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U3CINIEABAHE HA AJITOPUTBM 3A
BPOEHE HA KOJIOHUU OT
BAKTEPUU

TataHa [vHeBa, l'eHoBeBa MunylweBa

Pe3rome: B ctatnsita € HanpaBeH aHanus3 Ha
anroputbeM 3a u3bposiBaHE Ha KOMOHWM OT
GakTtepum no undposu n3obpaxeHus.
AHanusvpaHo e BAWAHMETO Ha npara Ha
OuHapuszauma T BbpxXy pasno3HaBaHETO U
n3bposiBaHeTO Ha KomoHum ot 6Gaktepun. OT
HanpaBeHWTe W3crneaBaHWs Ce YCTaHOBW, Ye
NOAXOASALUM 3a OTAENsSHe Ha KONMoHWWUTe OT (hoHa
ca usetoBute komnoHeHtn B (RGB), S (HSV), b
(Lab) n Y (CMYK), 3awoTo npu n3non3saHeTo um
ce nornyyaBsa rpeLuka oT knacudukaumsa no-marnka
oT $5%.

Kmo4oeu OJOymu: KonoHuu
Ob6paboTtka Ha un306paKeHus,
TpaHcgopmaums

oT OakTepun,
Kpbrosa Xad

1.YBOA

MHOro OT CbBPEMEHHUTE MNPOMMULLISIEHN
NPOM3BOACTBa Ca HEBBL3MOXHU 6e3 XKnsHeHaTa
OENHOCT Ha MWUKpoopraHuammTe. XnedHu u
MIT€YHM NPO4YKTH, CMUPTHU HaMNUTKN,
aHTMBMoTUM 1 OpyrM BaXHW 3a XKMBOTa
NpoayKTM CcTaBaT MpU  HENOCPEeACTBEHOTO
yyactume Ha onpegenexnn nonesHu
MUWKPOOPraHn3mu, KOUTO npeacraenssa
TbProBCKM WHTEPEC 3a NPOU3BOACTBOTO, Ce
obpasysar oT KNneTkn [6,9,10].
MukpoopraHmammMTe MoraT ga pactaTt B LUMPOK
AManasoH OT (PU3MYHN N XUMUYHM NoKasaTenu
Ha cpegarta, B KOATO ce HamupaT. TexHuaT
pacTex v gpyrute nposiBn Ha msmonormyHaTa
MM aKTMBHOCT MO CbLUECTBO NpeacTaBnsiat
peakums Ha (U3MKOXUMUYHUTE YCIIOBUS Ha
Tasu cpeaa, KosTo obuTaear.

N3bposiBaHETO Ha KOMOHUW OT GakTepun C
OposyHa kamepa 3aBUCK B 3HAYMTESNHA CTeneH
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Abstract. In the paper, an algorithm
analysis was performed to enumerate
colonies of bacteria in digital images.
The effect of the Binary threshold T on
the recognition and enumeration of
bacterial colonies was analyzed. From
the research it was found that the color
components B (RGB), S (HSV), b (Lab)
and Y (CMYK) are suitable for
separating the columns from the
background, because in their use a
classification error is less than 5%.

Keywords: Bacteria colony, Image
processing, Circular Hough Transform

1. Introduction

Many modern industrial processes
are impossible without the viability of
microorganisms. Bakery and dairy
products, spirits, antibiotics and other
products of vital importance are
made by the direct involvement of
certain useful microorganisms of
commercial interest in production,
formed by cells [6,9,10].
Micro-organisms can grow within a
wide range of physical and chemical
indicators of the environment in
which they are located. Their growth
and other manifestations of their
physiological activity are essentially a
reaction to the physicochemical
conditions of this environment they
inhabit.
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OT KBanudmkaumsita u onvTa Ha oneparopa.

