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YCBbBBPLUEHCTBAHE HA
MHTEPAKTUBHA

NMPE3EHTALULUWOHHA CUCTEMA C
OONBNMHUTENHO YCTPOUCTBO
3A PA3INO3HABAHE HA OBPA3U

Nuta XpucrtoBa KytoBaHuyeBa

Pe3zrome: B noknaga e HanpaseH 0630p Ha
CbLUECTBYBaWIMTE TEXHOMOMMW, W3MON3BaHN B
CbBpEMEHHUTE  MHTEpPaKTVBHMW  CUCTEMM  3a
npeseHTauusi, NOCOYEeHN Ca TEXHUTE MpeauMCcTBa
M HepocTaTbuM. [locoveHn ca  AOMbAHUTENHN
yCTpOICTBa KbM NHTEPaKTUBHUTE
npe3eHTaUMOHHM CUCTEMM (BKITHOYBALLM B CbCTaBa
CM U WHTEpaKTUBHM 6enn AbCKM) U B YaCTHOCT
LOOKYMEHT KaMepuTe U ca NpeacTaBeHu TeXHUTe
TEXHUYECKM  BbB3MOXHOCTM U HeAoCTaTbUw.
HanpaseHa e o6ocHoBKa 3a 1360p Ha XpaHUTeneH
NPOAYKT N NMOBBPXHOCTHU XapaKTEPUCTUKN, KOUTO
we 6baaT pasno3HaeaHu. [peactaBeH e
M3MOM3BAHUAT HAYMH 3a OTAeNsHe Ha obekT OT
doH B n306paxeHune. MNocoueHn ca pesyntatute
npu otgensHe Ha o0bekTHM obnactn 4pe3
6vHapusaumMa Ha M306paXkeHMeTo, MO LIBETOBM
Npu3HauM W 4pe3 npeacTaBsHe Ha Mb/HUA
CNeKTbp Ha wu30bpaxkeHuneto. HanpaeeHa e
Knacudukaumss  ype3  Tpu  KracudumkaTopa,
M3MON3BalUM  JIMHEAHW  pa3gensum  QYHKUMK.
OnpepeneHa e obwarta rpewka oT Knacudukaums
M BpeMeTo 3a 06paboTka Ha AaHHuTe. MocodeHn
Ca Bb3MOXHOCTUTE 3@  MPWIOXEHWE  Ha
obcnegBaHata cucteMa 3a  MoflyvaBaHe U
06paboTka Ha n306pakeHns B ydebHaTa AEMHOCT.

Kmroyosu gymn: [JokyMeHT Kamepa, Xnsib,
LiBeToBM KOMMOHEHTH, Knacudmkaums
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IMPROVEMENT OF
INTERACTIVE
PRESENTATION SYSTEM
WITH ADDITIONAL DEVICE
FOR IMAGE RECOGNITION

Gita Hristova Kutovancheva

Abstract: The report gives an
overview of existing technologies used in
modern interactive presentation systems
listed are their advantages and
disadvantages. Mentioned are additional
devices to the interactive presentation
systems incorporating interactive
whiteboards and in particular the
document cameras and their technical
capabilities and shortcomings. Choice of
foodstuff is made and the surface
characteristics that will be recognized.
Presented is the process used to separate
the object from the background in image.
The results mentioned are by removing
object areas by binarization of the image
in color features and by presenting the full
spectrum of the image. Classification by
three classifiers using linear separating
functions. Determined is the total error of
classification and time for data processing.
Referred are the opportunities for the
application of investigation system for
receiving and processing images in school
activities.

Keywords: Document camera, Color
features, Classification

1. Introduction
Modern information and
communication technologies
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paspaboTkata Ha HOBM cTpaTerMum 3a

oby4yeHne KakTo M HOBM Mogxoou 3a
UNOCTpUpaHe, CMMynaumsi, 4EMOHCTpUpaHe,
eKcrnepumMmeHTMpaHe n obmeH Ha
MHOPMaUMa 3@  MOSTydEHUTE  HAy4HU
pesynTaTtu.

TpagnumoHHUAT noaxon Ha

nabopaTopHUTE EKCMePUMEHTU MMa BUCOKA
obpasoBaTenHa CTOMHOCT, HO CbLLO Taka
MMa N HSKOM HepocTaTbUM KaTo BUCOKaTa
ueHa 3a TexHonormdHoto obopyasaHe,
YCrNOXHeHa nogapbXxka Ha CbLUeCcTByBaLLUTe
nabopaTtopum KakTo 1 TOBa, Y€ UHXKEHEPHUTE
Haykm ca HenpekbCHaTO pas3BMBalla ce
obnact wn TOoBa Ce MNOTBbpXOaBa OT
nocTosAHHaTa HeobxoaMMOCT OT O6HOBNEHWE
CbC CbBpPEMEHHU TEXHUYECKN cpeacTsa [1].

EovH oT nbTuwata 3a pelleHve Ha
npobrnemute cBbP3aHM C nabopaTopHUTe
ynpakHeHunsi, e TeHaeHumsiTa y4ebHuTe
3aBefeHns [da WU3nons3BaT MHTEpPaKTUBHM
TEXHMYECKM cpeacTBa 3a obyyeHue [7].
CobliecTByBawmMTEe MOLENN MHTEPAKTUBHU
ObCKA  NO3BONSABaT  U3MNOM3BaHETO  Ha
obukHoBeHa Ggana Aabcka WM ekpaH.
lMocnegHute ca € no-HUCKa LEeHa, HO C Mo-
OrpaHNYeHn BbB3MOXHOCTW. Te Morat pfa
nsnonseat copTyep Ha WHTEPaKTUBHUTE
ObCKM OT MO-BUCOK Knac, KOMTO € C Mo-
roneMm Bb3MOXHOCTM W no-yaobeH 3a
npenogasatens. OO6yyaBawmaT Moxe pfa
Oboe ynecHeH 4pe3 nNpUOXeHWe Ha
cpeactBa 3a KOMMIOTBPHO MOAMNOMOrHaTo
oby4yeHne C u3non3BaHe Ha cuctema 3a
pa3no3HaBaHe Ha enieMeHTU B N306paxeHune.

