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NMPUNOXXEHUE HA ONTUYHU
TEXHUKU 3A AHATTU3 HA
KALLKABAI NMPU CbXPAHEHUE

Ho6pun Jobpees

Pe3rome: B cratuata e aHanuampaHo
NpUNoXeHMeTO Ha nporpamHa cpefa LabView
NpyM aHanuM3 Ha XpaHWUTENHW U B YaCTHOCT
MreyvHn npogyktu. MsnonsesaH e metopq “Color
spectrum” (LiBetoBu cnektbp) Ha NI LabView.
3a npeacTaBsaHETO Ha LuBeTOBUTE
XapaKkTepuCTUKK Ha nukcenuTe B
n3obpaxeHuaTa € U3non3saH LBETOBUSA Moaen
HSL. Ype3 uW3MeHeHMeTO Ha LUBETOBUTE
XapakTepucTMku ca MofnyYeHu [daHHuM  3a
NMoHWXaBaHe Ka4yeCTBOTO Ha KallKkaBan v nosisa
Ha nneceH. ApanTMpaH W W3NON3BaH e
nporpaMeH M anapaTeH MHCTPYMEHTapuym 3a
eKcrnpecHa, aBTOMaTM3upaHa OLeHKa Ha
OCHOBHM CBOMCTBA Ha KawlkaBarn, KOWTO
BKMOYBa nabopaTopeH Mogen Ha cuctema 3a
nonyyaBaHe, o60paboTka ¥ aHanu3 Ha
n3obpaxxeHus.

KnrouoBu aymu: OnTUYHN XapakTepUCTUKM,
mMrieyHn npogyktn, LabVIEW, obpabGoTtka Ha
n3obpaxxeHuns

1. YBog

MpernegbT Ha MeToauTe "
TEXHMYECKUTE CpeacTBa 3a OueHKa Ha
Ka4yecTBOTO M 6Ge3onacHOCTTa Ha MIleYHu
npogyktn [4,6,10,12,13], nokasBa, u4e
noaxoadwyn 3a uenta ca Oe3KOHTaKTHUTE
MeToan, TbW KaTo nNpu M3MepBaHe C
GE3KOHTAKTHMU CEH30pU HEe Ce Brvsie BbpXy
CbCTaBa W CTpyKTypaTa Ha npoaykrta. Ot
nocoyeHuTe MeToau Han-ronamo
NPUINOXEHNe ca HaMepunu crnekTpanHua u
XxunepcnekrpanHusa adHanus. [lpegmmcTBo
MMa MbpBUAT, MPU KOUTO HE Ce W3NCKBA
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Abstract: The article analyzes the
application of LabView program
environment in the analysis of food and
in particular dairy products. The NI
LabView "Color Spectrum" method is
used. The color model HSL is used to
represent the color characteristics of the
pixels in the images. Changes in color
characteristics have obtained with data
on the quality of yellow cheese and the
appearance of mold. A software and
hardware tools are adapted and used
for an express, automated assessment
of the basic properties of yellow cheese,
which includes a laboratory model of a
system for obtaining, processing and
analyzing images.
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1. Introduction

The review of methods and
technical tools for assessing the
quality and safety of dairy products
[4,6,10,12,13] shows that the non-
contact methods are suitable for this
purpose, since measurement of the
non-contact sensors does not affect
the composition and the structure of
the product. Of the above mentioned
methods, spectral and hyperspectral
analysis were the most useful
applications. An advantage of the
first, which does not require special

84



Innovation and entrepreneurship, ISSN 1314-9253

Volume VII, number 2, 2019

crneuuanHa nogrotoBka Ha obopyaBaHeTo
3a namepsaHe [1,3,5].

