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Kapitola 1

1 SOUHRN UVEREJNENYH VEDECKYCH A ODBORNYCH PRACI

1.1 Publikace v recenzovanych casopisech

: Chrpova, E., Némecek, P Schall-und ~ Schwingungsmessung — zur  Beriteilung

des Einstichprozesses bei Nadelfilzmaschinen. Melliand 1 extilberichte 77(1996), 3, ISSN
0931-9735, p.122-124.

Chrpova, E.; Hajdarovic.K.: Fakultet tekstilnog inzenjerstva u Libercu. Journal. Tekstil.
Volumen 48 (1999), 9, ISSN 0492-5882, p.477-480.

Chrpova, E., Diinovska, M a kol... Research Activities of the Department of Mechanical
Technologies. Viakna a Textil, Ro¢.7, 2000, ISSN 1335-0617. p. 98-107.

Chrpova, E; Trmal,G.).; Hotar: A4 Fast Image Processing Method for Quality Control of
Textiles, vybrana piednaska k tisku do Casopisu . Technicki vjesnik [echnical Gazette™
2003.

Chrpova, E.; Pasrija,V.: Mechanical Properties Analysis of Stretch Fabries. Fibre
&Textiles in Eastern Europe. ISSN 1230 - oponované a v tisku 2003

1 Chrpova, E.: Surface quality control based on image processing methods. Vlakna a Textil
10(2) 2003, ISSN 1335-0617, str. 70-75.

7 : : o g : :
Chrpova, E.: Characterizing Flat Fabrics Using Image Analysis techniques. Fibre & Textiles
in Eastern Europe. ISSN 1230 — v tisku 2003

: ~ :
Chrpova,L. Methods for Monitoring and Analvzing the Texture of Fabrics, CONADENI
(Condition Monitoring & Diagnostic Engincering Manegement. International Journal of
Comadem. Published by COMADEM International UL KUISSN 1363 - 76 - v tisku, 2003

Publikace v narodnim casopise

, | ’ » '
(,hrpuvu, I5.. Némel ek. P fr’;wmr\.mreu of needle T -'".f."a‘.";f process. lechnical. (
Journal -Technicka diagnostika (‘Technical Dragnostic). R I, Zlin 1993 4, p. I8 20



1.2 VysokoSkolska skripta

1 Chrpova, E.; Fiala, J.: Technologie wroby plosnych textilii — cast tkani, TUL Liberec,
CD - stran 98, 2000.

' Chrpova, E.: Technologie vyroby plosnych textilii — Netkané textilie, TUL Liberec, CD
stran 95, 2000.

12 g ovat, R.: Chrpova, E.: Technologie I — 3.¢ast Technologie Pleteni a Proplétani. Povoleno
MK CSR ¢j. 21.514/79a Rektoratem VSST &.j. R-104/84, VSST Liberec, 1985. str.146 /35.

3 Kréma, R.; Chrpova, E.: Stroje a mechanicka technologie netkanych textilii. Povoleno MK
CSR ¢&j. 21.514/79 a Rektoratem VSST ¢.J. R-263/81. VSST Liberec, 1983. str. 211/135

4 Kréma, R.; Chrpova, E.; Sodomka, L.: Teorie netkanych textilii. Povoleno MK CSR — ¢]
21.514/79 a Rektoratem VSST v Liberci ¢.j.R-66/85, 19806, str. 156 /40

1.3 Publikace v recenzovanych sbornicich

15 4 ) . ! = -
Chrpova, E., Némecek, P.: The advantage of the acoustic method for optimising needle

punching process. In: Proccedings of  the 5" International Congress on Condition
Monitoring and Diagnostic Engineering Management COMADEM’93, UWE Bristol,
England, July 1993, ISBN 1-871056-72-1, p. 229-234.
¢ Chrpova, E.. Némecek, P.: The analyses of needle punching process by using of the gated
multispectra. In: Proceedings of the 6" International Congress on Condition Monitoring
and Diagnostic Engineering Management — COMADEM™94, New Delhi, India, July
1994, ISBN 0-07- 462360-5, p.315-322. '

) Chrpova, E., Némecek, P.. Acoustic Sienature of needle Punching Process. In: First
Engineering Conference 28-30 March 1995, Proceedings, Volume II, Academic Press.
ME Mansoura, Egypt, 1994, p.229-442.

ph Chrpova, E., Némecek, P.: Use of Acoustic Noise Emission for Optimisation of Sewing

process. In: Proceedings of the 8" International Congress on Condition Monitoring and

Diagnostic Engineering Management — COMAI YEM'OS, June 1995, Queen’s University at

Kingston, Canada, ISBN 0-88911-718-7, Vol 1, p.227 231

P Chrpova, E... Optimisation of the sewing process. In: Proceedings ot the 9" International

Congress on Condition  Monitoring and  Diagnostic  Engmeering - Management

COMADEM’96, Sheffield Academic Press, England. ISBN 1 H“'Hlll 15-6 '\“\.\_ D \H"J. 519

g Chr]mvil, E.: Novel svstem for Monitoring of the Processes in textile technology. In
Proceeding of the International Conference |, Integratimg Dynanmices, Condition \1.\|||.|n1||!--
and Control for the 21 "Century DYMAC99, Manchester, Fngland, 17 -3 September

1999, Balkema, Rotterdam, ISBN 90 5809 1120, p.131 137
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Chrpové, E.; Hotat, V.; Lang, M.: Application of , Noviscam Technique™ and Fractal
Dimension in Textile, Paper and Glass Production Processes. In: Proceedings of the 17
International Symposium on Quatification of Visualized Processes in Fluid Dynamics
ISQVPFD’ 2000, Bled — Slovenia, April 3—4, 2000, ISBN 961-6238-38-8, p.86-98.

Chrpova, E.; Hotat, V.: Application of Fractal dimension in Textile Production Processes
In: Proceedings of the World Conference of the Textile Institute “Manchester 20007, 1 i
19" April 2000, The Textile Institute, Manchester, ISBN 187037245X.

Chrpova, E., Prevratil, L., Hotat, V.: Computer Image Analysis of Dynamic Processes. In
Proceedings of thel4" International Congress COMADEM’01. Manchester, 2001.
Elsevier. ISBN 0-08 0440363, pp 503-511.

Chrpova, E., Hotat, V.: Monitoring and Control of Textile Processes. In: Proceedings of
the 2" International Symposium on Quatification of Visualized Processes in Fluid
Dynamics — ISQVPFED’ 2002, Bled — Slovenia, April 4-5.20002, ISBN 961-6238-58-2.