LonbNHUTENHOTO YCTPOMCTBO MO3BOSISABA
cnogensHeTo Ha  pasnuuHn  obektn U
OOKYMEHTW, MOOXOOALM 3a AeMOHCTpauums
Ha onMMTM M yBenuMyeHune Ha obpasu 4pes
MaLLabupalya YHKLMOHANHOCT Ha
BMAeokamepaTta, Kakto 1 3a potorpadcko u
BMOEO 3acHeMaHe Ha [JelHocTuTe B
yyebHaTa 3ana [6].

[MonesHocTTa Ha MPUIIOXEHUEeTO Ha
TakaBa cuctema B y4vebHaTa [enHoCT ce

facilitate the development of new
learning  strategies and new
approaches to illustrate, simulation,
demonstration, experimentation and
exchange of information on research
results.

The traditional approach of
laboratory experiments has a high
educational value, but also has
some disadvantages such as high
cost of technological equipment,
complicated maintenance of existing
laboratories and that engineering
are constantly evolving field and this
is confirmed by the constant need
for renewal with modern technical
equipment [1].

One of the solutions of the
problems associated with laboratory
exercises is the tendency of schools
to use interactive technical training
tools [7].

Existing models of interactive white
boards allow the use of ordinary
whiteboard or screen. The latter are
of lower cost but with fewer
possibilities. They can use software
of interactive boards of higher class
that has greater opportunities and
more convenient for the teacher.
The teacher can be facilitated by the
use of tools for computer aided
learning using recognition system
elements in the image.

The additional device allows the
sharing of various objects and
documents suitable for
demonstration of experiments and
increase  images by  scaling
functionality of the video camera, as
well as photographic and video
activities in the classroom [6].

The usefulness of the application
of such a system in the educational
activity consists in the fact that all

45



Innovation and entrepreneurship

Volume IV, number 1, 2016

CbCTOM B TOBa, Ye BCUMYKM OOy4aemu morat
na HabnogaBaT 3acHemMaHusi 0BeKT, KOWTO
ce npoektupa Bbpxy Osinata Agbcka.
MpenogaBatenar wumMa Bb3MOXHOCT [Aa

onucea, noco4ysa n NosAACHABA
HabnoaaBaHuTe enemMeHT oT
N306paKeHNETO ypes nporpamMHuTe

WHCTPYMEHTU Ha UHTepakTuBHaTa Abcka. 1o
TO3M HaumH oby4eHMeTo B HanpasreHve
5.2.,EnekTpoHuka, erleKTpoTeXHUKa n
aBToMaTuKa“ n 5.12., XpaHutenHu
TexHonormn* MoXe Oa ce npoBexaa BbB
BCAka yd4ebHa 3ama C MHCTanuMpaHa
WMHTEepaKTMBHA Npe3eHTauMoHHa cuctema.

lMpn wn3nonssaHe Ha [OOKYMEHT-kamepu
KaTo  OOMbISIHUTENHO  YCTPOMUCTBO  KbM
WHTEepaKTMBHATa Mpe3eHTauMoHHa cuctema
copTyepsT, npeanocTaBsiH oT
npou3BoauTENs, CbLWO Taka npeanara
dyHKUMN 3a pasno3HaBaHe Ha TEKCT WU
durypy, HO ca Manko paspaboTkute
CBbp3aHU C pasno3HaBaHe Ha efieMeHTn OT
06eKT, Hamupall ce nop Kamepata Kato
Hanpumep XpaHUTeneH NPoayKT.

Llenta Ha HacTOAWMAT Joknag e
yCbBbpLUEHCTBAHE Ha WNHTEpaKTMBHA
npeseHTaumMoHHa cuctema 4pe3 pobassiHe
Ha yHKUMK 3a 06paboTka Ha n3obpaxeHus
KbM OOMbIIHUTENHO YCTPONCTBO — OOKYMEHT
Kamepa C uUen  pasno3HaBaHe  Ha
NMOBBPXHOCTHU XapaKkTepuCTUKn Ha
XPaHUTENHN NPOLYKTH.

2. U3noxeHue

OkavecTtBsiBaHe Ha XPaHUTESTHN
NPOAYKTW, oOnpedensHe Ha cBexecTra u
CbCTOSIHNETO UM MO BpPEME Ha THAXHOTO
CbXpaHeHue e OT 3Ha4YeHne, KakTo 3a 4obpus
MM BKYC, Taka U 3a n3bsirsaHe pa3BuUTUETO Ha
onacHM 3a 34paBeTO MUKPOOPraHu3Mu W
Gaktepun [8]. KoHTponbT M oueHkata Ha
KayeCTBOTO Ha XpaHWUTENHUTE NPOAYKTU €
06ekT Ha u3ydaBaHe B 0OakanaBbpCkM WU
MarMcTbpcku nporpamm B cdepata Ha
XpaHutenHute TexHonormnm [5]. B ToBa

students can observe the object,
which is projected onto the
whiteboard. The teacher is able to
describe, indicate and explain the
observed elements of the image
using software tools in the
interactive board. Thus training in
field 5.2. "Electronics, Electrical
Engineering and Automation” and
5.12. "Food technology" can be
carried out in each classroom with
an interactive presentation system
installed.