B nocnegHuTe roanHU B
Npoun3BoACTBEHATa MpakTuka ce M3nonssart
nporpaMHM W anapatHuM cpencrteBa  3a
Ge3KOHTaKkTHa OueHKa Ha KayecTBOTO Ha
npomMuLLeHn NpoaykTn Ha dupma National
Instruments w© nporpamHa cpega 3a
Cb3aBaHe Ha BUPTyalHW WHCTPYMEHTU
Lab View (www.ni.com). Te3n nporpamHu n
anapartHu WHCTPYMEHTH nmart
npeguMMcTBOTO Npea ocTaHanuTe cpeau 3a
nporpaMmmpaHe, KaTo ¢ TAxHa nomoLy morat
na  6bgoart  uv3rpaxgaHu  BUPTYanHu
nabopartopun, 4pe3 KOUTO edeKkTMBHO Oa
6boaT NnoaroTBAHU CTyAeHTU 3a 6baewaTa
nm paboTta B peanHo npounssoacTso [7,8,9].

HanpaBeHnaT nperneg Ha JocTbnHaTta
nutepatypa [3,4,11,13] nokasBa, 4e ca
Manko  nybnukauuuTe, CBbp3aHM  C
NPUNoXeHneTo Ha Lab View
WHCTPYMEHTapuyma npu  aHanuM3  Ha
XPaHUTENTHA U B YaCTHOCT  MJIEYHMU
npoayktm. Manko ca nybnukauuuTe,
CBbp3aHW C TMpUNoOXeHMe Ha Tasu
nporpaMmHa cpega npy  aHanmM3  Ha
XpaHUTeNHW MpOAYKTW, npou3BeneHun Mo
Bbnrapcku AbpXaBeH cTaHaapr,
BKIIOYUTENHO U MITEYHUN NPOAYKTW.

Llen Ha cratuaTta e pga ce apgantupart
nporpaMHM cpeacTtea 3a aHanua  Ha
KallkaBan npuM CbXpaHeHue KaTo ce
n3nonsea nporpamMmHa cpena Lab View.

2. MaTtepuan n metoau

O0OekT Ha wunacnegBaHeTO € KalukaBan
3aKyrneH OT NUUEH3MpaH npou3soguTen wu
npounssegeH no bOC n npunexawwmTe my
HOpMaTMBHU  OOKYMeHTU. OueHsiBaHUTe
XapaKTepUCTUKK ca NOBBPXHOCTHUTE
N3MEHEHNA Ha NpoAayKTa MNpu CbXxpaHeHue,

B ycnoBu4, HeoTroBapALn Ha
M3NCKBAHUNATA, noco4yeHn oT
npon3BoanTenA.

preparation of the measuring
equipment and samples [1,3,5].

In recent years, industry practices
and industry tools have been used
for contactless assessment of the
quality of industrial products by
National Instruments and the Lab
View virtual programming
environment (www.ni.com). These
software and hardware tools have
the advantage over other
programming environments, with the
help of virtual laboratories that can
effectively prepare students for their
future work with real production lines
[7,8,9].

A review of available literature
[3,4,11,13] shows that there are few
publications related to the application
of the Lab View software tools in the
analysis of food and, in particular,
dairy products. There are few
publications related to the application
of this programming environment
when analyzing food products
produced under Bulgarian national
Standard, including dairy products.

The aim of the article is to adapt
software tools for the analysis of
yellow cheese in storage period
using the Lab View software.

2. Material and methods

The object of the study is a yellow
cheese purchased by a licensed
producer and produced under the
BNS (Bulgarian national standard)
and its accompanying normative
documents. The  characteristics
assessed are surface changes of the

product  when stored under
conditions not meeting the
requirements specified by the