Chrpova, E.; Trmal, G.J.; Hotar, V.: 4 Fast Image Processing Method for Quality Control
of Textiles. In: Proceedings of thel™ International Conference on Advanced technologies
for Developing Countries, ATDC’02, September 12-14, 2002, Slavonski Brod. Croatia
ISBN 3-901509-32-369-374.

Chrpova, E.; Hotat, V.: Lang, M. ; Aplication of Fractal Geometry in Textile and Glass
Production Processes.In:  Proceedings of the 2" International Symposium on
Quantification of Visualized Processes in Fluid Dynamics [SOVPFD® 2002, Bled
Slovenia, February 4-5, 2002, ISBN 961-6238-58-2.

Hotaf, V.. Lang, M.; Chrpova, E.. Theoretical Aspects of Project Noviscam. In:
Proceedings of the 1° International Symposium on Quantification of Visualized Processes
in Fluid Dynamics — ISQVPFED’ 2000, Bled — Slovenia, April 3-4, 2002, ISBN 961-6238-
38-8, p.37-52.

Hotaf, V.; Novotny, F.; Chrpova, E.; Lang, M. ; Aplication of Fractal Geometry in Glass
Production Processe — Overview. In: Proceedings of the 2" International Symposium on
Quantification of Visualized Processes i Fluid Dynamics — ISQVPED’ 2002. Bled
Slovenia, February 4-5, 2002, ISBN 961-6238-58-2

Chrpova, E.: The role of the project in continuous quality assurance in education at Tl
In: Preceedings of the 8 annual Convention and Conference of Australasian Association
for Engineering  Education.. Published by UNESCO Supported International Centrefo
Engineering Education (USICEE), AxE 15-18 December 1996, Melbourne., Australia
ISBN 0 7326 1132, p.246- 249,

Trmal, G.J., Chrpova, E.: Comparison of English and Czech engineering education
systems as a basis of student mobility. In: Preceedings of the 8"annual Convention and
Conference of Australasian  Association for Engineering  Fducation. Published by
UNESCO Supported  International Centre for Fngineering Fducation (USICEEF). Awxl 15

18 December 1996, Melbourne, Australia, ISBN O 7326 1132, p.250-258



Publikace v ostatnich sbornicich

31

32

33

34

35

36
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Chrpova, E.; Néemecek,P.: Akusticke vlastnosti netkanych textilii. Textile Science’91,
VSST Liberec, 16.-18.9. 1991. ISBN 80-85427.

Chrpova, E.; Némecek, P.o The relationship between sound reduction and sound
absorption. Textile Science’93. VSST Liberec, zafi 1993. ISBN 80-7083-148-0, s. 544-
549.

Chrpova, E., Nemecek, P.: The advantage of measuring noise and Vibration during the
Production and Evaluation of Nonwovens. Workshop'94. Sbornik prispévku. VSST
Liberec, Fakulta Strojni, 1994, p. 81.

Chrpova, E., Hotar, V.. Optimisation of the Processes in Textile Technolog)
-d . 4 " i, ’ w 3 P ; 7 . . ;
3" International Conference Textile Science’98, Preceedings-Vol.2, Technical University

Hotat, V, Chrpova, E.: Aplikace fraktalové dimenze ve skilarstvi pri vvhodnocovani obrazu
snimanych digitalni kamerou. X.Konference —Sklarské stroje, zari 1999, Liberec. Dum
techniky Usti, s.r.o., ISBN 80-02-01311-5, s.123-130.

Hotat, V..Chrpova, E.: Application of Fractal Dimension in Monitoring and Control of
Production Processes. In: Proceedings of the 6" International Conference ICPR 2001,
27.7.-3.8.2001 Praha, ISBN 80-02-01-438-3, CD.

Hotaf, V., Chrpova, E., Lang, M.: Application of Fractal Geometry in Monitoring and
Control of Glass Production Process. Nostradamus 2001, 4"International Prediction
Conference. Tomas Bata University, Zlin. ISBN 80-7318-030-8, Sbornik na CD. pocet
stran 12.

Chrpova, E., Hotar, V.: Aplikace fraktalové dimenze ve vyrobé papiru. XI111. Mezinarodni
konference ,,Papir a Celuloza™ Brno 2002, sbornik na CD, pocet stran 10.

Chrpova, E.; Pasrija, V.. MozZnosti vyuziti mérictho systému NOVISCAM.  Sbornik
prednaSek. Mezinarodni konference STRUTEX'02, c¢eska sekce Textile Institute
Manchester. Liberec, 2002. ISBN 80-7083-668-7, p. 209-217.

a0 C B Char :
Chrpova, E.: Characterizing flat fabric using image analysis techniques. In: Proceedings of

41

the 5" International Conference TEXSCI'03. Technical University of Liberec. Liberec.
2003, p.402-400.

Chrpova, E.. Novel Visualisation System for Process, Measurement. Monitorine an
Control. Sbornik prednasck. Mezinarodni konference STRUTEX 03, Ceska sekee Textile
Institute Manchester. Liberec, 2003, pocet stran 8



1.4 Ostatni publikace

42

Chrpova, E.; Sanc, E.: TUL — Activity report 1996. Unipress,Co.Ltd. Turnovské tiskarny.
Turnov, 1997. Podpora — grant MSMT CR — PREZENTACE PR 96298 — “Rozsifovani
vysledkt vyzkumu a vyvoje™.

1.5 Patenty a realizovana dila
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Chrpova, E.;Vsetecka, I.: AO 269 362, 1991. PV 4356-88 Linearni klade¢ niti.

Chrpova, E.; Plischke, P.: Méreni nestejnomérnosti textilii. Patentova prihlaska. Leden
2002.

Svoboda, M.; Weiser, J.;Chrpova, E.: Textilie pro filmarsky prumysl. Vpichované koberce
Pramyslovy vzor. 2000.

Svoboda, M.; Weiser, J.;Chrpova, E.: Textilie pro filmarsky prumysl. Promitaci platna

Primyslovy vzor. 1999.

Chrpova,E.: Navrh povrchove wupravy vyrobni haly. Realizace — Oktant s.r.o., Jablonec
n. N. a Zelezny Brod, 2001.

Chrpova, E.: Vyroba vpichovanych textilii pro filmare. Realizace- MCC ARTE Praha -
filmovy textil. 2000
Chrpova, E.: Realizace modularniho méficiho systému pro on-line analyzu obrazu, FT.

KME, 1999.