When using document cameras as
an additional device to the
interactive  presentation  system
software provided by the
manufacturer also offers features for
recognizing text and figures, but few
developments related to recognition
of elements of the object underneath
the camera, such as foodstuffs.

The aim of this report is the
improvement of interactive
presentation system by adding
functions for image processing to an
additional device - a document
camera to recognize surface
characteristics of food products.

2. Exposure

The grading of foodstuffs,
recognition of the freshness and
their condition during preservation is
important, both for their good taste
and to avoid the development of
hostile microorganisms and bacteria
[8]. Control and quality assessment
of foodstuffs is subject of study in
undergraduate and graduate
programs in the field of food
technology [5]. In this training also
are applied modern interactive
systems.
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oby4yeHne ce npunaraT M CbBPEMEHHUTE
WNHTEPaKTMBHN CUCTEMM.

KaTo 0b6ekT 3a n3cneasaHe e n3bpaH 6san
X0 TbW Kato ToBa €OMH  OT  Haml-
KOHCYMUPAHUTE XPaHWUTENHU NPOAYKTU OT
BwnrapuHa, a kato npegmMeT — HeroBaTa
MUKpoOHa pas3Bana TbM Kato T UMa
OTHOLLEHNE KbM 3apaBeTo u Ge3onacHocTTa
Ha TO3M XpaHUTENEH NPOAYKT.

MHTepec 3a npaktukata npencraensiea
TOYHOCTTa U peanuama Ha M300paKeHusTa,
nonyyaBaHu C AOKYMEHT kamepaTa. ToBa ce
OTHaAcHA M 3a pasno3HaBaHETO Ha ENEMEHTU
OT  XpaHuTenHu npogyktn  (Hanpumep
CBMHCKO Meco, guua, xns6), kouTo no
CbLLIECTBO Ca CbC CrOXHa CTPYKTypa U LUBAT
n NPOMEHAT NOBBPXHOCTHUTE cu
XapaKTepuCTUKN npwu CbXpaHeHue.
lMocoveHnTe ocobeHOCTU Ha XpaHUTENHUTE
NpoayKTM  3aTpygHsABaT  OueHkaTa  Ha
KayeCTBOTO MM C TEeXHUYECKM cpeacTsa.
MpeaoctaBaAHeTO Ha  M300paeHuss  Ha
XpaHutenHn npoayktht B RGB uBeTOBU
MOZENT MMa MHOXECTBO OrpaHUYeHnsl, KOeTo
3aTpydHsBa pasno3HaBaHETO Ha O6eKTHU
obrnactm ” OueHka Ha UBETOBUTE UM
xapaktepuctukn. B nutepartypata ce
MoCcoYBa, Y€ NMpu TakbB TUMN M30OpaeHus e
yaoOHO Aa ce n3nonsea MbfHMSA CNEeKTbp Ha
n3obpaxxeHneTo. 3non3BaHeTo Ha MbIHUAT
CMeKTbp Ha  Un300paeHMeTo  U3nNCKBa
npeobpasyBaHe Ha RGB cronHocTUTE B
CreKTpanHu XapakTepucTUKM BbB BuavMaTta

obnacrt [5].
MeTtogute 3a cermMeHTMpaHe OTAenaAT
obekTn B M300pakeHMeTo  U3MOo3Banku

npusHaumte Ha nukcenute. [ocera kaTto
NPU3HaK OCHOBHO Ce WM3Mofi3Ba CUMBUS TOH
WNW  MHTEH3MBHOCTUTE Ha nMUKCenute B
oTaenHuTe kaHanu. B nsobpaxeHneTo morat
goa 6Obgar  onpedensHn U M3MNON3BaHU
peavua apyrm npusHaum Hanpumep LBeTOBMU
npusHaum ot RGB usetoBu mogen [3,4].
OcBeH LBeTOBUTE NMpU3HaLUKM MoraT ga ce
n3non3BaT TEXHUKM 3a KOHBEPTUPAHE Ha

As an object of study was chosen
white bread as this one of the most
consumed food from Bulgarian, and
as a subject — its microbial spoilage
as it is relevant to the health and
safety of this food product.

Interest for the practice represents
the accuracy and realism of the
images obtained with a document
camera. This applies to recognition
of elements of food (eg pork, eggs,
bread), which are essentially with
complex texture and color and
change the surface characteristics
during storage. These features of
foodstuffs difficult to assess the
quality by technical devices.

The presentation of the images of
food products to RGB color model
has many limitations, which hinders
identification of object fields and
evaluation of color characteristics.
The literature indicates that for this
type of images is convenient to use
the full spectrum of image. Using the
full range of image requires
conversion to RGB values in the
spectral characteristics in the visible
region (VIS) [5].

Methods for segmentation of
individual objects in an image using
the features of pixels. Until now as
features are mainly used gray tone
or intensity of the pixels in the
individual channels. In the image
can be defined and used a number
of other features such as features of
color RGB model [3,4].

In addition as color features can be
used techniques for conversion of
RGB values in the spectra of the
visible region presented in [9,10].

In the systems for presentation,
the classification of food products,
the identification of qualitative state
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RGB cTonHOCTUTE B CMEKTpU Ha BuauMmara
obnacrt, npeacrasenu B [9,10].