B  cbBpemeHHuTe  nabopatopum  3a
MWKPOOMOMNOrMYeH aHanm3 W3non3BaHeTo Ha
aBTOMaTU3NpaHN CUCTEMU € HeobXoauMOcCT.
MNpUNoXeHMeTo Ha aBTOMATU3MPAHU CUCTEMM,
n3nonseawi  TEXHWKM 3@  nosflyvyaBaHe,
obpaboTka M aHanu3 Ha u3obpaxeHns e
OCHOBHa TeHOeHUms, CBbp3aHa c
ONTUMU3NPAHE TEXHUKUTE Ha 3a OpoeHe Ha
konoHun ot Gaktepun. [MpegumctBata Ha
aBTOMaTU3MpaHUTE CUCTEMU HECBMHEHO Ca
MHOrO, KaTo OCHOBHO Te MmpuTexaBaT OrpoOMeH
noTeHuman, CpPaBHUTENMHO HWUCKa LEHa, He
ronsiMa CrioXkHoCT Ha ynpasrieHve, 6bp3vHa u
BMCOKa NPOAYKTUBHOCT [2,3,7].

B cBetoBHata Mpexa WHTepHeT ca
HanMM4YHN  MHOXECTBO TakumBa MpOrpamMmHu
NPUMNoXeHus, peanuavpawm  QyHKUMM  3a

aBTOMaTMYHO M30posiBaHE Ha KOMOHMM OT
OakTepun 4pe3 aHanua Ha ulobpaxeHus 3a
pasnMyHn  OMepaLMoHHM  CUCTEMM  KaTo
Windows, Android, iOS, KOUTO ce
pasnpocTpaHaBaT 6e3nnatHo. Hanmynm ca wm
nybnukyBaHm anroputmm 3a 6poeHe Ha
konoHuu [4,8].

Lenta Ha cratuata e pga ce Hanpasu
aHanu3 Ha anropuTbM 3a 6poeHe Ha KONOHUK
oT 6GakTepun, KOMTO Ce pasnpoCcTpaHsiBa
6eannaTHo B cBeTOBHaTa Mpexa MHTepHeT.

2. MaTtepuan u metoau

M3non3eaHa e MRS — xpanutenHa cpega
3a u3onupaHe Ha OGaktepum OT  popg
Lactobacilus, npu paspexaaHe 1:100.

3acHeTu ca uBeTHM UMdpoBKN N30bpaxeHns
Ha Te3n KonoHun ¢ pesonoums 320x240
nuKcena.

M3non3saHa e OposiyHa kKamepa Boeco
Colony Counter CC-1 (Boeckel + Co (GmbH +
Co), Germany) 3a ©OpoeHe Ha KOMOHMM Ha
baktepun. Tasn kKamepa e u3nonsBaHa KaTo
eTanoHeH (pedepeHTeH) MeTo Ha n3mepBaHe.
MaHnykaTa Ha nNeTpu ce nocTaBs BbPXY
YyBCTBMTENHA HA OOMNMP KOOpAMHATHa Mpexa.
KonoHunte ot Gaktepun ce Habnogasat npes

Enumeration of colonies of bacteria
with a count camera depends to a
large extent on the operator's
qualification and experience.

In modern microbiological analysis
laboratories the use of automated
systems is a necessity. The use of

automated systems using image
acquisition and processing
techniques is a major trend in

optimizing bacterial colonies counting
techniques. The advantages of
automated systems are undoubtedly
many, as they have a huge potential,
a relatively low price, a lack of
complexity of management, speed
and high productivity [2,3,7].

Multiple such program applications
are available on the Internet, which
performs automatic bacteria colonies
counting features by analyzing
images for different operating
systems such as Windows, Android,
i0S, which are distributed free of
charge. Algorithms for  colony
counting are also available [4,8].

The aim of the article is to analyze
a bacterial counting algorithm that is
distributed free of charge on the
Internet.

2. Material and methods

MRS agar was used to isolate
bacteria of the genus Lactobacilus at
a dilution of 1:100.

Color digital images of these
colonies are captured at a resolution
of 320x240 pixels.

A Boeco Colony Counter CC-1
counting chamber (Boeckel + Co
(GmbH + Co), Germany) was used to
count colonies of bacteria. This
camera is used as a reference
measurement method. The Petri dish
is placed on the pan on a touch-
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nynata W NOCPEACTBOM  MNUcankata ce
Mapkupart. [1pn BCAKO HaTUCKaHe Ha nucarnkaTa
BbpXy CbAa Ce YyBeNnuyaBa CTOMHOCTTa Ha
aacnnesa M no TO3WM HayuH ce wusbposiBat
KOroHuuTe.

