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AHAJIN3 HA OBEKTHU OBJIACTU
C XNnABb U NNECEH NO LUBETOBU
NMPU3HALWU N CMEKTPAITHU
XAPAKTEPUCTUKH

TatsiHa [luHeBa, Pocuua UopaaHoBa,
HaHunena PaxHeBa, lNnameHa MUBaHOBa

Pe3rome:  KOMMOTbpHUTE  CUCTEMU C
obpaboTtka Ha unpoBu UlobpaxkeHUs n
cuctemute 3a  obpaboTka Ha  cnekTpanHu
XapaKTEPUCTUKN HaMUPAT LUMPOKO MPUNOXKEHNE
npu aHanmsa Ha xna6 n xnebHu nsgenusa. C Tax
ce noctura gobpa TOYHOCT Npu Knacudukaumm
Mo BBHLUHN UNN BLTPELLHN XapakTEePUCTUKKM, a
pasxoauTe 3a TexHudeckaTa peanusauusa Ha
cuctemuTte paboTelm ¢ TAX ca 3HAYUMTENHO Mo-
HUCKW B CpaBHEHME C XuUnepcrnekTpanHuTe
nsobpaxerHma. B Hactoswata paborta ca
N3Non3BaHn MeToamn 3a peayumpaHe Ha obema
OT OaHHW Ha CreKkTpanHUTe XapakTePUCTUKM Ha
0b6ekTHM obnactn ¢ xnsA6 M nneceH, Kakto u
KnacugukaTtopy C HENUHENHW pasgensawm
dyHKUMKN, npu  koeTo obuwlata rpewwka Ha
Knacudgukauma wmexgy Tesm obnactm e
HamaneHa no e=1-7%. MN3nonsBanute
CleKTpanHn MeToAu MokaseaT  Mo-BUCOKA
TOYHOCT nMpu pasno3HaBaHe Ha OOEKTHM
obnactm B cCpaBHEHME C W3MNON3BAHETO Ha
LBETOBW NpU3HaLMN.

Knroyoeu dymu: Xns6, LBETOBM
KOMMNOHEHTWU, CnheKTpaneH aHanus, 00eKkTHU
obnactu

1. YBog

BaxeH enemeHT, onpegensiy Ka4yectBOTO
Ha xnaba e  HeroBaTa  NpecHoTa.
N3meHeHneTo Ha npecHoTata My ce

obycnaes oOT
KONOVUZgHN U

peouua  PU3UKO-XUMUYHN,
CTPYKTYPHU  MNPOMEHN B
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Abstract Computer image and
spectral processing systems are widely
used in the analysis of bread and bakery
products. They achieve good accuracy
in external or internal classifications, and
the cost of the technical implementation
of the systems operating with them is
significantly lower than the hyperspectral
images. In the present work methods for
reducing the amount of data of the
spectral characteristics of bread and
mold object areas, as well as classifiers
with non-linear separating functions,

were used, where the general
classification error between these areas
was reduced to e=1-7%. Spectral

methods used show higher accuracy in
recognition of object areas than using
color features.

Keywords: Bread, color components,
spectral analysis, object areas

1. Introduction

An important element determining
the quality of bread is its freshness.
The change in freshness is due to a
number of physico-chemical,
colloidal and structural changes in
the bread crumb.
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cpeavHata. B npoueca Ha crapeeHe Ha
xnsba, Bnarata W KONUYECTBOTO  Ha
BOAOpPA3TBOPUMUTE BeLLECTBa HamansBearT, a
TBbPAOCTTa ce yBenu4yasa [6].

Mpn cbxpaHsBaHeTO Ha xnsba B
xneboxpaHunuiiara Ha npou3BOACTBEHUTE
npeanpuaTus, B TbProBCckUTe oBeKkTn unun B
AOMallHM  ycroBus  npoTudaT  peavua
npouecn, KOUTO ce oOTpassaBaT BbpXy
KayecTBOTO My [4].

