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NMPUNOXEHUE HA YCTPOUCTBA
3A UISBMEPBAHE HA LUBAT MNPU
AHAIN3 HA XPAHUTEJHH
NMPOAYKTH

CraHka BanueBa

Pestome: OCHOBHUTE YCTpOWCTBa, pabdoTeLum
BbB BuaMMata 06nacTt Ha CrekTbpa, KOUTO ce
M3NON3BaT B MpakTVMKaTa 3a M3MepBaHe Ha LBAT
ca KONopumeTpuTe. Mopaaun ronssMoTo
pa3Hoobpasve Ha KOropvMeTpu npegnaraHn Ha
nasapa, n3bopbT Ha TakbB ypea Moxe fa obae
HanpaBeH B 3aBMCUMOCT OT XapaKTEPUCTUKUTE Ha
nacneaBaHute npodou. Obuwata TeHOeHUMs B
cdepata Ha XpaHUTENHN TEXHOMOMM € HacoveHa
KbM BHeOpsiBaHE Ha BWCOKOMPOW3BOAUTENHM
CMCTEMM 33 aBTOMATU4YHO COpPTMpaHEe C U3KYCTBEH
WHTENEKT CBbp3aHM C MPOM3BOACTBOTO Ha
XpaHutenHn  npogyktn.  lMpunoxeHveto  Ha
WHCTPYMEHTaNHO M3MepBaHe Ha LUBETOBE B
KOMOMHaUMA CbC CEH30pPEeH aHanuM3 W apyru
PUBNKO-XUMUYHN n3mepBaHns HOCAT
NMHOPMaLIMA 3a XPaHUTESNHUTE NPOJYKTW.

Knro4oeu dymu: LIBaT, MIHCnekums Ha xpaHu,
KonopumeTsp, MeToam 3a usamepsaHe

1.YBoa

[apaHTMpaHeTo Ha OGe3onacHocTTa W
Nnpou3xoda Ha XpaHuTe, Hanara cb3gaBaHeTo
Ha CTaHOapTM 3a OOEKTMBEH KOHTPON WU
npocneasisaHe Ha Ka4yecTBOTO Ha
XpaHUTENHUTE MPOAYKTU OT TeXHonormyHata
NMHMA Ha npov3BoAMTENst OO0 MacaTa Ha
notpedbutens, B TOBa HanpaefeHue ce
paboTn ycuneHo B MOCMEeAHUTE roAMHM
[7,9,12,18,21,22].

ObekTMBHaTa ouLeHKka Ha Oe3onacHocTTa
M Ka4yeCTBOTO Ha XpaHWUTENHUTE MPOAYKTU
3aBMCK B ronsiMa CTeneH OT pas3BUTMETO Ha
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Abstract: The main devices operating in
the visible range of the spectrum that are
used in practice for measuring color are
colorimeters. Due to the wide variety of
colorimeters available on the market, the
choice of such equipment can be made
depending on the characteristics of the
analyzed samples. The general trend in the
field of food technology is aimed at
implementing high-performance systems for
automatic sorting artificial intelligence related
to food production. The application of
instrumental  color  measurement  in
combination with sensory analysis and other
physico-chemical = measurements  carry
information about the food products.
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1. Introduction

Ensuring the safety and origin of food
requires  the establishment  of
standards for objective monitoring and
tracking the quality of food products
from the production line of the
manufacturer to the table of the
consumer in this area are working hard
in recent years [7,9,12,18, 21,22].
Objective evaluation of the safety and
quality of food products depends
largely on the development of
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TEXHONOrMUTE 32 U3MEpBaHe Ha UBAT
[3,4,5,9,10]. Ot pgpyra ctpaHa LUBeTbLT e
OCHOBEH MoKasaTters, KOWTO oKasBa BIiMSIHWE
Bbpxy notpebutenute npu wusbopa unu
OTXBbpPNSAHETO Ha [OadeH  XpaHWUTereH
NPOAYKT. Obycnassmkn ce oT
WHOMBMAOYANHUTE OYaKBaHMA N ycellaHusa Ha
BCEKM OTAENEH YOBEK, Ka4yecTBOTO Ha
XpaHUTe W  XpaHUTENHUTE MNPOAYKTU €
MHOrOacnekTHO MOHATME, 3aBUCELO OT
cneuncukata Ha  camuTe  MPOAYKTW.
OGEKTUBHUAT KOHTPOS&T Ha Ka4yeCcTBOTO Ha
XPaHUTENHUTE NPOAYKTU €  KOMMJIEKCHa
3agaya, TbM KaTo Te ca AOMHAMWU4YHO
n3MeHsiwm ce buonormdyHn obektn C
pasHoobpasHM  PU3NYHK,  XUMUYHU U
opraHonenTu4Hu nokasatenu [2,13].

Llenta Ha poknaga € ga ce Hanpaswu
aHanM3 Ha YCTpOWCTBa 3a M3MepBaHe Ha
LUBAT HA XpaHUTENHM NPOAYKTW.

2. MpuHUuMN Ha u3mepBaHe Ha uUBeTa
Ha XpaHUTEeNHUTE NPOAYKTH

Ha cbBpeMEHHOTO HMBO Ha pPa3BUTUETO
Ha XpaHuTenHaTa Hayka M TEXHOSOrMM eavH
OT OCHOBHUTE MeToau 3a O0BEeKTUBHO
yCTaHOBSIBAHe Ha Ka4yeCcTBOTO Ha
XPaHUTENHUTE MPOAYKTU € M3MEepPBaHETO Ha
useta. OCHOBHUTE YCTPOWCTBA, KOUTO Ce
M3rnon3eat B MpakTukata 3a Tas3n uen ca
crnekTpomeTpute, pabotewm BLB BuaMMaTa
00nacT Ha cnekTbpa 1 KONmopumeTpuTe.

Passutneto Ha MaTemMaTn4ecKkoTo
MOOENVpaHe W Ha KOMMIOTbPHAaTa TEeXHWUKa
nossonsBa paspaboTBaHe Ha edeKTUBHU
mMeToam 3a obpaboTka 1 aHann3 Ha OaHHUTE.
Knacudukatopm, GasvpaHu Ha
CTaTUCTUYECKN METOAN, HEBPOHHU MPEXU U
pasMuTn NOTUKM nossonsear
obekTmBM3NpaHe  Ha  npouegypute  u”
Ccb3gaBaT NpeanocTaBka nokasaTenute ga ce
nscnegesat 6e3 yCroBHOCTU U HETOYHOCTM
[12,20].