M3non3BaH €  OCHOBEH  anropuTbM,
npeaoctaBeH oT Alves m Cruvinel [1]. Toswu
anropuTbm paboTu B cnegHata
nocrnegoBaTesnHoCT:

v 3acHemaHe Ha n3006paeHneTo;

v [edwuHnpaHe Ha npar Ha GuHapusaums ¢
dunTbp Ha Otsu;

v" TpunaraHe Ha omnTbp Ha Jlannac;

v Cb3gaBa ce akymynatop Ha nuKcenute
KaTo nogroTBUTeNnHa onepaumsa 3a Xad

TpaHcdopmaums;

v’ TpunaraHe Ha Kpbrosa Xad
TpaHcdopmaums;

v" UN3BposiBaHe Ha pa3no3HaTUTe KOJIOHUN OT
bakTepuu;

v' Busyanusaums Ha pesynratuTe;
v' CbXpaHeHve Ha nonydeHuTe pesyntatu B
MacuB OT AaHHW.
lMpeocraBeHnsaT  anropuTeM  M3MOM3Ba
Kpbroa Xad TpaHcdopmauus KaTo OCHOBHa
YyHKUMSA 3a pasno3HaBaHe Ha KOMOHMUTE OT
OakTepun. Mpwn Kpbroearta Xad
TpaHccopmaumsi ce NPOMeHsa anroputbMa 3a
OTKpUBaAHE BMECTO Ha JIMHUW, HA KPbroBu
dopmm. Cb3gaBa ce aKymMynaTtopHo
NPOCTPAHCTBO, KOETO Ce CbCTOM OT KreTka 3a
BCEKWN nukcen. [MbpBoHa4anHo BcAka KneTtka e
3agjageHa cbe ctorMHocT 0. 3a Bcsika KpavHa
Touka (i, j) Ha nsobpaxkeHneTo ce yBenuyasat
BCUYKM KINETKW, KOUTO criopes ypaBHEHMETO Ha
Kpbra c paguyc “r’:

(i—a)+(G-b)=r?

MOXe ga ObaoaT UeHTbp Ha Kpbr. Tesm
KNeTKn ce NpeacTaBsaT C ,a“ B ypaBHEHUNETO.

3a Bcska Bb3MOXHA CTOMHOCT Ha ,a“
HamMmepeHa B npeaxoaHaTta CTblka, ce oTKpmBaT
BCUMYKM BBb3MOXHM CTOMHOCTM Ha ,b“, kouTo
OTroBapsAT Ha ypaBHEHUETO.

prCﬂT ce JIOKaJTHHA MakCMMyMU B

sensitive grid. Colonies of bacteria
are observed through the magnifying
glass and are marked with the pen.
Each time the pen is pressed on the
container, the value of the display is
increased, and colonies are listed.

A basic algorithm presented by
Alves and Cruvinel [1] was used.
This algorithm works in the following
order:

v" Capture the image

v' Defining an Otsu filter binary
threshold;

v' Apply a Laplace filter;

v A pixel accumulator is created as
a preparatory operation for
Hough transformation;

v Apply a circular
transform;

v Enumeration  of
colonies of bacteria;

v" Preview the results

v’ Storing the results in a data set.

The present algorithm uses a
circular Hough transformation as a
major  function for recognizing
colonies of bacteria.

The circular Hough transformation
changes the algorithm for detection
rather than lines, in circular shapes.

An accumulated space is created,
which consists of a cell for each
pixel. Initially, each cell is set to 0.

For each ending point (i, j) of the
image, all cells that, according to the
equation of the radius "r":

€Y

may be the center of a circle. These
cells are represented by "a" in the
equation.

For each possible value of "a"
found in the previous step, all
possible values of "b" corresponding
to the equation are found.

Hough

recognized
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NPOCTPAHCTBOTO Ha akymyrnaTopa. Tesu KneTku

npeacTaensiBaT KpbroBe, KOUTO ca Gunu
OTKPUTM OT anropuTbMa.
AKO npegBapuTeNHO He € W3BECTeH

paguvyCbT Ha OKPBLXHOCTTA, KOSTO Ce TbpCH,
MOXe Aa Ce U3Non3ea TPMMEPHO NPOCTPaHCTBO
3a akymynatopuTte, C Uen da ce Hamepart
KpbroBe C npou3BoneH paguyc. EctectseHo,
TOBa N3MCKBA NO-TrOMSIMO NU3YNCIIUTESNHO BPEME.

