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OTKPUBAHE HA CTPAHUYHU
NMPUMECU B OBYA BbJTHA YPE3
TEXHUKU 3A OBPABOTKA HA
N3OBPAXEHUA

SHka Muxatinoea, TamjaHa lMaenoea,
Mapus Neopzuesa-Hukonoea

Pe3rome: BaxHa onepauus € noYvMcTBaHETO
Ha BbfHaTa OT PacTUTENHU NPUMECU Tbi KaTo Te
cb3fasaT TPYAHOCTM Npuv NpedeHeTo Ha BbiHaTa
— HanpvmMep, noBpexaaTr AapadyHuTe rapHUTYpMU,
npu 6osiamMcBaHe ce OUBETABAT CbC CbLUUS LBAT
KaTo BbfHaTa. Tean CTpaHW4yHM NpuMecn octasat
B NpeXgara Ha rotToBuUTe Apexu 1 PA3KO NMOHWKXaBa
TAXHOTO KadecTBO. B Hactoswara pabota ca
cenekTMpaHn UHAOPMAaTUBHWN LIBETOBU MpU3HaLM
3a OTKpMBaHE Ha CTPaHWYHM MpUMECU B OBYa
BbJfIHA. YCTaHOBEHO €, Ye Moaxodsiy npusHak 3a
oTaoensHe Ha npumecn e b (Lab) usetoeata
KOMMOHEHTa, MO KOWTO MoraT Ada ce oTaendar
npuMecu OT pacTUTENEH MpPomM3xod, OMaKOBBLYHU
MaTepuan n 4actu OT HAaCEKOMM.

Kmo4oeu Oymu:. OBya BbnHa, CTpaHW4YHK
npumecu, LiBeToBmn KOMNOHEHTH

1.YBoa

[Mpn cTpwkeHe BBLNHUTE Ce OKavecTBABaT
32 BCsika OMakOBKa KaTO €4HO WU CbLUOo
KayecTBO, HO Te ca TBbpAE Pa3HOPOAHU OT
TEXHOMOMMYHa rnegHa Toudka. [puunHa 3a
TOBa € pa3HOPOAHOCTTa Ha BbJHaTa B €4HO U
CbLLO PYHO B 3aBMCMMOCT OT YCIoBMSTa Ha
XpaHEHEHETO W OTIMEeXOaHeTO Ha oBuaTa.
dabpuyHata COpPTMPOBKA Ha BbNHATa €
Ba)kHa noAaroTBUTENHA onepaums B
npega4vecTteoTo [1,5].

BaxHa onepauusi € nNO4YMCTBAHETO Ha
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Abstract. An important task is to
clean the wool from contaminants as
they cause difficulties in spinning the
wool — for example, they damage the
gift garnishes, coloring in the same color
as the wool when dyed. These
contaminants remain in the yarn of
ready-made clothes and dramatically
lower their quality. In the present work
are selected informative color
components for detection of
contaminants in sheep wool. It has been
found that the appropriate feature for
contaminants detection is b (Lab) color
component by which plant material,
packing materials and parts of insects
can be separated.
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1. Introduction

When trimming, the wools are
graded for each package as the
same quality, but they are very
different from a technological point of
view. The reason for this is the
variation of the wool in the same
fleece, depending on the conditions
of feeding and raising the sheep.
Factory wave sorting is an important
preparatory operation in spinning
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BbfilHaTa OT pPacTUTENHU MPUMECU TbI KaTo
Te Ccb3gaBaT TPYAHOCTW Npy NpeaeHeTo Ha
BbITHaTa — HaNpMMep, NoBpeXaaT AapavyHuTe
rapHuTypu, npu GosaucBaHe ce ouBeTsaBat
CbC CblUMa UBAT KaTOo BbfHaTa. Tesu
CTpaHM4HM NPMMECK OcTaBaT B npexpgaTa Ha
rOTOBMUTE APEXM U Ps3KO MOHMKaBa TAXHOTO
KayecTBo [3,8].