TbM KaTo KonopumeTpute ca C no-
ONpoCTEeHa CTPYKTypa CrpsIMO  CNEKTPo-

technologies for measurement of color
[3,4,5,9,10]. On the other hand, the
color is a key indicator that influences
consumers when choosing or rejecting
a  foodstuff.  Arguing individual
expectations and perceptions of each
person, the quality of food and
multifaceted concept is dependent on
the specifics of the products
themselves. The objective quality
control of food products is a complex
task as they are dynamically changing
biological objects with a variety of
physical, chemical and organoleptic
parameters [2,13].

The aim of the report is to analyze
the devices for measuring the color of
food products.

2. Principle of measurement of

the color of foodstuffs

The modern level of development of
food science and technology one of the
main methods for objectively
establishing the quality of food
products is the measurement of color.
The main devices used in practice for
this purpose are spectrometers
operating in the visible region of the
spectrum and the colorimeters.

The development of mathematical
modeling and computer technology
enables the development of effective
methods of processing and analysis of
data. Classifiers based on statistical
methods, neural networks and fuzzy
logic allow objectifying of the
procedures and create opportunities
the indicators to be explored without
conditionality and errors [12,20].

Since the colorimeters have a more
simplified  structure compared to
spectrometers, they are also at a lower
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MeTpuTe, Te ca U C No-HUCKa cebeCTONHOCT.
OcHoBeH HedoCTaTbK Ha KoOnopumeTpuTe e,
Yye Te M3MepBaT CTOMHOCTUTE Ha LBeTa npu
€0HN  HacTpovkum 3a Habmogaten u
OCBeTEeHOCT. lNoaxoasaiwum ca 3a NpunoXxeHus,
KbJeTo eTanoHa W obekra  HamaTt
mMeTamepusbm [19].

[MpounsBoacTBOTO Ha XpaHUTESNHN
nNpoayKT e obnact, B KOSATO KONOpUMeTpuTe
M TEexHonormTe 3a W3MepBaHe Ha LUBAT
HamMmpart WMpoko npunoxenuve [1,8]. Ypegute
3a u3MepBaHe Ha UBAT ce usnonssaT npu
onpefensHe Ha NpPOTEVH, 3axap, MasHUHWU,
aHanuM3 Ha Bnaro-CbAabpXaHue, onpeaensiHe
Ha XMMunyeH cbeTaB. lNpunarat ce meToam Ha
npeMvHaBaHe 1 oTpaxeHuve [12,14].

KonopumeTpute paboTAaT OCHOBHO BbB
BMOUMUA CNEKTbp MM BUOMM Ouanas3oH Ha
CBeTNIMHaTa, KOWTO € OHas3M 4YacTt oT
€ITeKTPOMAarHUTHUS CNeKTbp, KOATO MOXe Aa
ce Bb3NpuemMe OT  YOBELUKOTO  OKO.
ObukHOBEHO ce nMpuema, 4ye obxBaTa My e

costt. A major shortcoming of
colorimeters is that they measure the
color in one settings for observer and
light source. They are suitable for
applications where standard and object
have no metamerism [19].

The food production is an area in
which colorimeters and technology for
measuring color are widely used [1,8].
The devices used for measuring the
color in the determination of protein,
sugatr, fat, moisture analysis,
determination of the chemical
composition. Methods that are applied
are of transition and reflection [12,14].

Colorimeters work primarily in the
visible spectrum or visible range of
light, which is part of the
electromagnetic spectrum that can be
perceived by the human eye. It is
generally accepted that the scope is at
wavelengths 400-750nm (Figure 1).

npu AOb/MKMHM  Ha BbnHata 400-750nm
(cpurypa 1).
Violet Indigo Blue Green  Yellow Orange Red
Buoneroso UHguro CuHbO 3eneH Mount OpaHxeso YepseH
400 500 600 700
A, nm

®dur.1l. CnekTpn BbLB BugMmMarta obnacr u
CcbhOTBeTCTBalluTe UM LiBeToBe

M3amepBaHusaTa Ha useTa Ha
XpaHUTENHUTE nNPOAYyKTU Cce peanuaupaTt
OCHOBHO Mpu cTaHOapTHa ocBeTeHocT D65 un
Habnogaten 2°. ManonsBaT ce brnosuTe
koopanHaty rno Lab n LCH uBetoBu moaenu,
onpeaenexHn yYpes pasctosHne C (Chroma) n
brbn H (Hue) B nonsipHa KoopAavHaTHa
cuctema [15,17]. N3umcnaea ce u usetosaTta
pasnuka AE no popmynara:

AE =+ AL* 4+ Aa® 4 AB?

Fig.1. VIS spectra and their
corresponding colors

Measurements of the color of food
products are realized mainly in
standard illumination D65 and observer
2°. Angular coordinates are used of
Lab and LCH color models determined
by distance C (Chroma) and angle H
(Hue) in the polar coordinate system
[15,17]. It is calculated the color
difference AE by formula:

D
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+b

b
®dur.2. LiBeTeH Kpbr Ha Lab uBeToBu moaen

Lab usetoBuaT moaen (curypa 2) onucsa
BCMYKMN Bb3MOXHW CMEKTPU B LIBETOBETE Ha
cBeTnvMHata. 3a pasnuka OT anapaTHo-
3asucumnte RGB n CMYK, 4yneTto onuncaHue
ce 0Gasvpa Ha TOBa KaK MNpaKTUYECKU
Bb3npuema LBETOBUTE CMEKTPU YOBELLKOTO
oko, Lab e wmaremaTnyecko TeOpPEeTUYHO
OonMcaHWe Ha TOBa, KOETO OKOTO BWXaa W
TOBa KOETO BCBLLUHOCT He Bwxaa wnu 6m
BMXXOAN0, ako e Mno-CbBbpLieHo. MogensT e

YACTO MaTeMaTU4ecko onucaHne. L -
luminance  (apkoct), ,@” wn b ca
koedULUMEHTM  Ha  BapupaHe  Mexay

CMeKTpanHu uBeToBe. ,a” MeXxay 4YepBeHOTO
(+a) n 3eneHoTo (-a), ,b” Mmexagy cuHLOTO (-b)
n XbnToto (+b) lNpuumMHaTa 3a LIMPOKOTO
n3non3esaHe npu un3MepBaHe Ha LBeTa Ha
XPaHUTENHU NPOOYKTU €, Ye € eQuHCTBeHaTa
PaBHOKOHTpPACTHa cucTemMa W nogabpxa
€[HaKBO LBETOBb3NPOM3BEXAAHE,
He3aBMCMMO OT  XapaKTepucTukute  Ha
YyCTPOMWCTBOTO [8].