Chrpova, E.: Vyroba tkanin extrémnich siri.Realizace -MCC ARTE Praha — filmovy textil
1999,

Chrpova, E.:. Navrh povrchové upravy absorpcnich klinii. Realizace ve spolupraci

s VUZORT Praha na FAMU Praha objekt = Lichtenstensky palac Praha, 1994

Chrpova, E.; Neémecek, P.: Konstrukce zarizeni na méreni vzduchové neprizviucnos
Realizace v ramci interniho grantu. VSST Liberec, 199]

o Chrpova, E., Parilova, H.: Princ ip propletant. NVideoilm, VSST Liberec 1991



1.6 Vedecko Wzkumné projekty a granty

42003 - V jednani 6 FP project — ,.VISUALPROCONTROL”

35 1996 — 2000 INCO — COPERNICUS - 4.ramcovy program
Nazev: “Novel visualisation System for Control and Monitoring (NOVISCAM)
ERBIC 15CT 960 700,

® 1997 - MSMT CR - OK 275
Prispévek MSMT k projektu INCO COPERNICUS PL 964002
ERBIC 15CT 960 700

7 1996 — PREZENTACE PR 96298 — grant MSMT CR

Rozsifovani vysledku vyzkumu a vyvoje
Nazev: “Prezentace”

% 1993 — Interni grant TUL

Nazev: Acoustic properties of Composites

1.7 Ostatni granty

# 9003 — 2006 LEONARDO DA VINCI Community Vacational Traimming

Programme “Powerstudy”-v jednani.

% 1996 — 1997 TEMPUS IMG — Individual Mobility Grand, IMG-96-CZ-2034

Action



Kapitola 2

2 KOMENTAR K PUBLIKACIM

2.1 Uvod

V prvni kapitole je uveden souhmn védeckych, odbornych a technickych praci autorky
piedlozené habilitacni prace, jejichz je hlavnim autorem nebo spoluautorem. Celkem tento
piehled obsahuje:

= 8 publikaci v recenzovanych mezinarodnich casopisech,

= | publikaci v narodnim Casopise

= 5 titulh skript

= 17 publikaci v recenzovanych sbornicich

® 11 publikaci v ostatnich sbornicich mezinarodnich konferenct
= 9 oponovanych mezinarodnich zprav k feSenym projektum
= ] autorske osvedceni

= 2 pramyslove vzory

= 6 realizovanych technickych d¢l

= 7 projektu

Prehled dokumentuje pavodni publikace jak v oblasti pedagogicke, tak vedecko-vyzkumne
Skripta odpovidaji predmetum, jez sama autorka garantovala v prub¢hu svého pusobeni na
TU v Liberci. Piehled rovnéz vypovida o pouzitych technologiich a stavu techniky. Ktere
mély své opodstatnéni v dob¢ reseni -

Pokud se pichled tyka védecko-vyzkumné cinnosti lze povazovat za spojujici tema fesen
systému <surovina strojni zarizeni vyrobek> a zcela odpovida pusobeni na Katedie
netkany‘ch textilii a pozdép na katedie mechanic kveh technologii. V ramer reSent systému
<surovina - strojni zarizeni vyrobek > byly vyvinuty jak zarizenmi tak metody mérem a
zptsob vyhodnocovini

Z hlediska tématicky uzsiho pohledu lze publikace rozdelit do nasledupicich obdobi

o Vziah struktury a viastnosti netkanveh textlin (v letech 1976 1991)




Studium vlivit distribuce pojiva na vlastnosti netkanych textilii chemicky

pojenych.

Stanoveni vlivu spleti na vlastnosti netkanych textilii chemicky pojenych
a mechanicky vazanych.

Vysledkem bylo sledovani vztahu v systému <surovina - strojni zarizeni - vyrobek=
Struktura netkanych textilii se ovliviiovala vybérem suroviny a technologii zpevnéni. Vliv
struktury a zpevnéni se definoval na zaklad¢ pozadovanych vlastnostech textilii. Vysledks
byly publikovany v oponovanych zpravach statniho tkolu Kompozity. hospodaiské cinnosti
(Notev, Monet), diplomovych pracich a skriptech.

e Optimalizace technologickych postupu ve vztahu ke struktufe a vlastnostem textihi (v
letech 1992 — 1993):
Stanoveni parametrt vpichovani k zajisténi vpichované textilie pozadovanych
vlastnosti.
Vliv struktury kompozitu na pohltivost zvuku.

V ramci feSeni této problematiky byl navrzen zpusob méreni a vyhodnocovani. Bylo
zkonstruovano merici zarizeni na meéfeni pohltivosti zvuku.Vysledky jsou publikované na
mezinarodnich konferencich a v odbornych casopisech.

e Vizualizace technologickych postupt a vyrobku s cilem stanoveni vzajemnych vztahu
mezi surovinou - technologii a vlastnostmi textilii (od r.1997 - sou¢asnost). Reseni 1ze
rozdélit na nekolik etap:

Navrh a realizace pracovisté pro digitalni zpracovani obrazoveé informace
Navrh a realizace matematick¢ho zpracovani pro analyzu obrazové informace
Oveéreni zivotaschopnosti vytvofeného pracoviste.

Konkrétni aplikace systému.

Veskeré ziskan¢ zkuSenosti z védecko vyzkumnych praci potvrzuji. Ze feSeni si vvzaduii
dokonalé rozpoznani vztaht v systému <surovina (vstup) strojni  zarizeni vyrobek
(vystup)>. Vysledkem rozpoznavani vztahu v uvedeném systému by méla byt informace
nejen o tom jaké jsou, ale rovnéz, co je pricinou, napf. co zplsobuje kolisani uzitnvch
vlastnosti a proto je nutné studovat vztahy v systému. Souc¢asnost nas nuti se t¢mito problémy
zabyvat a fesit jc.

Prilohy k praci obsahuji 7 vybranych publikaci uverejnénych v odbornveh casopisech a
recenzovanych sbornicich mezinarodnich zahrani¢nich konferenci. Uvedené prace se piimo
tykaji feSeni vztahu v systému <surovina (vstup) strojni zaiizent vyrobek (vvstup)
Metody v nich studovan¢ jsou i aplikované.



2.2  Studium vztaht v systému <textilni vlakna — vpichovaci stroj —

vpichovana textilie> akustickou metodou

Vysledné vlastnosti vpichovanych textilii urcuje cela fada faktort. Vztahy mezi jednotlivymi
faktory mohou byt znazornény napi. takto:

Vlastnosti vlaken ‘ Struktura rouna { Parametry vpichovani
— - = o — I —— |

— i
— _

\ .

