AHAIIN3 HA METOAUN U
MHCTPYMEHTAPUYM 3A OLIEHKA HA
KAYECTBOTO HA KUCEJIO MJIAKO

3natuH 3narteB, MuTtko lNeTeB, AHTOaHeTa
OvwmuTtpoBa, Buoneta CumeoHoBa, CnaB
OvHeB, XXeHa OuHeBa

Pe3rowme: B HacToAWmSA Joknag e
npegcrtaBeHa  akTyanHoOCTTa Ha  npobnema
OTHOCHO MpPOM3BOACTBOTO, KOHCymauusTa W

30paBOCMOBHOCTTA HA MIEYHUTE MPOAYKTU, U B
YACTHOCT Ha Kucenoto Mnsko. [locoveHn ca
HOPMaTUBHUTE MeToOM  3a  OUeHKa Ha
nokasaTenute 3a Ka4yeCTBO Ha KMCENno MIISIKO,
nppetm B P.bbnrapua un  cbobpaseHn c
n3nckBaHuaTa Ha EBponenckus cbuio3. PasrnegaH
e npobnembT 3a OOEKTMBHO OLEHsBaHE Ha
Ka4yeCTBOTO Ha MIIeYHW NPOLYKTM MOCPEeLCTBOM
aHanua Ha Bu3yanHu mdobpaxeHusi. HanpaeeH e
0o6006LLeH aHanu3 Ha M3BECTHU ONTUYHU MeToawn,
M3MOM3BaHKM 3a OLleHKa Ha Ka4yeCTBOTO Ha Kuceno-
MIT€YHU NPOOYKTWN.

1. BbBegeHue
C npunaraHeTo Ha HOBM (hepMeHTaLNOHHU
TEXHOIMOTMN W y4yaCcTMETO Ha pasfnyHu
MITEYHO Kucenu GakTepun nNpu Npou3BoACTBO
Ha pa3HooOpa3HM W MNones3Hn 3a 34paBeTo
MMEYHN NPOAYKTM ce noctura [obbp
KOHCepBupaLy, eqoekT, HapacTBa
GesonacHocTTa MM W OUETUYHUS UM
noTeHuMarn, Kakto M Bb3MOXHOCTUTE 3a
paswmpsBaHe U  pasHooOpassdABaHe Ha
acoptumeHTa. ETo 3awo npeawn, cera n 3a B
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ANALYSIS OF METHODS AND TOOLS
FOR EVALUATING THE QUALITY OF

YOGURT

Zlatin Zlatev, Mitko Petev, Antoaneta
Dimitrova, Violeta Simeonova, Slav
Dinev, Jenia Dineva

Abstract: The report presents the
actuality of form-factor issues associated
with the production, consumption and
wholesomeness of dairy  products,
particularly ~ yogurt.  Mentioned are
normative methods for assessing quality
indicators of yogurt adopted in Bulgaria
and in line with EU requirements.
Discussed is the problem of objectively
assessing the quality of dairy products
through analysis of digital images. A
comprehensive analysis is made of known
optical methods used to assess the quality
of yoghurt.

Keywords: yogurt,
bacteria counting

computer vision,

1. Introduction

With the implementation of new
fermentation technologies and the
involvement of various lactic acid
bacteria in the production of various
useful healthy Dairy products is
achieved good preservative effect,
increases safety and dietary potential
and opportunities for expansion and
diversification of the range. Therefore,
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6boelwie MMevyHo Kucenute OakTepum ca
ounun, ca n we 6bBAAT NocTosiHEH ODEKT Ha
Hay4YHM um3cnegBaHust OT  MHOIMO  YYeHwu
[10,11,19]. 3a TOBa cBugeTencrea
Hanocnegbk TeHAeHUMATa KbM HapacTBaHe
Ha 6posi HayyHu Tpydose, nNyGruKyBaHU B
pedepupanm 6asa gaHHu ,ScienceDirect” n
Google Scholar (@ue. 1) OTHOCHO HOBOCTUTE
npy npepaboTBaHETO Ha MMIAKOTO (NO3HATO B
yyxxbuHa kaTo ,yogurt”) [22,23].

KaTto npuumHmn 3a TOBa HapacTBaHe MOXe
Aa ce npvemMe MOBULIEHOTO Hanocneabk
BHUMaHME M OpPUEHTAUUA Ha CbBPEMEHHUS
KOHCYyMaTop KbM 34paBOCMOBHO M 6e3onacHo
XpaHeHe, ©6asvpaHO Ha YHKUMOHANHUTE
XpaHun n gobaBkn, U Han-Beye Ha KUCEenoTo
MIIIKO M MMeYHUTE NpoaykTu. B pesyntat Ha
TOBa MO3HaHMATA B TOBa HanpasfeHue
HapacTBaT 3HAYUTESTHO.

Hapen cbc cb3gaBaHeTO Ha HOBM, MO-
3[paBOCMOBHM XpaHW, MUHUMU3MPALLM pUCKa
OT pas3BMTUE HA MHOXECTBO XPOHUYHM UMK
NHGEKUMO3HN 3abonsiBaHus, ce noBuMLIaBa
PYHKUMOHANHOCTTa Ha BeYye Mo3HaTU Hu
TPagVLUMOHHM XpaHu Ype3 moanduumpaHe no
TakbB HauuH, Ye CblMTE Aa OKa3BaT HOB
cneumduryeH 30paBoOCrOBEH edekT - T.Hap.
¢pyHKYUuOHanHuU xpaHu [9,11,16]

before, now and in the future, lactic
acid bacteria have been, are and will
be a constant subject of research by
many scientists [10,11,19]. This is
proved by the recent upward trend in
the number of scientific papers
published in peer-reviewed database
"ScienceDirect” and Google Scholar
(Fig. 1) on developments in the
processing of milk (known abroad as
"yogurt") [22,23].

The reasons for this growth may be
regarded the increased attention lately
and orientation of the modern
consumer to Healthy diet based on
functional foods and supplements, and
especially the yogurt and dairy
products. As a result, the knowledge in
this field have increased significantly.