B cuctemmte 3a npeseHTauus,
Knacudukaumsita Ha XpaHUTENHU NPOoayKTH,
naeHTumkaumaTa Ha KayeCTBEHOTO
CbCTOsIHME Ha ObekTa M onpedensHeTo Ha
NPUHAANEXHOCTTa My KbM onpeaeneH knac,
TpsibBa Aa ce OCbLLEeCTBSBa B peariHo Bpeme
[1]. MeToauTe 3a pasnosHaBaHe Ha obpasu
M3MCKBALLM  MPOOBLIDKATENHO Bpeme 3a
peweHne wn 6asuvpaHu Ha ronsm  obem
N3YNCNUTENHN MpoLedypu ca MNpaKTUYECKn
LHENPUIoOXUMU’ Npu pasrnexgaHara 3agada.

3a pasgensHe Ha JaHHWTE B KracoBe e
n3non3saH AVCKPUMWHAHTEH aHanuM3 c Tpwu
HEeNMHenHW pasgenawm dyHKumm [2].

Pabotata Ha  knacudwukatopa C
nocodeHuTe  pasgendwy  yHKUun e
oueHeHa Ype3s obLua rpeLuka:

b=l (Ei:l}rlk_}rh)
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KbOeTO Yk © Opom npobu oT knac i,
KnacuuumnpaHm ot knacudukatopa B Knac
K; yi — 6por npaBunHoO pasno3HaTn npobu;
k = 1..n — 6pon HenpaBUSTHO OTHECEHU B
gageH knac i cnpsiMo odwmat 6pon npodu;
n — 6pown knacose.

3. OTaensiHe Ha obeKTHM obnactm B
n3obpaxeHus Ha xnsb

OtpenssHe Ha o006ekt oT ¢OH B
nmsobpaxeHnme. Ha cdurypa 1 ca
NpeacTaBeHn eTanute npu OTAensiHe Ha
obekT oT dooH B n3obpaxeHue.
OpvirmHanHoTo n3obpakeHne e
npeobpasyBaHo B HSV uBeToBM Mogen u e
n3nons3saHa S KOMMOHeHTaTa. or
XMcTorpamaTa Ha u3obpaKeHMeTo ce BMXaa,
ye OOEKTBbT € C HaW-roNnsAM WMHTEH3UTET Ha
nukcenurte npu S=0,2.

of the object and the determination
of its belonging to a particular class
should be carried out in real time [1].
Methods of pattern recognition
requiring a long time for a decision,
and based on a large volume of
computational procedures are
practically "irrelevant” in
consideration task.

For the separation of data into
classes is used discriminant analysis
with three nonlinear separating
functions [2].

The work of classifier with those
separating function was evaluated
through a common error:

(€Y

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

3. Separation of objects areas in
images of bread

Separation of the object from
background. Figure 1 shows the
stages of separation of the object
from background in image. The
original image is converted into HSV
color model and the S component is
used. The histogram of the image
shows that the object has the
highest intensity of pixels in S = 0,2.

48



MHosayuu u npednpuemadyecmaso

[oduHa IV, 6pou 1, 2016

T T

a) opurMHanHo nsobpaxeHune 6) xuctorpama Ha Sysy KOMMOHEHTaTa B) oTaensiHe Ha 0H6EKT OT choHa

a) original image

dur.1l. Etanm npu otaensHe Ha obekT oT
OH B n3obpaxkeHue

Pa3no3HaBaHe Ha nneceH no
NOBBLPXHOCTTA Ha XNsA06 B 3aBUCUMOCT OT

npara Ha OuHapusauus Ha
nsobpaxeHumero. Ha dwurypa 2 e
npeactaBeH npuMep 3a OTAensHe Ha

obeKkTHa obnacT ,nneceH* B 3aBUCUMOCT OT
npara Ha GuHapu3auusi, KONTO € KOpUripaH ¢
koeduumeHT ff (“fudge factor”).

a) opurMHanHo usobpaxeHue
a) original image
T el
, P
Q.
‘ -
N L e
r) ffi=4

dur. 2. lNpumep 3a pasno3HaBaHe Ha
nneceH B 3aBUCMMOCT OT npara Ha

OvHapusauns

padnkn 3a M3MEHEHMETO Ha rpeLukarta
npu onpegensiHe Ha obnactn ¢ nneceH no
MOBBbPXHOCTTAa Ha Xxnsab ca nokasaHu Ha
durypa 3. B pguanasoHa ff=4,5+5,9 Tasu
rpewka e oo 5% wn Te3an CTOMHOCTM Ha
koeduumeHta morat ga 6vaat nsnonssaHu
3a onpegendHe Ha npar Ha OuHapusauus,
npM KOWTO ce OTAens TO4YHO obnacTtta c
nreceH.

b) histogram of Sysy color
component

. A

3
p) ff=5,5

c) separation of the object
from background
Fig. 1. Stages in the separation of the
object from background in image

Detection of mold on the surface
of the bread according to the
threshold of the binarization of
the image. Figure 2 is an example
to separate the object region "mold"
depending on the threshold of
binarization, which is adjusted by a
factor ff ("fudge factor").

"/"

v, 5 .
- T _,‘A‘_ -
B) ff=3,5
h x/ - \\‘\
f/ it \

e i N
i L)

.; ‘>~\»
p &
R '

e) ff=6

Fig. 2. Example of detection of mold
according to the threshold of the
binarization

Graphics of change of the common
error in determining the areas of
mold on the surface of the bread are
shown in Figure 3. In the range of ff
= 4,5 + 5,9 the common error is 5%,
and these values of the coefficient
can be used to determine the
binarization threshold, which is
separated in precisely the area with
the mold.
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0,51,52,53,545556,57,58,59,510,5
i
a) 3a BCUYKM Mpobu

a) for all samples
dur. 3. OnpegensiHe Ha CTOMHOCTU Ha
kKoedpuumeHT ff, Nnpu KOWTO ce nonyyaBa Haw-
Marnka rpelwka npu oTgensHe Ha obekTHa
obnact

Pasno3HaBaHe Ha nrneceH no
NOBLPXHOCTTA Ha XxnNsA6 no LBETOBU
npusHauM Ha obekTHa obnacTt. HanpaseHu
ca n30bpaxeHns Ha nneceHta OT BCHKa
npoba 1 ca UM M3BEOEHMN XUCTOrpamMm Kato
BbpXy oOWa koopauHaTtHa cuctema ca
HaHEeCeHN XUCTOrpamMmnTe 3a MneceHTa BbpXy
BCUYKM Npoou.