\\\ r Struktura vpichované textilie J
\ Efe L —

N,
\\
. S——.
\ Vlastnosti vpichované textilie

Obr. 1 Faktory ovliviujici vlastnosti vpichovanych textilii

Z obr.1 vyplyva, ze krom¢ vlastnosti vlaken a struktury rouna, primo ovliviuji strukturu
vpichované textilie pravée parametry vpichovani. K parametram vpichovani nalezi druh
pouzitych vpichovacich jehel. hustota vpichu a hloubka vpichu. Vpichovaci jehly jsou
pracovnim nastrojem vpichovacich stroju. Volba spravn¢ho druhu jehel velmi ovhiviuje
konec¢nou kvalitu vpichovaného vyrobku, produktivitu vyroby. jakoz 1 zivotnost pouzitych
vpichovacich jehel samotnych.

STRUKTURA VPICHOVANE TEXTILIE

Tvorba vpichovanych textilii je ovliviovana nejrazng)simi faktory [14]. Usporadani vlaken
ve vlakenné vrstvé a parametry vpichovani urcuji strukturu vpichované textilie

Na rozdil od jinych textilnich struktur neni mechanika vpichovanych textilii dosud dostatecne
propracovana, takze je mozné uvést pouze zjednodusenou teorii struktury. V této oblast sel
nejdale Hearle, ktery popsal geometricky model vpichované textilie

V piedstavé geometrick¢ho modelu je  vertikalni struktura tvorena chomacky  viaken
protazenymi ve vertikalnim smcéru vpichovacimi jehlami (obr. 2). Horizontalni strukturu tvori
vlakna, ktera jsou usporadana kolem vertikalnich chomacku (svazku viaken). Oba smen
struktur jsou spojeny tim, ze jednotliva vlidkna mohou prochazet ¢asti horizontalni i vertikalni

Strukturu vpichované textilic mizeme zobrazit jako makroclement ABCD. Makroclement
ABCD tvoii jednotlivé mikroclementy, které v piipade vpichovane textilie tvoii viakna a
zahrnuje Osck vpichované textilic mezi dvéma sousednimi vpichy jehel. Takova definice



makroelementu plati jen pro  dvourozmérnc rovinné pozorovani. Pfi  trojrozmérném
pozorovani je makroelementem ¢tyrboky hranol.

Sledujeme-li vliv parametrit vpichovani na strukturu vpichované textilie vyjadiené pomoci
makroelementu, zjistime, Ze tvar zakladny makroelemntu zavisi na usporadani jehel v jehelne
desce. zatimco velikost zakladny zavisi na hustoté vpichu. Zvyseni hustoty vpichi vede
ke snizeni velikosti makroelementu a tim ke zvySeni poctu makroelementu na jednotkove

plose.
B |
TH : T
_l,\‘qh(u*; (1 I
-H1 ("f 4 T! ! l
| PARE S Vo il (
b 4 4
~ W2 0 IJVI >
:‘ s T 40
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Obr. 2 Makroelement vpichované textilie

Vyska h makroelementu se zmenSuje se stoupajici hustotou vpichu astim souvisi |
zména objemové hmotnosti a plosné hmotnosti  vpichované textilie. Zvyseni plosne
a objemové hmotnosti souvisi se zménou vysky makroelementu h, ktera v zavislosti na vyssi
hustoté vpichu klesa. |

Zmeéna hloubky vpichu ovliviiuje vysku makroelementu obdobné. S vetsi hloubkou vpichu
objemova hmotnost roste, soucasné se zvySuje nestejnomernost tloustky. nebot v miste
ypichu dojde k mistnimu zhutnéni vldken. Pfi velkych hloubkach vpichu muze dojit az
k vytlacovani vldken ze vpichované textilie, coz byva u nekterych typu textilii nezadouci

Vpichovanou textilii si muZeme predstavit jako nekone¢ny plosny utvar, ktery je tvoren
makroelementy. Vpichovaci jehla pusobi na pomérné malou ¢ast povrchu \l.:l\cn;lchu rouna
Proto je zcelaprirozené, ze objemova hmotnost v makroelementu e dopste  min
nerovnomérna. V mistech, kde vpichovaci jehly pronikaji vlakennou vistvou je objemova 1
plosna hmotnost vyssi nez uvniti makroelementu. Tato nestejnomernost ovliviuje viastnost
vpichovan¢ textilic,

Pro dosaZzeni stejnomdérnosti j¢ nutné maximalne zmensit velikost makroelementu, aby sc
rozdil mezi vnitini a vnéjsi oblasti makroelementu setiel. Oblasti ruzncho zhutnent viaken je
nutné k sobé navzajem piiblizit. Toho lze dosahnout predevsim zvySenim hustoty vpichu
Hustotu vpichi vsak nelze zvySovat ncomezenc, ponévadz by tim nIt;ﬂ*l.n pevnost vpichovane
textilic.

Pro kazdou vpichovaci jehlu existuje optimalni hustota vpichu | 14]. S rostoucim poctem

VplChu pevnost vpi hovand textilic postupne narusta, po |\s\‘|-m~\ ent Kritteke meze (mezn
hodnoty, optimalni hodnoty) hustoty vpichu  zacne pevnost  klesat. Snizent pevnost




ypichovanych textilii dochazi vlivem trhani vlaken [14]. K pretrzeni vlaken dochazi kdyz F, <
F; (F, — pevnost vlaken v pietrhu, Fy — tfeni mezi vlakny zachycenymi vpichovaci jehlou
a sousednimi vlakny).

Z toho vyplyva, Ze pii malé¢ hustot¢ vpichu je trhini vldken prakticky vylouceno, ponévadz
trznd pevnost vlakna je veétsi nez tieni mezi vlakny. ZvySovanim hustoty vpichu dochazi
ke zvySovani tieni mezi vlakny az do okamziku, kdy Fy > F, adalsim vpichovanim jiz
dochazi ke ztraté pevnosti vpichované textilie. ZvySovanim mezivlakenného treni dochazi i
k vétsimu odporu vlikenné vrstvy va¢i pronikani vpichovacich jehel, které ovliviuje
Zivotnost vpichovacich jehel. Je nutné proto volit kompromis, usilovat o zvyseni
stejnomérnosti v makroelementu pii zachovani co nejvyssi pevnosti vpichované textilie.
Celkovy pocet vpicht je piimo uren pozadavky na vlastnosti vpichované textilic. pouziti
vyrobku a ekonomiku vyroby.

