface characteristics in the period
of storage. There are areas with mold
that appeared at the beginning of Day

[eH 6/ Day

®ur.1. KawkaBan B nepmoa Ha cbxpaHeHue/ Fig.1.Yellow cheese in storage period

3a obpaboTka Ha nonydYeHnTe AaHHWM ca
n3non3eaHn cpeacrteata Ha Matlab Statistic
ToolBox n Data Analysis ToolPack Ha MS
Excel.

3a knacudmkauma Ha nosnyyeHuTe OaHHU
3a obnactm C KawkaBan W NfeceH e
N3non3eaH ANCKPMMMHAHTEH KnacudmkaTop ¢
TPU HEenVHenHU pasgendawm  QyHKUMn —
KBagpatuyHa, [QuaroHanHo-kBagpatuyHa W

pasctosHne Ha MaxanaHobuc. Cnopen
onpegeneHu XapaKkTepucTuKn Ha
obsicHABaLLmMTE NMPOMEHNNBM, npu

m3non3eaHnAa AOUCKPUMUHAHTEH aHanmM3 ce

For processing the data obtained
are used means of Matlab Statistic
ToolBox and Data Analysis ToolPack
of MS Excel.

The classification of data obtained
on areas with yellow cheese and
mold was used discriminant classifier
with  three nonlinear separating
functions - Quadratic, Diagonal-
guadratic, and Mahalanobis distance.
According to certain characteristics of
explaining variables, using
discriminant analysis to seek the best
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Tbpcu Han-gobparta HenMHenHa KomMObuHaums
3a ga knacuduumpa msydaBaHuTe obekTn B
ABE WnM rnoBeye rpynu npu onTuManHa
akypaTHOCT. 3a fa € npeumseH KpanHus
pesynTaTt, NpoMeHnMBuTe cnegsa ga 6vaat
He3aBMCUMKM N HOPMarHo pasnpeaenexu [4].

Bb3amMoXXHOCTTa 32 pasgensiHe  Ha
o6ekTHUTE 0OBnacTn C KawkaBan W nneceH
nocpeacTBOM  AMCKPUMWHAHTEH aHanuM3 W
TPUTE M3NOM3BaHW pasgensawm PyHKUUN e Ha
6asa obLwa rpewka oT knacudpukauma [12],
onncBaHa C YpaBHEHNETO:

o= L O v — vie)
DXL XA

KbOeTo Yk € Opon npobwm oT knac i,
KnacudouumpaHu ot knacudomkaropa B knac k;
yi — Bpor NpaBunHO pasno3HaTtn npobu; k =
1...n — 6pon HenpaBWUNHO OTHECEHM B OafeH
Knac i cnpsimo oowmaT 6pon npodu; n — Gpon
Knacose.

.100,%

3. PeaynTtatu n guckycus

B n3cnegBaHeTo ca M3Non3BaHu
CTOMHOCTUTE 3a 12 UBETOBW KOMIMOHEHTU OT
N3non3saHnTe YeTMpu LBEToBM Mogena. 3a
MbpBKW, TPETW, YETBBbPTU WU LWEeCTU AeH OT
CbXpaHeHNeTo e onpegeneHa oblia rpeLuka
Ha Knacudukaumsa Ypes nsnonssaHe Ha TpuTe
pasgensawm yHKUMM Ha AUCKPUMWHAHTHUSA
Knacudwmkartop. CobliaTta rpeLuka e
onpeferneHa  3a pasgenumocTTa Ha
He3apaseHu obracTn C Kallkasasn U TakuBea,
3apaseHu C nreceH Mexagy oTaenHuTe aHu Ha
CbXpaHeHue.