Ha curypa 4 ca nokasaHu xuctorpamuTe
Ha uBeToBUTE KOMMOHEHTN oT RGB mopaena.
Bwkoa ce, 4ye NpuM HaHacAHE Ha BCUYKM
XUCTOrpamMn  BbPXY €4Ha  KoopAauHaTHa
CUCTEMA Te€ He Ce pasnuyaBaT 3HAYMTESHO
efHa OT gpyra U MOoxe fda ce geduHupa
avanasoH (perMoH) 3a CTOMHOCTUTE Ha
LBETOBUTE KOMMOHEHTU, B KOWTO Aa Gbaar
pa3no3HaBaHn 06eKkTHUTE 06acTu C NEeCeH.

100 R(RGB) 150

100 G (RGB) 150

0 50 100 B (RGB) 150 200 250

®dur. 4. Xuctorpamm Ha LBETOBUTE
koMnoHeHTn oT RGB mopgen

0) ocpegHeHa xapakTepucTuka
b) mean characteristic
Fig. 3. Determining the values of the
coefficient ff, which generates the
smallest error in separating the object
region

Detection of mold on the surface
of bread by color features. The
images of mold from each sample
are displayed as histograms on a
common coordinate system.

Figure 4 shows histograms of the
color components of RGB model. In
all histograms on a coordinate
system they do not differ
significantly from each other and can
be defined range (region) of the
values of the color components, by
which can be recognized object
areas with mold.

.
04 H(HSV) 06 08 1

04 S(HSV) 06 08 1

o - 04 VHSY) 06 08 2
®dur. 5. Xuctorpamm Ha LBeTOBUTE
KOMMNOHEHTN oT HSV mopaen

Fig. 4. Histograms of RGB color components Fig.5.Histograms of HSV color components

Ha durypa 5 ca nokasaHu xucrorpammre
Ha UBETOBUTE KOMMOHEHTUM oT HSV mopena.
Kakto npu RGB uBeTOBUMSA MoAer, Taka v npu
HSV Xucrorpamute Ha oTAenHuTe

Figure 5 shows the histograms of
the color components from the HSV
model. As with the RGB color
model, and in HSV histograms of the
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KOMMOHEHTNU Ce  BWXAA, Te ca
KOHLUEHTPUPAHN B SCHO  pasnnyumu
AManasoHn OT CTOMHOCTUTE Ha CbOTBETHUTE
LUBETOBM KOMMOHeHTU. B TO3u cnyyan,
HanpumMep nNpy S KOMMOHEHTaTa Ananas3oHa
OT CTOMHOCTM, onpeaeneH 3a NneceH Moxe
Ja cbBrnaga C To3M 3a uUenus O0DekT wu
pasno3HaBaHeTO Ha obekTHata obnacTt aa
Obae HEBB3MOXKHO.

Ha dwmrypa 6 ca npeacraBeHun etanurte
npu obpaboTka Ha u306paxeHWe KaTto e
n3nonseaHa VHSV uBeTtoBa KOMMOHEHTA.
OpwurnHanHoTo n3o6paxeHue ce
npeobpasyBa B HSV uBeToBM Mogen u ce
B3emMa camo V uBeToBaTa KOMMOHEHTA.
MonyyeHoTO n3obpaxeHune ce dunTpupa C
ocpeaHsiBaLy dunTLP, HaCTPOEYHUTE
napameTpu, Ha KOUTO ce onpeaensrt onuTHO.

ye

e N G

\.‘ ‘ ".—i -

a) opurMHanHo usobpaxeHue

a) original image

r) oToensiHe Ha pbbose

d) finding edges

dur. 6. Etann npu pasnosHaBaHe Ha
06ekTHM o6nacTn No LUBETOBM NPU3HaLM

Upes dyHKuma roicolor ce 3apasa
ananasoH oT CTOWHOCTUTE Ha \Y
KOMMOHEHTaTa, KOWTO OT Xuctorpammte e
onpegeneH kato ,nnecen’. OTgensaTt ce
pbboBeTe Ha  obekTute, KOMTO ca
pasno3HaT B M300paxeHNeTo 1 crneg Toea

Ll \\ 497, : .
‘ '?&«' w7 %

- e - aacecranae.

[0) npeMaxBaHe Ha Marku
obekTn
e) removing very small objects f) recognition of the object regions

e

©) ussnnyaHe Ha Vysy LiBETOBA
KOMMNOHEHTa 1 mnTpupaHe

b) image in Vysy color
component and filtering

individual components can be seen
that they are concentrated in distinct
ranges of values of the respective
color components. In this case, for
example, from the S component
range of values determined for mold
may coincide with that of the entire
object and the recognition of the
region to be impossible.

Figure 6 presents the stages of
image processing using the color
component VHSV. The original
image is converted into HSV color
model and only V color component
is taken. The resulting image is
filtered by averaging filter, which
adjusting parameters are
determined experimentally.