Mpyn wmsnonssaHeTo Ha cuctema 3a
MalUMHHO  3peHMe 3a OTKpMBaHe Ha
CTPaHW4HM NPUMECK B OBYA BbJIHA TpsibBa Aa
ce pewar cnegHute npobnemum [6,7]:

v/ BnakHaTa Ha BbJlHaTa He ca MOHOTOHHW.
LiBeTa Ha yucTata BbHa Bapupa Mexay
65N, cBETNO CMB, CBETIIO XbMT A0 CBETIO
GexoB. OT fgpyra cTpaHa CTpaHU4HUTE
npMMecn cblwo ca c 6san, cuB, XbIT,
GexoB, 4epBeH, CUMH W [p., KaKTO MU
uBeToBe, NogobHM Ha TO3M Ha BrakHATa;
BrnakHata Ha BbnHaTa ca no-gbnrm ot
Te3n Ha nNaMyka W ToBa 3aTpyaHsiBa
npepabotkata M. OCBEH TOBa HAYUHBLT,
MO KOWTO ca npenfieTeHn BrakHaTa
Cb3gaBa CEHKM Mpu OCBETSABaHE C
M3TOYHUK Ha CBETNIMHA KaToO 3aTpyaHsBa
pa3no3HaBaHETO Ha  €nemMeHTM B
N3006pakeHNeTo MM Mpu M3Non3BaHe Ha
CMCTEMMU 332 MALLMHHO 3PEHUE;

[MoBeYeTO OT KOMEpCHanHUTE CUCTEMU 3a
MalLUWHHO 3peHMe camo pasno3HaBaT
efnemMeHTn B M300paxeHusTa Ha BbiHa
6es pa ce wm3non3eatr yHKUMKM 3a
copTupaHe. ToBa 3aTpyaHsiBa 13nonssaHe
Ha [OaHHUTE OT M300paxeHneTo 3a
ynpasrieHne Ha MalumHK 3a COPTUPaHeE.
Llenta Ha HacTosiwarta paboTta e ga ce
pa3paboTn 6e3koHTakTeH meToq GasupaH Ha
TEXHWKM 3a o0bOpaboTka M aHanM3 Ha
n3006pakeHnsl, M3Non3BaLy, anropuTbM 3a
OTKPUBaAHE Ha CTPaHU4YHU NPMMECKM B OBYA
BbJIHA.

2. MaTepuan n metoau
3acHeMaHeTo Ha UBeTHUTe uMdpoBuU
N3006pakeHns Ha BbIiHA OCbLLECTBMXME Ype3

4

[1,5].

An important task is to clean the
wool from contaminants as they
cause difficulties in spinning the wool
— for example, they damage the gift
garnishes, coloring in the same color
as the wool when dyed. These
contaminants remain in the yarn of
ready-made clothes and dramatically
lower their quality [3,8].

When using a machine vision
system to detect contaminants in
sheep wool, the following issues
should be addressed [6,7]:

Wool fibers are not monotone. The color
of the pure wool varies between
white, light gray, light yellow to light
beige. On the other hand, the side
impurities are also white, gray,
yellow, beige, red, blue, etc., as well
as colors similar to those of the
fibers;

Wool fibers are longer than those of
cotton and this makes it difficult to
process them. Moreover, the way the

fibers are intertwined creates
shadows when illuminated by a light
source, making it difficult to

recognize elements in their image
using machine vision systems;

Most of the commercial machine
vision systems only recognize
elements in wool images without
using sorting functions. This makes it
difficult to use the data from the
sorting machine control.

The aim of the present work is to
develop a non-contact method based
on image processing and analysis
techniques using a sheep wool
contaminants detection algorithm.

2. Material and methods
Capturing of color digital images
on waves was accomplished through
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cuctema 3a rnonydaBaHe, obOpabotka U
aHanu3 Ha m3obpaxkeHusi, anapaTHa 4acT, Ha
KOSITO Ce CbCTOM OT MepCcoHaneH KOMMoTbP,
uBeTHa Buaeokamepa Konig USB-Micro-10 ¢
USB wvHTepdenc, cneumanHo OCBETIEHNME,
BKMOYBaWO YeTupyn Oenm ceetognoga C
Ab/PKMHa Ha BbSiHaTa 450 nm. KamepaTta e
noctaBeHa Ha NOABWXXHO pamo,
Mo3BOMSBaLLO MNPOMSHA Ha BMCOYMHATa Ha
3acHemaHe [9].