Mezi strukturou vpichovanych textilii a jejimi vlastnostmi plati urity vztah, pricemz hustota
a hloubka vpichu patii k nejdulezitejsim faktorum. které ovliviuji strukturu vpichovane
textilie (VT). Znalost vlivu tohoto faktoru umozni nepiimo posoudit 1 jeho vliv na vlastnost
VT. Vychazeje z tohoto poznani jsme navrhli metodu k rychlému a snadnému zjisténi ucinku
upravy vlakenné vrstvy na vpichovaci proces a nasledné na vlastnosti vpichovanych textilii a
k uréeni optimalni hustoty vpichu.

Optimalni hodnota hustoty vpicht se 1isi v zavislosti na druhu pouzité vpichovaci jehly.
na druhu vlaken vlakenné vrstvy — délce vlaken, jemnosti a povrchovych vlastnostech vlaken
ana jejich usporadani ve vlakenné vrstveé, na parametrech vpichovaciho stroje. Optimalni
pocet vpicht je tfeba navrhovat pro jednotlive vyrobky, jednotlivé vpichované textilie.

Nejdulezitejsi cast vpichovaciho stroje — jehelna deska osazena vpichovacimi jehlami — kona
pfimocary vratny pohyb, pri kterém jehly méni orientaci vlaken a davaji tak vstupni surovine
— vlakenné vrstvé — strukturu. Aby byl cely proces optimalizovan, musi byt k ur¢ité vstupni
suroviné zvolena spravna vpichovaci jehla, spravny pocet pruchodt suroviny vpichovacim
strojem, pripadné spravny lubrikacni prostredek. Méfitkem spolecného pusobeni téchto viivi
je vpichovaci sila, ktera naméaha vpichovaci jehly. Vpichovaci silu Ize méfit béZnymi zpusoby
[14], pfinasi to vSak obtize pri umisténi snimace a kalibraci pii zpracovani signalu.V ramei
feSeni vztahu <textilni vlakna — vpichovaci stroj — vpichovana textilie> |1_\-|;l navrzena a
odzkousena akusticka metoda.

AKUSTICKA METODA

Pii zkoumani vlivu ruznych faktort na velikost vpichovaci sily se zjistilo, 7¢ pii optimalnim
nastaveni parametri vpichovaciho procesu klesa na minimum hluk vyzafovany z prostoru,
ve kterém dochazi ke vpichovani a na mimimum klesaji 1 vibrace ramu \1m'hn\-.u'111n stroje
Tento jev je zictelny predevsim v pasmu nad 1 kHz a extrém je ostiejsi pii snimani vibrac
kde je nutné vénovat nalezitou pozornost upevnéni snimace

Navrzend metoda sc nazyva akusticka metoda, nebot’ podstatoun metody je meieni hluku
avibraci v pribc¢hu vpichovani. Vychazi ze skutecnosti. 7¢ odpor \l\n'h.n\\u'n'h chel vuci
ypichovani nariista se zvysujici se hustotou vpichia az do optimalni hodnoty. kdy dalsim
ypichovanim dochizi k destruker viaken atim snizeni odporn vpichovacich jchel vudi
Vpichnv:’nnt kterd ma bezprostiedni viiv na hodnotu hluku a vibraci Jak je uvedeno v praci ||



(Piiloha A), ale také v pracech [10, 15 (PFiloha B),16 .17 a 18]. K méfeni byl pouzit
analyzator hluku firmy Briiel & Kjaer 2144.

- CHANNEL A |

M CHANNEL B |

Obr.3 Schéma usporadani méfeni na vpichovacim stroji

VYUZITI AKUSTICKE METODY PRO OPTIMALIZACI SICIHO PROCESU
Analogicky byla tato metoda pouzita pri stanoveni Sici schopnosti.

Potvrdilo se, Zze akusticka metoda prinasi do oblasti zjistovani Sici schopnosti vyrazné
zjednoduseni a urychleni oproti klasickému experimentu.

Byly nastinéné nové sméry vyuziti moderni technologie povrstvovani povrchu jehel slabymi
uhlikovymi vrstvami. Potvrdila se zde vyrazna zavislost pouzité povrchové Upravy strojni Sici
jehly na druhu sit¢ho materialu. Tato méieni si vyzadala mikroskopické zkoumani povrchu
jeho drsnosti, stability pri Siti, méieni teploty jehly pit Siti a viivu povrchove upravy
pa teplotu. Vysledky jsou publikované ve sbornicich mezinarodnich zahranicnich konferenci
[19 (PFiloha C) a 20|

2.3 Studium akustickych vlastnosti textilii a moznosti jejich ovliviiovani

Vpichované textilic nachazeji Siroké uplatneni jako akustické materialy, at’ 112 jako podlahove
textilie, textilni tapety, ale 1 kompizity

Vlastnosti materialt 2 akustick¢ho hlediska 1sou dany rovnovahou mezi akustickou enerons
od struktury odrazené, ve struktuie pireménené a strukturou prosl¢e a energii na strukturu
dopadajici. Tyto vlastnosti se charakterizuji dvema velicinami



e vzduchovou nepruzvucnosti a
e vzduchovou pohltivosti.

Tyto vlastnosti jsou fyzikaln¢ svazany vyse popsanou energetickou rovnovahou, avsak
prakticky je velice obtizné tuto zavislost jednozna¢né vyjadiit funkcnim vztahem. Jednou
z piicin jsou rozdilné pozadavky na dosazeni jednotlivych vlastnosti v maximalni mire
Jestlize neprizvucnost je dana predevsim vysokou hustotou a homogenitou materialu, je
naopak pohltivost urcena hlavne velikosti sménné plochy (dan¢é poréznosti materialu)
a mechanickymi vlastnostmi vlaken struktury. Z toho je zfejmé, Ze vysoce pohltivé materialy
nejsou vhodné jako neprizvucéné anaopak. Navzdory tomu by bylo ucelné vztah mezi
pohltivosti a nepruzvucnosti urcit¢ho protihlukového materialu alespon piiblizné nalczt.
piedevsim z duvodu pomérné slozitych a nakladnych metodik méfeni a vyhodnocovani obou
vlastnosti.

METODY ZPRACOVANI

Pro stanoveni Cinitele zvukové pohltivosti se bézné pouziva interferometrické trubice, ktera je
v8ak velice draha. Mnohem jednodussi je méfeni vzduchové nepriuzvucnosti. Nepruzvucnost
je u zakladniho vlikenného materialu velice nizka (max.5 az 10 dB u nejvyssSich frekvenci).
v praxi se vyuzivaji pfedevsSim kombinace vidkenncho a nepruzvucného materialu.