Ha courypa 2 e npefncraseH npumep 3a
pasgenumocTTa Ha AaHHUTe ypes
n3nons3saHe Ha pascTtosiHue Ha MaxanaHobuc
3a nneceH W HesapaseHW obnactn mexay
aHnte 1-6 no S (HSV) u a (Lab) usetoBu
KOMMOHEHTW. Mpw nsnons3saHe Ha
MOCOYEHUTE  LUBETOBM  KOMMOHEHTU  Cce
Habnogasa obuwa rpellka oT Knacudukaums
B pamkute Ha 4-5%.

non-linear combination to classify the
studied objects in two or more groups
at the optimum accuracy. To be
precise the outcome variables should
be independent and normally
distributed [4].

The ability of separation of object
areas with yellow cheese and mold
using discriminant analysis used
three separating functions is based
on the common error of classification
[12] described by the equation:

(1)

where yi is a number of samples
of class i, classified by the
classification in class k; yi - number
of correctly identified samples; k=1...n
- number of incorrectly classified as a
class i to the total number of samples;
n — number of classes.

3. Results and discussion

Color values of 12 components are
used in the study from four color
models.

For the first, third, fourth and sixth
day of storage is calculated a
common error of classification using
the three separating functions for
discriminant classifier. The same
error was determined for separability
of uninfected areas with yellow
cheese and those infected with mold
between days of storage.

Figure 2 is an example of
separability data using Mahalanobis
distance for mold and uninfected
areas between days 1-6 by S (HSV)
and a (Lab) color components. Using
those color components is observed
common error of the classification
within 4-5%.
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a) O6nactu ¢ Kawkasan-Kawkasan, JeH 1-6
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a) Areas with Yellow Cheese-Yellow Cheese,

Day 1-6 by S (HSV) color component, €=4%

6) Obnactu ¢ Kawkasan-NneceH, feH 1-6 no a

b) Areas with Yellow Cheese-Mold, Day 1-6 by a

(Lab) uBeToBa kOMMoOHeHTa, €=5%

(Lab) color component, €=5%

®ur.2. Mpumepu 3a pa3gensaHe Ha 06eKTHUTe ob6nacTy No LBEeTOBU NPU3HaUu
Fig.2. Examples for the separation of object areas by color features

Ha curypa 3 e npencraseH npumep 3a
pasgenMmocTTa Ha OaHHUTE ypes
n3non3eaHe Ha pa3ctosiHne Ha MaxanaHobuc
3a NneceH M HesapaseHu 0bnacTn u mexay
PEMMOHN C TMfeCeH Mo pasCTosHME Ha
MaxanaHobuc B eguH OeH OT CbXpPaHEHUETO
3a pasnuyHu obekTHM obnactm un mexay
MbPBU U TPETU OEH 3a 06riacTu C NNeceH npm
nsnonssaHe Ha b (Lab) n H (HSV) usetosu

Figure 3 is an example of
separability of the data using
Mahalanobis distance for mold and
uninfected areas and between areas
with mold in one day of storage and
between the first and third day for
areas with mold using b (Lab) and H
(HSV) color components. The
common error of classification

KOMMOHEHTMW. ObuwaTta rpeLuka Ha reaches 9%.
Knacudoukauusa goctura go 9%.
0 Discriminant analysis 018 - Discrim.inant analys:i:s N
£ Yellow cheese & Mold first day

