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Abstract: B HacToswms goknag e npeacraBeH
MeToq 3a aBToMaTumaupaHa obpaboTka Ha AaHHU
OT UBETHWN UMdPOBN M30OpaKeHMs Ha Kalukasar
ype3 oTkpyBaHe Ha 0bracTu 3apaseHn C nneceH
MO MNOBBLPXHOCTTa Ha npoaykta. WM3bpaHn ca
noaxogsawm yHKUMM 3a aHanmu3 Ha  daHHW.
OnpegeneHn ca UBETOBM MpU3HaLW, MOAXOOALLM
3a oTAensHe Ha obracTu C KallkaBasn W nreceH.
ManonsgaHm ca OuHapusauus W aHanMs Ha
XMUCTorpamm Ha u3obpaxeHuaTa. [deduHupaH e
ananasoH 3,1+3,5 Ha KoedMUMEHT 3a KopeKkUns Ha
npara Ha OuHapu3auusi, B KOWTO ce nosy4yaBa
pasno3HaBaHe Ha obekTHa 06racT C nneceH C
obuwa rpeuka oo 5%.
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1. YBoa

OueHkaTa Ha KayecTBOTO Ha MIleYHUTEe
NPOAYKTU € CroXHa M KOMMMeKCHa 3ajaqa,
CBbp3aHa C aHanM3 KakTo Ha BbHLUHUSA BUA U
BUOMMUTE XapaKTEPUCTUKN HA ENEMEHTUTE OT
nscnenBaHMAaT obGekT, Taka W C Opyru
nokasatenu kaTto BKyC, mMupuc, Bnara. He
BCUYKM OT M3BpoeHUTe nokasartenu morart ga
ObOoaTt oueHeHM MoCcpPeacTBOM aHanmad Ha
n3obpaxkeHns1 Ha kawkaean. [lonama 4act ot
TE3N nMoKasaTenu, KOUTO Cca CBbpP3aHn C

BMOMMM  Mpu3HauM MoraT ga  Owbaar
OLEHSIBaHW Ype3 aHanuM3 Ha W300paxeHus
[1,3,5].

OueHkaTa Ha nokasaTenu Ha KadyecTBOTO
NnocpeacTBOM aHanu3 Ha LUBETHU LUMdpoBM

4

IMAGE PROCESSING FOR
COLOR DIAGNOSIS OF
DISEASES IN YELLOW

CHEESE

Miroslav Dimchev Vasilev

Abstract: In the present report a
method is presented for automated data
processing of color digital images of yellow
cheese by identifying areas contaminated
with mold on the surface of the product.
Selected are functions suitable for data
analysis. Defined are color features
suitable for separating the areas with
yellow cheese and mold. Used are
binarization and analysis of histograms of
the images. Defined is range between
3,1+3,5 for correction factor of binarization
threshold where in the recognition of object
area with mold is obtained total error ol
5%.
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Image

1. Introduction

Assessing the quality of dairy
products is complicated and complex
task of analysis both the appearance
and visual characteristics of the
elements of study subjects and other
indicators such as taste, odor,
moisture. Not all of these indicators
can be assessed using image
analysis. Some of these indicators
are associated with visible features
and can be measured by image
analysis [1,3,5].
The assessment of quality indicators
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n300paxxeHns BKMOYBA CEeQHUTE OCHOBHU
eTtanv [6]:

» ®@opmupaHe Ha u30bpaxeHuss Ha
nscnenBaHuTe o0bekTu;

» W3BnuyaHe Ha gaHHW 3a LBETOBUTE
XapakTepuctmkm ©n  3a dopmata Ha
n3cnegsaHuTe obnactu B n3obpaxeHusTa;

» KateropusmpaHe (pasnosHaBaHe) Ha
ernieMeHTMTE Ha HeEn3BeCcTHa Npoba;

» Cb3pgaBaHe Ha NPOrHO3HWM MoAenu
Ha KnacoBeTe, CbOTBETCTBALUM Ha rpynuTe
Ha Ka4yeCcTBOTO.