ToBa Hanara TbpCEHETO Ha HOBU MbTULLA
3a nogobpsiBaHe Ha MUKPO-OMONOrMYHOTO
KayecTBO Ha Te3n xpaHu. Olle noseye, 4e C
BMOLWlaBaHe Ha ekornormyHata obcraHoBKa

3Ha4YnTeNnHoO Cce nosuwaBa HMBOTO Ha
OCEMEHEHOCT Ha TUNMN4HUTE 3a
npon3BoACTBOTO HA xnsa6 n TeCcTeHn nsgenns

CYpOBUHH [3].
XnabbT ce cyuTa 3a 6bp30 pasBandiwla ce

XpaHa, KaTo Hal-vyecto ce Habnwogasa
MUKpoOHa pasBana. PacTtexwbT Ha
nneceHHuTe b BOAUM OO  OrPOMHMU

WMKOHOMMYECKM 3arybm u OO HamansasaHe Ha
GesonacHocTTa Ha xnsba nopagu
NpoAyLUMPaHETO Ha MWUKOTOKCUMHW. [bbHaTa
pasBana Ha nMWeHNYHna xnab ce Obimku
OCHOBHO Ha nneceHHuTe rBOUM oOT poa
Penicillium (okono 90%). [pyrn nneceHu,
KOUTO 4ecTo npeausBuKBaT passana Ha
xnsaba, npuHagnexar KbM  pofoBeTe
Aspergillus, Monilia, Mucor, Endomyces,
Cladosporium, Fusarium vnu Rhizopus [2,5].
OkayecTBsBaHe Ha XpaHUTENHW NPOAYKTY,
onpefensHe Ha cBeXecTTa U CbCTOSHUETO
UM MO BpeMe Ha TAXHOTO CbXpaHeHue € oT
3HayeHue, KakTo 3a JOOPUAT UM BKYC, Taka u
3a usbarsaHe pas3BUTMETO Ha ONacHW 3a
34paBeTo MUKPOOpraHn3Mu u 6akrepuu.

B Hawm gHM  uM3non3BaHeTO  Ha
aBTOMaTU3MpaHUTe cuctemun e
HeoOxoaMMocT. Te npuTexasaT OrpoMeH

noTeHuMarsn, CPaBHWUTENHO HWUCKa LeHa, He
ronsmMa CroOXHOCT Ha YNpaBleHUeTo UM,
ObpanHa, BUCOKA NPOAYKTMBHOCT U LUMPOKO
rnosie Ha NpPUoXeHue.

In the aging process, the moisture
and the amount of water-soluble
substances decrease and the
hardness increases [6].

When preserving the bread in the
bread-bins of the production plants,
at the commercial premises or at
home, a number of processes occur
which affect its quality [4]. This
necessitates the search for new
ways to improve the microbiological
quality of these foods. Moreover,
with  the deterioration of the
ecological situation, the insemination
level of the typical products for the
production of bread and bakery
products [3].

Bread is considered to be a
rapidly perishable food, with the most
frequent microbial spoilage. The
growth of mold fungi results in
enormous economic losses and
reduces the safety of bread due to
the production of mycotoxins.

The fungal spoilage of the wheat
bread is mainly due to the fungus of
the genus Penicillium (about 90%).

Other molds that often cause
spoilage belong to Aspergillus,
Monilia, Mucor, Endomyces,

Cladosporium, Fusarium or Rhizopus
[2,5].

Grading of food products,
determining their freshness and
condition during their storage is
important both for their good taste
and for avoiding the development of
harmful microorganisms and
bacteria. Nowadays the use of
automated systems is a necessity.
They have enormous potential,
relatively low cost, no complexity of

management, speed, high
productivity and wide field of
application.
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2. U3noxeHue

XnabbT e npegpasnonokeH kbM 6bp3o
MUKPOBMONOrMYHO pasBansiHe,
npeansBMKaHoO OT pacTexa Ha nieceH,
nopagu 3amMbpcsBaHe crej neyeHe no
BpEME Ha oxnaxgaHe, HapsasBaHe U
onakoBaHe, KOETO 3HAYMTENHO OrpaHnyaBa
CpoKa My Ha rogHoCT.

OkavecTBsiBaHe Ha xnaba, onpenensHe Ha
CbCTOSHUETO MY MO BPEME HAa CbXPaHEHue e
OT 3HayeHue, KaKTo 3a 4obpua My BKyC, Taka
n 3a n3bsreaHe pasBUTUETO Ha OMacHU 3a
34paBeTO MMKpOOpraHu3mu u 6akrepuu.