B) onpegensiHe Ha o6nactn cbC
CTOWHOCTU Ha Vysy KOMMOHEHTAaTa
B onpenerneH gManasoH
¢) finding regions with defined
values of Vysy color component

TG . R

o & T ™
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€) pa3no3HaTu 00eKkTHN obnacTu

Fig. 6. Stages in recognition of
object areas by color features

By “roicolor” function is assigned a
range of values of V component,
which in histograms is defined as
"mold". Separate the edges of
objects that are detected in the
image and then remove objects with
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ce npemaxsaTt obeKkT ¢ nfow, no-marnka oT
500 nukcena c uen pgda ce npemaxHart
LUYMOBe, Hanpumep OT OTpaseHa CBEeTNVHA,
KOUTO CbLO MoraT ga 6baat pasnosHaTu
kaTo 0GekTHa obnacr.

MpepcTtaBsAHe Ha OOGEKTHM obnacTtu ¢
XnA6 v nneceH BbB BUA Ha CMNEKTpasiHu
xapakrepuctukm. Ha dwmrypa 7 ca
npeacTaBeHn ChekTpanHu XapakTepucTUkn
Ha obnactn oT xnsa6 6e3 nneceH 1 Takmea C
MUKpoOHa pasBana. XapakTepucTukute ca
nony4yeHn 4pes3 npeobpasyBaHe Ha RGB

LUBETOBUTE KOMIMOHEHTM B  CMeKTpanHu
XapaKTepPUCTUKN.
Ot rpacdvkute ce Bwkoa, 4Ye B

onpedeneHn crekTpandHu avanasoHn uma
NpuUNokpuBaHe Ha OGEKTHUTE obracTtu, a B
apyrv Te ca TBbpae 6nm3ko egHa Oo Apyra,

KOeTo 6n 3aTpygHUIo TAXHOTO
pasrpaHnyaBaHe nNpv  M3Mon3BaHe  Ha
KnacudgukaTopu.

log(1/dE)

; ;
350 400 450 500 550 600 650 700 750 800
lambda, nm

lambda, nm
a) OpuUrMHasnHu
a) original (raw) spectral characteristics
dur. 7. [llpeacrtaBsAHe Ha LUBeTOBUTE
KOMMOHEHTU KaTO CNeKTpasiHN XapaKTepUCTUKN
BbB BuaMmaTa obnact 3a obnactu ot xnsb u
nneceH

4. OueHKa Ha Bb3MOXHOCTTA 3a
pasno3HaBaHe Ha OOGeKTHM obnactu no
NOBBbPXHOCTTA Ha xns6 ype3
KnacudumkaTopmu

3agavata 3a pasno3HaBaHe Ha obpasu

size smaller than 500 pixels, in order
to remove noise, for example, from
the reflected light, which can also be
recognized as an object region.

Presentation of object areas
with bread mold in the form of
spectral characteristics. Figure 7
shows the spectral characteristics of
areas from the bread without mold
and those with microbial spoilage.
The characteristics are derived by

converting the RGB color
components in  the  spectral
characteristics.

The chart shows that in certain
spectral ranges overlap of object
areas, and in others they are too
close together, which makes it
difficult to differentiate them using
classifiers.

2
350

400 450 500 550 600 650 700 750 800
lambda, nm

b) npencrtaBenun kato log(1/dE)

b) the same characteristics as log(1/dE)

Fig. 7. Presentation of the color
components as spectral characteristics
in the visible region of areas of bread
and mold

4. Assessment of the ability of
recognition of objects areas on
the surface of bread by classifiers

The task of pattern recognition
comes down to presentation of a
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ce cBexaa OO OTHACsAHETO Ha CbOTBETEH
obpas3 KbM eavH OT npeaBapuUTENHO
3ajafeHnTe KracoBe Ha npuHagnexHocT. Ta
MO CbLLECTBO ce JobnmxaBa 40 OUCKPETHUS
aHanor Ha 3agjauuTte 3a TbpCEHE Ha
ONTUMAariHo peLleHne, B KOMTO MO HsIKakBa,
OOVMKHOBEHO HEXOMOrEHHa WU  pasMuTa,
HETOYHAa UK HeMmbIHa MHOpMaumsa crnenga
[a ce yCTaHOBW, NpuUTeXaBa N nU3y4aBaHUs
00eKT dhmkcmpaH KpaeH Habop OT CBOWMCTBA,

nosgonsaBawm pga 6Obae OTHECEH KbM
onpegeneH Knac WM KbM  KpawHO
MHOXECTBO OT [OCTaTbyHO  €4HOTUMHU
npouecwu.

Mo uBeTOoBM Npu3Hauu. M3nonssaHn ca
TpW KnacudmkaTtopa — K-Han-6nmskm cbceam
(KNN), NNHeeH ANCKPUMUHAHTEH
knacudpukatop (LDA) n nuHeeH meTton Ha
onopHute BekTopu (L-SVM).

Ha curypa 8 e npencraseH npumep 3a

corresponding image to one of the
preset classes that it belons. It
essentially approximates the
discrete variant of the tasks to
search for the optimal solution, in
which a generally non-
homogeneous or fuzzy, inaccurate
or incomplete information should be
established.

By color features. Used are three
classifier k-nearest neighbors
(KNN), linear discriminant classifier

(LDA) and linear Support vector
machines (L-SVM).
Figure 8 is an example of

recognition of two classes of "bread"
and "mold" by color features by
classifiers using linear separating
functions.