3a npeacraBsHETO  Ha  UBETOBUTE
XapaKTepUCTMKM Ha MNUKCenuTe B €dHO
n3obpaxeHne ce M3NON3BaT  pPasNYHK
usetoBn mogenn (RGB, HSV, Lab). EgHa ot
3aJauynTe Ha U3cneaBaHeTo e Aa ce yCTaHOBU
KakbB Mogen (mogenu) pfasa HanW-TOYHO
oTaensiHe Ha obGeKTa M XapaKTepHU LBETOBU
30HM NPU KOHKPETHUTE YCIOBUS.

B wum300paxeHneto Ha obekta OCBEH
NMKCenu, CbOTBETCTBALLM Ha obnactute cbC
CVpEeHe, KallkaBan W NnneceH, uma nukcenm
CbC  CbLIECTBEHO  pasfMyHM  LBETOBMU
XapaKTepUCTMKN. 3a YacT OT eNneMeHTUTE Ha
N300paXeHMEeTo HanpuMep Ha Kalikaesan B
3acHeTata obnact nNpucbCTBaT U NUKCENWN Ha
OTONACLUM OT OCBETNEHMETO, KOUTO Aa ca
Pa3rnosiIOKEHN Ha MPOWU3BOSTHO MSICTO B Tasu
obnact. Te3an nukcenn wMoraT pa ce
pasrnexagar Kato LUyMOBW BEKTOPMW.

C Hactosiwata paboTta ce uenn ga ce
npeanoxar Bb3MOXXHOCTU 3a
aBTOMaTmanpaHa obpaboTka Ha MHopmaums
3a NOBBPXHOCTHN XapaKTEPUCTUKN HA MITEYHM
NPOAYKTM M B YaCTHOCT KallkaBan, 4pe3
M3non3BaHe Ha [daHHM 33  BuUOUMUTE
NOBBbPXHOCTHM XapaKTePUCTUKN Ha NPOAYKTA.

2. Cenekuus Ha LBEeTOBMU NpPU3HaLM

3a dopmMumpaHe Ha NPU3HAKOBO
NPOCTPaAHCTBO OT WMH(OPMaTMBHM LIBETOBU
npusHaum e nanonssaH ABC/XYZ ananus [8].
B Tabnuua 1 ca npeacraBeHun pesynrtatute ot
HanpaBeHusi aHanun3. OT u3cneaBaHUTe LWecT

by analyzing color digital images
includes the following stages [6]:

» Capturing images of the studied
objects;

» Data Extraction for color
characteristics and the shape of the
studied areas in the images;

» Categorization (identification) of
the elements of the unknown
sample;

» Creating predictive models of
classes corresponding to the groups
of quality.

For the presentation of the color
characteristics of pixels in an image
the use different color models (RGB,
HSV, Lab) is suitable. One of the
tasks of the study is to determine
what model (models) gives the most
accurate separation of the object
and characteristic color areas for the
conditions.

In the image of the object except
pixels corresponding to areas with
cheese and mold, there are pixels
with  substantially different color
characteristics. For some of the
elements of the image as cheese in
the capture area and attend pixels
otblyasashti of lights that are located
anywhere in this area. These pixels
may be considered as noise vectors.

The present work aims to offer
opportunities for automated
processing of information on surface
characteristics of dairy products,
particularly yellow cheese, using
data for the visible surface
characteristics of the product.

2. Selection of color features

To form the feature space of
informative color features is used
ABC/XYZ analysis [8]. Table 1
presents the results of the analysis.
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usetoBn mogena (RGB, HSV, Lab, XYZ) c
o6wo 12 uBeToBM NpU3HaKa ca onpeaenexHn 6
NMHCOPMAaTUBHM 3a KallKaBan n 7 3a CUpEHe.

Tabnuua 1.
UHdopmaTBHM LIBETOBU NpU3HaLU

The surveyed four color model
(RGB, HSV, Lab, XYZ) with 12 color
features are defined as informative 6
for yellow cheese and 6 for mold.
Table 1.
Informative color features

O6nactu c
nneceH
Object areas
with mold

Hsv) SHsv)

A,

L(Lab) Y xvz) Zxvz)

O6nactc
KallkaBarn
Object areas
with yellow
cheese

L(Lav) Y (xvz)

Gres)

D(Lan) S(Hsv) Hsv)