CpaBHUTENHMAT aHanM3 Ha W3BECTHUTE
MEeToaAM U TEeXHUYEeCKM CcpeacTea  3a
OLUEeHsiIBaHe Ha NPOMEHM B Nokasatenute 3a
KayecTBO Ha xns6 nokassa, ye
KOMMNIOTbPHUTE cucTeMnM C obOpaboTka Ha
undpoBn un3obpaxeHuss M cuctemuTe 3a
obpaboTka Ha CrnekTparnHu XapakTepUCTUKM
Hamupar LLIMPOKO NpUNoXxeHue B
nscnegeaHata obnact. C TAx ce nocTtura
Aobpa TOYHOCT npu  Knacudpukaumm Mo
BbHLUHW UMW BbTPELUHW XapakKTEPUCTUKM, a
pasxoguTe 3a TexHu4eckata peanusauus Ha
cuctemute paboTtelm € TAX ca 3HaYUTENHO
NO-HUCKN B CPaBHEHWE C XuUnepcnekTpanHuTe
nsobpaxerusa. MeToguTe, CBbp3aHM CbC
CrnekTpaneH aHanuMs Ha u3cneasaHuTe npobu
ca 3a npegnoynTaHe npeg MeToauTe,
OCHOBaBaLy ce Ha UMdpoBM n3obpaxkeHus,
Tbl KaTo Ypes TaX Moxe Aa Obae nonydeHa
UHdoOpMaLMsa KaKToO 3a MOBbPXHOCTHaTa
TEKCTypa, Taka U 3a BbTpeluHaTa CTpyKTypa
Ha NpPOOYKTUTE HA MHOrO paHeH eTtan oT
pasBMTMETO HA BpegHa 3a YOBELUKUST
opraHusbM Mukpodonopa [1,2,4,6].

MNpwn meToda cnekTpaneH aHanus egHo oT
OCHOBHUTE MpeauMCTBa € TOBa, Ye € NeceH
3a M3nNons3BaHe 1 e NOAXOAsLL 3a OTKpUBaHe
Ha BbTpewHn pfedekTn B XpaHUTENHUTE
NPOaYKTU. HepocTtaTbk e HeroBaTa
OrpaHn4YeHa 4YyBCTBUTEMHOCT KbM  Marku
N3MeHeHuUsi B CBOMCTBaTa Ha obekTa.

2. Exposure
Bread is prone to rapid

microbiological deterioration due to
mold growth due to contamination
after baking during chilling, cutting
and packaging which significantly
limits its shelf life.

Grading the bread, determining its
condition during storage is important
both for its good taste and for
avoiding the development of harmful
microorganisms and bacteria.

The comparative analysis of the
known methods and technical means
for assessing changes in bread
quality  indicators shows that
computer digital image processing
systems and spectral processing
systems are widely used in the area
under study. They achieve good
accuracy in external or internal
classifications, and the cost of the
technical implementation of the
systems operating with them is
significantly lower  than the
hyperspectral images.

Methods related to spectral
analysis of the samples tested are
preferable to methods based on
digital imaging as they can obtain
information on both the surface
texture and the internal structure of
the products at a very early stage of
the development of harmful for the
human organism microflora [1,2,4,6].

In the Spectral Analysis method
one of the main advantages is that it
is easy to use and is suitable for
detecting internal defects in food
products. The disadvantage is its
limited sensitivity to small changes in
the properties of the object.

Image acquisition, processing,
and analysis systems have become
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CuncremuTe 3a nonyvaeaHe, obpaboTka u
aHanu3 Ha u3obpaxeHns ca ce HanoXwunm
KaTo cpeacTBa, OTroBapsALM Ha NMOCOYEHUTE
N3NUCKBAHUSA MpW aBTOMaTU3NpaHaTa OLEeHKa
Ha Ka4yeCTBOTO Ha XpaHUTENHWN NPOAYKTM U B
YyacTHocT xnsb.

3. AHanu3 Ha 00eKTHM obrnacTu ¢ xnsi6
M NneceH No LBeTOBU NPU3HaLM
MonyyeHute LUBETHU Luundpposu

n3obpaxeHus ca B RGB usetoBu mogen. Te
ca KOHBepTMpaHu kbMm TakmBa B HSV, Lab,
LCH n CMYK wmogenn. HanpaseHa e
npoBepka 3a HOpMarnHo pasnpegeneHue ot
KOSTO Cca CenekTupaHum Te3n LBETOBU
KOMMOHEHTN, KOUTO umaT Takosa. N3bpaHute
LUBETOBM KOMMOHEHTU Ca MpPOBEPEHN 3a
MH(POPMATMBHOCT — Janu ca Noaoxoasin 3a
pasgensHe Ha obekTHM obnactm ¢ xnsd un
nneceH, ypes yHKkuMn Ha pasctosHue. Ot
TE3N LBETOBM KOMMOHEHTM ca un3bpaHu
WH(pOpMaTMBHM LIBETOBM MPU3HAUW, YUATO