To3n meTog MOXe CbLUO Taka Aa OTKpuBa
KpbroBe, KOMTO Ca  YaCTU4YHO  W3BBLH
NPOCTPAHCTBOTO Ha akymyriaTopa, JOKOMKOTO B
Hero Bce oLe MMa A0CTaTbyHO Mrow, OT Kpbra
[5].

Te3n xapakTepucTvkum Ha anroputbma 3a
KpbroBa Xad TpaHcdopmMauus ro npasaT
MOAXOAsAW, 3a npuroXxeHve B OpoeHeTo Ha
KONMOHWUM Ha BGekTepum, Tbil KaTo Npn AeneHeTo
Ha KOMNoHuMTe ce nofny4vaBaT (hopMu BbB BUA
Ha [iBa YaCTMYHM NPUNOKPUBALLM Ce Kpbra.

Ha dwrypa 1a) e nokasaH npumep 3a
nuKCen, pasnofiokeH BbpXy OencTBuTeneH
KPbIF W Kracu4ecknss Mogen 3a TbpceHe
(NyHKTMpaHUTe KpbroBe) 3a MuKcena, KOWTO
MOXe ga 6bae YacT OT TO3U KPbI.

durypa 16) npeacrass npumep 3a NUKCENW,
PasnofioXXeHN BbPXYy AEUCTBUTENEH KPbr U
TEXHUTE MoAenu (MyHKTUPaHU KPbroBe), KOUTO
CcbBnagar B LEeHTbpa Ha AEVNCTBUTESTHUS KPb.

Local maximums are searched for
in the accumulator compartment.
These cells are circles that have
been detected by the algorithm.

If the radius of the circle being
searched is not known in advance,
three-dimensional space for the
accumulators can be used to find
circles of any radius. Naturally, this
requires more computational time.

This method can also detect circles
that are partly out of accumulator

space, as long as there is still
enough area in the circle [5].

These characteristics of the
algorithm  for  circular  Hough

transformation make it suitable for
use in counting colonies of bacteria
because divisions of the colonies
result in forms in the form of two
partial overlapping circles.

Figure 1a) shows an example of an
actual circle pixel and the classic
search pattern (dotted circles) for
pixels that may be part of this circle.

Figure 1b shows an example of
pixels located on an actual circle and
their patterns (dashed circles) that
match the center of the actual circle.

Macue OT TOYKK Ha OKPBMHOCTTA

Touka sbpxy puba Ha Kpbra

D)

a) / a)
®ur.1. NMpuHuMn Ha Kpbroea Xad Fig. 1. Circle Hough Transform principle
TpaHcdhopmauums

Ha 6a3ata Ha npeacTtaBeHUAT anropuTbm

On the basis of the presented
algorithm, a software application was
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€ Cb3JadeHO nporpamMHO MPUIIOXEHVE B
Matlab cpega 3a 6GpoeHe Ha KOMOHUM Ha
Gaktepun. BmecTto OMPEKTHO npemMuHaBaHe
KbM OMHapHO un3obpakeHne € npunoXxeHa
dyHKUMS 3a NPEMUHABaHE OT LIBETOBM MoLenN
KbM OuHapHO u3obpaxeHne. 3a OGpon Ha
KONMOHMWTE ce npuema 6posi Ha LIEeHTpoBETE
Ha OKPBXHOCTW, KOUTO Ca MONyYeHn 4pes3
Kpbrosa Xad TpaHcdopmMaums.

pelwkata npu n3bposiBaHe Ha KOMOHUUTE

developed in the Matlab environment
for bacteria colony counting. Instead of
a direct transition to a binary image, a
transition from a color model to a
binary image is applied. For the
number of colonies, the number of
centers of circles that are obtained by
a circular Hough transformation is
assumed.

The error of bacteria colony counts is

oT GakTepun e onpeaeneHa no:

_Ne=Nr 00, o
N, 7

kbaeTo N, € 6pos KonoHuW, onpegenex
c anroputbM; N, — ©Opon KONMOHWUW,
onpegenexHu no pedepeHTeH MeTos.