manufacturer.
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N3cnepBaHute npobu ¢ kawkasan ca 18
Ha Opown, KaTo BCSAKa OT THAX € 3acHeTa C
ungpposa CCD «kamepa Basler 3a
CUHXPOHHU n30bpaxeHuns. Kamepata — Tmn
AD-080CL (Basler AG, Germany) moxe ga
paboTy BbB BuaMMmaTa U GnuskaTta
nHppayepseHa obnactu. Ta nma cnegHute
napameTpu: ceHsop1/3% pesonoumns
1024x768 aktmBHM nukcena 3a kaHan; 30
fps ¢ nbnHa pesontouuns; Camera Link n
GigE Vision uHTepdencu. PeanuamnpaHo c
ocseTneHne ¢ 4 LED-namnu tvin GU10-
3*2W, cBeTewm CbC CBETNMHA C LBETHa
Temnepatypa 4300K (Warm  White)
Haco4eHn napanenHo Ha npobute, kaTo e
NOCTUrHaTO pPaBHOMEPHO pasnpegerieHve
Ha cBeTnuHaTa [2].

N306paxeHusaTa Ha npobute  ca
cbxpaHenu B JPEG dopmat. MN3nonsea ce
3a doTorpadckm n3obpakeHusi, Mpu KOUTO
LUBETOBMAT CbCTaB € BaxeH. dopmaTbT
JPEG He Bogu go 3aryba Ha BbBegeHaTa
NMbpBUYHA MHpopmaums 3a aHanui. JPEG
dopmaTbT noaabpxa n RGB.

Mony4eHuTe n3obpaxeHns ce
TpaHcdepupaTt KbM NepCoHaneH KOMNITHbP
CbC crneumanuaupaH coptyep LabView Ha
Natinal Instruments. Cbc codTyepa ce
M3BbPLUBA M CNekpanHus aHanui3 Ha
n3obpaxeHunara.

M3nonasaH e meton “Color spectrum”
(LiBeTtoBn cnekTbp) Ha NI LabView
(www.ni.com). LiBeToBUAT CMeKTbP
npeactassa 3D wHopmauma 3a  UBAT,
CBbp3aHa C u3obpaxeHne UnNn pervoH Ha
nsobpaxeHune B kpaTbk 1D copmart, KONTO
MOXe [da Cce wu3nonssa OT MHOro OoT
dyHKuMnTe 3a obpaboTka Ha usetoBe NI

LabView. CnektbpbT npeacraBsa uanarta
uBeToBa WH(popmaums, cCBbp3aHa C
n3obpaxxeHneTo nnn PEervnoH Ha

n3obpaxeHneto B HSL npocTpaHCTBOTO.
MHdopmaumnaTa e naketmpaHa BbB oopma,
KOSAITO MOXe Aa Ce M3non3Ba OT (PyHKuuuTe

18 samples of yellowcheese are
tested, each of which is captured
with a Basler digital camera for
synchronous images. The camera -
type  AD-080CL  (Basler AG,
Germany) can work in the visible and
near infrared spectral regions. It has

the following parameters: sensor
1/3"; resolution 1024x768 active
pixels per channel; 30 fps full

resolution; Camera Link and GigE
Vision interfaces. Powered by 4
LED-type GU10-3*2W LEDs, glowing
with 4300K (Warm White) color,
parallel to the samples, evenly
distributed light [2].

Images of the samples are saved
in JPEG format. They are used as
photographic images where color
composition is important. The JPEG
format does not lead to the loss of
the primary analysis information
entered. The JPEG format also
supports RGB color space.

The resulting images are
transferred to a personal computer
with Natinal Instruments' specialized
LabView software. The software also

delivers the sophisticated image
analysis.

The NI LabView “Color
Spectrum” method is used

(www.ni.com). The color spectrum
represents 3D color information
associated with an image or image
region in a short 1D format that can
be used by many of the NI LabView
color processing features. The
spectrum represents all the color
information associated with the
image or region of the image in the
HSL color space. The information is
packaged in a form that can be used
by NI LabView color processing
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3a obpaboTka Ha uetoBeTe B NI LabView. functions.