WHPOPMATMBHOCT €  MpoBepeHa  4pes
KnacudukaTopu.
N3bopbT Ha UBETOBM npusHauuM e

HanpaBeH u4pe3 npoBepka 3a HOPMAarHo
pasnpegeneHne. B Tabnumua 1 ca
npeacTaBeHn pesynraTtute OT Tasn nNpoBepka
ype3 TecT Ha Lanupo-Yunk. Pesyntatute
nokasearT, Ye YeTUpu LBETOBM KOMMOHEHTN G
(RGB), S (HSV) L (Lab) n L (LCH) wumart
HOpMarnHo pasnpeferneHne wn 3a [fgBeTe
o0ekTHM obnactm u Te ca W3NOn3BaHM B
HacTosiwaTa paborta. OcTtaHanuTe LBETOBU
KOMMOHEHTN, HE3aBWCUMO OT TOBa, Ye npu
npoBepka Ha XunoTesa nokassar
pasnpeneneHune, pasfiMyHo OT HOPMAIHOTO,
nonyyeHuat p-Level e  6nmsbk  Oo
3agageHoto alpha=0,05, koeto nokasea, 4ye
Te wumaT pasnpegeneHune 6nmsko 0o
HOPMarsHoTO.

3a nonydyeHuTe LBETOBU KOMMOHEHTU C
HOPMarHoO pasnpedeneHme ca onpeaeneHn
TEXHUTE CpedHa CTOMHOCT, CTaHOapTHO
OTKIMOHEHUE 1 KOE(ULMEHT Ha Bapuauus.

a means of complying with these
requirements in the automated
assessment of the quality of food
products and in particular bread.

3. Analysis of object areas with
bread and mold by color
characteristics

The resulting color digital images
are in a RGB color model. They are
converted to HSV, Lab, LCH and
CMYK models. A normal distribution
check has been made from which
these color components have been
selected. The selected color
components have been checked for
informability - whether they are
suitable for separating object areas
with bread and mold by distance
functions. From these color
components are selected informative
color features, whose informati-
veness is checked by classifiers.

The choice of color features is
done by checking for normal
distribution. Table 1 presents the
results of this verification through a
Shapiro-Wilk test. The results show
that four color components G (RGB),
S (HSV) L (Lab) and L (LCH) have a
normal distribution for both object
areas and they are used in the
present work. The remaining color
components, despite hypothesis
testing, show a distribution different
from normal, the resulting p-Level is
close to the set alpha=0,05,
indicating that they have a near-
normal distribution.

For the resulting color
components with a normal
distribution, their mean value,

standard deviation and coefficient of
variation are determined.
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Tabnuua 1.
Pe3yntaTtu ot TecTt Ha LlLanupo-Yurnk 3a
HOpMarsiHo pasnpegesfieHue Ha LBETOBM

Table 1.

Shapiro-Wilk test results for
normal distribution of color

KOMMOHEHTH components
O6GekTHa obnact
Object area Xns6 Mnecex
LiBeToBa Bread “Mold
KOMMNOHEHTA
Color componen
H p-Level H p-Level
Rrgb 0 0,00 1 0,00
Grgb 0 0,00 0 0,00
Brgb 0 0,00 1 0,00
Hhsv 1 0,00 1 0,00
Shsv 0 0,00 0 0,00
Vhsv 0 0,00 1 0,00
Llab 0 0,00 0 0,00
alab 1 0,00 1 0,00
blab 1 0,00 1 0,00
Lich 0 0,00 0 0,00
Clch 0 0,00 1 0,00
Hich 1 0,00 1 0,00
Ccmyk 0 0,00 1 0
Mcmyk 0 0,00 1 0
Ycmyk 0 0,00 1 0
Kemyk 0 0,00 1 0

B Ttabnuua 2 ca nocodeHn pesyntatute
OT TO3n aHanu3. Buxkaa ce, Yye npu noBeyeTo
LUBETOBM KOMMOHEHTU KOedUUMEHTBLT Ha
Bapmauus e nog 30%, pokato npwm

Table 2
analysis. For most color components,
the coefficient of variation is less than
30%, whereas for the S (HSV) color

lists the results of this

obekTHuTe obnactm ¢ nneceH S (HSV) component has a coefficient of
useToBaTa KOMMNOHeHTa uma koeduumeHT  variation greater than 30% for object
Ha Bapuaums no-ronam ot 30%. areas.