OueHkaTa Ha paboTaTa Ha
N3non3BaHnNTe knacudukaTopm "
HanpaBeHa 4pe3 oOwWa rpewka Ha
knacudukaumsa, KoATO Cce onucBa C
dopmynara:

determined by:

(2)

where N; is the number of colonies
determined by an algorithm; N, -
number of colonies determined by the
reference method.

The evaluation of the performance of
the classifiers used and made by a
general classification error, which is
described by the formula:

21 (Xk=1Yik — Yii)

e():

KbOeTo Yk € bpon npobwu oT knac i,
KnacuuumpaHn ot knacudukatopa B
knac k; yi — 6pon npaBMnHO pa3no3HaTu
npobn; k=1..n — Opon HenpaBWiHO
OTHECEHW B pJdafjeH Knac i crnpsmo
obwmaAT 6pon Npobu; n — Gpon Knacoee.

3. PesynTtatu n auckycus

Ha dwurypa 2 e npencraseH npumep
3a BMIUMSIHMETO Ha npara Ha BuHapusauus
T BbpPXy pasno3HaBaHETO n
n3bposBaHETO Ha KOMNMOHUM OT BakTepuuw.
Bwxaa ce, 4e pasnMyHUTE CTOMHOCTU Ha
npara Ha GuHapu3aumsa okassaT BrMsHUE
BbpXy BuU3yanu3aumsita Ha KOroHUUTE B
BuHapHOTO n3o6paxeHue.

n n
i=1 Zk:l Ylk

.100,%  (3)

where vy is the number of class i
samples classified by classifier in class k;
yi - number of correctly recognized
samples; k=1..n - number incorrectly
assigned to a class i relative to the total
number of samples; n - number of
classes.

3. Results and discussion

Figure 2 shows an example of the
effect of the Binary B threshold on the
recognition and enumeration of bacterial
colonies. It can be seen that the different
values of the binary threshold have an
effect on the visualization of the colonies
in the binary image.
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a) OpurnHanHo

6) T=0,3

nsobpaxexHve —
n3obpaxeHue b) T=0.3

a) original image

T=0
0

6
) T=0,6

[eN g

c) T=0,4

®ur.2. U3o6paxkeHUs Ha KONOHUM OT
6aktepum no G (RGB) uBeToBa KOMNOHEHTa
npw pasnuyeH npar Ha 6uHapmsauua T

HanpaBeHa e oueHka Ha W3Mnon3BaHeTO
Ha LUBETOBM KOMMOHEHTU OT uYeTupu
usetoBn mogena — RGB, HSV, Lab wu
CMYK npu oTkpvBaHeTO M n3bposiBaHe Ha
KOMOHUM OT Oaktepum C M3NOoN3BaHUA
anroputbM. B Tabnmua 1 ca HaHeceHu
pesyntatute OT onpefensiHe Ha rpeLuka
npu n3bposiBaHe Ha KONMOHUUTE OT BakTepum
no pedepeHTeH MeTod M C M3NON3BaHUA
anropuTbM. PesynTtatute nokassar, 4e C
roewka o 5% konoHuuTe MoraT ga ce
OTKpMBaT M u3bposiBaT 4pe3 LBETOBUTE
komnoHeHTn ot RGB, HSV un CMYK
LiBETOBUTE MOAENMW.
Tabnuua 1.
PesyntaTtu oT aHanu3a 3a BNUAHUETO Ha
npar Ha 6uHapusaumsa — rpeLuka e,%

Fig.2. Images of G (RGB) color
component of bacteria colonies at
different binary threshold T

An evaluation of the use of color
components of four color models -
RGB, HSV, Lab and CMYK was made
in the detection and enumeration of
bacterial colonies with the algorithm
used. Table 1 lists the results of error
determination by enumeration of
colonies of bacteria by a reference
method and by the algorithm used. The
results show that with error up to 5%
the colonies can be detected and
enumerated using the color
components of the RGB, HSV and
CMYK color models.