MbpBOHa4YanHo  M30bpaxeHusiTa  ca
3aCHeTM C nomowTa Ha cneumanuanpaH
codptyep VP-Eye, BktodeH B KOMMeEKTa Ha
Kamepata. WanonseaHa e dyHKUMa OT
copTyepa 3a KOpeKkuusi Ha xuctorpamara Ha
n3obpaxeHneto B uWHTepBana 30 (O-
CTaHOapTHO OTKNOHeHne). W3obpaxkeHusaTa
ca 3acHeTu c¢ pesontoums 640x480 nukcena
CbrnacHoO MeToaukaTa npeacrtaBeHa B [2],
KbOETO aBTOpa NOCOYBA, Y€ KOPUrMpaHeTo Ha

XucTorpamarta n nony4aBaHe Ha
n3obpaxeHue C  [ocTaTb4yHO Marnka
pesoniouus Hamansiea BpeMETO  3a
obpaboTka.

AHanmampann ca 40 wn3obpaxeHna Ha
OBYa BbfiHA CbC CTPaHU4YHM npumecun. Yact
OT 3acHeTUTe N300pakeHns ca NpeacTaBeHu
Ha durypa 1. 3a obpaboTka Ha OaHHUTE €
nsnonseaH nporpameH npoaykt Octave (GNU
Octave).
T

a) pacTuTenHu 6) nakeTaxHun matepuanu
b) packaging materials

a) from plants

a system for image acquisition,
processing and analysis, an
hardware part consisting of a
personal computer, Konig USB-
Micro-10 color video camera with
USB interface, special lighting,
including four white LEDs with
wavelength 450nm. The camera is
placed on a movable stand, allowing
for a change in the shooting height
[9].

The images were initially captured
using the VP-Eye specialized
software included with the camera
set. A feature of the image histogram
correction software is used in the 30
interval (o-standard deviation). The
images were captured at a resolution
of 640x480 pixels according to the
methodology presented in [2], where
the author states that correcting the
histogram and obtaining an image of
sufficiently low resolution reduces the
processing time.

40 sheep wool images with
contaminants were analyzed. Some
of the captured images are shown in
Figure 1. The Octave (GNU Octave)
software is used to process the data.

B) Hacekomu
C) insects

®dur.1. NMpumecu B oBYa BbIIHA

HanpaBeHo e npeobpasyBaHe B Lab
useToBn Mogen. Tosu UBETOBM Moaesn e
n3bpaH, 3awoTto npu Lab ca oTcTpaHeHu

Fig.1. Contaminants in sheep wool

A conversion was made to the Lab
color model. This color model is
chosen because with Lab the
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HegocTaTbuMTe Ha aBata mogena RGB u
CYMK wn pabortata c Hero rapaHTtupa, 4e
GannbT Wwe Obaoe OTBOPEH Ha Apyro
N3YNCITUTENHO YCTPOMCTBO MO CbLUMS HAYMH
N HAMa Aa uma 3aryba Ha LBETOBE.

[Mony4yeHnTe OT UBETHUTE UUPPOBU
n3obpaxeHns ctomHocTm Ha R, G mn B
LBETOBUTE KOMMOHEHTM ca npeobpasyBaHu
B Anana3oHa 0+255. CtonHocTtute Ha XYZ
LUBETOBMS MOOENn ca MonyvYeHu npu
npeobpasyBaHe oT RGB kbm XYZ u4pes
maTtpuua 3a Habnogaten 2° u ocBeTneHue
D65. R, G wn B KOMNOHEHTUTE ca
npeobpasyBaHn B pguanasoHa 0+1 u ca
o3HadyeHn kaTto R’, G, B’. HanpaBeHo e
npeunsdncnsisaHe Ha LBeToBUTE
KOMMOHeHTU. [lony4yeHnte cToMHOCTU 3a X,
Y, Z uBeTOBUTE KOMMOHEHTU Ca YMHOXEHU
cbe 100. KoHBepTupanute ot RGB kbm XYZ
CTOMHOCTM Ha LUBETOBUTE KOMMOHEHTU Ha
nocrnegHus Mogen ca W3Non3BaHu npu
KOHBepTMpaHe kbM Lab model. 3a
Habnopaten 2° u oceetneHne D65 ca
N3rnon3BaHn pedEepPeHTHN CTOMHOCTU U
pesyntatute ca o3HaveHun kato X, Y' n Z’
HanpaseHo e npeusuncnasaHe Ha XYZ
LBETOBUTE KOMMOHEHTM. Oor Taka
N34YNCNEHNTE CTOMHOCTM Cca OnpeaenieHn
napameTtpute L, a n b or Lab uBeTtoBus
mogen. Etanute Ha ToBa npeobpa3syBaHe ca
npencraBeHn B Npunoxexue 1.