Pro méreni nepruzvucnosti bylo sestaveno zarizeni, Které se sestiavia ze dvou protilehlych
komor o objemu 0,5 m’, mezi které se umistuje méreny vzorek. Vzhledem k tomu. ze
méfeni neni v souladu s CSN, vyuzivaji se vysledky méfeni spise jako porovnavaci hodnoty.
Megfteni se provadi v rozsahu frekvenci 1 kHz az 10 kHz analyzatorem Briiel & Kjaer 2144
§ prisluSenstvim v nastaveni pro tfinactioktivovou pasmovou analyzu. Merici dvoukanalovy
fetézec umoznuje piimo vyhodnoceni rozdilu hladin akustick¢ho tlaku pred a za vzorkem
s ohledem na prenosové vlastnosti komor

MERICI ZARIZENT

Zafizeni pro méreni neprizvucnosti tvori komora o rozmeérech 640 x 620 x 230 mm. Vnitick
je vyplnén zvukovymi absorbenty: polystyren o tloust'ce 20 mm. vpichovana netkana textilie
o tlouStce 5 mm. PVC f6lie o tloustce 5 mm, Struto o tloustcelS mm. papirové profilované
plato o tloustce 30 mm. Komoraje rozdélena vyjimatelnou piepazkou do dvou &asti
vysilaci a prijimaci. V pfijimaci komoie je upevnéna odraziva deska. ktera celou sténu
zakryva. Méreny vzorek, orozméru 200 x 200 mm. se upinda do vyjimatelné dievene
piepazky. Vrchni deska komory je odklopna a umoznuje pohodIny piistup do komory

K méfeni jsme pouzili

e dvoukanalovy analyzaton

o dvamikrofony

e dva mikrolonni predzesilovace

e ovladaci softwarc analyzatoru

e generator Sumu - prenosny televizor se Sirokopasmovym reproduktorem

e kalibracni zarizeni



Postup méreni

Pied vlastnim méienim byla provedena kalibrace analyzatoru, zmérena teplota, barometricky
tlak a korekce na tlak vzduchu. K méfeni jsme pouzili dvou mikrofonu. Po uzavieni komory
jsme spustili generator Sumu. Po dobu 10s se méfil rozdil akustickych tlaka. Pro 10 méfeni se
stanovila primérna hodnota. Vysledné hodnoty pro kazdou méfenou frekvenci v rozsahu |

8 kHz jsme zaznamenali do grafu.

Komoru jsme konstruovali tak, aby stény pohlcovaly vsechnu akustickou energii a doba
dozvuku byla rovna 0. V komoie vzniklo voln¢ pole. Hladinu akustick¢ho tlaku Dn(t) jsme
urcili ze vztahu:

DH(I) = Lt’j.,’l — Leg .

Leg , — hladina akustického tlaku v méfici komore bez vzorku,
Leg ; — hladina akustick¢ho tlaku v mérici komore se vzorkem.

Bylo navrzeno mnozstvi kombinovanych textilii (kompozitli) a zméfena a vyhodnocena jejich
nepruzvucnost, vysledky jsou publikovany v pracech [31, 32,47, 51 a 52].

Zaver

Dosazené poznatky nas inspirovaly k nazoru, ze pro objektivni feSeni vztahti v systému
<surovina (vstup) — strojni zarizeni — vyrobek (vystup)> je nutné vytvorit systém — zafizeni.
které by ucinné fesilo vzajemné vztahy.

Vysledkem rozpoznavani vztaht v uvedeném systému by meéla byt informace nejen o tom
jaky je napt. vzhled textilnich tGtvart, ale rovnéz co je pii¢inou nehomogenit. Prave
nehomogenita zpusobuje kolisani uzitnych vlastnosti a proto je nutné se [’fii;'}‘!\.'”[.lfﬂu'll
zabyvat a fedit ji. Odpoved' na pficinu nehomogenit je dulezita v pripadé, 7e checeme vytvorit
kvalitnéjsi vyrobek. Prispét novymi indikacnimi  pristupy  k tomuto  piirozenému.
ale nelehkému ukolu bylo jednim z cilu dalsi ¢innosti

Prioritnim cilem dalsi ¢innosti bylo pouzit techniky, ktera umoziuje uchovani riznveh druht
dat. Tohoto cile 1ze dosahnout pouze v piipade, ze veskera data k dispozici jsou v digitalni
podobé. Dalsi cinnost proto sméfovala k vytvoreni takového modularniho  svstému
ovéfovani jeho funkcnosti a vytvoreni algoritmu k hodnoceni vzajemnyeh vztahi



24 Studium vztaht v systému <surovina (vstup) — strojni zarizeni —

vyrobek (vystup)> obrazovou analyzou

Kvalita a dosazeni pozadovanych vlastnosti jsou nejdalezitéjsim pozadavkem na vyrobni
proces a vyrobek. Kvalita souvisi s volbou systému <surovina (vstup) — strojni zafizeni
_vyrobek (vystup)>. Vyvijeji stale nové metody zkougeni a kontroly, které by lépe vyjadiovaly
kvalitu a vlastnosti, pro které se vyrobky aplikuji. Abychom vyrobili kvalitni zboZi musime
mit kvalitni zpétnou kontrolu. Snahou novych piistupu kontroly kvality je sledovat jednotlivé
kroky celého technologického procesu (obr.4), 44, 20, 34].

Kligové faktory kontroly spocivaji v Gplnosti informaci o technologickém procesu i vyrobku
ve sbéru dat. zobrazeni dat, jejich uplnosti a jejich vzajemnych vztaht. Dokonalym fizenim
vyroby zboZzi snizime vyrobni naklady. nebot’ budeme pracovat efektivng, tj. budeme pracovat
s idealnim nastavenim strojd a tedy i optimalnimi podminkami vykonu strojniho zarizeni.
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Obr. 4 Schéma vzajemnych vztah(i mezi jednotlivymi vyrobnimi stupni a zpétné kontroly
kvality

Kvalita plosnych textilii (vystup — plosna textilic) je ovlivnén nestejnomérnosti délkovveh
textilii (vstupni matenal vlakna, prize) avlivy, které¢ zpusobuje samotna technologie
(predeni, tkani. pleteni, netkané textilie apod.). K posouzeni kvality plosné textilie se puu_".n\]
subjektivni metoda - vizualni posouzeni vzhledu plosnc textilie na inspekénim ramu