Along with creating new, healthier
foods, minimizing the risk of
developing many chronic or infectious
diseases, increases the functionality of
the already familiar to us through
traditional foods modified in such a
way that they can have new specific
health effect - ie. functional foods
[9,11,16].
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6) Google Scholar

®dur. 1. bpow nybnukauum Ha Hay4YHW U3CreaBaHUA Ha KUCeno MIISKO (KnoyvoBa gyma ,yogurt®)
Fig.1. Number of publications on research of yogurt (key word "yogurt")

[Hec wmnpoko nHopmmnpaHmsa notpeburten
Beye 6asvpa wn3bopa CUM Ha XpPaHUTENHU
NPOAYKTU BBbPXY NO-LUMPOK KPbI OT KPUTEPUM

Today widely informed user already
based his/her choice of food products
over a wide range of criteria — both taste
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- KaKTO NO BKYCOBM KayecTBa W XpaHUTemnHa
CTOMHOCT, Taka W OTHOCHO TexHuTe
NOTEHUManHM nonesHn wn 34paBOCIIOBHU
eektn. ToBa nNpesBpbLla TPAAULMOHHUTE U
BeYye YTBbPOEHW MIe4YyHu TMpPOAYKTU B
nogxoAsila OCHOBa 3a TbpCceHeTo U
pa3paboTBaHeTO Ha HOBU (YHKLMOHAMHU
XpaHM U Haco4yBa ycunusaTa KbM XapakTtepu-
3MpaHe Ha MNe4YHO KucenaTta Mukpodpriopa
[10,19]. B pesyntat Ha ToBa ce Habnwogaea
TeHOeHUMs 3a 3anasBaHe Ha BMCOKUTE HMBa
Ha NPOWM3BOACTBO WM KOHCyMauusi Ha Kpase
knceno mnsko B P.bvnrapus (Que. 2).

and nutritional value, as well as on their
potential beneficial health effects. This
makes the traditional and well-
established dairy products in an
appropriate basis for the search and
development of new functional foods
and directs efforts to characterize the
lactic acid microflora [10,19]. As a
result, there is a tendency to maintain
high levels of production and
consumption of cow's yogurt in Bulgaria

(Fig. 2)
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®ur. 2. [NponsBoACTBO N KOHCYMaUMA Ha Kuceno mnsko B P.bbnrapus
Fig.2. Production and consumption of yogurt in Bulgaria

C npucbeguHsBaHeTO Ha CTpaHaTa HU KbM
EBponenckus cbto3 (EC) mneyHuaT otpacwn ce
npeBbpHa B MHTerpupaHata 4act ot O6wwma
€BpOonencku nasap, KaKTo CrnpsiMmo
npoBexgaHata nonuTUka W perynauuu,
CblLeCcTByBalLUX Ha TO3U nasap, Taka U OTHOCHO
nasapHaTa KOHKypeHUMS.

ChblleBpeMEHHO  MMEeYyHuAT oTpacbsl B
P.bbnrapya, 3a pasnuka OT TO3WM Ha
OoCTaHanuTte cTpaHu-yneHku Ha EC, nputexasa
cBosiTa crneuuduka — OCHOBAH € Haun-Beye
BbpXy  roBegoBbACTBOTO, BbMpekn  4e
Bbnrapua TpaguumMoHHO e npou3BoauTeN U Ha
oBYe, Ko3e M 6uBONCKO (B MO-OrpaHMUYEHU
Konuyectsa) Mnsko. [lokato B Apyrute cTpaHu
Ha EC genbT Ha KpaBeTo MNsAKo e Hag 98%, To

With accession of our country to the
European Union (EU) dairy industry
has become an integrated part of the
Common European Market, as well as
to policy and regulations existing in
the market and on  market
competition.

At the same time the dairy sector in
the Republic of Bulgaria, unlike that of
other member states of the EU, has
its specificity - it is based mostly on
cattle breeding, although Bulgaria is
traditionally a manufacturer and
sheep, goat and buffalo (in the limited
quantities) milk. While in other EU
countries the proportion of cow's milk
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B P. bvnrapusa ton e mexgy 85-90% (3a 2012
r. € okono 89% - no gaHHM Ha M3X) c
OYakBaHa TeHOEeHUMs 3a HapacTBaHe nopaau
NPOABLIPKABALLOTO CBMBAHE Ha OBLEBbLACTBOTO

n HOBOTO MapruHanuaupaHe npu
kKo3eBbacTBOTO [10].
Pesyntatute oT 3agbnboyeHns aHanus

CBMAETENCTBaT 3a AACHO o4yepTaHa TeHOeHUuus
3a 3anasBaHe Ha BUCOKATE HMBA Ha
NPOM3BOACTBO W KOHCyMaLMs Ha MIeYHu
NpoAaykTn OT KpaBe MNAko B bBbvnrapus u B
EBponenckmsi cbio3, KaTto KMCENOTO MIMSAKO CU
ocTaBa efuH OT HaW-KOHCYMWUpaHWUTE MPOAYK-
™. [lpoM3BOOCTBOTO UM KOHTpONa Ha TO3U
NpoAyKT cnegsa ga 6baaT XapMOHU3UPaHWU C
€eBponencknTe N3NCKBaHUS, KaKTo n
cbobpaseHn c xapaktepa M creuudukara Ha
notpebutencknte NOTpebGHOCTW.

MpepBua  3HaunTENHUTE obemu Ha
NPOM3BOACTBO M KOHCYMaUUSA Ha KUCENO MIISIKO
N MIIEYHN NPOAYKTU € HeoBXoanMO:

* OpVEHTMpaHe Ha Hay4yHuUTe Wu3crneaBaHus

KbM BUONOrMYHUTE XapakTEPUCTUKN Ha Te3un

npoaykTn C uen nocTturaHe Ha
30pPaBOCJIOBHOCT n ©esonacHocT n
Bb3MOXXHOCTU 3a Cb3daBaHe Ha

bYHKUMOHANHM XpaHu OT TSX;

e MpunaraHe Ha eKCnpecHN TEXHUKN 3a aHanm3
N OLIEHKa Ha Ka4yecTBOTO - B flabopaTopHu
yCcroBus nnm AVPEKTHO Ha
npoussoAcTBeHaTa NNHUS;

e MpunaraHe Ha CbBPEMEHHU TEeXHUYECKM
cpencTea;

e MpunaraHe Ha CbBPEMEHHM MeToaM 3a
PU3NKOXMMUYEH n MUKPOBMONornyeH
aHanms.

2. OpraHu3auusa Ha xnagunHata Bepura
NPy CbXpaHeHMe Ha KUCEernoTo MNSIKO

Kncenoto Mnsiko e 1B NpUpoaeH NPoAyKT C
HenpekbCcHaTo npoTuyaLlm BUOXUMUNYHM
npouecu noa AenucTBMe Ha nonagHanu B Hero
MUKpoopraHuaMu. 3atoBa BcCsika MpoOMsiHA Ha
TemrnepaTypHUsi PeXUM Ha CbXpPaHEHMETO My
BOOW W [0 TnNpOMsiHa BbB BKYCOBUTE W

is over 98%, then in the Republic of
Bulgaria it is between 85-90% (for
2012 is about 89% - according to
MAF) with expected increasing trend
due to ongoing contraction sheep
farming and in the new
marginalization of goat farming [10].

The results of extensive analysis
attest to a distinct tendency to
maintain high levels of production and
consumption of dairy products from
cow's milk in Bulgaria and in the
European Union, the yogurt remains
one of the most consumed products.
Production and control of this product
should be harmonized with European
requirements and tailored to nature
and specifics of consumer needs.

Due to significant volumes of
production and consumption of yogurt
and dairy products is necessary:

orientation of research to the

biological characteristics of these
products in order to achieve health
and safety and possibilities for
creating functional foods from them;
application of express techniques
for analysis and assessment of
quality - in the laboratory or directly
on the production line;
application of modern
equipment;

application of modern methods of

physical, chemical and

microbiological analysis.

technical

2. Organization of the cold chain
upon storage of yoghurt

Yogurt is live natural product with
continuous biochemical processes
occurring under the influence of
microorganisms stuck in it. Therefore
any change in the temperature regime
of storage leads to a change in taste
and natural qualities.
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dm3nyecknTe My KayecTsa.