Tabnuua 2.
[deckpunTUBHA CTaTUCTUKA Ha LIBETOBMU
KOMMNOHEHTU C HOPMaJlHO

Table 2.
Descriptive statistics of color
components with normal

pasnpeaenexHue distribution
O6ekTHa obnact
Object area Xnsa6 MneceH
BEeTOBa KOMNOH Bread Mold
Color component
Mean SD cv Mean SD cv
Grgb 106,61 24,62 0,23 150,99 10,81 0,07
Shsv 0,19 0,07 0,35 0,31 0,21 0,68
Llab 115,81 24,70 0,21 161,32 11,81 0,07
Lich 45,41 9,68 0,21 63,26 4,63 0,07

Mean-mean value; SD-standard deviation; CV-coefficient of variation

HanpaseHa e nposepka Ha
NMHOPMATMBHOCTTA Ha LBETOBUTE NpPU3HALM
ype3 pyHKUMM Ha pasctosHune. B Tabnuua 3 ca
HaHeceHn pesynTaTute OT To3uM aHanus. B
pegoBeTe ca HaHeceHu  pyHKUuuTe Ha

Verification of the information of
the color features through distance
functions has been made. Table 3
gives the results of this analysis.
The rows are assigned the distance
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pascTtodaHune, a B  KOINOHUTE

KOMMOHEHTU.

Taobnuua 3.
Pesyntatm oT npoBepKa ¢ (pyHKLUMN Ha

LBETOBUTE

functions, and in the columns the
color components.

Table 3.
Results of the verification for

pa3scTtosiHue distance functions
uBeTOBa KOMIMNOHEHTa
o Color component| o ) Shsv Llab Lich
YHKLUNA Ha Pa3CTOAH
Distance function
Mahalanobis 1,75 1,77 1,76 1,76
Euclidian 32,44 0,26 33,14 12,99
Cityblock 39,68 0,30 40,83 16,01
Minkowski 32,44 0,26 33,14 12,99
Chebychev 30,26 0,25 30,72 12,05
FDR 2,72 0,29 2,76 2,76

Mo-ronemn pascTosiHMA ce norny4vasaT 3a
Tpute usetoBu komnoHeHTM G (RGB), L
(Lab) n L (LCH). MNMpn S (HSV) useToBaTa
KOMMOHEHTA Ce MNO-rofisiMO  Pa3CTOSIHNE
mMexay obekTHUTe obnactu ¢ xnab n nnecex
ce nosnyyaesa egUHCTBEHO Ype3 OyHKUMS Ha
MaxanaHobuc.

OT nsbpaHuTe LBETOBW KOMMOHEHTU ca
onpedeneHn  UHGOpPMaATMBHU  LIBETOBU
npusHauy, KOWUTO Cca nogoxoaswm 3a
knacudgpukauua. HanpaBeHo e cpaBHeHue
MeXay NMHEEH AMCKPUMUHAHTEH aHanu3 u
METOZ, Ha ONOPHUTE BEKTOPM.

Pesyntatute oT knacudgukauuata ca
HaHeceHn B Tabnuua 4. B peposeTe ca
NMOCOYEHN U3NON3BaHUTE KracudukaTopu c
nuHerHa pasgenswa  dQyHkuma, a  no

KOnoHuTe uBeToBUTE KOMMOHEHTW.
Pesyntatute npu knacudukauusa nokasear,
Yye nNpM  U3NOM3BaHe Ha  JNHEeH
ANCKPMMWHAHTEH aHanu3 ce noryyaea

obwa rpewka Ha knacudpukaumss go 5%.
Mpn nsnonseaHe Ha METO4 Ha OMOpPHUTE
BEKTOpU obLuaTa rpellka Ha knacudmkaums
HamansBa [0 fM4Ba MNbTM W gocTura
MakcumarnHa ctomHocT 2%.

OT TO3M aHanu3 ca u3bpaHu cnegHuTe
useTtoBu npusHaum S (HSV), G (RGB), L
(Lab). Tesu wuBeTOoBM npusHauu ca
noaxogsuy 3a pasgensHe u Knacudukauus
Ha 06ekTHM obnacTtu ¢ xnsb n nneceH.