Ha dwurypa 1 ca nokasaHun 6nok Figure 1 shows a block diagram
avarpama v npeaeH naHen Ha nporpamMmeH and a front panel of a programming
WHCTPYMEHT, afanTupaH B HacTtosiwata tool adapted to the present operation
pabota 3a aHanu3 Ha MNOBBPXHOCTHU for the analysis of the yellow
XapakTEPUCTUKM  HaA  KalwlkaBan  npwu cheese's surface characteristics

CbXpaHeHue. during storage.
G T T e W
- N - =il
'_,. l -_
a) npegeH naHen 6) 6nok-guarpama
a) front panel b) block diagram
®ur.1. lNpeaeH naHen n 6nok guarpama Ha Fig. 1. Front panel and block diagram of
n3nonssaHaTa nporpama the program used
MpuHumn Ha pabota Ha OnokoBa Block diagram operation

avarpama. Cnepg BbBeXaaHe Ha principle. After entering the
copTyepHMa  MHCTpymMeHT B  paboTeH software tool into working mode, the

pexum, wmogyna L,IMAQ ReadFile VI* "IMAQ ReadFile VI" module collects
cbbupa gaHHm ot FilePath® n nonyyaBa data from "FilePath" and receives
nHdpopmauus ot “IMAQ Create” 3a pernoHa "IMAQ Create" information for the
Ha uHTepec ,komto e wu3bpaH ot IMAQ region of interest selected by IMAQ
Image Display Control. Cneg cbbupaHe Ha Image Display Control. After the

aaHHute ,IMAQ ReadFile VI ce n3npawat IMAQ ReadFile VI data collection,
kbm wmogyn LIMAQ ColorLearn®, konto  they are sent to the IMAQ
npasu cnekTparneH aHanmsa ypes ColorLearn module, which performs
TpaHcdopmupaHe Ha 3D uBetToBaTa spectral analysis by transforming the
nHdopmauus B 1D no metoga ,Color 3D color information into 1D using
spectrum® cnpssMo HacTponKUTE 3a HMBO Ha the Color Spectrum method to the
,Color Sensitivity” n ,Saturation Threshold®. "Color Sensitivity" and "Saturation
CnegBawata cTbnka e aHanuM3npaHe Ha Threshold" . The next step is to
OaHHUTE, KaTo nHopmauusaTa oT analyze the data by the spectral
CneKkTpanHua adHanmMa ce wusnpawa KbM analysis information being sent to
moayn ,Color Spectrum® n ce npeacrass the "Color Spectrum" module and
BbB BUA n30bpassBaly 9 KONMYeCcTBEHO Ha rendering it in a quantitative manner
Bcekn eauH uBaT ot “ROI” (obnact Ha to each color of the "ROI" (area of
WHTEpEeC) BbPXY WHTEPaKTUBHUSA MaHen. interest) on the interactive panel.
AHanusnpaHuTe gaHHM ce npuemart CblO Analyzed data is also assumed by
n ot moayn “Replace Array Subset”, konto the Replace Array Subset module,
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TpaHchopMmupa WHopMauuaTa B ABY-
pasMmepeH macuB. Pasmepute Ha macusa
ce 3apaBaT oT mopgyna ,lnitialize Array®,
cnopeq HuBaTa Ha HacTpoukata Ha ,Color
Sensitivity“. MHdopmaunsaTa oT
npeopasMepeHnss MacuB ce npoduta oT
moayna ,Waveform graph“ n ce untoctpupa
Ha UHTEPaKTUBHUSA NaHen.