Hanpumep, npu XxnagunHo CbxpaHeHue
KMCENOTO MIISIKO 3anasBa kadecTtBaTa cu o 21
OHW, OOKaTo NpW HapacTBaHe Ha Temnepary-
paTta My Ha CbXxpaHeHue 6akTepumTe B Hero ce
pasBMBaT  MO-aKTMUBHO W Npean3BuKBaT
BKMCBaHe WNW pasBangHe Ha npoaykta
[1,2,10,19]. ETO 3alio0, OT KPUTUYHO 3HA4YeHMEe
3a Ka4eCTBOTO Ha MIIEYHOKMCENNTE NPOAYKTU €
crnasBaHeTo Ha T.Hap. XrnagunHa Bepura.

XnadunHama eepuaa e CTPYKTypupaHa C:
e« 38eHO A (HavasHO) -  cknapg

npoussoautens (¢  Temnepatypa

CbxpaHeHue ao 6°C);

* 38eHO b - TpaHcrnopTMpaHe Ha NpoayKTute
Jo cknagose Ha anctpubytopute/
MarasuHHaTa Mpexa;

* 38eHO B - nomeleHus 3a CbXpaHeHue Ha
npoayKkTuTe (Ha  gucTtpubyTopute n
TbProBuUMTE) W XnagunHata BUTPUHA B
MarasuHa - 4Ypes3 Hes nNpoaykTa goctura go
KpamHUS KITUEHT;

* 36eHo [ (KpaliHO) - nocnegeH eTan, npu
KOWTO npodykta Joctura [o  KpauHus
KNMMEHT, KOMTO CbLLUO MOXe Aa MNoBnusie Ha
KayecTBaTa Ha NpoAyKTa cnopen HayuHa, rno
KOWTO ro TpaHcrnopTMpa A0 AOMa CU U o
CbXpaHsiBa B COBCTBEHWNSA CU XNaaUIHUK.

[obpe opraHusnpaHata xnagunHa Bepura

rapaHTMpa no-obNbr CPOK Ha TPAMHOCT, JOKaTO

npy nNunca Ha TakaBa MPOAYKTUTe cnefsa na
ce eTUKeTMpaT C U3KMYMTENHO KpaTbK CPOK,

BbNPEKN  M3MNOM3BAHETO Ha  KayeCTBEHU

CYpPOBMHM U CNas3BaHETO Ha NPOU3BOACTBEHUTE

npouecw [7,10,16].

Ha
Ha

3. HopmaTtuBHM MeTOAM 3a onpeaensiHe Ha
nokasarenute 3a Ka4vyeCcTBO Ha Kuceno-
MI1e4YHU NPOAYKTU

MexayHapogHuat ctaHgapt BJC EN ISO
22000 obegunHaBa npuHumnute Ha Cuctema-Ta
3a aHanuM3 Ha OMacHOCTUTE M Ha KPUTUYHUTE
Toukn 3a koHTpon (HACCP — Hazard Analysis
and Critical Control Points) c:

¢ |ISO 22004 3a cCTbOkMTEe 3a HENHOTO

For example, in cold storage the
yogurt keeps its qualities 21 days,
while increasing its temperature of
storage the bacteria in it grow more
active and cause souring or spoilage
of the product [1,2,10,19]. Therefore,
critical to the quality of fermented milk
products is the keeping of cold chain.

The cold chain is structured with:

Point A (primary) — warehouse of

the  producer (with  storage
temperature 6°C);
Point B - transporting of the

products to the warehouses of
distributors/retail network;
Point C - storage facilities for
products (distributors and retailers)
and shops — In the retail display
cabinet through its product reaches
the end customer;
Point D (final) — the final stage in
which the product reaches the end
customer, which can also affect the
quality of the product in the way in
which it transported to his home
and store it in his own refrigerator.
Well organized cold chain ensures
longer durability, while the absence of
such products should be labeled with
a very short shelf life, despite the use
of quality raw materials and adheren-
ce of production processes [7,10,16].

for
quality

3. Normative methods
determining of the
indicators of yoghurt

International Standard BDS EN

ISO 22000 integrates the principles of
the system of hazard analysis and
critical control points (HACCP) to:

ISO 22004 for steps for its

implementation, developed by the

Commission of Codex Alimentarius;

BDS EN ISO 22005 - the

traceability in the foodstuffs and
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npunaraHe, paspaboteHn oT Komucusata Ha
Codex Alimentarius;

6/]C EN ISO 22005 - 3a npocrnegu-mocT B
XpaHUTE U XpaHuTenHaTa Bepura;

C/ 1SO/TS 22003 Cuctemu 3a ynpareHue
Ha 6e3onacHoCTTa Ha  XpaHUTENHUTE
NpoayKTH.

OCHOBHUTE HOPMAaTMBHW aKTOBE OTHOCHO

€TUKETNPAaHETO Ha MITEYHN NPOAYKTU Ca.

LHupekmusa 2000/13/EO Ha EBponenckus
napnameHT n Ha CbBeTa 3a XxapMOHU3npaHe
Ha 3akoHodaTencTBata Ha [ObpXaBuTe-

YNEeHKn OTHOCHO eTuKeTnpa-HeTo,
npeacTaBAHETO M peknamata Ha XpaHuTe -
TpaHCNOHUpaHa B 6bnrapckoTo
3aKOHOOATEeNCTBO;

PeaznameHm 853/2004/EC - OMpeKkTHO npu-
NOXUM B GbNrapckoTo 3aKOHOOATENCTBO;
3akoH 3a xpaHume;

3akoH 3a 3awuma Ha nompebumenume;
Hapedbama 3a usuckeaHusma 3a
emukemupaHe u rnpedcmassiHe Ha XpaHu,
Hapedba 3a cneyughuyHume u3UCKeaHUSs
KbM HaMMEHOBaHMATA N €TUKETUPAHETO Ha
MASIKO U MNEYHU NPOAYKTWU, npeanaraHyn Ha
nasapa;

Hapedba 3a u3uckeaHusima KbM HSKOU
Yacmu4yHoO UNlU Hanb/IHO OexudpamupaHu
MrieKka, NpeaHasHayYeHn 3a KOHcymMaumsa oT
4YOBEKA;

Hapedba Ne 4 om 19.02.20082. 3a
cneum@puyHNTE M3UCKBaAHUA MpU NPOU3BOA-
CTBOTO, CbXPaHEHMETO WU TpaHcnopTMpa-
HETO Ha CypOBO KpaBe MMSKKO MU
M3NCKBaHMSTA 3a TbProBus M MNyckaHe Ha
nasapa Ha MNSKO U MNEYHU NPOLYKTMU.
OCHOBHMAT HauMoOHaneH CcTaHgapT 3a

O6bnrapckoTo kuceno mnsko e BJC 12:2010. -
OTHacs ce 3a KUCeno MISKO, MPOU3BEOEHO OT
KpaBe, oBYe, OMBOMCKO, KO3€ WM CMECEHO
MMSIKO 4Ype3 3aKkBacBaHe CbC CUMOWMOTUYHMU

KynTypu Ha Lactobacillus delbrueckii
bulgaricus wu

ssp.