C uen noBuwaBaHe Ha TOYHOCTTA Ha
pa3no3HaBaHe, OT pes3ynratute npwu
aHanusa, B rpyna Apgc) ca npuetn 70% ot
pesyntatuTe, a 3a rpyna Zxyz 15%. Tosa
ce Hanara oT dakta, 4e npu 80% oT
LuBeToBUTE KOMMOHEHTH, KOUTO ca
nonagHanu B rpyna Asc) 6posAT um e 3 3a
KawkaBan u 4 3a cupeHe, a oT
npeaBapuUTenHu EeKCNepuMeHTHn ce
yCTaHOBMU, Ye Mo LBETOBUTE KOMMOHEHTU OT
HSV, Lab n XYZ uBetoBuTEe Mogenu 3a
Kalwkasan n XYZ 3a CUpeHe Cblyo moraT aa
6boaT pasnos3HaBaHM OOEKTHW 30HM OT
n3obpaxeHnaTa Ha CbOTBETHUSA NPOAYKT
unun ga 6vaaT onpenensHu U3MeHeHUsaTa B
XapakTEPUCTUKUTE UM B OTAESNHUTE OHM Ha
CbXpaHeHue.

3. OTpensiHe Ha OO6eKTHM obnactu c
M3MeHeHue npara Ha GuHapusauus

Ha u3obpaxeHue
OpurnHanHoTo msobpaxeHne Ha obekta
ce 3apexga B paboTtHaTta obnact Ha Matlab.
Cnen ToBa Ce OTKpMBa M CeErMeHTupame
obekta. CermeHTMpaHuAT 0BeKkT KOHTpacTupa
3HauutenHo ot doHa. [lpomeHute B
KOHTpacTa MoraT ga ce OTCTpaHAT kaTo ce
onpedenu rpagveHTa Ha WU300paxeHneTo.
Cnea nsuucnsiBaHe Ha rpaguMeHTa u npara Ha
cermMeHTauus ce cb3gaBa buHapHa (ABon4Ha)
Macka CbabpKala CerMeHTUpaHuAT OOeKT.

In order to increase recognition
accuracy from the results in the
analysis in group Anec) are accepted
70% of the results for a group of
Zixyz) 15%. It is required by the fact
that 80% of the color components
which come in group Anscy humber

is 4 for yellow cheese. From
preliminary experiments is
established that with the color

components of HSV, Lab and XYZ
color models for yellow cheese can
also be recognized object areas of
the image of the product to
determine changes in color
characteristics in different days of
storage.

3. Separation of object areas by
change the threshold of
binarization

The original image of the object is

loaded into the workspace of Matlab.

Then opens and segmentation
facility. The segmented object
contrasts  significantly from the

background. Changes in contrast can
be removed by setting the gradient of
the image. After calculating the
gradient the threshold segmentation
creates binary mask containing
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M3nonseaT ce onepatopute edge u sobel 3a
n34ncrieHne Ha nparosute ctoMHocTu. OT TyK
ypes HacTpoeyHusi napametbp ,Fudge
Factor”, onmcaH B [9] ce pgoHacTpoumBa
nparoBata CTOMHOCT M OTHOBO Ce Mpunara
dyHKumMa edge, 3a ga ce nonyydn OuHapHa
MacKka Cbabpalla cerMmeHTpaHus obekxT.

BuHapHaTta macka Ha rpagueHTta nokassa
NMHUKUTE C rONAM KOHTPAacCT B N300paXKeHNeTO.
Te3an nuMHMM  HepgocTaTbyHO — obxBaluaTt
KOHTYpbT Ha obekta. AkO ce cpaBHU C
OPUIMHANHOTO M300paXkeHne LWwe ce BuaAaT
pasnukM mexagy nuHunTe obxsawalm obekra
B MackaTa Ha rpagveHTa. Te3u pasnuku ce
npemaxeaT Kato ce npunoxat JfMHENHN
CTPYKTYPHU €NeMEHTUN, KOUTO ce cb3aasat
ypes yHKums strel.

BuHapHata wMacka Ha rpagveHTa ce
paswmnpsaBa kaTo ce npwunarat BepTUKanHu

CTPYKTYPHW  eneMeHTM U1 crej  ToBa
XOPW30HTarHM CTPYKTYPHN ENEMEHTMW.
PaswupeHata Macka Ha rpagueHTa

nokasBa KOHTypa Ha obekta manko no-gobpe,
HO BCe OLLe Ca Hann4yHM OTBOPW B 3aTBOPEHWS
KOHTYp. 3anbriBaHETO Ha Te3n OTBOpU ce
n3sbpLUBa ¢ pyHKUMSA imfill.

segmented object. Operators and
sobel and edge are wused for
calculation of threshold values. From
here through-adjusting parameter
"Fudge Factor", described in [9] fine-
threshold value and reapplied edge
function to obtain a binary mask
comprising a segmented object.