[lBaTa OCHOBHM MeToda, Ha KOUTO
paboTAT KONOPUMETPUTE Ca Ha OTPaXKEHUNE U
Ha NpemMuHaBaHe.

Ha dourypa 3 e npegcraBeHa 6nok-cxema
Ha KonopumeTbp, paboTell Ha OTpaxeHwue.
ManbyeHata OT W3TOYHMKA CBETMHA KbM
n3mepBaHaTta npoba ce oTpassasa ornegasnHo,

Fig.2. Color wheel of Lab color model

Lab color model (Figure 2) describes
all possible colors in the spectrum of
light. Unlike hardware-dependent RGB
and CMYK, whose description is based
on how practical perceived color
spectrum the human eye, Lab is a
mathematical theoretical description of
what eye sees and the what actually
did not see or have seen, if more
perfect. The model is purely
mathematical description. L -
luminance (brightness), "a" and "b" are
coefficients of variation between
spectral colors. "a" between the red
(+a) and green (-a), "b" between blue (-
b) and the yellow (+ b). The reason for
the wide use in the measurement of
the color of food products is that it is
only equal contrast system and
maintain a uniform color representation
regardless of the characteristics of the
device [8].

The two main methods of working
colorimeters are reflection of
transmission.

On Figure 3 is presented a block
diagram of a colorimeter working on
reflection. The emitted light from the
source to the measured sample is
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pasnpbCckBa Ce WM Cce nornbwa, B
3aBMCMMOCT OT obekta. [lpn Bceku eauH
00ekT wuma pa3nukn B HabnwagasaHuTe
LuBeToBe. ToBa € MOPOAEHO OT pasnuuusaTa B
OoTONsACHLKa OT NOBbPXHOCTTa. CBETNMHATA Cce
OTpassiBa Mo, brbSl paBeH Mo rorieMmHa, Ho
NPOTMBOMOSIOXKEH Ha TO3M, HA KOWTO cCe
HaMMpa W3TOYHUKBLT. TO3M KOMMOHEHT €
orneganHo oTpaseHa csBeTnvHa. ApyrmsT Bug
CBETNIMHA € pasnpbCcHata B pPa3nu4yHU
NOCOKW. HenHOTO oTpakeHne e Oudy3Ho, a
cymaTa OT ABaTa Bupa oTpaxeHusi e obLuo.
Mpn o06GekTMTe C nbCKkaBM MOBBLPXHOCTU
KONMWUYEeCTBOTO Ha OrfedanHo oOTpaseHaTta
CBET/IMHA € OTHOCUTESHO NO-FoSIIMO OT TOBA
Ha AudysHata. O6GpaTHOTO sBreHWe C
OTHOCUTENHO noBeYye Andy3Ha CBETMMHA ce
Habnogasa npy HepaBHM NOBBLPXHOCTK [11].
OtpaseHata oT npobaTta CBeETNMHA
npemMuHaea npe3 unTpu, KOUTO MNponyckaT

reflected, dispersed or absorbed,
depending on the object. At each
object there are differences in the
observed colors. This is caused by
differences in the glare from the
surface. The light is reflected at an
angle equal in size, but opposite to that
in which the source. This component is
mirrored light. The other kind of light is
scattered in different directions. Its
impact is diffused, and the sum of the
two types of reflections is common. In
case of objects with glossy surfaces
the amount of mirror reflected light is
relatively greater than that of diffusion.
The opposite phenomenon to the
relatively more diffuse light was
observed in uneven surfaces [11]. The
reflected light from the sample passes
through filters that pass part of the

yacT OT CrekTbpa, CbOTBETCTBaW, Ha spectrum corresponding to a certain
onpegeneH usatr. [llpemuHanata npe3 color. The light entering through the
untpute  cBetnmMHa ce  ynaBa ot filters is captured by photodiodes,
doTtoamoan, 4Ype3 Kouto ce reHepupa which generates an electrical signal
erneKkTpuyeckn curHan, kouto noctbnea B which enters the wunit for data
6noka 3a 06paboTka Ha AaHHW. processing.
ObpaboTka Ha AaHHWK
Data processing
Lab
A
rm— : ®doT1o avoau
: [ N [ | ] H— Light detecting diodes
M 3TOYHMK HA CBETAUHA e I
Light source ||:| _ _____ mE | — Pwuatpn
° ,f% : ______________ Ir Filters
Mpoba
| F_,fSample
®dur.3. Bnok-cxema Ha KONOpMMeTHLP Ha Fig.3. Block -diagram of reflectance
oTpaxeHue colorimeter
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Ha courypa 4 e npegcraBeHa 6nok-cxema
Ha KonopumeTbp, paboTeLy Ha NpeMUHaBaHe.
B noeeyeTo konopmumeTpu [23] M3TOUHUKBT Ha
ceetnvHa e LED wnu xanoreHHa namna.
CeeTnuHaTa OT M3TOMHMKA ce dunTpupa B
AvanasoHa 400-700nm n npemuyHaBa npes
KIOBETA, B KOATO Ce Hamupa uacrnegpaHarta
npoba. CeeTnuHaTa, npemMuHana npe3
KioBeTaTa W npobata ce pasnara Ha
OCHOBHWUTE CW LBETOBE npe3 npu3ma u
nonaga Bbpxy (pOTOYyBCTBUTENEH AETEKTOP,
KOWTO A npeobpasyBa KbM enekTpuyecku
curHan. Ypes mMogynbT 3a KOMYHWUKaUUA
NONYYEHMAT aHanoroB CUrHam ce nogasa Kbm
YCTPOMWCTBO 3a 06paboTka 1 n3dmncnasaHe Ha
CTOMHOCTUTE Ha LUBETOBM  KOMMOHEHTW.
HepgoctatTbk Ha TO3M MeTod e, 4e e
HeobXxoOuMO npeaBapuTeniHa NOAroToBKa Ha
npobarta, KOATO B HSKOM Cry4au BKIOYBa U
obpaboTka ¢ peakTmBw.

Figure 4 presents block diagram of a
colorimeter operated of transmission.
In most colorimeters [23] the light
source is a LED or a halogen lamp.
Light from the source is filtered in the
range 400-700nm and passes through
the cuvette in which is the sample. The
light transmitted through the cuvette
and the sample is decomposed into
basic colors through a prism onto a
photosensitive detector, which converts
it to an electrical signal. By
communication module the resulting
analog signal is supplied to the
processing unit and calculating the
values of the color components.

A disadvantage of this method is that
the necessary preliminary preparation
of the sample, which in some cases
include treatment with reactants.