Streptococcus thermophilus,

n3onnmpaHn B 5bnrapvm n HenognaraHM Ha
reHeTn4Ha MOﬂ,VI(*)I/IKaLI,I/IFI, npeagHa3Ha4YeHo 3a

food chain;

C4 ISO/TS 22003 management
systems of food safety.

The main normative acts on the

labeling of dairy products are:

Directive  2000/13/EC  of the
European Parliament and of the
Council for harmonization of the
laws of the Member States relating
to the labeling, presentation and
advertising of  foodstuffs -
transposed in Bulgarian legislation;
Regulation 853/2004/EU — directly
applicable in Bulgarian legislation;
Food law;

Law on Consumer Protection
Regulation on the requirements for
labeling and presentation of food;
Regulation on specific requirements
for designation and labeling of milk
and milk products available on the
market;

Regulation on requirements for
certain partly or wholly dehydrated
milk for human consumption;
Regulation Ne 4 of 19.02.2008 for
the specific requirements for
production, storage and
transportation of raw cow's milk and
requirements for trading and
marketing of mik and milk
products.

The main national standard for

Bulgarian yoghurt is BDS 12:2010 —
Refers to yogurt made from cow,
sheep, buffalo, goat or mixed milk by
inoculation with symbiotic cultures of
Lactobacillus
bulgaricus

thermophilus, isolated in Bulgaria and
Failing to Submit genetic modification
intended for human consumption [10].

delbrueckii ssp.
and Streptococcus

4. Hardware and software methods

for objectively evaluating of the
microbiological quality of yogurt
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KOHcymaums [10].

4. lMporpamMHO-TeXHU4YECKM MeToaMu 3a
OOEKTMBHO OLUEeHsiIBaHe Ha MMUKpO-
OMONOrM4YHUsA CTaTyCc Ha KUCerno MIsiko

MpebposiBaHeTO Ha bakTepuunTte e

NPUNOXUMO B PasfMyHMU  HaAy4yHU U
MHOyCcTpuanHm genvHoctn  (buotexHonorum,
naTtonorns, aHanM3 Ha XpaHu wun  ap.).

[MepcoHanHOTO My uM3BbPLIBaAHE OT Xopa
eKCnepTM € MHOrO MpPOoaABLIMKUTENHO U €
npeanocTaBka 3a Bb3HMKBaHE Ha CyOEKTMBHU
rpewkn. YckopsiBaHeTO Ha TOo3W npouec e
Bb3MOXHO 4Ype3 aBToMaTu3mpaHe C npunaraHe
Ha CWUCTEMW 3@ KOMMIOTBPHO 3peHue u
noaxogsaWwmn nNporpaMHO-TEXHUYECKN CUCTEMU
3a nony4yaBaHe, obpaboTka W aHanu3 Ha

n3obpaxenunsa. [lonoxutenHata oueHka Mo
pasnuyHn KpuTepum npu HanpaBeHo
cpaBHeHue mexay YOBELLKOTO n
KOMMIOTbPHOTO 3peHMe ca B non3a Ha

nocnegHoTo [16].

Cuctemute 3a MaLUMHHO
NOAXOASALN 3a NpunaraHe:

* KbOETO BMAEOKaMepuTe MmoraT Aa 3aMeHaT
ABa unu noseve paboTHMLM;

* B OMACHU TEXHONOMMYHU Ccpean, KbAeTo
onepaTtopbT e 3aTpyaHeH npwu
HabnoaeHMeTo Ha TEXHONOTNYHNS NPOLIEC;

* npwu ynpasneHue Ha npouecu c
Heob6Xo4MMOCT OT B3eMaHe Ha pelueHuaTa B
peanHo BpemMe - C NoMowTa Ha
MUWKpPOMNPOLLECOPHO YCTPOMNCTBO;

* KbOETO € OT 3HadyeHMe TOYHOCTTa Ha
onpeaensiHe Ha reoMeTpu4HuTe 7
TOMNONOrMYHNTE napameTpum Ha
WHCNeKkTupauute obektn - 3aBucuM  OT
pes3onuMaTa Ha Kamepara.

Eto  3awpo, cnopes  aHanusa Ha
nybnukyBaHuTe Hanocrnegbk m3crnenBaHust 3a
onpegensiHe Ha MMKPOBOMONMOrMYHUAT CTaTyC Ha
XPaHUTENHW  MPOAYKTW, MpunaraHeTo  Ha
CUCTEMM 3@ KOMMIOTbPHO 3pEHME € OCHOBHO
NPMOPUTETHO HamnpaBfeHWe Mpu aBTOMATUYHO
onpegensiHe Ha npusHauuTe Ha MuKpobuo-
nornyHn npobu 3a passuTue Ha GakTepumTe.

3peHne ca

Bacteria counting is applicable in
various  scientific and industrial
activities (biotechnology, pathology,
food analysis and more.). Its personal
performance of people experts is very
prolonged and is a prerequisite for the
emergence of subjective errors. The

acceleration of this process is
possible through automation with
application of computer vision

systems and appropriate hardware
and software tools for receiving,
processing and analysis of images.
The positive assessment by different
criteria when making a comparison
between human and computer vision
are in favor for the last [16].

Machine vision systems are
suitable for application:

where cameras can replace two or

more employees;

in dangerous technological

environments where the operator

has difficulty in monitoring the
process;

in the management of Processes

with the necessity of making

decisions in real time-using a

microprocessor device;

where relevant  precision  of

geometric and topological

characteristics of inspected objects

- depends on the resolution of the

camera.

Therefore, according to the
analysis of the recently published
studies to identify the microbiological
status of food products, the
application of computer vision
systems is a major priority area in the
automatic  determination of the
features of microbiological samples
for bacterial growth.

These systems successfully
interpreted in the most natural way
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Tean cuctemm ycnewwHO MHTepnpeTupart no
Han-eCTeCTBEH HauuH OENHOCTTa Ha ekcnepTa

npwu onpegensHe Ha TMna n
pasno3HaBaTenHuTe  Mpu3HauW, Kakto u
npebposiBaHeTo Ha BGakTepunTe.

Bbnpekn, 4e wMexagy KOMMTbBPHOTO MU

MaLLUMHHOTO 3pEeHMEe MMa HSAKOM pasfnuvku, To U
npM pABaTa MeToda Cce uM3nonsesaT BuAOEO
KamMepu WM OpYyrM  ONTUYHM  YCTPOWCTBA
(nasepHu CKeHepw, aKyCTUKO-OMTUYHU
ycTpouncTea un gp.) [3,4,7].