Larger distances are obtained for the
three color components G (RGB), L
(Lab) and L (LCH). In the S (HSV) color
component, a larger distance between
the bread and mold object areas is

obtained only by a Mahalanobis
function.

The color components selected are
indicative color features that are
suitable for classification.

A comparison between linear

discriminant analysis and the support
vector machines was made. The
classification results are given in Table
4. In the rows are the classifiers used
with a linear separating function, and
on the columns the color components.

Classification results indicate that a
general classification error of up to 5%
is obtained using a linear discriminant
analysis. By using a support vector
machines  method, the general
classification error decreases to twice
and reaches a maximum of 2%.

The following color features S
(HSV), G (RGB), L (Lab) were selected
from this analysis. These color features
are suitable for separating and
classifying the subject areas with bread
and mold.
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Tabnuua 4.
PeaynTtatu ot knacudgumkauma Ha xnsob u
nneceH No LIBETOBU KOMMOHEHTH

Table 4.
Results of classification of bread
and mold by color components

BeTOBa KOMMOHEHTAa
Stor component Grgb Shsv Llab Lich
Classifier
LDA 4% 1% 5% 5%
LSVM 1% 0% 1% 2%

lMonyyeHute pesynTtatM CbOTBETCTBAT Ha
Te3n, npeacrtaBeHM OT ApyrM  aBTOpW.
KytoBaH4eBa [3] paspaboTBa OOMbBIAHUTENHO
YCTPONCTBO, paboTeLLo Ha ONTUYEH NPUHLMN
KbM MHTEPAKTUBHA CUCTEMA 3a Mpe3eHTauus.
3a TecT Ha YCTPOWCTBOTO C peanHu AaHHU B
paboTtata Ha aBTOpKaTa ca npeacTaBEHU
noflyyeHn pesyntatu 3a pasgenumocT Ha
obekTHM obnactmu ¢ xnsad wu nneceH no
usetoBn npusHauu. Kato nHpopmatuBHu TS
nocoysa S (HSV) n V (HSV), ypes kouto
nonyyaea obLa rpeLlka Ha knacudpukaums 0-
7%.

MonyyeHute B HacTodwaTta paboTa
pesynTaTy NOTBbPXKAaBaT Te3n, NPeAcTaBeHN
B AOCTbMNHATa nuTepaTtypa, KaTto u4pes
n3bpaHnTe LBETOBM NpUsHaLUM € onpeaeneHa
obula rpeLuka npu knacudukaums go 5%.

4. AHanu3 Ha o0OeKTHM obnacTu ¢ xnsid u
nnecex no cneKkTparnHu
XapaKTepUCTUKH

Ha durypa 1 ca npegcraBeHu nonyyeHuTe
CNEeKTpanHu XapakTepucTnkn Ha xnsb un
MNeceH N TEeXHUTE [NaBHU KOMMOHEHTU W
nateHTHM npomeHnueu. HabniogaBa ce
OTAENUMOCT Ha 06ekTHUTE obnacTn ¢ nNneceH
oT Te3n Ha xnsb. Mo xopusoHTanHUTE ocu ca
NpeacTaBeHN MbpBa rfaBHA KOMMOHEHTA U
MbpBa U BTOpa flAaTEHTHU NPOMEHMMBY, a Mo
BEPTUKANHaTa BTOpa [faBHA KOMMOHEHTA U
TpeTa naTeHTHa NPOMEHNMBA, CbOTBETHO.
[Mpun nsnonssaHe Ha NaTEHTHUTE NPOMEHNNBU
ce HabniogaBa sicHa pasrpaHUHYMMOCT 3a,
AoKaTO  MpuM  W3NON3BaHE Ha  [NaBHU
KOMMOHEHT 3a xnsb CToOMHOCTUTE Ha
rmaBHUTE KOMMOHEHTU ca Onn3ku, HO OTHOBO

The results obtained correspond to
those presented by other authors.
Kutovancheva [3] develops an
additional optical device to an
interactive presentation system. To
test the device with real data in the
author's work, results are presented
for the separation of object areas with
bread and mold according to their
color features. As informative, it
indicates S (HSV) and V (HSV), by
which it receives a general
classification error of 0-7%. The
results obtained in the present work
confirm those presented in the
available literature, with a general
error of classification of up to 5%
determined by the selected color
features.