K méfeni hmotné nestejnomérnosti délkovych textilii se pouziva aparatura Uster Tester nebo
Zweigle. Moderni verze téchto pristroju (Uster Tester 1V SX) umoznuji pocitacovou
simulaci vzhledu textilie na zaklad¢ zmeérené nestejnomérnostt prize. Pro hodnoceni
nasimulovaného vzhledu se rovnéz pouziva vizualni posouzent simulovane plosne textilie
Nevyhodou simulace je, Ze nezahrnuje vliv strojniho zafizeni a zmeny zpusobene viivem
l;limatick)}'cl'l podminek prostredi. |

K hodnoceni vzhledu plosnych textilii se vyuziva obrazového analyzatoru. Vo soucasne dobe
existuje nékolik laboratornich obrazovych analyzatort 1 n¢kolik prumyslovyeh aphkaci

Nevyhody:
e zafizeni SOt konstruovana Pro urcity typ vioblkou
e zafizeni jsou konstruovana pouze pro jeden krok technologickeho postupu

® zafizeni jsou urcena pro konkretni technologn




e mala variabilita,
e lze vyuzit pouze moznosti zarizeni,
e nelze zasahovat do systemu,

e cena zatizeni piilis vysoka.

Vzhledem k objektivnosti daného principu méfeni je nezbytné se obrazovou analyzou
zabyvat. Diky projektu INCO-Copernicus [54,55] se ziskaly prostiedky na feSeni. Cil projektu
se shodoval se zamérem védecko-vyzkumné ¢innosti - navrhnout a realizovat univerzalni
systém pro on-line snimani a vyhodnoceni obrazu textilie bez ztraty informace a jeho vyuziti
v co nejSirSi prumyslove oblasti.

ReSeni Ize rozdélit do nasledujicich bodu — etap:

Navrh a realizace systému pro digitalni zpracovani obrazove informace (HW)
Vytvoreni metod pro analyzu obrazoveé informace (SW).

Oveéreni zivotaschopnostt HW a SW v prumyslu.

VytyCeni problému, které modularni systém a metody zpracovani umoznuji a
vyhledové je fesit.

Prvni etapa feSeni (1996-1999) se tykala koncepce specializovan¢ho pracovisté digitalniho
zpracovani obrazu a videosignalu. V letech 1997 — 1998 byla provedena reSerSe zafizeni a
&l b

metod obrazové analyzy. Uskutecnil se pruzkum dostupnych zarizeni natrhu CR
1 zahrani¢nim. Kontaktovala se vybrana pracovisté obrazove analyzy v CR a zahranici.

Soucasti zadani byl vhodny vybér datového a zaznamového formatu digitalniho obrazu a
videosignalu. Navrh vybéru vhodného pristrojového HW vybaveni respektoval trend
technického vyvoje vypocetni techniky, oblasti digitalni televizni techniky. digitalniho
zpracovani obrazu a videosignalu s ohledem na perspektivni zaznamove formaty a jejich
zpracovani. |

Ve druhé etapé reSeni (1999-2000) se realizovalo pracovisté pro zpracovani digitalniho
obrazu a videosignalu. Realizace spocivala v sestaveni a konfiguraci vybranvch pristrojovych
HW prostredka, zajisténi  kompatibility stavajicich zdroja  digitdlniho 1 analogového
videosignalu, zejména se systémem LUCIA. Vysledkem je prenosny modularni systém. ktery
jsem nazvala pracovnim nazvem ,NOVISCAM®, podle projektu v ramei kterého byl
vytvoren. |

. . o _ .
Treti etapa se tykala vyvoje viastnich softwaru, tedy metod vvhodnocovani obrazu. Byl
vytvoreny celkem 3 metody — 3 software.

Ve étvrté etapé reSeni (2000-2002) bylo realizované zafizeni oveéreno jednak v laboratoii
katedry netkanych textilii na vyrob¢ pavuciny, nakatediec mechanickveh  technolooii
na vyrobé tkaniny. Dale bylo oveéreno piimo v prumyslu a to u vyvrobee vpichovanveh textilis
Mitop s.r.o., vyrobce tkanin Elmertex as., vyrobee sklenényeh rohozi Keraunion as
na vyrob¢ papiru Amersil — Filpap s.r.o. Tim se podarilo zajistit data k analvze obrazu

Pata etapa sc tyka reseni konkrétnich uloh biaxialnt deformace tkanmm a pletenin
nestejnomernosti plosnych textilii. Konkretni ulohy jsou reseny v diplomovyeh a doktorskyveh
pracich.



REALIZOVANY MODULARNI SYSTEM

Zakladem modularniho systému je pocitacovy HW a SW pro zpracovani videa puvodné
vytvofen pro piepis pocitacovych animaci a pro stiith videa. UmozZnuje zpracovavat cely
zdznam i kazdy snimek zaznamu zvlast, coz umoznuje analyzu snimka i celého zaznamu.
Vyhodou je, ze umoznuje zaznam nekomprimovaného videa v pIné kvalité (tj. coz je lepsi nez
Digital BETACAM Standard). Jako hardware pro digitalni zaznam videa na disk byla pouzita
karta Reality od firmy DPS. Jako ovladaci software byl pouzit program Velocity rovnéz od
firmy DPS.

Modularni systém je navrzen jako mobilni a otevieny, tzn., Ze systém je snadno premistitelny
a ze lze navrhnout, vkladat a odzkousSet libovolné dalsi metody analyzy k vyhodnocovani
jednotlivych snimku i celych sekvenci. Modularni systém umoznuje uzivateli zaznamenavat
prubéh kontinualnich vyrobnich procest v realném case a vyrobni proces analyzovat

Realizovany modularni systém je schématicky znazornén naobr.5. Je vytvofen ze dvou
snimacich prvku: digitalniho Camcoderu Sony DSR-200P a videokamery JVC KY-F55BI

Vlastni méfici systém tvori pocitac s procesorem Pentium Il a rychlym SCSI diskem.
pracujicim pod operac¢nim systémem Microsoft Windows NT 4.0. Méfici systém je vestaven
do 19" primyslové skiin¢ a je doplnén monitorem TFT pro snadnou manipulaci a pouziti
v prumyslovych provozech. Systém je navrzen pro snimani a vyhodnocovani v realném case.
Mefici karta dpsReality je vybavena kompozitnim, Y/C a komponentnim vystupem bez
komprese vstupniho signalu, s odezvou framebufferu vyrovnavaci paméti jednothvych
snimk 40 ms. DV-rekorder DSR-20P slouzi k ulozeni zaznamu sniman¢ho obrazu.