Cucmemume 3a MaWUHHO 3peHUe Cce
npunaraTt LWMPOKO NpY MHCMNEKUNS Ha pasnuyHu
NHAyCTpUanHu OBEeKTM HemnocpeacTBEHO Ha
NPOM3BOACTBEHATA NMHUA. XapakTepUCTUKUTE
nm ca:

* yNeCcHeHO U3non3eaHe OT NnoTpebuTens;

* MOBTAPSAEMOCT Ha pe3ynraTtuTe;

* 3almTeHoCT Ha obopyaBaHeTo oT
BMNUSIHNETO Ha CMyLLEeHUS oT
Npon3BOACTBEHA Cpeaa;

e ronamo ©Obp3oagencreme
4yacrT;

* HMCKa cebecTonHOCT Ha o6opyaBaHeETo.
Cucmemume 3a KOMMIHMBPHO 3pEHUe ce

M3Mon3BaT OCHOBHO 3a akageMW4HU U Hay4YHO

N3crnegoBaTeniCkM Luenu. XapakTepuctukute um

ca:

*  anropuTMUYHOCT Ha
NporpamMHoO ocuUrypsiBaHe;

e 3aa4bniboOYeH  TeopeTuyeH
nony4yaBaHuTe pe3yntaTu;

Ha anapartHaTta

Cb34aBaHOTO

aHanma Ha

e pobpa TeopeTnyHa n npakTnyecka
NMOAroTOBKA Ha ornepartopa.
Kato npeameT Ha nscnegBaHusaTa
BuonormyHnTe NPOAYKTH ca TBbpAe

KOMMIEKCHM n nony4yeHuTe oT  TaX
n3obpaxeHnss CbOTBETCTBAT Ha MNOCOYEHUTE
Nno-rope  XapakTepucTukM, C KOeTo ce
nposiBABaT  OTYETIMBO  npeaMmcTBata W
HegocTaTbuMTE Ha cuctemmte 3a obpaboTka
Ha nsobpaxeHnara.

OcBeH cneundunyHMTE 3a OBETe CUcTeMu
XapaKTePUCTUKM, BNusieLm BbPXY
pa3no3HaBaHETO Ha 0beKkTuTe B U3obpaxeHus,

the activities of the expert in
determining the type and the
recognition features and counting the
bacteria.

Although between the computer
and machine vision are a few
differences both methods are used
video cameras or other optical
devices (laser scanners, acoustic
optical devices, etc.). [3,4,7].

Machine vision systems are widely
used in various industrial inspections
of objects directly on the production
line. Their characteristics are:

facilitated solution for user;

repeatability of results;

protection of the equipment from

the effects of disturbances from the

production environment;

high performance of the hardware;

low cost of the equipment.

Computer vision systems are used
primarily for academic and research
purposes. Their characteristics are:

structured basis of creation of the

software;

a thorough theoretical analysis of

results;

good theoretical and practical

training of the operator.

As an object of the investigations,
the biological products are too
complex and the resulting images of

them correspond to the above-
mentioned  characteristics,  which
exhibit distinct advantages and

disadvantages of the systems for
image processing.

Besides the specific characteristics
of both systems, affecting recognition
of objects in images, these objects
have many common features.
Through them can be developed
different strategies of identification
applicable to various object types.
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Tean o00ekTM wumatr U MHOro  oOwwm
Xapaktepuctmku. Ypea TAx wMoraT pa ce
paspaboTBar  pasnu4Hu cTpatermm  3a

pas3no3HaBaHe, MPUNOXMMW 3a PasfiMyHU Mo

BUA 1 TMN 0BEKTH.

Hanpumep, 4pe3 KOMMIOTbLPHO 3peHME ce
HabnogasaT 6e30nMacHO pUCKOBKM 3a 34paBeTo
Ha 4oBeka OOEKTWM C HacoyeHa nasepHa unu
apyra  WHTEH3MBHa  CBETMHA  unuM  ce
onpeaenaT TOYHO pa3mepu Ha 0bekTu, foKaTo
TOBa € M3BbH Bb3MOXHOCTUTE Ha YOBELLKOTO
3peHue.

Ot pgpyra cTpaHa, npeHacTpomBaHeTO Ha
cuctemaTta 3a KOMMITbPHO 3peHne B paboTeH
PEXMM W3NCKBA CNeuuanHu Mo3HaHus wn
n3nonisBaHe Ha MHTepdeENCHU cpeacTea, a npu
YoBeEKa TOBa MOXe Ja CTaHe C YCTHO yKasaHue.

MpunoXxeHneTo Ha pasnMyHMTE MEeToaMm 3a
pa3no3HaBaHe Ha 06eKTU B KOHKpPeTHM obnactu
(Hanp., GpoeHe Ha KMEeTKA WM KOMOHUM OT
Gaktepun, onpegensHe Ha pasHoOOOpa3HM
TEXHWU TOMOSOMMYHN U FEOMETPUYHM NapamMeTpu
n gp.) e nogpobHo onMcaHO B MHOXECTBO
ny6nvkauumn, No-nonynsipHM OT KOUTO ca:
¢ Selinumni u konekmue npeacTaBaAT copTyep

3a aHanu3 Ha wusobpaxeHus CellC, 3a

onpegensiHe napameTpute Ha 6aktepun oOT
n3obpaxeHns Ha 3puTenHM noneta oT

MMKPOCKON. M3non3BaHnAT  nporpameH

npoaykT 3a asToMaTuyHO OpoeHe Ha

Oaktepum ” cpaBHeHusi C obwmsa 6pon

OakTepum npegnara M KONIMYECTBEHO

onpenensiHe Ha mMopdonorusaTa Ha

knetkute. Pesyntatute OT BepudukauuaTa

Ha npeacrtaBeHna  codpTyep  nokaseaT

Kopenauusa Hag 0,98 mexagy onpeperneHute

C nporpamHua npoaykt 6pon Gaktepuun u

TO3n, onpegeneH oOT ekcnepT. [pyro

npeaumMcTBo e, 4e codpTyepbT € cBOOGOAHO

poctbrneH B NHTepHeT [18,21].

* Hong Men u konekmue npegnarat MeToA 3a
TOYHO onpegengHe Ha 6posa Gaktepum B
WHOYCTPManHo oxnageHa Boda, Npu KOWTO
OpUrMHanHuTe n3obpaxeHuns ce
KOHBEpPTUPAT B HMBaA Ha CMBO, NPeEMaxBaT ce

For example, by computer vision
are observed safely risk for human
health objects with directed laser or
other intense light or pinpoint
dimensions of objects while it is
beyond of the human vision.

On the other hand, the adjustment
of the system for computer vision in
working mode requires  special
knowledge and use of interface
resources and in humans it can be
done with an oral instruction.

The application of different
methods for object recognition in
specific areas (eg, counting cells or
colonies of bacteria, identifying their
various topological and geometrical
parameters, etc.) Is described in detail
in  numerous publications, more
popular ones are:

% Selinumni at al. provide software for
image analysis CellC, to determine
the parameters of the bacteria from
the image of the visual field of the
microscope. The used software for
automatic counting of bacteria and
compared to the total number of
bacteria  available and the
guantification of cell morphology.
The results of the verification of the
submitted software correlated over
0.98 between designated with the
software number of bacteria and the
one set by an expert. Another
advantage is that the software is
freely available on the Internet
[18,21].