Table 1.
Results of the binarization
threshold analysis - error e,%

Threshold
Color 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
componen
R 100% | 100% | 100% | 100% | 100% 0% 0%| 100%| 100%
G 100% | 100% | 100% 1% 0% 0%| 100%| 100%| 100%
B 0% 0% 0% 0% 0%| 100%| 100%| 100%| 100%
H 100%| 100% | 100% | 100%| 100%| 100%| 100%| 100%| 100%
S 100% | 100% 0% 0% 0% 0% 0%| 100%| 100%
vV 100% | 100% | 100% | 100% 0% 0% 0%| 100%| 100%
L 100% | 100% | 100% 42% 5% 0% 5%| 100%| 100%
a 100% | 100% | 100% | 100% | 100%| 100%| 100%| 100% | 100%
b 100% | 100% | 100% | 100% | 100% 0%| 100%| 100%| 100%
c 100%| 100% | 100% | 100% | 100% | 100%| 100%| 100%| 100%
M 100% | 100% 0% 0% 5% | 100%| 100%| 100%| 100%
Y 100% | 100% 95% 0% 0% 5% 0% 0% 0%
K 100% 5% 5% 0% 1% | 100%| 100%| 100% | 100%
HanpaBeHa e npoBepka 3a oTaenumocTTa An examination is made of

Ha KomnoHwuMTe oT Oaktepum OT d¢oHa B
n3obpaxeHneto. Manons3esaHn ca INUHENHU

severability of colonies of bacteria
from the background image. Linear
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BapuaHTh Ha
ONCKPUMWHAHTEH
OMOPHUTE BEKTOPMW.
Ha durypa 3 ca npefncraseHu npumepu
3a Knacudpmukaumsi c INNHeeH
ONCKPUMWHAHTEH  aHanmM3 Ha  0BeKTHM
obnactm c KomoHwn OT Gaktepum n OH.
Bwxaa ce, 4e npu nsnonssaHe Ha MeTon Ha
OMNOpHUTE BEKTOPW NpU  edHaKBW  Opyrn
YCNoBuS, OTAENAHETO Ha KOMoHUUTE OT
doHa e C no-manka rpelka Cnpsamo
NIMHENHNA ONCKPUMUHAHTEH aHanua.

KnacudukaTopute
aHanM3 M MeToq Ha

variants of the discriminant analysis
(LDA) and support vector machines
(L-SVM) classifiers were used.

Figure 3 presents examples of
classification with LDA and L-SVM of
bacterial colonies and background. It
can be seen that using the support
vectors method under the same other
conditions, the separation of the
colonies from the background have
less error than the linear discriminant
analysis.

Discriminant analysis 200

I i i i i i i , I L
W 40 60 B0 100 120 M0 160 B0 100 120

X

| H i
150 180 200 o , . e
5 100 120 140 Al 180 200

a) LDA 1o B (RGB). e=0%

6) LDA no L (Lab), e=4%

B) L-SVM no L (Lab), e=0%

a) LDA by B (RGB), e=0%

b) LDA by L (Lab), e=4%

c) L-SVM by L (Lab), e=0%

®ur.3. Npumepu 3a knacudmrkaumus Ha
KONMOHMM OT 6aKTepumn 1 (poH No LBETOBU
KOMMOHEHTH

Ha dwurypa 4 ca npefncraseHu pesyntatu
oT KnacudgukaumaTa C NNHENHN
ONCKPUMUHAHTEH aHarmM3 W MeTod  Ha
onopHuTe BekTopu. lNMoaxoasawm 3a otaensiHe
Ha KOMOHHUTE OT (oHa Ca LUBETOBUTE
komnoHeHTn B (RGB), S (HSV), b (Lab) n Y
(CMYK), 3awioto npu M3non3BaHeTo MM ce
noflydyaBa rpelwka oT Knacudumkaumsa no-
manka ot 5%. Haw-ronsma @ rpeuka,
HEe3aBMCMMO OT W3MON3BaHUS KnacudukaTop
ce nony4aesa npwu u3nonssaHe Ha a (Lab)

uBeToBaTa KOMTOHEHTA. MonyyeHnTe
pesyntatu  MNoTBbpXaaesaT  Te3n,  npu
onpedensiHe Ha LBETOBa KOMMOHeTa W
nogxodsw, npar Ha OuHapusauus  3a

OTKpUBaHe W u30posiBaHe Ha KOMOHUKU OT
BakTepun B LBETHO LMAPOBO n3obparkeHue.