120

110

100

30

80

4

bread (training)
bread (classified)
mold (training)

70

mold
Support Vectors

o

8

60,

pasno3HaBaHe Ha pABa knaca ,xnsd‘ u
JJuneceH no UBeTOBM MNpu3Hauu  4pes
KnacudgukaTopn,  M3nonssawy  JIMHENHU
pasgensawmy yHKunn.
KNN Classification K+L(1)y+L(2)x=0

: HE ‘

: @ \

:: , SRR

S T amn 7 A T

dur. 8. lNMpumep 3a pasnos3HaBaHe Ha ABa
knaca ,xnsa6“ u ,nneceH“ no Rggeg LBETOBa
KOMMOHEHTA

AHanuM3bT Ha pesyntatuTe Mnokasea, 4e
aBata pasrnexagaHu Knaca ce
pasrpaHu4aBaTt OT KnacudukaTtopuTe Oopu C
M3MoN3BaHe Ha JIMHEWHM  pasgenswm
dyHKuMM ¢ obia rpetuka 0+7%. Moxe ga ce
HanpaBW CpPaBHUTENEH aHanM3 3a BPEMETO
3a o00paboTka Ha A[aHHUTE, KOWUTO €
npencraBeH Ha urypa 9.

i
90 100 110

B) L-SVM

i i
60 70 80 120 130 140

Fig. 8. An example of recognition of
two classes "bread" and "mold"” on Rgrgs
color component

The analysis of the results shows
that both of the classes are
distinguished from the classifiers
even using linear separating
features with common error 0 + 7%.
A comparative analysis of
processing time of the data is
presented in Figure 9.
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3,5

2,5

time, s

1,5

[y

0.5

kNN LDA

classifier

®dur. 9. Bpeme 3a obpaboTka Ha gaHHUTE C
TpuTe KnacudukaTopa

Mo cnektpanHu w™metoau. [lopaau
CUMHOTO  MNPUMNOKPMBaHE Ha  OGEKTHUTe
obnactn, Kakto ce Bwxga oT durypa 10,
pasrpaHn4yaBaHeToO Ha [fBaTta knaca (Mnu
06ekTHM obnactn) ,xnab“ n ,nneceH” ypes
KnacudukaTopy,  uM3non3eawy  NIMHENHU
pasgenswm yHKUMM e HelenecbobpasHo.

K+L(1) y+L(2) x= 0

KNN Classification 12

R
oG

mb

LSV

Fig. 9. Time for data processing with
the three classifiers

By spectral characteristics. Due
to the strong overlap of object areas,
as shown in Figure 10, the
distinction between the two classes
(or object areas) "bread" and "mold"
by classifiers using linear separating
functions is inappropriate.

+ bread
mold
1

o bread
% mold 12

bread (training)

F 4
2 AN cANS g

+  bread (classified) |----
mold (training)

mold (classified)

N 7 FE3 BT I .

H i
-2 0 2 4 6 8 10 12 0

©  Support Vectors |--""

6) LDA

a) kNN
dur. 10. Mpumep 3a pasnos3HaBaHe Ha ABa
knaca ,xna6“ u ,nneceH’ no chnekTparnHu
XapaKTepUCTUKN

AHanM3bT Ha pes3ynTtaTtuTe nokassea, 4e
ce nony4yaBaT BMWCOKM CTOMHOCTM  3a
rpellkarta ot pasno3HaBaHe (e=32+46%) npu
n3nonssaHe Ha KrnacudpukaTopu,
N3MoN3BaLLy JIMHENHN pasgensawm dyHKUum
(durypa 11).

OcBeH rpelkaTa OT pasno3HaBaHe Ha
aBaTa Knaca v BpemeTo 3a obpaboTka Ha
CreKkTpanHuTe XapakTepUCTUKU € MNO-FofIiMO
B CpaBHeHue C obpaboTkata MO LBETOBM
npusHaum (durypa 12).

i i
06 08 1 12 14

B) L-SVM

i
02

0.4

Fig.10. An example of recognition of
two classes "bread" and "mold" by
spectral characteristics

The analysis of the results shows
that high levels of error recognition
(e = 32 + 46%) are received using
the classifiers with linear separating
function (Figure 11).

In addition the common error of
recognition of the two classes, and
the processing time of the spectral
characteristics is larger in
comparison with processing by color
features (Figure 12).
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40
30
20
10
kNN LDA LSVIM
classifier
®dur. 11. Npeluka npu pasno3HaBaHe Ha ABaTa
Krnaca no CrnekTpanHu gaHHW

Fig. 11. Error in detection of the two classes
by spectral data

3a obekTun, C NpMnoKpuBaLLM ce Kracose,
B NuTepatypaTa ce npenopbysa U3norsBaHe
Ha KracudukaTopu C HENMMHENHU pasgensium
dyHKUMM nnu bencos knacudukaTtop.

5. 3aknrouyeHue

B poknaga e HanpaseHa 060CHOBKa 3a

n3bop Ha  XpaHWTeneH  NpoaykT U
MOBBPXHOCTHU XapaKTEPUCTUKKN, KOWUTO Lue
OboaT  pas3no3HaBaHW  uYpe3  OOKYMEHT

Kamepa, W3non3BaHa KaTo AOMbI/IHUTESHO
YCTPOMCTBO B MWHTEpPaKTMBHA CUCTEMa 3a
npeseHTaums. 3a obekT Ha paboTa e nsbpaH
X906 TbM KaTto TOM € eauMH OT Ham-
KOHCYMUpaHUTE OT ObNrapuHa XpaHWUTESHK
npoayKkTh, a 3a npegMeT € nsbpaH nosieata
Ha nneceH MO MNOBBPXHOCTTA Ha NpPoAyKTa
KaTo nokasaTesl 3a HEeroBOTO KayecTBO W
6e30nacHOCT 3a KOHCyMauus.