% Hong Men at al. proposed a method
for accurately determining the
number of bacteria in industrial
cooling water in which original
images are converted to grayscale
removes the external elements of
the captured vessels by applying
the principle of lying in a circle three
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BbHLIHUTE €NEMEHTUN Ha 3acHeTUTE CbaoBe
4ypes npunaraHe Ha NpuMHUMNA Ha nexawmTe
MO OKPBXHOCT Tpu Toykn. Cnep ToBa ce
n3nonsea nparoBa CerMeHTauusi, TpaHC-
dopmaumss Ha pasCTosiHUA W pasgensiy
anropuTbM 3a CErMeHTUpaHe Ha bGakTepunTte
N Hakpasi 4pe3 anropuTbM 3a TbpCEHE U
OpoeHe Ha Oaktepuute. [logdepTtaBa ce
3HAYUTENHOTO NOBMLIA-BAHE HA TOYHOCTTA U
edeKkTMBHOCTTa Ha OpoeHeTo Ha OakTepuum
4ypes3 TO3n MeToAd, He3aBMCMMO OT dopmarta
n pasmepute Ha baktepuunTe [15].

Wu wu Shah npegnarat wmogen 3a
npeactaBsAHe Ha ChnekTpanHu [aHHUM C
ronsiMa pasmepHoOCT BbB BMA Ha CceyeHne Ha
MynTucnektpaneH ky6 m obpaboTkata Ha
Te3n [OBYMEPHM CeyeHus Nno MeToanm 3a
obpaboTka Ha u3obpaxeHus. [JaHHuTe ca
obpaboTeHn  4ype3  kKOMOWHMpaHe  Ha
WHpopMauus Ha HUCKO HMBO M TakaBa Ha
BMCOKO KOHTEKCTHO HMBO. HanpaBeH e
CpaBHUTENEH aHanu3 Mexay npeanoXxeHus
MOAEN W 4YecTo W3NON3BaHMUTE TEXHUKM 3a
obpaboTka Ha [BYMEpPHU n306paxeHns.
Cnopen pesyntatmte OT TecToBeTe Ha
npeanoXxeHnss Moden C  XMCTONOMNYHU
npobw, AevHMpaHuTe B mogena
NPOCTPAHCTBEHN U CNEKTPANHM OrpaHNYeHus
ca npunoxmmm npu cnab KoHTpacT B
n3obpaxxeHnaTa M ca CUNHO 3allyMEHMW.
Cnopen aBTopuTe, ChEKTpanHWTe AaHHU

nokassar no-go6pu kayecTBa npu
pasno3HaBaHe Ha OOGEeKTW, B CpaBHEHME C
AaHHUTe,  nonyYaBaHM  OT  LUMGPOBM
nsobpaxenunsa. [20] [MopobeH wmeTon ce
pasrnexga W B OpyrM  nuTepaTypHU
N3TOYHUUM [17]

Kemmler u  Korekmue pasrnexaar
npobnema 3a OTKpMBaHe Ha

MUKPOOPraHn3mMun B n3obpakeHus, nony4yeHun
C MWKPOCKON. OcBeH OakTepuu,
n3obpakeHnaTa moraT Aa BKMo4YBaT M ApYru
CWUMHO 3aTpygHsABalM pasno3HaBaHETO Ha
MUKPOOPraH3MmuTe  CTpaHu4Hu  OBeKTM
(Hanp., necbunHkM). snonssamkn nogxon 3a

*

points. Then, using a threshold
segmentation, transformation of
distances separating algorithm for
segmentation of the bacteria, and
finally through the search algorithm

and counting of bacteria.
Emphasizing the significant
increase in the accuracy and

efficiency of counting bacteria using
this method, regardless of shape
and size of bacteria [15].

Wu and Shah propose a model for
the representation of the spectral
data with a large dimension as a
section of the multispectral cube
and the processing of these two-
dimensional sections in methods of

image processing. Data are
processed by combining the
information of the low level and
such a high level context. A

comparative analysis between the
proposed model and commonly
used techniques for processing of
two-dimensional images. According
to the test results of the proposed
model with histological samples
defined in the model spatial and
spectral limitations applicable in low
contrast images and are very noisy.
According to the authors, spectral
data showed a good performance in
object recognition, compared with
the data obtained from digital
images [20]. A similar process is
seen in other literature [17].

Kemmler et al. examined the prob-
lem of detecting micro-organisms in
images obtained with a microscope.
Moreover bacteria can include
images and other highly limiting
recognition of micro-organisms side
objects (eg., Grit). Using semantic
approach to segmentation by
joining a particular pixel to a class,
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CeMaHTM4yHa cermeHTaums, ypes
npucbeanHABaHe Ha onpeaeneH NUKcen Kbm
AafeH knac, ce cb3gaBa 6asa [gaHHW,
cbAbpXxala net pasinyHun TMna
MUKpoopraHmamu. OnucaHn ca  HAKOJIKO
TEXHMKN Ha KOMMIOTBHPHO 3pEHNE N MALUNHHO
oby4eHune 3a OTKpUBaHe Ha
MUKpoOOpraHmamm 4pe3 obpabotka Ha
n3obpakeHns Ha HMBO NuKcen. M3BbpLUeH e
CpaBHUTENEH aHanu3 Ha MeToan 3a
CeMaHTM4YHa cermeHtauus. To3um Tpya e
nooxoasil, Kato Hacoka 3a wu3bop Ha
noaxoaswun anroputMm 3a OTKpUBaHE Ha
OakTepum B 3aBMCUMOCT OT KOHKpeTHaTa
npunoxHa ob6bnact. Cnopen asTopute €
npenopbLYNTESTHO N3BbpLUBaHE Ha
CpaBHUTESNEH aHanu3 Ha pasfiMyHu MeToau
3a anpokcumaumsa C uen onpegensHe Ha
napameTpn Ha o006ekTn B wu3obpaxeHusTa
[13].

% Barbedo npepnara meton 3a 6poeHe Ha
MUKPOOPraHnamu, WU3nonseaiy cepust OT
MOpOnorMyHn  onepaummn, 4pe3  KOWUTO
obekTnte ce  wm3onmMpat  NecHo B
n3obpaxxeHneTo n ce npebposear.
[MbpBOHAYanHo ce npeobpasysa
n3obpaxxeHneto ot RGB B cuBO, crieg KoeTo
ce npunara gBymMepeH meavaHeH untbp C
Luen npemaxsaHe Ha LWymMoBe W AOpyru
CTPaHM4YHM  cMylleHus. PasvepbT Ha
obekTuTe, BbPXYy KOMTO Cce npwunara
GunTtbpa, 3aBMCU OT CreaHuTe OCHOBHU
dakTopy — pasmepuTe Ha u3cnegBaHus
00eKT, pa3amepa Ha CTPaHUYHUTE CMYLLEHUSA
n  pesonwuMsatTa Ha  u3obpaxeHusTa.
[octurHata € TOYHOCT Ha pa3sno3HaBaHe
90%, npu O6LWO OTKIIOHEHME OT TOYHOCTTa
(npegusBukaHo OT cnetn obektn B
n3obpaxeHuata) - 8% [5].