4. Analysis of object areas with
bread and mold by spectral
characteristics

Figure 1 shows the obtained bread

and mold spectral characteristics and
their principal components and latent
variables. Separation of molded areas
from bread is observed. Horizontal
axes represent the first principal
component and the first and second
latent variables, and the vertical
second principal component and the
third latent variable, respectively.
When latent variables are used, a
clear differentiability is observed,
while using the principal components
of bread their values are close but
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pasrpaHuydMu. Buaa Ha otaenumocTTa Lie
Obae pokasaH upes pasgensawy  yHKuUm
Knacudukaumsa B crneapawmTe eTtanu  Ha

again identifiable.

The type of separability will be
proven through classification in the
next stages of the work.

paboTtarta.

Eireiad and mokd L

L

Bread and mold PCs

pel iz PGz

®ur.1. CnekTpanHu XxapakTepucTUKM,
NaTeHTHU NPOMEHSIMBU U IMaBHU KOMNOHEHTH
Ha 00eKTHM obnacTu ¢ xns6 u nneceH

HanpaBeH e aHanus Ha oTgenuMocTTa Ha
obekTHM obnactm c¢ xnab M nneceH npu

CbXpaHeHue ypes AVCKPUMUHaHTEH
knacucmkaTop U METO4 Ha  OMnopHUTE
BEKTOPMU, nsnonseawyu HENUHENHN
pasgenswm  yHkumn.  OnpegeneH e

HeobXxoauMUAT BPON NaTEHTHU NPOMEHNNBU
W T[NaBHM KOMMOHEHTM 3a oOnucaHue Ha
JaHHUTE 3a obeKkTHuTE obnactu,
npeacTaBeHn oT cnekTpanHuTe UM
XapaKTEPUCTUKM. YcTtaHoBEHO e, ye
NnonyyYeHuTe CrekTpanHu  XapakTepUCTUKM
mMoraT pgda Obgatr pegyuupaHu Oo  age
NATEHTHU MNPOMEHNMBA WU OBE [NaBHU
KOMMOHEHTW.

B tabnuua 5 ca HaHeceHu nony4eHute
pesynTtaTu npu Knacudukaums.

Tabnuua 5.
O6wa rpewka Ha knacudgpumkauus e,% B
3aBMCUMOCT OT M3MNONI3BaHNA MeToA 3a
peAyuupaHe Ha JaHHU U KnacudukaTop

Fig.1. Spectral characteristics, latent
variables and principal components
of bread and mold object areas

An analysis was made of the
separability of bread and mold object
areas in storage period by means of
a discriminant classifier and a method
of support vector machines using
non-linear separating functions.

The required number of latent
variables and principal components
are defined to describe the object
data presented by their spectral
characteristics. It has been found that
the obtained spectral characteristics

can be reduced to two latent
variables and two principal
components.

Table 5 lists the results obtained in
classification.
Table 5.
General classification error e,%
depending on data reduction
method used and classifier

dCUPUKaTo EMCKEMMMHaHTeH aHanu3 MeTop. Ha ONMOPHUTE BEKTOpPU
o] Discriminant analysis cudmukaTto Support vector machines
ssifier assifier

DPyHKUMNSA LV PC DyHKUUA LV PC
Function Function

Quadratic 6% 1% Quadratic 2% 1%
DiagQuadratic 6% 1% Polynomial 1% 1%
Mahalanobis 7% 1% RBF 1% 1%

Bwkoa ce, 4e npu wmsnonssaHe Ha It can be seen that using latent
naTteHTHU NPOMEHNMBKU ce nonyyaBa obuwa variables generates a  general
rrewka Ha  knacudukauma 1-6% B classification error of 1-6% depending
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3aBMCUMOCT OT M3MONn3BaHUA KrnacudukaTop
n pasgenswa dyHkums. MNpy nsnonssaHe Ha
rMaBHN KOMMOHEHTW oblwaTta rpewka oT
knacudpukaumnsa e 1% 3a BCUYKM cnyyaw.