M3ToYHWK Ha cBETMWHA
Light source

_ | @unTtep 400-700nm
" | Filter

MamepeaHa npoba

Mpeobpasyeaten

CBETNWHA/ HanpeKeHwe
Light/ Voltage converter

Measured sample

dur.4. Bnok-cxema Ha KOJIOPUMETHP Ha

npeMmumnHaBaHe
3. Metoau 3a npunoxeHue Ha
KonopumeTpuTte
MeTtoaute 3a WHCTPYMEHTarHOTO

M3MepBaHe Ha LBeTa Ha XpaHUTenHuTte

NPOAYKTN M3UCKBAT CINEeAHNTE OCHOBHU eTanu

[6]:

v KannbpwupaHe Ha ypeaa;

v M36op Ha n3mepBaHn LIBETOBW MpU3HaUW
n Mogen;

v' 3bop, noarotoBka W MNOCTaBsHE Ha
npobaTa 3a u3vepBaHe B ypeaa;

v OnpefensiHe CTOMHOCTUTE Ha LBeTa.
HaunHuTe 3a n3mepBaHe Ha UBeTa C Len

OLleHKa Ha KayeCcTBOTO Ha XpPaHUTESTHM

NpoayKTM OT MOMeHTa Ha [fobuBaHe Ha

Mopgyn 3a KoMyHUKaUWs
Communication module

Fig.4. Block -diagram of transmittance

colorimeter
3. Methods of application of
colorimeters
The methods of instrumental

measurement of the color of food
products require the following main

steps [6]:
v’ Calibration of the instrument;
v’ Selecting the measured color

features and model;
v’ Selection, training and placement of
the sample measurement device;
v Determining the values of color.
The methods of measurement of
color in order to assess the quality of
food at the time of extraction of raw
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CypOBUHUTE OO KpawHuTe eTanu Ha materials to the final stages of
NpoOM3BOACTBO W pasnpocTpaHeHne um B production and distribution their market

TbproBckaTta Mpexa moraT aa 6baar: network can be:

v off-line — wun3mepBaHeTo Ha uBeta ce Vv off-line — the measurement of the
peanu3vnpa B nabopaTopHM YCroBUS Mpu color is realized in the laboratory
KOHTpOnupaHa cpeaa,; under a controlled environment;

v on-line — ype3 AvpekTHO M3mepBaHe Ha v on-line — by direct measurement of
noTtoyHaTa nvHuA, ypeaute ce usnonssar the production line, the equipment is
3a aBTOMATU4HO KOHTPOSIMpaHe Ha used for automatically controlling of
NPOU3BOACTBEHMUS NPOLEC; the manufacturing process;

v' at-line — Ha mscTo T.e. npoboB3emaHeTo U v at-line — at place i.e. the sampling
M3MepBaHeTO Oda Ce U3BbpwBa B and measurement to be performed
NPOU3BOACTBEHU YCIOBUSA OT onepaTop. in production by an operator;

v In-line — HenpekbcHaTo M3mMepBaHe Ha v In-line — continuous measurement of
uBeTa, be3 Bb3gencrane BbpPXYy color with no impact on production.
NPOU3BOACTBEHUSA MpoLEC. Table 1 shows a generalized analysis

B T1abnmua 1 e HanpaBeH o06o06weH of the ways to measure the color of
aHanua Ha HayMHUTE 3a uamepBaHe Ha useta food and requirements for devices with
Ha XpaHWUTenHW NPOAYKTU U u3MckBaHusTa  which it is performed.

KbM YyCTpoOMCTBata, C KOUTO TOW ce Table 1.
N3BbPLLBA. Methods for application of
Tabnuua 1. colorimeters
MeToau 3a npunoxeHue Ha
KonopumeTpure
HaumH Ha
n3mepBaHe
Way of
measurement Off-line At-line In-line On-line
[Nokasaren
Indicator
Ha
JlabpaTopHu — YnpaBneHue Ha
MsicTo Ha nsnonssaHe p—— B uexa npon3BoacTBEHATA TeXHONOMMYHI NPOLIECH
Installation site YCNoBuA Plant JNIMHUS
Laboratory —_— Process
HuBo Ha sauluTa IP 23 IP 54/65 IP 54/65 IP 66
Analyser Protection
Meton 3a PbyHO PbyHO ABTOMaTM4YHO ABTOMaTM4YHO
npoboB3emaHe — —_— —_—= —_——==
. Manually Manually Automatically Automatically
Sampling
ToYKkM Ha nsamepBaHe MHoxecTBO MHoxecTBO
- - 1-10 1-10
Sampling points Many Many
YecToTa Ha aHanuaa Hucka Hwucka-cpegHa Bucoka Bucoka
Analysis frequency Low Low-medium High High
Bpeme 3a HOBO
n3mMepBaHe, min >60 ~30 5-10 5-10
Turn around time, min
MNapameTpu 3a
~ MHoXxecTBO
HacTpouka EEEre—— 1-4 1-4 1-4
Many
Setup parameters
Ob6xBaT Ha [bBKaB dukcupaH dukcupaH dukcupaH
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n3MepBaHe Flexible Fixed Fixed Fixed
Measurement range
Twn Ha aHanus3a Bcuykn BugoBse PyTtnHeH PyTuHeH PyTuHeH
Analysis type All Routine Routine Routine
OnepupaHe JlabopaHT Onepatop ABTOMATMYHO ABTOMaATMYHO
Operation Lab assistant | Plant operator Automatically Automatically
PeMOHT 1 nogapbxka JlaGopaHT JlabopaHT TexHuk TexHuk
Maintenance Lab assistant Lab assistant | Process technician Process technician
y PaboTa B 3aTBOpEHA
Ynpaenexve Hama OnpocteHo OnpocTeHo oncTema
Control No Simple Simple Closed loob c¢
osed loop control

Mpn ©Obp3uar at-line koHTpon, npwu
yCTaHOBSIBaHe Ha OTKIOHEHNS oT
KpUTepUUTE 3a KayeCTBO Ha MpPOAYKTUTE
moraT aa obaoat npegnpuemMaHmu
HeobXoaAMMUTE  HABPEMEHHW MEpKNn 1
KOPEKTMBHW  OENCTBUS,, C KOUTO Ada
rapaHTupaT npoun3BoACTBOTO Ha Ge3onacHa
npoayKuus, otroBapswa Ha Esponenckute n
bbnrapckun ctaHgapTu.