Barbedo (2013) cb3gaBa anropuTbMm 3a
pa3no3HaBaHe W onpegensHe Opodat Ha
Gaktepunte B U30OpaKeHUs, NOfy4YeHu C
MUKpOCKON W Buaeokamepa. Cnopen asTopa,
N3BECTHUTE BeYe MHOXECTBO MeToaAn 3a
aBTOMaTU3MpaHe Ha npoueca pasno3HaBaHe U

creates a database containing five

different types of microorganisms.

Described several techniques of

computer vision and machine

learning to detect microorganisms
by imaging pixel. Comparative
analysis of methods for semantic
segmentation. This work is suitable
as a guideline for selection of
appropriate  algorithms for the
detection of bacteria depending on
the application area. According to
the authors, it is advisable to make

a comparative analysis of different

methods of approximation to

determine the parameters of the

objects in the images [13].

% Barbedo provides a method for
counting microorganisms using a
series of morphological operations,
by which objects are easily isolated
in the image and counted. Initially,
the image is converted from RGB to
gray, then apply two-dimensional
median filter to remove noise and
other extraneous. The size of the
objects on which the filter depends
on the following factors - the size of
the research object, the size of the
lateral interference and image
resolution. Achieved recognition
accuracy is 90%, with a total
deviation from accuracy (caused by
the merged objects in the images) —
8% [5].

Barbedo (2013) creates an
algorithm  for  recognizing and
determining the number of bacteria in
images obtained with a microscope
and video camera. According to the
author, numerous methods already
known to automate the detection and
counting of bacteria and micro-
organisms are of limited use because
of its effectiveness only in specific

50



B6poeHe Ha BakTepum U MUKPOOPraHM3amm ca c
orpaHu4eHo NpuUnoXxeHune nopaau
eeKkTMBHOCTTa CWM CcaMO B CheunduyHmn
npunoxeHunsa. TecTtoBeTe Ha NpearioXeHus oT
Hero anropuTbM nokassaT 4obpwu pesynrtaTtu 3a
noBeyvyeTo npakTU4ecKkn NPUNOXEHNS.
MpuynHUTE 3a BbL3HWKBAHE Ha TrpeLLKn npu
paboTa Ha nporpamaTta ca: ronsmata 6numsoct
Ha obekTuTe eamH Ao Apyr, cnabusa KoHTpacT
Mexay obekTUTe W Mankata pasnuka mexay
TAX N dooHa. ABTOPBLT Uenn ga OTKPME Ha4uMH
3a MUHUMU3MPaHE Ha nocoveHuTe
HeJocTaTbUM Ha anropuTbMa M Ton ga 6bae
NPpUNoOXuM 3a pasno3HaBaHe W M3bposiBaHe,
KakTo Ha GakTepuu, Taka M Ha ApyrM TUnoBe
obekTun (KneTku, cemeHa, napasntn n gp.) [6].
Upes obwmnpeH nutepatypeH nperneg n ABC
aHanu3 Ha JaHHUTe e onpefeneHa CTeneHTa
Ha npunaraHe (B %) Ha MeTOOMTE 3a

applications. Tests of his proposed
algorithm showed good results for
most practical applications. Causes
of errors during operation of the
program are: the close proximity of
objects to each other, the weak
contrast between objects and the
small difference between them and
the background. The author aims to
find a way to minimize the
abovementioned disadvantages of
the algorithm, and it can be
applicable for the detection and
enumeration of bacteria as well as
other types of objects (cells, seeds,
parasites, etc.) [6].

Through an extensive literature
review and ABC analysis of the data
are defined application levels (in%) of

noeHTudukaums un  bpoeHe Ha  06ekTu methods for the identification and
(MukpoopraHmamn) (Que. 3) B U3BECTHU counting of objects (microorganisms)
npunoxHn obnactu [5,6,7,12,16,24]. (Fig. 3) in certain application domains
[5,6,7,12,16,24 ].
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®dur. 3. CTeneH Ha npunaraHe Ha MeTOAM 3a pasno3HaBaHe N n3bposiBaHe Ha MUKPOCTPYKTYPU
Fig.3. Degree of application of methods for detection and enumeration of microstructures

3a npegcrtaBUTENHUM ca  npuetm  wn
BKMoMeHn B rpyna A  obektute Ha

As representative are accepted and

included in Group A subjects of study
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nacnegsaHe c¢ agan 70% oT  obwoTo
konundectso. OT rpacdukata e BUOHO, Ye Ha
nbpBuTE  TpM  nNo3vumm  npeobnagasar
nscrnedBaHuATa Ha  KneTkn, Gaktepum
KONMoHWM oT 6aktepuu, C npunaraHe Ha
pasrnexgaHute wmetogu. CrnegoBaTerniHo
Te3M MUKPOOPraHn3Mmn ca oBeKkT Ha akTyanHu
M 3HAYMMW HayyYyHUTE u3cneaBaHus 4pes
MeToauTe 3a uaeHTudukaumss n 6poeHe Ha
MUKPOOPraHn3Mmn B MMKPO U300paxeHus.
Upe3 obwupeH nuTtepaTypeH nperneg u
ABC aHanus Ha paHHuTe e ornpegeneHa
CTeneHTa Ha npunaraHe (B %) Ha meToauTe
3a uaeHTudukauus m O6poeHe Ha o00eKkTn
(MukpoopraHmamm) (Que. 3) B U3BECTHU
npunoxHun obnactu [5,6,7,12,18,24].
OnpepeneHa e n cTeneHTa Ha npunaraHe
Ha copTyepHu WHCTPYMEHTU 3a
noeHTurkaums, aHanns n npebposisaHe Ha
MUKPOOPraHM3Mmn B MOSTY4EHU C MUKPOCKON

with a share of 70% of the total. The
chart shows that the first three positions
of the researches are cells, bacteria,
and colonies of bacteria by application
of the methods concerned. Therefore,
these organisms are the subject of
recent and significant research through
methods for the identification and
counting of microorganisms in micro
images.

Through an extensive literature
review and ABC analysis of the data
are defined application levels (in%) of
methods for the identification and
counting of objects (microorganisms)
(Fig. 3) in certain application domains
[5,6,7,12,18,24].