MpuHuMn Ha paboTa Ha npegHunA
naHen. [lpu pabota cbC codTyepHUs
WHCTPYMEHT € Heobxoanmo crnepd cTapT aa
ce nocoyM AaupekTopusTa U MMETo Ha
danna ¢ mn3bpaHoTo mn3lobpaxeHune. Cnepg
3apexagaHeto Ha danna ce HacTpoBa
uBeToBaTa YyBCTBUTENHOCT n
HacuwaHeto. [lpu  cTaptmpaHe  Ha
nporpamata ce wu3bupa WHCTPYMEHT OT
CTPAHUYHOTO MEHIKD C KOMTO ce noco4BaT
obekHuTe obnactm Ha uscnegBaHe. Cneg
n3dbmnpaHe Ha obnact Ha uscneaBaHe ce
nosiBsiBa rpaduyHo npeactaBsHe Ha
cnekTpanHua aHanu3 Ha obnactra Ha
n3bpaHuss perMoH OT Kn3obpakeHneTo.
3annceaHeTo Ha JaHHUTE Ce OCbLLUEeCTBsBa
ype3 NagawoTo MEHK C HaTuckaHe Ha
aeceH OyTOH Ha wMwuLWKaTa, KOoeTo Aasa
Bb3MOXHOCT 3a 3anucBaHe Ha [aHHUTE B
*.csv (hann.

3. PesyntaTtun n gauckycus

M3cneaoBsaH e metoaa ,Color Spectrum®,
BUPTYyaneH WHCTPYMEHT pa3paboTeH B
nporpamHa cpepa Ha LabView.
OnpepeneHa e oTgenumocTTa 3a
oTAenHuTe ob6ekTHM obnacTn B eauH OEH U
B pasfiMyHM OHW OT CbXpaHEeHMeToO 3a
nepuwog ot 11 gaHW. 3a npencraBsAHETO Ha
LBETOBUTE XapPaKTEPUCTUKN Ha MUKCENUTE

B eOQHO un3obpaxeHne e  M3Non3BaH
usetoBus moagen HSL.
Kateropusauusita Ha reHepupaHuTe

OaHHKW, NOMyYeHN OT CNeKTpasnHus aHanms
Ha un300paxeHMsaTa € Wu3NbSIHEHaA 4pes3
nporpama MS Excel 3a enekTpoHHu

which transforms the information into
a two-dimensional array. The array
dimensions are set by the "Initialize
Array" module according to the
"Color Sensitivity" setting levels. The
information from the resized array is
read by the "Waveform graph"
module and illustrated on the
interactive panel.

Front Panel Operation
Principle. When working with the
software tool it is necessary to
specify after the start the directory
and the file name of the selected
image. After the file is loaded, color
sensitivity and  saturation are
adjusted. When starting a program,
a tool is selected from the side menu
that specifies the object areas of the
study. After selecting an area of
study, a graphical representation of
the spectral analysis of the area of
the selected region of the image
appears. Data is saved through the
drop-down menu by right-clicking the
mouse, which allows to save the
data in * .csv file.

3. Results and discussion

The "Color Spectrum" method, a
virtual tool developed in the LabView
programming environment, has been
explored. The separation of object
areas is determined for individual
object areas in one day and on
different days of storage for a period
of 11 days. The color model HSL is
used to represent the color
characteristics of the pixels in one
image.

The  categorization of the
generated data obtained from the
spectral analysis of the images was
performed using MS Excel for
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Tabnuun. [pacmyHOTO M3MEHeHue Ha
LBEeTOBUTE XapaKTepucTuKn Aasa
npeacraBa 3a NOHWXKaBaHe KadecTBaTa Ha
KallKkaBana v nosiBata Ha NneceH.

Ha durypa 2 e npencraBeHa rpaduvka
3a N3MEHEHNETO Ha LuBEeTOBUTE
KOMMOHEHTM 3a obnactn ¢ BMaMmo 3apasa
YyacT OT KalukaBan um obnactn, obxBaHaTu
OT KOMOHWUW C NAeceHn, ApOXaN N MyXbJl.
3a gHute 5-tn, 7-mun, 9-tm n 11-Tm  morart
na 6vbaoar  geuHUpaHM  OTNMYUMM
AnanasoHu 3a pasno3HaBaHe Ha ObeKTHa
obnact. Ot rpadukaTa ce Habnogaea, 4ye
OT NbPBU OO0 TPETU AEH HAMA U3MEHEHUS,
OT netm Ao cegMm rpaduKuTe Neko ce
OTKMOHSABAT, KOETO MoAckasBa 3a Beve
nosBuMnNun ce cnegu ot nnecenn. Cnen aeH
7 npo peH 11 ce HabnwpaBa SCHO
BrnowlaBaHe KadecTBaTa Ha KallkaBana wu