AKO ce He ce B3eMe Mo4 BHMMaHWE

MbpBOHaYanHaTta MHBECTMLMSA 3a
TEXHUYECKN YCTPOWCTBA, OCHOBHUTE
npeaumcTea Ha KONOPUMETPUYHUTE

N3MepBaHUSA KaTo TOYHOCT, Obp3nHa, nunca
WNM MMHMManHa npegBapuTeniHa XMMUYHa
obpaboTka Ha npobuTte, MUHUTHOAPU3aUUS
Ha naMepuTenHaTa TEXHWKA U NPUNOXEHMe
on-line rm npespbWaT B anTtepHaTtMBa Ha
Knacun4ecknte MeToam 3a aHanms.

4. KonopumeTpu 3a wusmepBaHe B
na6opatopHu ycnosus (off-line wu at-line)

Ha dwmrypa 5 ca npencraBeHn
nabopaTtopHu koropumeTpu. Te paboTaT Ha
NpuHUMNA Ha OTpa3eHa CBeTNMHA, Ha
npeMrHaBaHe npe3 KioBeTa UNn NoaabpXxaT
W gBaTa MeToda Ha uamepBaHe. Hakon oT
KONoOpUMETpUTE MoraT Aa Bu3yanusupaTt u
noflydeHaTa cChnekTpanHa XapakTepucTuka
BbB BuMaMMaTta obnact. Pesyntatute oT
N3MEpPBAHETO Ce MoKas3BaT Ha OuChinen u
MoraT CbLOo Aa 6baaT npexBbpreHn KbM
KOMNIOTbP 3a NO-HaTaTblUeH aHanuM3 ¢
MOMOLUTA Ha [OMbIHUTENEH codpTyep WU
KOMYHUKaLMOHEH UHTepdeicC.

In case of rapid at-line control when
deviations from the criteria for quality
products can be taken the necessary
measures and timely corrective actions
to ensure the production of safe
products that comply with European
and Bulgarian standards.

If it does not take into account the
initial investment for technical devices,
the main advantages of the colorimetric
measurements such as accuracy,
speed, lack or minimal prior chemical
treatment of samples miniaturization of
the measuring technique and
application on-line make them an
alternative to traditional methods of
analysis.

4. Colorimeters for measurement in
laboratory conditions (off-line
and at-line)

Figure 5 presents the laboratory
colorimeters. They work on the principle
of reflected light, transmission through
cuvette or maintain both methods of
measurement. Some of the
colorimeters can visualize and the
resulting spectral response in the visible
region. The measurement results are
displayed on the display and can also
be transferred to a computer for further
analysis using additional software and
communication interface.
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PCE-RGB2 Hach DR 900 RM200QC RM200QC Q-CL-10
®wur.5. NlabopaTopHM KOnopumeTpy — 06wy Fig.5. Laboratory colorimeters —
general view

BuUA

B tabnuua 2 e HanpaBeH CpaBHUTENEH
aHanuM3 Ha KoropuMmeTpu, npegnaraHv Ha
Bvnrapckns nasap. Tyk cpaBHeHWETO e
HanpaBeHO OT rneaHa Touyka Ha ToBa Aanu
pasrnexgaHuaT ypen e npeHocuM, nva nu
BM3yanu3auus Ha UBsT, paboTu nn c KioBeTa
T.e. Ha nNpeMuHaBaHe W npeacTaBsaHUTE
LUBETOBM MOOENW, B KOUTO Ce u3MmepBsa
LBETa C KOHKPETHUS Ypea M ganu Moxe fa

ce u3mepsa 1 CnekTbp.
Tabnuua 2.
CpaBHuTeneH aHanu3 Ha nabopaTopHu
KonopumeTpu, npeanaraHu Ha
Bbnrapckus nasap

Table 2 is a comparative analysis of
colorimeters offered on the Bulgarian
market. This comparison is done from
terms of whether the device is portable,
is there visualization of color, work with
cuvette i.e. of transition and presented
color models, which measure the color
the specific device and whether it can
measure the spectrum.

Table 2.

Comparative analysis of laboratory

colorimeters offered on the
Bulgarian market

- Pab6oTa c KloBeTa
Mogen Bpou LuBeTOBU Mogenu Busyanusaums Ha UBAT - -
- — Working with a
Model Number of color models Visualization of colors
cuvette
He He
PCE-RGB2 2 NO No
Hama gaHHu He He
Hach DR 900 No data No No
Hama gaHHu + cnekTbp Oa He
RM200QC No data+spectra Yes No
. Hama gaHHu + cnekTbp He da
Lovibond PFX 195/1 No data+spectra No Yes
Hama gaHHu + cnekTbp He Oa
Q-CL-10 No data+spectra No Yes
Hama gaHHu + cnekTbp He Oa
COL-BTA No data+spectra No Yes
OcBeH nocoveHuTe B  TabnuuaTta In addition to these table features

XapaKTEPUCTUKM, npu n3bopa Ha
KONOpUMETBP, B NuTepaTtyparta ce NocoyBa,
ye TpsibBa ga ce cvbnogaeaT M cnegHuTe
TEXHMUYECKNTE Bb3MOXXHOCTU Ha ypeaa:

v Oetektop — CCD, CMOS, PDA
(photodiode array ) n no-crapute NMOS
(Negative-channel metal-oxide
semiconductor) n InGaAs (Indium gallium
arsenide) 3a NIR obxBaTa;

when choosing a colorimeter in the

literature states that must be observed

also the following technical capabilities
of the device:

v' Detector — CCD, CMOS, PDA
(photodiode array) and older NMOS
(negative-channel metal-oxide
semiconductor) and InGaAs (Indium
gallium arsenide) for NIR range;
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v' EQHonbyes, OBYyNbYyeB (vrn
pedepeHTeH), morat Aa 6baaTt nycHaTtu
KOMNKOTO NnbYa ca Heobxoanmm, HO ako ca
e[HOKaHaneH, [ByKaHaneH [0 OceM
KaHana (MoOHOXpomaTopa) — ToBa €
CbLUECTBEH MapamMeTbp, WU3Mon3Baly ce
3a BUCOKa pasgenuternHa crnocobHOCT Ha
LIBS-cuctemuy;

v Paamep Ha nukcenute — KOMKOTO no-

ronemm ca, TOfKoBa € MoO-ronsma
YyBCTBUTENHOCTTA Ha ypeaa;
v' CbOTHOLLEHME Curvan/lym Ha

AeTektopa — CTOMHOCTTa TpsibBa Oa e
Bb3MOXXHO HaN-ronsma;

v’ Bpeme 3a umHTerpauus Ha geTtektopa —
MWUHUMAIHOTO BpPEME 3a MHTerpaumsi € B
avanasoHa ot 1mc go 1-5ms, He ce
npenopbyBaT MO-BMCOKN CTOMHOCTM Ha
TO3U NapamMeTbp;

v" CkopocT Ha CKaHupaHe Ha
cnektpometbpa — ot 100 pgo 700
CKaHMpaHMA Ha LEennAT CnekTbp 3a 1s.

v/ AHanoroB uudpoB npeobpasoBaten —
buBat 12, 14, 16 ©OutoBu, mnsbupart ce
crnpsiMo npeaHasHa4YeHNeTo Ha
CMeKTpoMeTbpa.

v" UnuTepdpeiic — USB, RS232, Ethernet nnn
NHOYCTPUAnHM NPOTOKOMMU;

v Coptyep — npenopbyBa ce Windows
6a3vpaH, MHOrogyHKLUMOHAnEH.