Binary mask gradient lines showed
a greater contrast in the image.
These lines sufficiently cover the
contour of the object. When
compared with the original image to
see the differences between lines
covering the object in the mask
gradient. These differences are
removed by applying linear structural
elements that are created by function
strel.

Binary gradient mask expands by
applying vertical structural elements
and then horizontal structural
elements.

The extended mask indicates the
gradient of the outline of the object
somewhat better, but still available
openings in the closed loop. The
filling of these holes is done with

Ta6nuua 2. function imfill.
ANropvTbM 3a NparoBa cerMeHTaLus Table 2.
(Treshold) Threshold algorithm
ETan OenctBue OnucaHune
A 3apexgaHe Ha 3apexpgaHe B paboTHaTa obnact Ha Matlab Ha
n3obpaxeHneTo opUrMHanHoTo nsobpaxeHne Ha obekTa
MpeobpasyBaHe B .
b HUBA HA CUBOTO Mpeobpasysa ce ¢ hyHKUnd im2gray
lMpeobpasysaHe B M3nonsea ce pyHKuna im2bw, ypes HacTpoeyHuAT
B GuHapHO napameTbp ,Fudge Factor” ce goHacTporBa
n3obpaxeHve nparoBata CTOMHOCT
r duntpupaHe Upes ountbp ot T1n disk
- MpaBwn ce paswmpeHa macka Ha rpagueHTa;
OTkpuBaHe n - 3anbnBaT ce OTBOPU B 3aTBOPEHUAT KOHTYP C
il oyepTaBaHe Ha komanaa imfill;
obekTa - 3uncTBaTt ce Bcu4kn 06EKTU, KOUTO Ca CBbP3aHu C
KOHTypa Ha obnacTTa ¢ komaHga imclearborder.
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- Buga Ha obekTa ce nogobpsBa ¢ BOWHO
OnpegensiHe
dunTpupaHe ¢ pyHkuus strel;
E napameTpuTe Ha
Gexra - MonyyeHnsaT KOHTYp Ha obnacTTa ce npeacTass
© BbPXY OPUrMHANHOTO U3obpaxeHue.
Stage Operation Description
A Loading of the image | Loading the original image in Matlab workspace
B Converting to Converting by im2gray function
greyscale
C Converting to binary Converting by im2bw function and correction the
threshold with value of the coefficient “Fudge Factor”
D Filtering Filter of type disk
- Make a extended gradient mask;
E Finding boundary of - Fill open contours by command imfill;
the - Clearing all objects that are associated with the
object with command imclearborder.
- The object is improved by double filtering function
F Finding parameters of | strel,
the object - The resulting contour of the object is presented on
the original image.

Cnep npencraBeHnTe no-rope obpaboTku
obekTa e ycnewHo cermeHTupaH, Ho ToBa BCe
oLle He e KoHTypa my. Bcuukmn obektun, komTo
ca CBbp3aHM C KOHTypa Ha obekta ce
npemaxeaTt ype3 (pyHkums imclearborder kato
npeMaxBaHeTO CTaBa 4pe3 HacTpoMBaHE Ha
4YeTMpPU OnaroHanHu BPb3KW.

Hakpasi ¢ uen nogobpsiBaHe Ha BMaa Ha
obekTa ce npvnara OBOVHO u3rnaxaaHe 4pes
dyHkumata strel. Cneg ToBa nonyvYeHUAT
KOHTYp Ce NpeacTaBs BbPXy OPUNMHANHOTO
n3obpaxeHue.

O6ob6LeH BapuaHT Ha Ta3u npouenypa e
npeacTaBeH B Tabnuua 2.

After the above treatment the
object is successfully segmented, but
not yet its contours. All objects that
are associated with the contour of
the object is removed by function
imclearborder as removing it by
adjusting the four diagonal
connections.

Finally, in order to improve the
appearance of the object is applied a
double smoothing function by strel.
The resulting contour is presented on
the original image.