190 + & Mold = Mold second day
017 -

160 &

- m 016+

= 1604 - = 016F

160 =
014+

140 +

Sl p 0.13
130-[) & A A
B - Y 3 . . . ; _
L 01813 013 014 0.ia 018 017 0.1
* 3
a) Obnactu ¢ Kawkasan-lneceH 3a geH 4 no 6) Obnactu c MNneceH-lNneceH, geH 1-3 no
b(Lab) useToBa KOMMoHeHTa, £=9% H(HSV) useToBa komMnoHeHTa, €=5%
a) Areas with Yellow Cheese-Mold, Day 4, b b) Areas with Mold-Mold, Day 1-3, H (HSV) color
(Lab) color component, €e=9% component, € = 5%
®ur.3. NMpumepun 3a paspensiHe Ha 06eKTHMTe 06n1acTM NO LBETOBU NpU3HaUu
Fig.3. Examples for the separation of object areas by color features
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Pesyntatnte oT HanpaBeHaTa npoBepka
3a oTgenumoct Ha obekTHu obnactn Ha
KallkaBal M TakMBa 3apa3eHu C NineceH 4pes
Knacudmkaums ca npeacraseHy B Tabnmua 1.
CTOMHOCTM Ha obwaTta rpewka oo 9% ce
HabntogasaT npu usnonassaHe Ha S (HSV) n b
(Lab) uBeToBUTE KOMIMOHEHTMW. Mpun
OoCTaHanuTe KOMMOHEHTWN Ta3wn rpeLLka e Hag
30%. B nbpBUTE OHW OT CbXPaAHEHMETO HE
Moxe fga 6bae peanuanpaHo pasgeneHue Ha
o6ekTHUTE OBnactTn ¢ KawkaBan W nneceH
Tb/ KaTo Te ca TBbpAe OnM3kM no uBAT,
HEe3aBMCMMO KOSl LIBETOBA KOMMOHEHTa WUnn
pasgensuwa doyHKUMA ce n3nonaea.
Bb3MOXHOCT 3a pasgensiHe Ha Ob6ekTHuTe
obnactm ce HabnogaBa 3a 4YETBLPTU U
LIECTN AEH OT CbXPaHEHNETO.

Tabnuua 1.

PaspenumocT Ha 0GeKkTHM obnactu ¢
KalKkaBaym W nneceH 3a BCEKM [OeH OT
CbXpaHeHueTo

The results of the examination of
severability of object areas of yellow
cheese and those infected with the
mold by classification are presented
in Table 1. Values of total error to 9%
were observed using S (HSV) and b
(Lab) color components. In the other
components this error is over 30%. In
the early days of storage can not be
realized division of object areas with
yellow cheese and mold because
they are too close in color regardless
of which color component or
separating function is used. Option
for separation into object areas is
observed for the fourth and sixth day
of storage.

Table 1.