5. KonopumeTpu 3a usmepBaHe Ha
UBAT AMPEKTHO Ha Mnpou3BoACTBeHaTa
JINHMA U ynpaBneHue Ha TeXHONOrn4Hu
npouecu (on-line wm in-line)

OcHOBHUTE OENHOCTU, KOUTO U3MbIIHABA
efHa cuctemMa 3a M3MepBaHe Ha LUBAT Ha
XpaHUTENMHU NPOAYKTUM ca: OTKpMBaHe Ha
aedekTn, KateropuampaHe, WHCNEKTUpaHe,
copTvpaHe Mo KayecTBO, aBTOMaTusvpaHe
Ha npouecu no CbxpaHeHue n npepaboTka
[9,10,12,16,18].

OcHoBHUTE dyHKLMN npu
aBTOMaTUYHOTO oKayecTBsiBaHe n
COpTUpaHe MO KayecTBO B 3aBMCUMMOCT OT
LBeTa Ha XpaHUTEeSNHUTE NPOoaYKTU ca:

v' A single beam, dual beam (or
reference) can be placed on the
beam as needed, but if one channel,
channel up to eight channels
(monochromator) — this is an
important parameter used for high
resolution LIBS-systems;

v’ Pixel size — the bigger, the greater is
greater than the sensitivity of the
instrument;

v’ Signal/noise ratio of the detector —
the value must be the greatest
possible;

v Time for integration of the detector —
the minimum time for integration is
within the range of 1us to 1-5ms, are
not recommended higher values of
this parameter;

v' Scan speed of the spectrometer —
from 100 to 700 scans the entire
spectrum of 1s;

v Analog digital converter - they are
12, 14, 16 bit, are selected to the
purpose of the spectrometer;

v Interface - USB, RS232, Ethernet
and industrial protocols;

v Software - recommended Windows
based, multi-functional.

5. Colorimeters for measuring the
color directly on the production line
and process control (on-line and in-
line)

The main activities implemented a
system to measure the color of food
products are: detection of defects,
grading, inspection, sorting by quality,
automation of processes, storage and
processing [9,10,12,16,18].

The main functions in automatic
grading and sorting by quality according
to color of food products are:
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v MNony4aBaHe Ha NMbpBMYHA MHAOPMaLMA
Ha 6asa uBeTa W onpegensiHe Ha
nokasaTenu 3a Ka4ecTBO;

v VlpeHTudpmkaumss Ha KayecTBOTO Ha
NpoAyKTa M OTHacsiHe KbM oOnpeneneH
Knac;

v’ dM3nYecko pasgensiHe Mo KracoBe Ha
OoKayecTBsIBAHUTE nNpoayKTH "
OTCTPaHsiIBaHe Ha YyXXau NpuMecy;

v’ Busyanusauusi Ha pesynrature;

v' MpexoBa KOMyHUKaUMsi U CbXpaHsiBaHe
Ha pesyntaTture.

AHannM3bT Ha CblUecTByBaLmTe
CbBPEMEHHM aBTOMATU3MPaAHU CUCTEMM 3a
N3MepBaHe Ha LBAT Nokassa, Y€ OCHOBHUTE
N3NCKBaHMS, KOUTO € Heobxoaumo ga 6baaT
MOKPUTU ca:

v' OcurypsiBaHe Ha perynsipHo nogaBaHe
Ha npoayKTuTe B 30HaTa 3a
WHCMNEKTUpaHe,

v' CHemaHe Ha nonesHus curHan,
CbabprKall, OCHOBHaTa MHdopmaumsa 3a
LUBeTa Ha npogykTa, Ha OCHoBaTa Ha

KOSITO  pasno3HaBalUMAT  anropuTbm
pasno3HaBa KbM KOW OT NpeaBapuUTEnHO
3ajageHnTe  KracoBe  MpUHAOSexu
NPOAYKTa;

v’ MNopaBaHe Ha ynpaBnsiBally UMMYNC KbM
N3MbIIHUTENEH MEXaHU3bM, KOWTO O
HacoyBa KbM [JajdeHa KadecTBeHa
dpakums.

3a pga 6baar U3MbLIHEHW MOCOYEHUTE
N3MCKBaHWS OT cUCTeMaTa 3a U3MepBaHe Ha
LBSAT CE M3Mon3BaT KOMMOHEHTM U MOZYNW,
npeacraBeHn Ha curypa 6.

BnokbT 3a enekTpuyecko 3axpaHBaHe
ocurypsiea  HeobxoaummTe  3axpaHBaLm
HanpeXeHuss Ha OTAENHUTE €ENeMEHTU B
cuctemara.

MogynbT 3a uM3MepBaHe Ha UBAT
BK/OYBA BMOEOKamMepa WM 4YyBCTBUTENEH
€IIlEMEHT 1 cUCTEMA 3a OCBETIIEHME.

MogynbT 3a aHanmM3 1 B3eMaHe Ha
peELEeHNe €  KOMMIOTbpHO  6GasupaHa
cuctema, obopygBaHa C  enemMeHTM 3a
nonyyaesaHe, obpaboTka Ha cnekTpanHara
unn upeToBaTa MHopMauus, nonyyYeHa oT
CeH3opa 4pes3 crneumannsmpaHo nporpamHo

v Obtaining primary information based
on color and definition of quality
indicators;

v’ Identification of the product quality
and allocation to a class;

v Physical separation by classes of
products grading and removal of
impurities;

v" Visualization of results;

v Network communication and storage
of results.

The analysis of existing modern
automated systems for the
measurement of color indicates that the
basic requirements that need to be
covered are:

v/ Providing regular submission of
products in the area of inspection;

v/ Taking of useful signal containing
basic information about the color of
the product, based on that
recognition algorithm recognizes
which of predefined classes belongs
to the product;

v Submission of control impulse to the
actuator, which directs it to a quality
fraction.