Summarized version of this

procedure is presented in Table 2.

o -
d -, 1

- wiar

r) npemaxsaHe a)
0) npeacraesHe
a) opurMHanHo B) XucTorpama Ha Ha Marku pasno3HaBaHe
B Hysy LBETOBA
n3obpaxeHue n306paxeHneTo obekTn Ha obnacT ¢
KOMMOHEHTa
(wymoBe) nneceH
- . . . e) recognition
a) original b) image in Hysy . d) removing of ) gnit
: ¢) image hystogram } of area with
image color component small objects mold

®dur. 1. ObpaboTtka Ha un3obpaxeHne Ha
KallkaBan c uen otaensiHe Ha obnact ¢ nneceH

Fig. 1. Image processing of yellow
cheese for separation of area with mold
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Ha dwrypa 1 ca npegcraBeHu etanute
npu obpaboTkaTa Ha N30OpaKEHNETO.

HanpaBeHuAT aHanu3 Ha pesynraTuTte npu
oToensiHe Ha obekTHa obGmact  4ypes
N3MEHeHMe npara Ha OuHapm3auus nokasa,
ye 3a uUenTa Moxe Aa Obae wusnonaeBaHa
Hnsv) LBeTOBa KOMMOHEHTa Ha
n300paxxeHNeTo 1 crnepn ToBa Aa ce NpemMuHe

KbM pabota ¢ OwuHapHOo TakoBa. [lpwu
M3non3BaHe Ha  OCTaHanuTe  LIBETOBU
KOMMOHEHTM Ce nony4aBa rpewka OT

otaensHe Ha obekTHaTta obnact Hag 40% wu
M3Non3BaHeTo MM 3a Ta3m uen e
HeLenecbobpasHo.

The steps of the processing of the
image are presented on figure 1.
The analysis of the results by
removing the object of area by
changing the threshold of
binarization  showed that the
objective can be used Hwsy) color
components of the image and then
proceed to work with such a binary.
Using other color components is
obtained error of separating the
object area over 40% and their use
for this purpose is inappropriate.
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dur. 2. VI3sMeHeHMe Ha oOTHocuTemnHara
rpeLlka B 3aBUCUMOCT OT koedmumeHTa ff

Ha dourypa 2 e npeacraBeHo
N3MEHEHMETO Ha OTHOCUTENHAaTa rpeLlka npu
oTAensiHe Ha obekTHa obnacT B 3aBUCMMOCT
OT W3MEHEHMETO Ha KoeduuMeHTa 3a
KOpekuuMsi Ha npara Ha OuHapusaums ff.
[vana3oHbT Ha M3MEeHeHWe Ha KoeduLumeHTa
ff e 3,1+3,4. B 1031 0b6xBaT Ha koeduumneHTa
rpelukaTa npu otaensiHe Ha obekTHa obnact ¢
nrieceH e 0o 5%.

4. OTpensiHe Ha O0OeKTHM obnacTtu
ype3 AaHHU OT XUCTOrpamm

Xuctorpamara e yH/MBepcanHa

XapakTepucTvka 3a [JafeHo u3obpakeHune

55 6 65

Fig. 2. Amendment of the relative
error depending on the coefficient ff

In Figure 2 are presented the
amendment of the relative error in
separating the object area
depending on the threshold
correction factor of binarization ff.
The range of change of ff ratio is
3,1+ 3,5. Within this range the
coefficient the error of separating the
object area with the mold is up to
5%.

4. Separation of objects areas by
histograms

Histogram is a universal
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[2,4,7,9]. Ta noka3ssa 6posi Ha nukcenute,
MMaLLM eOHaKbB WMHTEH3UTET Ha OCBETEHOCT.
Pasrnexna ce KaTo WHTerpanHa
XapaKkTepucTuKa 3a M306pakeHneTo.