spreadsheets. The graphical
variation of color characteristics
gives an idea of lowering the quality
of the yellow cheese and the
appearance of mold.

Figure 2 is a graph showing the
change of color components for
areas with a visible solid of yellow
cheese and areas covered by mold,
yeast, and mold colonies. For the
days 5th, 7th, 9th and 11th, distinct
ranges for object recognition can be
defined. The graph shows that there
are no changes between the first
and third days, and the fifth to
seventh graphs slightly deviate,
suggesting features of mold. After
Day 7 through Day 11, there is a
clear deterioration in the quality of

noBuwlaBaHe HaA TbMHUTE crneaum oOT the yellow cheese and an increase
nneceH. in the dark mold areas.
1,2 T ‘
| S =
08 | | | :
206 - | | oll ol
m i ™ <)
P g | | s —Mold
0r2 ' / Yellow chees:
0 /
1 3 5 7 9 11
Day

dur.2. 'ameHeHne B cTOMHOCTUTE Ha KaHana H
(HSL) 3a 0bekTHM obnacTu

4. 3aKknto4yeHune
MpeanoxeHo e N3Mosi3BaHeTo  Ha
noaxodsawn  yHKUMM  OT  NpOorpamHus
npogykt LabView ¢ uen otgensHe Ha
obnactnm No NOBBLPXHOCTTA Ha KalukaBan C
pasnuyHa cTeneH Ha NnopaseHoCT OT nfeceH
n gpoxau. Pesyntatute OT nNpunoxeHute
dyHKUMM MoraT da 6baaT uanons3saHu 3a
onpegensHe Ha nrowTa Ha 3apaseHus
y4aCTbK U CbOTHOLUEHUETO My CIpAMO

Fig. 2. Changes in channel H (HSL)
values for object areas

4. Conclusion

It is suggested to use appropriate
features from the LabView program
to separate areas on the surface of
the yellow cheese with varying
degrees of mold and yeast impact.
The results of the applied functions
can be used to determine the area of
the infected area and its ratio to the
healthy parts of the product.
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3apaBuTE 4acTu Ha NpoAyKTa. From the information obtained, an
Ot nonyyeHata nHdopmauus moxe Aa ce  automated  diagnosis  of  the
HanpaBu aBTOMatTM3MpaHa AnarHoCTUKa Ha  contamination of the yellow cheese
3apassiBaHETO Ha Kalwkaesan W Ada Ce€ can be made and the nature of the
onpenenn  xapaktepa Ha  3alWMTHUTE  protective measures to be applied to
MeponpusTus, kouto TpsibBa da ce  prevent the contamination of the
npunarat 3a npepoTBpaTsBaHe  product.
3apassiBaHeTO Ha NpoAdykTa. A software and hardware tools
A,D,aI'ITI/IpaH M 1n3non3BaH € nporpamMeH u are adapted and used for an

anapaTteH UHCTpYMEeHTapuyM 3a €KCnpecHa,  express, automated assessment of
aBTOMaTuU3npaHa OoueHKa Ha OCHOBHMU the basic properties of ye”ow

CBOMUCTBA Ha KallKaBan, KOMTO BKIOYBA Cheese’ which includes a |aboratory

J‘|a60paT0peH mMopaen Ha cCuncrema 3a model of a System for Obtaining,

nonyyaBaHe, oOpaboTtka ”n aHanu3 Ha processing and analyzing images.
n3obpaxkeHus.
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