[MonyyeHute pesynTath ca CpaBHEHM C
TakMBa, npeacraBeHn OT ApYyrn aBTOPW.
KyTtoBaHueBa [3] paspaboTBa AOMBIHUTENHO
YCTPONCTBO, paboTeLLo Ha ONTUYEH NPUHLMN
KbM MHTEpPaKTMBHa CUCTEMA 3a Npe3eHTauus.
3a TecT Ha yCTPOWCTBOTO C peanHu AaHHU B
pabotata Ha aBTOpKaTa ca npeacTaBeHu
nonyyYyeHu pesynrtatM 3a pasgenMmocT Ha
obekTHM obnactm ¢ xnab u nneceH no
CNeKTpanHu XapakTepucTuku.  ABTopkaTa
n3nonsesa AMPEKTHO NOMyYeHUTEe CheKTparnHm
XapaKTepuUCTMKM 3a  Krnacudpmkaums 4pes
NUHENHN KnacudgukaTopn — OUCKPUMUHAHTEH
aHanus (LDA), k-Han-6numskm cbeeam (KNN) n
MeTog Ha onopHute BekTopyn (LSVM).
Ob6waTa rpewka B HeWHWs criyyanm e e=32-
46%, koeTo nokasBa, Y€ W3MNON3BaHEeTO Ha
NUHenHW  pasgenawm  yHKUMK npu
Knacudukaumss Ha CIoXHW MO CTPyKTypa
obnacrn ¢ xns6 n nneceH e
HeuenecbobpasHo.

B HacTogwarta pabota ca wusnonssaHu
MeToaM 3a pedyuvpaHe Ha obema OT OaHHM
Ha  CheKkTpanHUTe  XapakKTepUCTUKA  Ha
0bekTHM obnactn ¢ xnab n nneceH, KakTo u
KnacugukaTopu C HEMUHENHU pasgensawm
dyHKUMK, NpuM KoeTo obuwata rpewka Ha
Knacudukauns mexagy Tesn obnactm e
HamaneHa o e=1-7%.

5. 3akniouyeHue

Cuctemute 3a obpaboTka M aHanu3 Ha
N300paXKeHUs N CNEKTParHN XapakTepUCTUKM
HamupaT npunoxeHuwe npu Ge3KoHTaKTHaTa
oLEeHKa Ha Ka4ecTBOTO Ha xnsib. Ypes Tax ce
noctura gobpa TOYHOCT Mpu Krnacudukaums
MO BbHLUHU UMW BbTPELLHM XapaKTEPUCTUKN.

B Hactosiwata pabota ca un3nons3saHu
MeToAM 3a pegyuvpaHe Ha obema OT OaHHM
Ha  CnekTparnHUTE  XapakTEPUCTUKU  Ha
o0ekTHN obnactn ¢ xnsab u NneceH, KakTo 1

on the classifier used and the
separation function. When using
principal components, the general
classification error is 1% in all cases.

The results obtained are compared
with those presented by other
authors.

Kutovancheva [3] develops an
additional optical interactive device to
an interactive presentation system. To
test the device with real data in the
author's work, results are presented
for the separation of bread and mold
object areas by spectral characte-
ristics. The author uses directly
obtained spectral characteristics for
classification through linear
classifications - discriminant analysis
(LDA), k-nearest neighborhoods
(kNN) and support vector machines
(LSVM) method. The general error in
its case is €=32-46%, indicating that
the use of linear separating functions
in classifying complex bread and mold
areas is inappropriate.

In the present work methods for
reducing the amount of data of the
spectral characteristics of bread and
mold object areas, as well as
classifiers with non-linear separating
functions, were used, where the
general classification error between
these areas was reduced to e=1-7%.

5. Conclusion

Image and spectral characteristics
processing and analysis systems are
used in the non-contact assessment
of bread quality. They achieve good
accuracy in classification by external
or internal characteristics.

In the present work methods for
reducing the amount of data of the
spectral characteristics of bread and
mold object areas, as well as
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Kknacudpukatopu € HenvHenHn pasgensawy  classifiers with non-linear separating
dyHKUMKM, npu koeto obwaTta rpewka Ha functions, were used, where the
Knacucpukauna mexagy Tesm obnactm e general classification error between
HamaneHa po e=1-7%. Wsnon3eaHute these areas was reduced to e = 1-7%.
crnekTpanHu MeToau nokasBaT Mo BUCOKa Spectral methods used show
TOYHOCT nMpu pasnosHaBaHe Ha ob6ekTHM higher accuracy in recognition of
obnactu B cpaBHeHWe C u3nonsBaHeTo Ha oObject areas than using color
LBETOBW NpU3HaLW. components.
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