MocpenctBoM pyHKUMS imhist oT Image
processing toolbox Ha cuctemata Matlab ce
nonyyaBa Xxuctorpama Ha usobpakeHue Ha
CMpeHe, KawkaBan M obnactu 3apaseHu C
nneceH (curypa 3). [duarpamata nokasea
pasnpedeneHneTo  Ha  CTOMHOCTUTE  Ha
nMkcenutTe nNo  LBeToBata JleHTa Ha
n3obpakeHneTo. CnepBat n-6pos
Pas3nofioKeHN y4yacTbka, BCEKM OT KOWUTO
npeacraBnsBa  MHTEpBan  OT  LBETOBM
ctomHocTn. W3uucnaBa ce u  6podatr Ha
MMKCENUTe BbB BCEKM OT Te3W WHTEpBanu.
N36poeHnte napameTpu gaeat MHopmaums
3a pasHoobpasneTo OT LBETOBE, U3rpaxaallm
n306paxeHneTo.

characteristic of an image [2,4,7,9]. It
shows the number of pixels with the
same intensity of light. Regarded as
an integral feature of the image.

By imhist function of Image
processing toolbox of Matlab
program  system is  obtained

histogram of image of yellow cheese
and areas contaminated with mold
(Figure 3). The diagram shows the
distribution of pixel values of the
color bar image. The following are n-
number located area, each of which
represents a range of color values.
Calculated the number of pixels in
each of these intervals. The listed
parameters  provide information
about the variety of colors making up
the image.

30001 T T T T 7

2500 - B

2000 - B

1500

1000 -

500

0

L I
0 0.2 0.4 06 0.8 1

a) opurmHanHo usobpaxeHue

6) xucTtorpama Ha Hysy LIBETOBA KOMMOHEHTa

a) original image

b) histogram of Hysy color component

®dur. 3. Xuctorpama Ha wusobpaxeHue Ha

KallKaBarn
N3meHeHneTo Ha SipKOCTTa Ha
n300paxxeHneTo onpegens HEroBoTO
cbaobpXaHue. PasnuyHnte obnactm  umart

pas3nuyHn koepuumeHTn Ha oTpaxeHune. Ha
rpaHuLaTa Mexay NnoBbpXHUHUTE Ce rnoryYyasa
M3MEHEeHMe Ha CTOMHOCTTa Ha (yHKUMATA,
nokasealla WHTEH3UTETa Ha oOTpaseHaTta
ceeTnuHa. CblUecTByBaT pasnU4yHM MeToau n
ornepaTtopu 3a onpegensHe Ha pbboBe wn
rpaHnumM B OageHo msobpakeHue. Han-yecto
ce usnonsea onepatopbT Ssobel npu
onpegensaHe Ha pbboBe M rpaHuuM npwm

Fig. 3. Histogram of yellow cheese
image

The change of image brightness
determines its content. Different
areas have different reflectance. On
the border between surfaces is
obtained amendment to value of the
function showing the intensity of the
reflected light. Different methods
and operators are available to
determine the edges and
boundaries in an image. The most
commonly used operator is sobel
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obpaboTkaTa Ha n3obpaxeHusa. MNporpamHaTa
cpega  Matlab gaBa Bb3MOXHOCT — 3a
M3ron3BaHe Ha pasnuyHn  yHKUMM  3a
onpeaensHe Ha rpaHuuuTe Ha M3MEHEHWE Ha
WHTEH3UTETa B N300paXeHNeTo.

AHanu3bT Ha u3obpaxeHneTo 3a gadeHa
LUBEeTHa cueHa MOXe [a ce pasgenu Ha aea
eTana: onpegensiHe Ha pbboBeTe 1 rpaHuuuTe
Ha obekTuTe B U300paxeHMeTo; onpeaensHe
Ha obnacTuTe c egHaKBM LBETOBE.

LlBeTbT MoOXe pa ce npeacraBuM KaTo
TPUMEpHa BENWYMHA B MPOCTPAHCTBOTO M Aa
Ce uM3non3ea  BEKTOpHMA  aHanu3 B
konopumeTpusaTa. Bcekn uBaT ce pasrnexga
KaTo CbBKYMHOCT OT TPUTE MbPBUYHM LIBATA HA
N3Mon3BaHnNAaT UBeToBM Moden (Hanpumep R,
GuBoTRGB; L, anbortLab).

Ha 0asa n3cnenBaHoTo LIBETHO
n3obpaxeHne Moxe aa ce popmmpa YeCToTEH
LUBETOBM  MOAen, KOWTO  MpeacTaBnsiBa

TpumepHo [aycoBo pasnpegeneHve. To ce
6asunpa Ha HAKOJTKO 4YecToTn Ha
pasnpeneneHne Ha UBETOBUTE KOMMOHEHTH OT
LBETOBUS MOAES, B KOUTO € MNpencTaBeHo
n306paxxeHneTo.