Severability of object areas with
yellow cheese and mold for each
day of storage

Color component

Day

(D) R

G B H

Discriminant functr

\% L a b X Y Z

Quadratic €,% 29% | 27% | 25% | 31%

37%

29% | 28% | 28% | 30% | 25% | 24% | 23%

D1 DiagQuadratic £,%| 26% | 25% | 28% | 32%

39%

25% | 26% | 31% | 30% | 24% | 25% | 27%

Mahalanobis €,% | 27% | 26% | 31% | 37%

37%

26% | 26% | 33% | 29% | 26% | 26% | 30%

Quadratic €,% 29% | 31% | 26% | 35%

30%

29% | 31% | 24% | 28% | 30% | 30% | 28%

D3 DiagQuadratic €% | 27% | 27% | 26% | 33%

32%

28% | 28% | 25% | 28% | 27% | 27% | 30%

Mahalanobis €,% | 32% | 31% | 26% | 22%

29%

31% | 31% | 24% | 32% | 28% | 30% | 25%

Quadratic €,% 36% | 36% | 21% | 12%

14%

39% | 36% | 18% | 9% | 41% | 40% | 24%

D4 DiagQuadratic €,%| 37% | 37% | 21% | 12%

13%

39% | 38% | 18% | 9% | 41% | 40% | 24%

Mahalanobis €,% | 34% | 35% | 23% | 45%

16%

34% | 35% | 19% | 11% | 36% | 36% | 23%

Quadratic €,% 40% | 42% | 20% | 12%

9%

41% | 42% | 17% | 7% | 41% | 43% | 24%

D6 DiagQuadratic €,%| 42% | 42% | 20% | 12%

9%

45% | 43% | 17% | 7% | 42% | 41% | 24%

Mahalanobis €,% | 41% | 41% | 20% | 22%

9%

41% | 38% | 16% | 6% | 36% | 38% | 23%

B Tabnuua 2 ca npeactaBeHn pesyntaTtu
OT nMpoBepkaTa 3a pasfgenMmocT  Ha
He3apaseHn obnactm C Kawkaean Mexay
OTAEnHUTE [OHU OT CbXpaHeHuneTo. [obpa
OTAENUMOCT c obua rpeLuka Ha
knacudmkaums 0o 5% ce Habnogasa mexay
MbpBUSS U OCTaHanNuUTe [AHW, [OOoKaTo npwu
NPOABLIMKUTENTHO CbXPaHEHWE B paMKUTE Ha
TPeTn OO0 wWecTn AeH obekTHUTe obractn He
MoraT ga ObgaTr pasgensHu ¢ ronsma
ToYHOCT. ToBa e Aoka3aHo ¢ obliaTa rpeLuka,
kosito HagBuwaea 20%. lMpn namepsaHuaTa

Table 2 presents the results of the
examination of Severability of
uninfected areas with yellow cheese
between days of storage. Good
separability with a common error of
the classification up to 5% was
observed between the first and the
remaining days, while the prolonged
storage within the third to the sixth
day the object areas can not be
separated with high precision. This is
demonstrated by the common error

33



Innovation and entrepreneurship, ISSN 1314-9253

Volume IV, number 3, 2016

ce Habnogasa obpa3yBaHe Ha XOMOreHHa
CTPYKTypa MO MOBBLPXHOCTTA Ha MpoaykTa u
4YaCTUYHO M3CbXBaHE KaTo LBeTa BUOUMO He
ce TnpoMeHs B NOCNedHUTe OHU  OT
n3MepBaHusTa.
Tabnuua 2.
PasgenumocT Ha 0GekTHM obnactm c
KallkaBanm MeXxay OTAenHn AHU  oT
CbXpaHeHueTo

that exceeds 20%. In measurements
has been observed a homogeneous
structure on the surface of the
product and partially drying out as the
color apparently not changed in the
last days of storage.
Table 2.
Severability of object areas with
yellow cheese between different
days of storage

Color component

Day (D)