To meet those requirements by the
system for measurement of color are
used components and modules
presented in Figure 6.

The power supply unit provides the
necessary voltage of the individual
elements in the system.

The module for color measurement
includes a video camera or sensor and
lighting system.

The module for analysis and decision-
making is a computer-based system,
equipped with elements for receiving,
processing of the spectral or color
information obtained from the sensor
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ocurypsisaHe.

Cuctemnte BKNMOYBAT B CbCTaBa CU U
MOAyn 3a MEeXaHW4yHO OTAensiHe Ha
00eKkTUTE B KayeCTBEHM KaTeropum, KOUTO
moraT Oa ObaaT peanusuMpaHn U U3BbH
ooLmAT 61oK Ha cucTemara.

through special software.

The systems include in its
composition and unit for mechanical
separation of objects into quality
categories, which can be realized
outside the block of the system.

Enok za En. 3axpaHeaHe
Power supply

R B

Moayn 2a nbpEMYHE

obpabotka
Module for processing

Moayn 2a eMayanmzauma
Visualization module

MD,!J.\U'I 38 U34MCcnABaHe Ha

4

Mogayn 3a uamepeaHe Ha ueaT
Module for color measurement

npuaHauM
Module for calculation of

Mogyn 38 KOMYHWKALMA
Communication Module

pelleHue
Module for decision

Mogyn 3a ynpasneH1e Ha

COPTHPALL MEXaHWIbM

I features I
I Mogyn 3a B3emaHe Ha I

l Control of sorting mechanism

—_——_————

dur.6. Bnok-cxema Ha cucTema 3a
M3MepBaHe U CopTUpaHe Ha NPOAYKTU No
UBAT

lMokasaTensaT uUBAT Cce Wu3nonsesa B
onucaHuTe B nuTepaTypata MeToaun KaTo
XapaKTepuCcTMKa Ha Ka4yecTBOTO Ha m3genus
Ha XpaHUTENHOTO MNPOM3BOACTBO U €
MOAXO4AL, 3a copTupaHe Ha NpOoAyKTn C
obWwmM xapaktepucTuki, npean ga Oboar
naketTupaHu. 3a HenpekbcHaTO U3MepBaHe
Ha UBETa Ha XpaHWUTENHWUTE MNpPOAYKTU ce
nsnonseat  KoriopumeTpu, paboTtewm B
pexum in-line n on-line. Mo-pasnpocTpaHeHn
B MpakTukaTa KONOpUMETPUTE OT TO3N BUA
ca Te3n Ha npoussoauTenute Konica
Minolta, HunterLab n Hach. Ha durypa 7 ca
npeactaBeHn B 00W, BuO KOMOPUMETPW,
npegHasHavyeHn 3a W3Mon3BaHe OUPEKTHO
Ha NPOW3BOACTBEHATA NTMHUSI.

Fig.6. Block-diagram of system for
color measurement and sorting of food
products

The indicator color is used in the
described methods in the literature as a
characteristic of the quality of the
products of food production and is
suitable for sorting of products with
common characteristics, before being
packaged.

For continuosly measuring of the color
of the food are used colorimeters which
operate in-line and on-line. More
prevalent in practice colorimeters of this
type are those of manufacturers Konica
Minolta, HunterLab and Hach.

Figure 7 shows in general form
colorimeters for use directly on the
production line.
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HunterLab
SpectraTrend
HT

Konica-Minolta NC-1

Premosys QuickMatch

MICRO-EPSILON Eltrotec
colorCONTROL ACS7000

®dur.7. KonopumeTtpu 3a in-line un on-line
M3mepBaHe — obw, BUA,

B tabnmua 3 e HanpaBeH cpaBHUTENEH
aHanus3 Ha KONnopuMeTpu 3a HenpekbCHaTo
n3mMepBaHe ONPEKTHO Ha NPON3BOACTBEHATA
nnHmnA. Tlpu Tesn ycTpoucTBa MNO-4ecTo ce
n3nonasa xanoreHHo unu LED oceeTtneHune.
YnpasneHueTo Ha N3MbHUTENHN
MEXaHM3MWN Ce OCbLLECTBSBA Ype3 penenHn
nsxoon. B HAKOM mogenn ca HanvyHu unm
ce npegnarat kKato onuua  LMdPOBMU
Bxogose. KomyHukauusta C oTaanedeHun
MUWKPOMPOLECOPHU yCcTpoucTBa ce
OCblUeCTBABa 4pe3 CTaHOapTeH TOKOB
CcurHas unm no KOMyHWKaLWOHHN MPOTOKOMU
kato RS232, RS422, USB, Ethernet.
[MporpamMHOTO ocurypsiBaHe B MOBEYETO

cnysam e  Windows 6asupaHo, HO
cbllecTByBaT mMogenm c apyrm
cneumanuManpaHy  OonepauvoHHN  CUCTEMM

kato Caldera DR-DOS, Embedded Linux.
[MoBe4yeTo CbBPEMEHHM YCTPOMCTBA paboTaT
C rpeLuka Ha nsmepsaHe nog 2%.

Mpn n3bopa Ha TakmBa yCTPOMCTBa ce
cbbnogasaT M3MCKBaHMSATA, MOCOYEHU 3a
nabopaTopHUTE  KONOPUMETPU, Kato B
3aBMCUMOCT OT MPUIIOXEHMETO ce usbupat
Opon BXOAOBE N N3XOAN N KOMYHUKALMOHEH

UHTEpdEenC, KOWTO [a e noaxogsw, 3a
CBbp3BaHe KbM  CblUecTByBallata B
Npon3BoACTBEHOTO npegnpusTne

MHOYCTpManHa KOMMITbPHA Mpexa.

Fig.7. Colorimeters for in-line and on-
line measurement — general view

Table 3 is a comparative analysis of
colorimeters for continuosly measuring
directly on the production line. In case
of these devices commonly used
halogen or LED illumination. The
management of the actuators is carried
by relay outputs. Some models are
available or are optional digital inputs.
Communication with remote
microprocessor devices is performed
through a standard electrical signal or

communication protocols such as
RS232, RS422, USB, Ethernet.
Software in most cases is Windows

based, but there are models with other
specialized operating systems such as
Caldera DR-DOS, Embedded Linux.
Most modern devices work with
measurement error below 2%.