B Image processing toolbox Ha Matlab ce
nogabpxar 4YeTmpu OCHOBHM TMna
N300paXeHnss — WHOEKCHO, WHTEH3UTETHO,
OBOWYHO UINN TaKOBA, NPEACTABEHO B HAKOW OT
n3ssectHute usetoBn mogenn (RGB, HSV,
Lab). Hanp. 3a 24-6utoBo RGB n3obpaxeHne
TpsAbBa ga ce HanpaBu TpaHcdopmMauus B
MHOEKCMpaHo mn3obpakeHue. 3a oTaensiHe Ha
pPEernoHu, 6asunpaHm Ha uBeTa oT
n3non3egaHarta LUBETOBa KOMIMOHEHTa Ha
CbOTBETHUA LIBETOBM MOAEN Ce W3non3Bea
dyHKuMs roicolor, kato ce onpenendar Tesn
nuKkcenm oT n3006paxxeHneTo, KOUTO
npyHagnexar Ha uBeToBust uHTepsan [low,
high]. N'paHuuMTe Ha TO3M UBETOBWU MHTEepBan
ce onpeaendar NpeaBapuUTENHO MO ONUTEH MbT.

Msnonssankn yHkumaTa  roicolor ce
onpefendar Te3an ydacTbuy MO MNOBBbPXHOCTTA
Ha npogykrta, B KouTo ce Habnogasat
obractu Ha cupeHe, KalukaBam W nfieceH.

for determination of edges and
boundaries in the image. Matlab
programming environment enables
the use of various functions to
determine the range and variability
of intensity in the image.

The analysis of the image color
can be divided into two stages:
determination of the edges and
boundaries of objects in the image;
identify areas with the same colors.

The color can be represented as
a two-dimensional parameter space
and can be used vector analysis
from the colorimetry. Each color is
seen as a set of three primary
colors used in color model (eg R, G
and B, from RGB; L, a and b of the
Lab).

Based on the study a color
image can be formed frequency
color model, which is a three-
dimensional Gaussian distribution.
It is based on several frequencies of
the distribution of the color
components of the color model in
which the image is presented.

In Image processing toolbox of
Matlab are supported four main
types of images — Index, intensity,
binary or any, submitted in some
known color model (RGB, HSV,
Lab). For example, 24-bit RGB
image should be transformed in
indexed image. To separate regions
based on the color of the used color
components of the color model is
used function roicolor, by identifying
those pixels of the image belonging
to the color interval [low, high]. The
boundaries of such color interval
are determined in  advance
experimentally.

By using roicolor function are
determined those areas on the
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MonyyaBa ce O6uHapHO u30bpaxeHne c
OBOMYHA MaTpuua, NpeacTaBswo B 6san upaT
3afageHaTa yYpes3 UHTepBana obnacr.

surface of the product in observed
areas of the yellow cheese mold.
The binary image is obtained with
two dimensional matrix representing
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white color area set by the interval.

0.05 01 0.15

a) 3a obnacTu ¢ KawkaBan

0) 3a obnacTu ¢ nnecex

a) areas of yellow cheese

©0) areas with mold

®dur. 4. Xuctorpamun Ha Hpsy) 3a pasgenumoct
no OHu

Ha durypa 4 ca npegcraBeHn xuctorpamm
3@ u3veHeHneTto Ha Hgusyy UBeTOBa
KOMMOHEHTa 3a 06racTu C NreceH n Takuea C
Kawkasan. 3a gHute 1-81, 3-T 1 4-Tm moraTt
ga 6bvaat geduHUpaHu OTAMYUMU auanasoHn
3a pasno3HaBaHe Ha obekTHa obnacT, gokaTo
npn 6-Tm OeH OuanasoHa ce Mpunokpuea C
TO31 Ha 4-TN OeH.

5. 3aknr4eHune

Mpn aHanmsa Ha wuBeTHUTE UUdPOBU
n300pakeHns Ha KallkaBan ce yCTaHOBW, 4e
pasgensHeTo Ha obekTHM obnactu ce
nonyyaBaT HEKOPEKTHU pe3yntaTtu, C ronemm
CTOMHOCTM  Ha  obwaTta rpewka Ha
pasno3HaBaHe. ToBa ce Ob/KM Ha hakTa, ve
LUBETOBUTE XapPaKTEPUCTUKN B PasfnNYHUTE
obnactn oT NOBBLPXHOCTTA Ha MpoaykTa ca C
LUMPOKA U3MEHEHUST Ha CTOWMHOCTUTE Ha
LBETOBUTE KOMMOHEHTW.