Discriminant functi

R

G

B

H

\%

L

a

b

X

Y

4

D1-D3

Quadratic €,%

199

11%

19%

3%

15%

18%

13%

5%

10%

17%

14%

22%

DiagQuadratic €,%

289

12%

18%

3%

15%

27%

17%

5%

11%

28%

24%

21%

Mahalanobis €,%

339

13%

43%

8%

42%

33%

17%

5%

15%

30%

18%

36%

D1-D4

Quadratic €,%

259

14%

8%

4%

%

25%

18%

5%

5%

25%

21%

10%

DiagQuadratic €,%

319

12%

8%

4%

%

32%

19%

4%

5%

29%

22%

11%

Mahalanobis €,%

389

15%

31%

48%

18%

38%

29%

4%

7%

36%

31%

37%

D1-D6

Quadratic €,%

189

13%

6%

4%

4%

19%

19%

4%

5%

22%

21%

9%

DiagQuadratic €,%

199

17%

5%

4%

4%

21%

19%

4%

5%

23%

18%

8%

Mahalanobis €,%

249

15%

12%

40%

4%

39%

23%

4%

5%

37%

19%

23%

D3-D4

Quadratic €,%

399

44%

28%

29%

26%

39%

41%

15%

27%

40%

43%

32%

DiagQuadratic €,%

419

44%

28%

29%

28%

41%

42%

15%

27%

41%

44%

33%

Mahalanobis €,%

379

43%

30%

38%

27%

38%

43%

15%

28%

39%

43%

32%

D3-D6

Quadratic €,%

319

37%

16%

18%

11%

31%

37%

18%

8%

38%

36%

22%

DiagQuadratic €,%

319

37%

18%

17%

12%

32%

36%

18%

9%

38%

37%

23%

Mahalanobis €,%

379

39%

18%

19%

11%

39%

38%

19%

9%

39%

39%

22%

D4-D6

Quadratic €,%

399

44%

37%

34%

32%

41%

43%

37%

28%

43%

44%

39%

DiagQuadratic €,%

399

43%

37%

34%

32%

41%

42%

37%

29%

44%

44%

39%

Mahalanobis €,%

399

45%

38%

34%

33%

41%

44%

39%

28%

45%

45%

42%

lMpoBepkaTa 3a pa3genmMMocT Ha OBEeKTHU
obnacTtu ¢ nneceH mMexay oTAenHUTe AHW Ha
CbXpPaHEHMETO Ha un3cneaBaHnsa MPOLYKT
nokasea, 4ye e epekTMBHO 13nons3saHeTo Ha H
(HSV) n a (Lab) uetoBUTE KOMMOHEHTM
Mexagy MbpBUSE WM OCTaHanuTe [AHW  Ha
CbXpPaHEHNETO, Tbi KaTo obuwaTa rpeluka oT
Knacugukaumsi € cbC CToMHocTn o 5%. B
OoCTaHanuTe [OHM OT CbXPaHEeHWEeTo Tasn
rpewka pgocrtura Hag 20% HesaBUCMMO OT
N3MNoN3BaHUTE LBETOBM  KOMMOHEHTU W
pasgenawy yHkumn. ToBa ce AObimKM Ha
BMAOMMOTO 3anasBaHe Ha uBeTa Ha obnactute
C NfneceH B MNepvoda Ha CbXpaHeHue cneq
4eTBbPTUS AeH. [lpoBegeHOTO O0BEKTMBHO
n3crnegBaHe vypes3 CTOMHOCTUTE Ha LBETOBUTE
KOMMOHEHTM NMoKasa CbLuuTe pesynTaTu.

Verification of Severability of object
areas with mold between days of
storage the test product indicates that
effective use of H (HSV) and a (Lab)
color components between the first
and the remaining days of storage
since the common error of
classification has values up to 5%. In
the remaining days of storage this
error reaches over 20% regardless of
the color components and separating
functions. This is due to the apparent
retention of color areas with the mold
during the storage after the fourth
day. Conducted an objective
examination by the values of the color
components showed the same
results.
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Tabnuua 3. Table 3.

PaspenumocTt Ha O0GeKkTHM obnactu ¢ Severability of object areas with

nneceH wMexay oTaenHn AHM ot mold between different days of
CbXpaHeHueTo storage

Color component
Day (D) R| G B |H| S v L | a]| b X Y z
Discriminant funcfi

Quadratic £,% | 14% 14% | 19% | 5% | 23% | 14% | 14% | 5% | 12% | 14% | 15% | 21%

D1-D3 | DiagQuadratic £,% | 2694 20% | 23% | 5% | 24% | 26% | 22% | 5% | 13% | 25% | 24% | 26%

Mahalanobis €,% | 24% 23% | 36% | 5% | 49% | 24% | 23% | 5% | 10% | 25% | 24% | 31%

Quadratic £,% | 269 17% | 17% | 4% | 13% | 26% | 18% | 4% | 23% | 20% | 17% | 21%

D1-D4 | DiagQuadratic £,% | 36% 18% | 17% | 4% | 16% | 36% | 26% | 4% | 22% | 31% | 27% | 23%

Mahalanobis €,% | 31% 24% | 37% | 4% | 40% | 31% | 27% | 5% | 37% | 29% | 20% | 35%

Quadratic £,% | 17% 15% | 17% | 5% | 16% | 16% | 15% | 5% | 16% | 16% | 15% | 18%

D1-D6 | DiagQuadratic £,% | 299 20% | 20% | 5% | 19% | 29% | 22% | 5% | 16% | 25% | 25% | 23%

Mahalanobis €,% | 28% 26% | 39% | 4% | 46% | 27% | 27% | 5% | 15% | 30% | 28% | 35%