In the selection of such devices
complying with all referred for
laboratory colorimeters, and depending
on the application are selected number
of inputs and outputs and a
communication interface that is suitable
for connection to existing manufacturing
plant industrial computer network.
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Tabnuua 3. Table 3.
CpaBereneH aHanu3 Ha KoropumMeTpu Comparative analysis of
3aon-line min-line nsmepsaHe colorimeters for on-line and in-line
measurement
Mogen MICRO-EPSILON
Model | Konica-Minolta SHetjcrj[:Ztll'_ria d Premosys Eltrotec
MNapameTb NC-1 P HT QuickMatch colorCONTROL
Parameter ACS7000
MN3TOYHMK Ha HenpekbcHaTta Esina CBETIIMHA
CBeTNMHa XanoreHHa LED LED m
Light source Constant halogen 9
Bxogose 2;
BxonoBe n nsxoamn —A—MZ)J(_IOGMT_'S Hsima gaHHu Hsima gaHHu Hanwnyum
Inputs and outputs . p_ No data No data It has I/O
2 inputs; 8 relay
outputs
KomyHukaLus 34—-§gcr§tﬁ-|a —A';izgr% RS232 Ethernet / EtherCAT,
Communication ABYnocotha U3XOLl RS422, USB
4-20 mA two-way | Analog output
. Windows — .
MporpamHo Windows — - Windows —
ocurypsisaHe 6asupaHo %‘ﬁ ©asupaHo WTM:(‘?%
Software Windows based based Windows based
[loBTapsieMoOCT Ha
namepsaHuATa Hava gaHHun HAama gaHHn
U3MepBaHmaTa 0,04 AE*ab Hama gaHHu <0.2 AE Hama gaHHu
Repeatability of No data No data
measurements
6. 3akntoyeHue 6. Conclusion

OntnyHnTe MeToaM ca BoAeww 3a The optical methods are leading to
nony4aBaHe Ha MbpBUYHA MHGOPMAaLMSA 38  obtain initial information about the

KaTO OCHOBHMUTE npeguMmMmcTtBa, C KOUTO Ce that are distinguished are: non-

oTnunyaeaT ca: Ge3paspylumTeneH KOHTPOn,
necHa TexHW4yecka peanusauus, BUCOKa
NPOU3BOANUTENHOCT, ronsmMa WHdopMaTMB-
HOCT, CEeneKTMBHOCT, Aobpa onepaTuBHOCT,
YyBCTBUTESTHOCT, TEeXHOMorm4yHa
CbBMECTMMOCT 1 ANCTAHLUMOHHOCT.

CobliecTByBa TEHAEHUMA KbM TbpCeEHE
Ha Bb3MOXHOCTM 3a nMpunaraHe Ha
meToguTe, GasvpaHW Ha M3MepBaHe Ha based on color measurement for
UBAT, 33 OUeHka Ha KayecTBoTo Ha assessing the quality of food products.
XpaHUTenHuTe npooyktu.  Their prospects stems from contactless
MMepcnektnBHOCTTa UM  npou3dtmda oT  obtaining of primary information and the
6e3KoHTaKTHOTO rMorydaBaHe Ha mbpBuYHa  ability to process and receive decisions
WHbopMaLWs n Bb3MOXHOCTTa 3@ in realtime. As guidelines for
obpaboTkaTa 1 nonyyaBaHe Ha pelleHust B development outlines their use for
peanHo Bpeme. Kato ocHOBHM Hacoku 3a detection of external defects.

pa3Butne ce o4deptaBaT M3NOJISBAHETO MM With the advancement of technology

destructive testing, easy technical
realization, high performance, large
informative, selectivity, good efficiency,
sensitivity, technological compatibility
and the remote control.

There is a tendency to seek
opportunities for applying methods
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3a OTKPUBAHE Ha BBbHLUHN OEeEKTH.

C HanpenBaHeTO Ha TexHosorMnTe u
HaMansiBaHe Ha pasxoauTe 3a XxapAayep,
N3MEPBaHETO Ha LBSAT 4Ype3 OTpaKeHue ce
npespbLLa B MHOTO No-OOCTbMNEH
WHCTPYMEHT B XpaHUTernHaTa MHOyCcTpus.

[MpunoXeHMeTo Ha  UHCTPYMEHTarHo
n3vepBaHe Ha LBETOBE B KOMOMHaUMS CbC
CEH30peH aHanu3 n apyrn uUanKo-XMMNUYHN
N3mMepBaHns morar aa AoHecat
NMHOPMaLMs 32 MHOMO SIBMEHUS!, CBbP3aHU

C  NpouM3BOACTBOTO  Ha  XpPaHUTENHU
NPOAYKTW.

Mopagn ronsaMoOTO pasHoobpa3ne Ha
KONMopuMeTpW, npegnaraHn Ha nasapa,

n3bopbT Ha TakbB ypen Moxe Aa 6bae
HanpaBeH B 3aBUCMMOCT OT npobute, KOMTO
ce n3MepBar U xernaHuTe pesynrtaTtu.
O6warta TeHaeHUMs B cdepata Ha
XPaHWUTENHN TEXHOIOMMN € Haco4yeHa KbM
BHeApsiBAHE Ha  BUCOKOMPOM3BOAUTESTHU
cucTeMyM 3a aBTOMATUYHO COpPTUPAHE C
N3KYCTBEH MHTEenekT. YcTpoucreaTta 3a on-
line wn inline ananu3  ynecHsaeaT
M3MEPBAHETO Ha LBETa HEMNpeKkbCHAToO Ha
NpoM3BOACTBEHATA JIMHUSA W Ca BaXeH
MHCTPYMEHT 3a KOHTPON Ha KayecTBOTO U
MOHUTOPUHT Ha npouecuTe npu
NPOM3BOACTBOTO HA XPAHUTESTHN NPOLYKTU.

BnaropapHocTu

MNa3cnegBaHuaTa B Jokrnaga ca
noaKkpeneHu no Hay4eH NPOEKT
5.0TT/30.05.2016r., » | EXHOMOMNYHN

n3cnenBaHusa 3a nonyyasaHe Ha
apomMaTu4HU NPOAYKTU OT noAnpasBkn®

7. JlutepaTtypa

and reduction of hardware costs, the
measurement of color by reflection
becomes much more accessible tool in
the food industry.

The application of instrumental color
measurement in combination with
sensory analysis and other physico-
chemical measurements can bring
information about many phenomena
associated with food production.

Because of the wide variety of
colorimeters, commercially available,
the choice of such a device can be
made according to the samples to be
measured and the desired results.

The general trend in the field of food
technology is aimed at implementing

high-performance systems for
automatic  sorting  with artificial
intelligence.

Devices for on-line and in-line

analysis facilitates measurement of
color continuously on the production
line and are an important tool for quality
control and monitoring of processes in
food production.
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