Fig. 3. Examples of classification of
bacteria colonies and background by
color components

Figure 4 presents the results of the
linear discriminant analysis and the
support vectors method. The color
components B (RGB), S (HSV), b
(Lab) and Y (CMYK) are suitable for
separating the colonies from the
background, because they use a less
than 5% classification error. The
higher error, regardless of the
classifier are obtained using a (Lab)
color component. The results obtained
confirm these in determining the color
component and the appropriate
threshold of binarization to detect and
enumerate colonies of bacteria in a
color digital image.
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30
28
26
24
22
20
18

Brgh
Shsw
bLab

B

B LDA
A L-5VM

alab

Kemyle 5:]

Manyl =
Hhsw

Color component
dur.4. Pesyntatu oT knacudukauma

4. 3akno4yeHve

Obwata  TeHaeHums B  cdepaTta
MUKPOOMONOrnyH1Te TEeXHOormm e
Haco4eHa KbM BHeOpsiBaHe Ha
BMCOKOMPOM3BOANTENHMN cucTeMm 3a

aBTOMATUYEH aHanM3 C N3KYyCTBEH UHTENEKT.

Mpwn gocera npunaraHaTa TeXHONorus 3a
n3bposBaHe Ha KomoHum oT OGakTtepun 3a
ycnosusita Ha P.Bwvrrapus, ocHoBaHa Ha
npuetute crangapt™ no BAC, To3m npouec
Ceé Wu3BbplIBAT pPbYHO, Ype3 BM3yarHo
HabnogeHne, kaTo npeau BCUYMKO Ce
pasuMta Ha puTyHata Ha oneparopa.
Hepoctatbunte ca CBbp3aHW C ronemus
MPOUEHT CybBeKTMBHOCT B  MpeueHKaTa,
M3MCKBAHETO 3a KBanuuumpaHu YOBELLKU
pecypcu.

YCnewHoTo NpUoXKeHNe Ha OMTUYHUTE
TEXHWKM 3a OpoeHe Ha KONMOoHUN OT BakTepum
no  BM3yanHM  M300paxkeHna  U3NCKBa
npeaBapuTenH aHannsm 3a pasgenmmMmocTTa
Ha 0BeKkTHMTEe 0bnacTn ¢ KONOHMM U dOOH MO
useToBu npusHauu. Jlvuncata Ha TakbB
aHanm3 ©6u [JoBeno [0 yBenuyaBaHe Ha
rpewwKknTe oT M3MepBaHe Npu npunaraHeTo
Ha Te3an metoau 3a 6bpP30 onpepensiHe Ha
Bpos pa3BuTK KONOHMM B XpaHUTENHA cpeaa.

OT HanpaeseHuTe un3cnegBaHus  ce
YyCTaHOBW, Ye MOAXOAdLM 3a OTAensiHe Ha
KOonmoHunTe OT (poHa ca  uBeToBUTE

Fig.4. Results from classification

4. Conclusion

The general trend in the field of
microbiological technologies is directed
towards the introduction of high-
performance automatic artificial
intelligence analysis systems.

The technology used to enumerate
colonies of bacteria for the conditions of
the Republic of Bulgaria, based on the
accepted BNS standards, is carried out
manually, through visual observation,
relying primarily on the operator ritual.
Disadvantages are related to the high
percentage of subjectivity in the
assessment, the requirement for
qualified human resources.

Successful application of optical
techniques for counting colonies of
bacteria by visual imaging requires
preliminary analyzes of the colony and
background color separations of the
object areas. The absence of such an
analysis would lead to an increase in
measurement errors in the application
of these methods to rapidly determine
the number of colonies developed in a
culture medium.

From the research it was found that
the color components B (RGB), S
(HSV), b (Lab) and Y (CMYK) are
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komnoHeHTn B (RGB), S (HSV), b (Lab) n' Y  suitable for separating the bacteria
(CMYK), 3awwoTto npu usnonsesaHeto um ce  colonies from background, because
nony4aBa rpewka oOT knacudwmkaumss no-  their use a classification error is less
manka ot 5%. than 5%.
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