It also sets the level of
implementation of software tools for the
identification, analysis and counting of

nzobpaxenna (Pue. 4), nocodyeHn B microorganisms obtained by
OOCTbMHUTE nntepaTypHu N3TOYHNLN microscope images (Fig. 4) listed in the
[7,11,14,18,20]. available literature [7,11,14,18,20].
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®ur. 4. CTeneH Ha npunaraHe Ha copTyepHM NPOAYKTK 3a naeHTudmkaumnsa n npebposisaHe Ha
0bekTn B n3obpaxkeHuns
Fig.4. Degree of application of software products for identification and counting of objects in

images
HapactBawmar 6Gpon  OT  PYTUHHM
onepauMm M U3cnegBaHMs B MHOrO
NpPaKkTU4eCKu obnactu n3nckea
naeHTugurKaums, pasno3HaBaHe "

The increasing number of routine
operations and research in many
practical areas require identification,
detection and enumeration of various
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n3bposieaHe Ha pasHoobpasHn o0bekTn
(kneTkun, xopa, NapasnTn, pacTeHns, Nogose
n ap.). Yecto B pesyntatute OT Te3n pPbYHO
M3BbPLUBAHM OT YOBeKa npoueaypu ce
aonycka CyOekTMBM3bM, a MNOHsIKora W
TeHaeHuMosHocT. ETo 3awo, nocodeHuTe no-
rope MeToaM W nporpamMHUM cpenctea ca
nogxodsila antepHaTuBa 3a pellaBaHe Ha
npobnema.

5. 3aknwueHue

AHanu3bT Ha NybnvkyBaHUTe Hanocnegbk
n3cnegBaHuss  3a pa3no3HaBaHEeTOo n
onpegensHe Ha  O6poa  Gaktepum B
BronornyHn NPOaYKTH nokasBa, ye
N3NON3BaHETO Ha CUCTEMU 3a KOMMKOTLPHO
3pEeHNE € BaXXKHO MPUOPUTETHO HanpaBreHne
3a aBTOMATUYHOTO onpegensdHe Ha TexHuTe
cneumcpmyHn  npusHaum. OOsicHsABa ce C
TOBa, Y€ CUCTEMUTE 3a KOMMIOTbPHO 3peHune
No HaW-eCTECTBEH HAYMH WHTepnpeTupar
Tasu crneumuyHa 3a ekcriepta 4ENHOCT.

OueHsiBaHETO Ha KayeCTBEHW MnokasaTenu
OTHOCHO MopdonorusiTa Ha KMCenoTo MIISIKO
ype3 CUCTEMM 3a KOMMIOTbPHO 3peHne ce
6asnpa Ha aHanm3 Ha 2D n3obpaxxeHnsa ypes
N3Non3BaHeTo Ha reoMeTpUYHN,
MOPMOMNOrMYHN, LBETOBM WU  TEKCTYpPHWU
npu3HauM Ha ua3cnegBaHUTE MUKPO OBEKTW,
KaTo 3a knacudvuupaHeTo Ha bakTepuuTte B
OTAENHW KaTeropum 4ecto ce M3Mnon3Bea
KOMOMHaUMs OT pasnnyHu NpM3Haum.

My6nukyBaHute pesyntatu OTHOCHO
KnacudgukauusTa Ha enemMeHTu Ha
MMKPOCKOMCKN Mn300paxeHnsa CbBCEM He
yaoBneTBopsBaT WM3UCKBaAHMATA 3a TOYHOCT
cnopea HOpPMaTMBHUTE OOKYMEHTN.
MpuunHMTE 3a TOBa Ca pasfNyHN.

MN3non3saHuTte KracuukaunoHHU
npoueaypn 06MKHOBEHO hopMupaT NIMHENHN
WM HENUHENHW pasgenawy MNOBbPXHMHU
Mexay obnactuTe Ha KrnacoBeTe, KOeTO SBHO
e HeycneweH noaxon. ToBa obdAcHsBa u
CPaBHUTENMHO  roneMmTe  rpewku  npu
KnacuguumpaHeTo Ha bakTepun.

objects (cells, people, parasites, plants,
fruits, etc.). Often the results of these
hand-made by human procedures allow
subjectivity and sometimes bias.
Therefore, the above methods and
software are suitable alternative to
solve the problem.

5. Conclusions

The analysis of recently published
studies identifying and determining the
number of bacteria in organic products
shows that the use of computer vision
systems is important priority direction
for the automatic determination of their
specific characteristics. Explain that the
systems for computer vision in the most
natural way to interpret this specific
expert activities.

Evaluation of qualitative indicators
on the morphology of the vyogurt
through computer vision systems based
on an analysis of 2D images by using
geometric, morphological, color and
textural features of the studied micro
objects for classification of bacteria in
different categories often use a
combination of different features.

The published results on the
classification of elements of
microscopic images is not meet the
requirements for accuracy according to
the regulations. The reasons are

different.
Used classification  procedures
usually form linear or nonlinear

separating surfaces between the areas
of classes, which obviously are failed
approach. This explains the relatively
large errors in the classification of
bacteria.

Moreover, in the classification of
bacteria are used too many features
without clear motivation and
informativeness. It is not sufficiently
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Mpn ToOBa, 3a KnNacudukauuaTa Ha
GakTepum ce m3nonsea TBbpae ronam Gpon
npusHaum, 6e3 pga e sAcHO oBocHOBaHa
TAXHaTa uenecbLobpasHoCT "
WHopmMaTnBHocT. He e  goctaTbyHo
pa3paboTeH W U3ACHEH npobnema c
jgetannHma aHanus Ha dopmatra Ha 2D
n3obpaxeHunaTa Ha bakTepum n
N3NON3BaHETO My Npu KnacudukaumaTa um.

M3meHeHMeTo Ha dopmaTta Ha KOHTypuTe
Ha  un300paxeHnaTa €  HocuTen  Ha
CblLleCTBEHa MHGOPMaUMss 3a MHOro OT
KayecTBata (Hanp., YNCTOTa, aBTEHTUYHOCT,
XM3HEHOCT 1N Op.) Ha MUKpoopraHuamuTe. 3a
pasrpaHMyaBaHeTO Ha OTAenHWUTEe rpynn B
n3Bagkata € JIOTMMHO npunaraHeTo Ha
edHO3Ha4yeH noaxod, OCHOBaH  BbpXy
jetamneH aHanu3d Ha  Qopmata Ha
n3obpaxxeHnsTa Ha nscneaBaHnTe 06eKkTu.

BNArOgAPHOCTHU

OtyactTn u13noXxeHuUTe MaTepuanu ca
pe3yntatu OT uM3cnegBaHust MO  MPOEKT
8.0TT/18.09.142. ,M3crnedsaHe mpaluHocm-
ma Ha Kucero MIASKO Oom  passfiuyHU
npousgodumernu,  pas3npocmpaHsieaHoO 8
mbpaosckama mMpexa“.

bnarogapHocTM Ha npod. A.T.H. WHX.
leoprn TaceB 3a gageHuUTe Mpenopbku Mo
HacokuTe npu npunaraHe Ha MeToau 3a
aHanua Ha gaHHW.

developed and elucidated the issue of
detailed analysis of the shape of the
bacteria in 2D images and its use in
their classification.

The amendment of the shape of the
contours of the objects in the images is
a carrier of essential information about
many of the qualities (eg., Purity,
authenticity, vitality, etc.) of
microorganisms. To distinguish the
different groups in the sample is a
logical the application of a unique
approach based on a detailed analysis
of the form of images of the studied
objects.
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