Quadratic £,% | 40% 42% | 44% | 23%| 37% | 40% | 44% | 32%| 21% | 45% | 45% | 48%

D3-D4 | DiagQuadratic £,% | 39% 44% | 43% | 23%| 37% | 39% | 42% | 30%| 22% | 42% | 42% | 49%

Mahalanobis €,% | 40% 50% | 44% | 24%]| 38% | 40% | 44% | 28%| 32% | 42% | 42% | 46%

Quadratic £,% | 429 49% | 46% | 27%| 40% | 43% | 47% | 36%| 30% | 45% | 47% | 46%

D3-D6 | DiagQuadratic £,% | 47% 46% | 45% | 26%| 39% | 45% | 47% | 36%| 30% | 47% | 49% | 46%

Mahalanobis €,% | 43% 49% | 48% | 41%| 47% | 43% | 47% | 31%| 38% | 48% | 45% | 48%

Quadratic £,% | 37% 41% | 42% | 33%| 38% | 37% | 40% | 43%| 29% | 40% | 41% | 44%

D4-D6 | DiagQuadratic £,% | 39% 41% | 44% | 33%| 38% | 39% | 40% | 43%| 30% | 39% | 42% | 44%

Mahalanobis €,% | 44% 49% | 45% | 46%]| 36% | 44% | 48% | 45%| 31% | 45% | 48% | 48%

It has been made examination of
separability between object areas

HanpaBeHa e npoBepka 3a oTgenMMmocTTa
mexgy obekTHM obnactu C kawkaean W

TakMBa C MNNeCeH B OTAENHWUTE [AHM Ha
CbXxpaHeHneTo. Pesyntatute He ca nokasaHu
B MbfeH BuA, HO Morat ga ce obobwsarT, e
KakTo npu oTaenaHeTo Ha obnactm camo C
He3apa3eHa MOBLPXHOCT OT MpodyKta B
OTAENHUTE OHW N TakMBa Camo C MIECEH ce
Habniogasa gobpa  pasgenumoct  npwu
nsnonssaHe Ha H (HSV) n a (Lab) mexay
MbPBUSI N OCTaAHANUTE OHWM OT CbXPaHEHMETO
c obwa rpewka 4-6% B 3aBMCUMOCT OT
nsnonseaHata pasgenawa dyHkumsa. 3a
OoCTaHanuTe OHW Ta3w rpeluka ce nomnyyasa C
BMCOKN CTOMHOCTM Hag 20% He3aBUCUMMO OT
N3NON3BaHWTE  LIBETOBU  KOMMOHEHTU M
pasgenawm QyHKUMM Ha OUCKPUMWHAHTHUS
Knacudwmkartop.

4. 3aknro4yeHue

M3cnegBsaHa €  Bb3MOXHOCTTa  3a
NPUNOXeHNe Ha AOUCKPUMUHAHTEH aHanms,
N3non3eaLl HeNMMHENHN pasgenawm OyHKUMn
npu Knacugukauma Ha obekTHn obnactn Ha
KalkaBan B Mpoueca Ha CbXpaHeHne npwu
yCInoBus, He CbOTBETCTBALLN Ha

with yellow cheese and those with
mold in individual days of storage.
The results are not shown in full, but
can be summarized that both the
separation of areas with
uncontaminated surface of the
product in different days and those
with mold has been observed good
separability using H (HSV) and a
(Lab) between the first and the
remaining days of storage with
common error 4-6% depending upon
the separating function. For the
remaining days this error occurs with
high values over 20% regardless of
the color components and separating
functions discriminant classifier.

4. Conclusion

The possibility is analyzed for
application of discriminant analysis
using nonlinear separating functions
in classification object areas of yellow
cheese in the process of storage in
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pernameHTMpaHiTe OT NPOU3BOAUTENS.