HanpaBeHa e npoBepkKa 3a
pas3genuMmocTTa Ha OBYa BbJSlHA U NpUMeEcH
MO UBETOBM KOMMOHEHTU C (PyHKUMS Ha
pa3ctosiHue. 3non3BaHoO € pas3cTosHMe Ha
®duwep dst (FDR-Fisher discriminant ratio),
AeduHupaLlo ce c:

_ -y
SD,* + SD,*

st

KbAETO X U y ca CpaBHABaHW BEKTOPU OT
AaHHn; SD — cTaHgapTHO OTKIOHEHME.

3a OTKpuMBaHe Ha NMpMMecn B OB4Ya BbJIHA,

disadvantages of both RGB and
CYMK models are eliminated and
work with it ensures that the file will
be opened on another computer the
same way and there will be no color
loss.

The R, G and B color values
obtained from the color digital
images are converted to the range 0-
255. The XYZ color model values are
obtained by converting from RGB to
XYZ through an 2° observer matrix
and D65 illumination. The R, G and
B components are converted to the
range 0 to 1 and are designated R',
G', B'. A recalculation of the color
components has been made. The
values obtained for the X, Y, Z color
components are multiplied by 100.
The RGB to XYZ converted color
values of the last model were used to
convert to the Lab model. For
observer 2° and illumination D65
reference values are used and the
results are denoted as X', Y' and Z'.
The XYZ color components have
been recalculated. From these
calculated values, the L, a and b
parameters of the Lab color model
are determined. The stages of this
transformation are presented in
Appendix 1.

Verification of Sheep wool
Separability and contaminants by
Color Components is made with
Distance Function. A Fisher distance
dst (FDR-Fisher discriminant ratio) is
used, defined by:

(1)
where x and y are data vectors

compared; SD - standard deviation.

For the detection of contaminants
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Ha 6a3a cenekTMpaHa LBETOBa KOMMOHEHTA
€ U3nornsesaH anroputbMm, npencraseH B [4].
Mpn TO3M anroputbM  U306paKEHMETO,
npeactaBeHo B wu3bpaHata  uBeToBa
KOMMOHEHTa ce dwunTpupa, C KOeTo ce
npemaxsart wymoBeTe B Hero. OnpeaenaT ce
Oposa nukcenu ¢ egHakbB LBAT. CermeHTmpa
ce n3obpaxeHueto crnopea useta. Otaenar
ce obekTMTEe eanH OT Apyr u ot ¢poHa, upes
nofny4YaBaHe Ha 4YacTUYHO XOMOreHU3upaHo
n3obpaxerHne. OToensaHe Ha PervoH, 4pes
M3BNUYAHE HA XapaKTepHU Mpu3Haun W
onpedensiHe Ha WHTepBan C €e4HaKBW
nuKcenu, cnep KoeTo ce Bu3yanuaupart
pa3no3HaTuTe NPUMECH.

3. PesynTtatn n guckycums

Ha curypa 2 ca npeactaseHn RGB u Lab
LBETOBM KOMMOHEHTM Ha OBYa BbMHA U
pasnu4Hu TUNoBe npumecu B Hesl. Buxaa ce,
Yye He3aBMCUMO OT W3MNOM3BaHWS LIBETOBM

in sheep wool, an algorithm
presented in [4] is used based on the
selected color component. With this
algorithm, the image represented in
the selected color component is
filtered to remove the noise in it. The
number of pixels of the same color
are determined. Image is segment by
color. Objects are separated from
each other and from the background
by obtaining a partially homogenized
image. A region is selected by
extracting characteristic features and
defining an interval with the same
pixels, then the recognized
contaminants are visualized.