MpenctaBeH € M3NON3BaHMAT HauvMH 3a
oTaensiHe Ha 0BeKT OoT )OH B M30OpakeHue.
OT HanpaBeHaTa cenekumMsi Ha LBETOBM
npu3HauM ce YCTaHOBM, 4e nogxogsuia
LBeToBa KOMMOHeHTa € S or HSV uBeTtoBu
MoZern, Tbi KaTo NPy U3NON3BaHe Ha Tasu
KOMMoHeHTa obekTa ce oTgens oT doHa C
Han-marka rpeLuka.

[Moco4veHn ca pesyntatute Npu oTaensiHe
Ha o0BekTHM obnacTtu 4pe3 GuHapmsaumnsa Ha
n3obpaxeHneTo. MN3non3eaH e KoeduumneHT

time

3,7

3,65
3,6
, 3,55
' 3,5
3,45
3,4
3,35 l
3,3

kNN LDA

IS

LSV

classifier

®dur. 12. Bpeme 3a obpaboTka Ha JaHHUTE C
TpuTe Knacudmvkatopa no cnekTpanHn aHHW

Fig. 12. Processing times of the three classifiers

by spectral data

For objects with overlapping
classes in literature recommends the

use of classifiers with nonlinear
separating functions or Bayesian
classifier.

5. Conclusion

In the report is made a choice of
foodstuff and surface characteristics
that will be recognized by a document
camera, used as an additional device
In an interactive presentation system.
To subject matter is chosen bread,
because it is one of the most
consumed from the Bulgarian food
and as its object is selected the
appearance of mold on the surface of
the product as an indicator of its
guality and safety for consumption.

Presented is the process used of
separation of the object from the
background in image. From the
selection of color features it is
established that the appropriate color
component is S from the HSV color
model, as using this component
objects are separated from the back-
ground with the least common error.

Referred are results of recognition
of objects by binarization of the image.
Used is correction factor of the

55



Innovation and entrepreneurship

Volume IV, number 1, 2016

3a KOopeKkumsi Ha npara Ha GuHapusaums n ce
YCT@HOBW, 4Ye npu CTOMHOCTM Ha TO3M
KoedpmumeHT oT 4 g0 6 ce nony4yasa rpeLlka
[o 5% npu otaensHe Ha 0bekTHM obnactun B
n3006paxxeHneTo.

Mpn otaoenaHe Ha oGekTHM obractn no
LUBETOBM MpuU3HaUu ce YCTaHOBM, 4e Mnpwu
n3non3saHeTo Ha V KomroHeHTaTa oT HSV
LUBETOBM MOZesN ce nonyvaBa OTAensHe Ha
obekTHa obnacT ¢ rpeLuka nog 5%.

Mpu NnpeacTaBsiHe Ha MbIHWSA CNEKTBP Ha
n300paxeHneTo, pesynrtatuTe nokasear, 4e
TO3X MeTog He e  nogxogsw,  3a
pasno3HaBaHe Ha 06eKTHN obnacTn Tbi KaTo
obwara rpewka npyv Klacupukaumsa
nMHenHn knacudpukatopy e go 30% wu
BpemeTo 3a obpaboTka Ha AaHHUTE € Hag
40s.

lMpn n3nonseaHe Ha LBETOBM MpU3HaLM
3a Knacudukaumsa n pasgensiHe Ha 06eKkTHM
obnactu ¢ xnab n nneceH obLiarta rpeLuka ot
knacupukauma e oo 5% wu BpemeTo 3a
obpaboTka e fo 4s, KOeTo NpaBu TO3N METOL,
NPUNOXMM 3a MPEHOCUMU YCTPOWUCTBA, Tbi

KaTo M3MCKBA MO-Manko  W3YUCIUTENTHU
pecypcu 1 no-marnko Bpeme 3a obpaboTka Ha
pesynraTtute.

lMocoyeHn ca  Bb3MOXHOCTUTE  3a
npunoxeHve Ha obcrneaBaHaTa cuctema 3a
nony4aeaHe n obpaboTka Ha n3obpaxeHus B
yyebHaTa genHocT. T4 e nogxogswa 3a
oby4yeHune B Hanpasnexue 5.2.,EnekTpoHuka,
enekTpoTexHnka w1  aBTOMaTMKa“ "
5.12.XpaHuUTeNnHN TEXHONOIH.

BbnaropapHocTun

Wckam pa uskaxa cosita GnarogapHocT
KbM ac. 3natuH 3naTteB, KOWTO ycnsa 4pes
cBosi  Oobbp noaxod, CMNOKOWCTBUE U
TbpreHne [a [JoBede [0 YcCreweH Kpau
pabotata MW MO [OUNSIOMHUS MNPOEKT, B
OCHOBa, Ha KOWTO € O(OpMEH HacCTOALMA
poknag. lNMoxenaBaMm Ha BCUYKM Komern ga
nonagHaT Ha pPbKOBOAUTEN KaTo HEro.

threshold of binarization and is found
that with the values of this factor from
4 to 6 is obtained common error of 5%
error in separating the object in the
image.

In the recognition of object areas
by color features is found that the use
of the V component from the HSV
color model is obtained the separation
of an object region with common error
less than 5%.

When presenting the full spectrum
of the image, the results show that this
method is not suitable for detection of
object areas as the common
classification error of linear classifiers
is up to 30% and processing time of
the data is over 40s.

Using color features for
classification and separation of object
areas with bread and mold common
error from the classification is up 5%
and processing time is up to 4s, which
makes this method suitable for
portable devices because it requires
less computing resources and less
time to process the results.

Indicated are the possibilities for
application of the studied system for
receiving and processing images in
school activities. It is suitable for
training in the field 5.2. "Electronics,
Electrical Engineering and
Automation” and 5.12. "Food
Technologies”.
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