Mpn  HanpaBeHOTO  wu3cnegBaHe  3a
pasno3HaBaHe Ha o00ekTHM obnactm no
LUBETOBM  KOMMOHEHTU €OHOBPEMEHHO B
onpeferneH OeH CbXpaHEHMETO Ce YCTaHOBMW,
ye B MbpBUTE OHW OT CbXpPaHEHWETO Nno S
(HSV) n b (Lab) uBeToBMUTE KOMMOHEHTU
Moxe aa 6bae peanvampaHo egHOBPEMEHHO
pasrpaHnyaBaHe Ha obnactute ¢ obwa
rpewka 9% cC wu3nons3BaHe Ha HesIMHeeH
ONCKPUMUHAHTEH KracudumkaTop, 13non3sall
anaroHarnHa HennHerHa pasgensiwia
dyHKUMA. B ocTaHanute JHN oT
CbXpPaHEHNETO HE3aBUCUMO OT U3MOoN3BaHaTa
pasgenswa  QyHKUMSE  Npu HENMHEeeH
OVCKPUMUHAHTEH  aHanM3 W1 LBeToBa
KOMMNOHeHTa, obwaTta rpewka e Hag 20%,
KOETO npaBM TOBa pas3rpaHMyaBaHe Ha
06ekTHUTE 0bnacTu HelenecbobpasHo.

HanpaBeH e cpaBHWUTENEH aHanu3 npu
pasrpaHnyaBaHe Ha obekTHUTe obnacTtn ase
No ABe MeXay OTAENHUTE OHW U Ce YCTaHOBW,
ye  OUCKPUMWHAHTHUAT KnacudmkaTop,
N3Mnon3Ball KBagpaTuyHa pasgendiwia
YHKUMA M pa3cTosHuMe Ha MaxanaHoGuc
nokasea obwa rpewka Hag 20%. [lpwu
HanpaBeHUs aHanu3 Ha pesynratute ce
yCTaHOBM, ye pasgensiwia dyHKUNSA
n3nonseatla pasctoaHmMeTo Ha MaxanaHobuc
npv ANCKPUMUHAHTHUS aHanus e
HenoaxoasLy, NHCTPYMEHT 3a
pasrpaHn4yaBaHe Ha o0OekTHM obnactm B
CpaBHEHME C OCTaHanuTe KrnacuguKaumoHHN
npoueaypy Mnpu KOHKPETHUTE YCroBMS Ha
3agavara.

MMonyyeHute pesyntaTu nokaseaTt, 4ye 3a
edeKTMBHO pasno3HaBaHe U Knacudukaums
Ha obekTHM obnacTm no kKawkaBan €
HeoOxoaMmo pgda ce TbpcAT gpyrm  no-
edekTMBHM MeToai. TakmBa moraT ga 6baar
CNeKTparnHus 1 XunepcneKkTpanHis aHanms.

BnaropapHocTu
M3cnegBaHuaTa B HacTosAWwMsa OOKNag ca
nogkpeneHn no npoekt 3.0TT/30.05.2016r.

conditions not complying with the
regulated by the manufacturer. In this
study, to identify object areas by color
components simultaneously on a
certain day storage was found that in
the first days of storage, by S (HSV)
and b (Lab) color components can be
realized simultaneously defining the
areas with common error 9% with the
use of non-linear discriminant
classifier using non-linear diagonal
separating function. In the remaining
days of storage regardless of the

separating function in non-linear
discriminant analysis and color
component, the common error is
above 20%, which make this
distinction of object areas
inappropriate.

A comparative analysis is made in
distinguishing the object areas two by
two across days and it is found that
the discriminant classifier using a
guadratic function and separating
distance of Mahalanobis shows
common error over 20%.

In the analysis of the results is
found that the separating function
using Mahalanobis distance in the
discriminant analysis is inappropriate
tool to distinguish of the object areas
compared to other classification
procedures under the particular
conditions of the task.