3.Results and discussion

Figure 2 shows RGB and Lab
color components of sheep wool and
various types of contaminants in it. It

Mogen npumecute MoraT ga 6bgar  ca@n be seen that, irrespective of the
pPasrpH1YaBaHN oT BbMHaTA. Mpw color model used, impurities can be
uanonasaHe Ha Lab ce Habniopasa no- Separated from the wool. When Lab
no6pa pasgenMMocT Ha LBeTOBUTE is used, there is a better separation
KOMMOHEHTM Ha BbAHaTa oT Tean Ha Of the color components of the wool
npumecnTe. from the contaminants.
Eheep wool contaminants Sheep wool contaminants
s Insecls
Packing materials |-+ -
*  Plants 1
250 .7 Inse.c,ts 200 *  Plants 2 i
. Packin terials e Plants 3 -
WA bt
RN
m % Woal =
100 —
i i
=200 \-\& 00 el
10
&
a) RGB 0) Lab
dur.2. LiBeToBU moaenu Ha oBYa BbIilHa U Fig.2. Color models of Sheep wool
npumecum and contaminants
N3uncnenun ca dyHKUMUTE Ha The distance functions for the color

pa3CctodHMe 3a uBeToBuUTE KOMIMOHEHTU OT

components of RGB and Lab color
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RGB un Lab usetoBn mopgenun. Ha 06a3sa
Te3n pesyntaTu ca cenekTupaHn LIBETOBMU

npusHaum, no KOUTO MoraT pJga ce
pasrpaHMyaBa Bb/iHa OT NPUMECH.
Ha dwurypa 3 ca npegcraBeHu

pe3ynTaTu OT onpenerneHo pas3cTosHue Ha
duiep mMexay LUBETOBUTE KOMMOHEHTU Ha
BbITHA U NpUMECH.

models have been calculated. Based
on these results, color components
are selected to distinguish a wool from
contaminants.

Figure 3 shows the results of
calculated Fisher distances between
the color components of wool and
contaminants.

45,00
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®ur.3. PascTosaHua Ha Puwep 3a LBETOBU
KOMMOHEHTU Ha BbJIHA U NPUMecH

Ha curypa 4 ca npencraeseH npumep 3a
OTKpPUBAHE Ha CTpPaHW4HU NPUMECU B OBYa
BbJIHa ype3 mn3nonasaHe Ha b(Lab) usetoBa
KOMMOHEHTa 1 anropuTbM 3a pasno3HaBaHe
Ha CTPaHW4YHU NPUMECH.

Fig.3. Fischer distances for color
components of wool and contaminants

Figure 4 illustrates an example of
detecting contaminants in sheep wool
using a b (Lab) color component and
by a contaminant recognition
algorithm.

a) opurMHanHo n3obpaxeHue
a) original image

6) b (Lab) uBeToBa KOMMOHEHTA
b) b (Lab) color component

B) OTKpMBaHe Ha Nnpumecu
¢) contaminant detection

®ur.4. OTKpMBaHe Ha CTPAHUYHU NPUMeECH
BbB BbiiHa no b(Lab) uBeToBa KOMNoOHeHTa

MNpenctaBeHute B HacTtoswaTta pabota
pesyntaTtu cboTBeTCTBaT Ha Tesn,
poknagBaHu ot Huang u konektmB [3],
Zhanga u konektuB [8], kbaeTo aBTOpUTE
noco4sar, 4Ye yYpes LUBETOBU NpU3HaLUM MoXe

Fig.4. Detection of contaminants in
sheep wool by b (Lab) color
component

The results presented in this
paper correspond to those
reported by Huang et al. [3],
Zhanga et al. [8], where authors
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Aa O0baaT OTKPUBAHM HEXenaHu NpuMecu B
oByaTa BbfHa. Cnopeg Te3n aBTOpU
nacrnegpaHusTa TpsibBa ga 6baaT Haco4yeHu
KbM MNPUMOXEHMETO Ha CerekTMpaHuTe
npu3HauM KaTto  BXOAHWM  OaHHM  3a
knacudukatopn  (kato  AUCKPUMUHAHTEH
aHanua, MeTog Ha OMOPHUTE BEKTOPWU) C Len
N3Non3BaHeTo MM B  aBTOMaTU3MpaHu
CUCTEMM 32 MALLUNHHO 3PEHME.