OnutHO  ce  ycTaHoBW, ye npv
NPeACTaBAHETO Ha WU300paXeHMeTo B Sysy
UBeToBa KOMMOHEHTA W W3MNON3BaHETO Ha
KOeMUMEHT 3a KopekuuMss Ha npara Ha
OuHapusaumsa ff cbc cTomHOCTM B AnanasoHa

Fig. 4. Hystograms of Hsy) for
separating of object areas of days

In Figure 4 are presented
histograms for the change in Husvy)
color components for areas with
mold and those with yellow cheese.
For the days first, third and fourth
can be defined distinct ranges for
recognition of object area, while the
sixth day range overlaps with that of
the fourth day.

5. Conclusion

In the analysis of color digital
images of yellow cheese is found
that in the separation of object areas
are produced incorrect results, with
large values of the total error of
recognition. This is due to the fact
that the color characteristics of the
various areas of the surface of the
product have wide variations in the
values of the color components.

Established is that in presenting
the image in Susy) color component
and use of a correction factor on the
threshold of binarization ff with
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3,1+3,5 morat ga ©OboaTr pasrpaHudaBaHu
06eKTHM 061acTK Ha NNeceH No NOBbLPXHOCTTA
Ha KallKkasarn.

MpeaonoxeHo e  M3MNOM3BaHETO  Ha
noaxoasALmM OYHKUMN OT NPOrpamMHUSA NPOaYKT
Matlab ¢ uen otoensHe Ha obGnactu no
NMOBBLPXHOCTTA Ha KallkaeBan C pasnuyHa
CTeneH Ha MopaseHOCT  OT  MJeceH.
Pesyntaturte OT npunoXxeHnte yHKUun morat
0a 6bgaT m3nonseaHuM 3a onpedensiHe Ha
nnowiTa Ha  3apaseHns  y4acTbK U
CbOTHOLLEHNETO MYy CMNpsSIMO 34paBuTE 4acTu
Ha npoaykTa.

OT nonyyeHata vHdopmauua moxe fa ce
HanpaBn asToOMaTU3MpaHa [guarHoCTMKa Ha
3apassiBaHeTO Ha KawkaBan W pJga ce
onpedenn  xapaktepa  Ha  3alluTHUTE
MeponpusaTUd, Kouto Tpsabea aa ce npunarat
3a npegoTBpaTsABaHe 3apassiBaHETO  Ha
npoaykTa.

6. Jlutepatypa

values in the range 3,1+3,5 can be
distinguished object areas of mold
on the surface of the yellow cheese.

Proposed is the use of
appropriate functions of the Matlab
software to separate areas on the
surface of the vyellow cheese of
varying permeates with mold. The
results of these functions can be
used for determining the
contaminated area and its ratio
relative to healthy parts of the
product.

From the information received
can be made automatic diagnosis of
the infection of the yellow cheese
and to determine the nature of the
protective activities that must be
applied to prevent decay of the
product.
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ANALYSIS OF SEM IMAGES OF MAGNETICALLY THREATED
CERAMIC MATERIALS

Antoaneta Dimitrova
Trakia University, Faculty of Technics and Technologies

Abstract: The report is a study on application of image processing techniques to SEM
digital images in the evaluation of quality of the thermally processed and magnetically threated
ceramic materials. In evaluation of the images by histograms a significant difference in
intensity is observed in the images of ceramics treated with varying strength of the magnetic
field but have not obtained good results in images of ceramics processed at different
temperatures. Analogous results were obtained using discriminant analysis by feature
sorientation”. The application of texture features indicate visually that there are significant
differences in the data for features contrast and energy, which is a prerequisite for the
realization of further research on rapid and objective assessment of magnetically treated
ceramics.

Keywords: Magnetic treatment, Ceramics, SEM images, Image analysis, Texture
features

1. Introduction
SEM (Scanning Electron Microscope) is used in examination of the surface of the
object through scanning with the electron beam, i.e. iterate to the surface point by
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