These results indicate that for the
effective identification and
classification of the object areas in
the yellow cheese it is necessary to
look for other more efficient methods.
Such can be the spectral and
hyperspectral analysis.

Acknowledgements
The work in this report is related to
the research project of faculty of

36



UHosayuu u npedrnpuemadyecmso, ISSN 1314-9253 lodunHa IV, 6pou 3, 2016

,DE3KOHTAKTHM MeToauM 3a oueHka Ha  “technics and  technologies” -

OCHOBHM KayeCTBEHW MNokasatenu Ha mneyHn  Yambol, Bulgaria 3.FTT/30.05.2016

NPOAyKTn®. “Contactless methods for evaluation
of main quality characteristics of dairy
products”

5. llutepatypa 5. References

[1] Baycheva, S., Z. Zlatev, A. Dimitrova. (2016) Investigating the possibilities of document
cameras for quality assessment of foodstuffs by measuring of color. International
Conference on Virtual Learning ICVL 2016, University of Bucharest and ,Babegs-Bolyai*
University of ClujNapoca, Romania, ISSN: 1844-8933 (in press)

[2] Dimitrova, A. (2015) Analysis of SEM images of magnetically threated ceramic materials.
Applied scientific journal, Innovation and entrepreneurship, vol. 3, No.4, ISSN 1314-
9253, pp.35-43.

[3] Georgieva, K., Ts. Georgieva, E. Kirilova, P. Daskalov. Classification of healthy and
diseased vine leaves using color features. ARTTE, Vol. 3, No. 4, 2015, ISSN 1314-8796,
pp.296-302.

[4] Mladenov, M., St. Penchev, M. Dejanov. (2015) Complex assessment of food products
qguality using analysis of visual images, spectrophotometric and hyperspectral
characteristics. International Journal of Engineering and Innovative Technology (IJEIT),
No Vol. 4, ISSN 2277-3754, pp.23-32.

[5] Nedeva, V., Z. Zlatev, S. Atanasov. (2012) Effective Resources Use for Virtual
Laboratories through Cloud Computing and Services. In ICVL, The 7th International
Conference on Virtual Learning, pp.322-328.

[6] Shivacheva, G., V. Nedeva, M. Yaneva, D. Georgieva. (2015) Software for building virtual
laboratories. XXIV International scientific conference “Management and quality” for
young scientists, ISSN: 1314-4669, pp. 292-300.

[7] Shivacheva, I. (2016) e-Learning as supporting technology in the pedagogical
preparation. Journal of Innovation and entrepreneurship, year IV, vol.2, ISSN 1314-
9180, pp.3-16.

[8] Stoykova, V. (2014) Evaluation of the application of interactive presentation systems in
higher education. ARTTE, Applied Researches in Technics, Technologies and
Education, Journal of the Faculty of Technics and Technologies, Trakia University, Vol.
2, No. 3, ISSN 1314-8796, pp.286-300.

[9] Tasev, G., K. Krastev. (2011) Exploration of mathematical model for optimization of
frequency of diagnosis of the elements of machines. Proceedings of The 11th
International Conference, Reliability and statistics in transportation and communication,
Latvia, ISBN 978-9984-818-34-4, pp.115-119.

[10] Zlatev, Z. (2013) Industrial applicability of computer vision systems in evaluating the
quality of pork meat. ICTTE International Conference on Technics, Technologies and
Education, Faculty of Technics and Technologies, Trakia University, October 30-31,
pp.278-283, ISSN 1314-9474.

[11] Zlatev, Z., J. llieva. (2015) Design of textile patterns by using colors from the bulgarian
national costumes. ARTTE, Vol. 3, No. 4, 2015, ISSN 1314-8796, pp.309-316.

[12] Zlatev, Z. (2014) Modeling of color changes in bread crust during baking. ICTTE
International Conference on Technics, Technologies and Education, Faculty of Technics
and Technologies, Trakia University, October 30-31, pp.680-685, ISSN 1314-9474.

37