4. 3aKknto4yeHune

HanpaBeHunTe n3cneaBaHus U NonyyYeHuTe
pesynTtaTu gaBaT OCHOBaHve [a ce TBbpAawu,
ye:

v Cenektnpanu ca MHOPMaTMBHU LBETOBU
npu3HauM 3a OTKpMBaHE Ha CTPaHWUYHM
npuMMecK B OBYa BbJIHa;

v/ YCTaHOBEHO €, Ye MoAxoAsLly Npu3Hak 3a
oToensHe Ha npumecn e b (Lab)
LuBeToBaTta KOMMOHEHTA, MO KOWTO MoraT
Aa ce oTgenaT npuMecu oT pacTUTeneH
npousxod, OrMakoBbYHM MaTepuanm U
4acTn OT HACEKOMU;

v CenekTnpanuTe MHOPMATUBHN MPU3HALM
noTebpXaaBaT M gonbreart  Te3n  oT
AoCTbMNHaTa nuTepartypa.

Heobxogumo e ga ce  HanpassaT
nacnenBaHus c KnacmukaunoHHN
nporpamMHu npouenypu, Kato cenekTupaHute
npu3Haum ce M3nonseaT B KA4eCTBOTO CU Ha
BXOOHW JaHHU 3a KnacudgukaTopuTe.

Ha cnegBaw, etan ce npeaswxkaaT
eKCNepuMEeHTN 3a aBTOMaTUYHO OTKpMBaHE
Ha CTpaHuUyHUTE npumecu ypes
nogobpsiBaHe Ha anropuTbma 3a
pa3no3HaBaHETO UM.

point out that unwanted
contaminants in sheep wool can
be detected by color components.
According to these authors, the
research should focus on the use
of the selected color components
as inputs for classifiers (such as

discriminant  analysis,  vector
vectors method) for use in
automated machine vision
systems.

4. Conclusion
The research and the results

obtained suggest that:

Informative color components for
the detection of contaminants in
sheep wool were selected;

A suitable color component of
separating contaminants is b (Lab)
by which plant material, packing
materials and parts of insects can
be separated;

Selected informative color
components confirm and
complement those from available
literature.

It is necessary to perform
studies with classification
procedures, the selected color
components being used as inputs
for the classifiers.

In the next step, experiments
are designed to automatically
detect the contaminants by
improving the algorithm for their
recognition.
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Appendix 1.
Stages of conversion from RGB

MpunoxeHue 1.
ETanu Ha npeo6pa3syBaHe oT RGB kbm

Lab uBetoBn mogen

to Lab color model

Etan Popmyna
Stage Formula
na(yes): R = (R'+ 0,055)%4
ako(if) R' > 0,04045 )R = R’
He(no):R = 1292
G' + 0,055\>*
MpeunsuncnsisaHe Ha RGB o na(ves): G = 1,055
LIBETOBUTE KOMMOHEHTH ako(if) G* > 0,04045 /
Recalculation of RGB color He (n0): G = ———
components 12,92
(yes): B (B’ + 0,055)2'4
Ja(yes):B =|————
ako(if) B' > 0,04045 { 1,055
HE(TlO): B = m
MaTpuua 3a npeobpasysaHe X 04124 0,3576 0,1805] [R
kbM XYZ Y| =10,2126 0,7152 0,0722 IGI
XYZ conversion matrix VA 0,0193 0,1192 0,9505] LB
MNpensuncnsasaHe Ha X, Y nZ
no pedepeHTHN CTONHOCTH ' X r y z

Recalculation of X, Y and Z by
referent values

= Y =
95,047 100 108,883

MNpensuncnsasaHe Ha X, Y nZ
Recalculation of X, Y and Z

nayes): X' = (X3

16
He(no): X' =7,787. X'+ —

ako(if) X' > 0,04045 {
116

1
Aa(yes):Y' = (Y)3
ako(if) Y’ > 0,008856

! ! 16
He(no):Y' =7,787.Y +E

na(yes): v' = (2)3

16
He(no):Y' =7,787.2' + —

ako(if) Z' > 0,008856 {
116

OnpepnensHe napametpure L,
aunb ot Lab usetoBus moaen
Parameters determination of
Lab color model

L=116.Y'— 16 a=500(X'—Y") b= 200(Y' — 2

5. llutepartypa
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