Soucasti mériciho systému je dale pocita¢ na vyhodnocovani obrazového zaznamu a analyzu
dat, spektrofotometr X-Rite SP62 pro kontrolu barev a kalibraci, tiskarna. vypalovaci zarizeni
pro pienos a zalohovani dat, pripojeni k internetu pro prenos dat mezi vyrobnim podnikem a
pracovistém TU, osvétleni a doplnkové zatizeni jako jsou stativy a nosniky. Vzajemne vazby
mezi prvky v systému jsou znazornén¢ na nasledujicim obrazku:
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Obr. 5 Schéma realizovancho modularmiho systému



METODY ZPRACOVANI

NavrZzeny systém ma umoznit on-line i off-line analyzu jednotlivych snimki i celych
sekvenci. V systemu on-line, 1ze sledovat vyvoj zmén v prabéhu technologického procesu.
&V systému off-line umoznuje provadét analyzu jednotlivych nahodné zvolenych snimki

& analyzu nehomogenit mezi zvolenymi buiikami (boxy) i mezi jednotlivymi snimky.

y

& Pro splnéni tohoto pozadavku byly vytvoreny vlastni programy a to pro:

e Statistickou analyzu.

e Analyzu barevnosti trichromatickymi ¢initeli barevnych prostorit CIE XYZ. CIE xyY.
EIE 1 *a*b*, a

e Analyzu nastroji fraktalové geometrie.

& K tvorbé programui se vyuzil software Microsoft Visual Studio 6.0 Enterprise Edition (Visual
P Basic, Visual C++, Visual FoxPro). software Benoit pro urceni fraktalové dimenze atp.). Byly
b vytvoreny celkem 2 software pro on-line kontrolu. Vlastni software umoznuje provadeét
P analyzu celych sekvenci i analyzu jednotlivych snimkd.

b Vysledky jsou publikovany v mezinarodnich ¢asopisech [5 (PFiloha F),6 (PFiloha G),7.8.9] a
ve sbornicich zahrani¢nich konferenci [21 (PFiloha E).22.23.24.25 (Priloha D).26-29.35-42]

Statisticka analyza v redlném case

Pro statistickou analyzu byl vytvofen vlastni software. ktery umoznuje jak analyzu celych
sekvenci (dynamické zpracovani), tak i analyzu zvolen¢ho snimku (statické zpracovani)
Snimanou textilii  muzeme vyhodnocovat vredlném cCase (pfimo na vyrobnim stroji
dynamické zpracovani) a rovnéz vyhodnocovat jednotlivé snimky realne textilie (staticke
BZpracovani). V zobrazovaci lité programu  si muzeme zvolit pozadované zpracovani
(,,Nahled" umoziuje prohlizet snimanou textilie, ,.Za b¢hu* umoznuje dynamické
PZpracovani, ,,Snimek — statick¢ zpracovani snimku).

MDaldi dvé metody zpracovani dat jsou predmétem zahrani¢nich publikaci. Tykaji se dvou
bsoftwart ,,Videokolorimetr™ a ,,Box Dimenze™- nastroje fraktalni analyzy.

Analyza barevnosti

¥Pfi analyze obrazu se doporucuje vychazet jak z jasu, tak 1 z barvy. Teprve barvou je mozné
urdit pivod vzhledové nestejnomérmosti. 7 tohoto divodu jsme navrhli  software
L Videokolorimetr*. Podstatou videokolorimetru je rozklad RGB signalu do trichromatickyeh
8loZzek CIE barevncho prostoru (XY7Z, xyY, Lab), které¢ se zobrazuji ve zvoleném intervalu
W pribéhu snimani realnd textilic Vyvinuty software ,videokolorimetr* reaguje na soucasne
frendy obrazové analyzy, které potvrzuji nezbytnost vyhodnocovani jasu a barvy

Analyza nastroji fraktialove geometrice
Program ,,Box Dimenze” zohlednuje tvarové nchomogenity ploSnych utvaru. Princip spociva
Pnavoleni buiitky (boxu) — jeji velikosti a umisténi. Sledujeme prabeh Sedi v case (Casovou
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Obr.6 Priklad pruhdm casovych ld predmétem analyzy je vlakenna vrstva-pavucina

Ziskame casovou radu zmén stupné Sedi. Kvalita ¢i nekvalita souvisi s plynulosti prabéhu
¢asové fady (obr. 6). Zobrazeni vypovida o kvalité pavuciny jako produktu mykaciho stroje.

B Experiment byl provadén na vlakenné vrstvé — pavuciné - vyrabén¢ na laboratornim mykacim
stroji katedry netkanych textilii TU.

S Zavér

Obsahem prace jsou puvodni metody k reseni vztahte v systému <textilni viakno — strojni

Zafizeni — textilic>. Ziskané vysledky dokumentuji, ze vytvorené, zde uvedené postupy 1z¢

pouzit pro feseni vztahu systému Jednothive postupy Ize po urcit¢ modifikaci pouzit pro rizne

technologie.

Ze ziskanych vysledki Ize ucinit tyto zavery

1. Akustickdi metoda se prokazala jako jednoducha o dostateéna Kk posouzent viivu
nd Vpll'}lll‘,.li i silu pro stanovent ”|‘1|“|-|||||“'1 pociu vpig hu pPro po adovany viakenny

material, pro stanoveni dalsich parametru, jak je uvedeno naobr 1, str 120 Metoda



byla pozdé¢ji aplikovana na Sici proces. | zde se prokazalo opodstatnéni metody pro
svou jednoduchost a vypovidajici schopnost.

2. Vlastnosti matertalu z akustick¢ho hlediska jsou dany rovnovdhou mezi akustickou
energii od struktury odrazené. ve strukture preménéné a strukturou proslé a energii
na strukturu dopadajici. Tyto vlastnosti se charakterizuji dvémi velicinami:

a. vzduchovou nepruzvucnosti. a
b. vzduchovou pohltivosti

Tyto vlastnosti jsou fyzikalné svazany vyse popsanou energetickou rovnovahou, avsak
prakticky je velice obtizné tuto zavislost jednoznacné vyjadrit funkénim vztahem.
Jednou z pricin jsou rozdilné pozadavky na dosazeni jednotlivych vlastnosti

v maximalni mife.

Jestlize nepruzvucnost je dana predevsim vysokou hustotou a homogenitou materialu.
je naopak pohltivost urcena hlavné velikosti sménné plochy (dané poréznosti
materialu) a mechanickymi vlastnostmi vlaken struktury. Z toho je ziejmé, ze vysoce
pohltivé materialy nejsou vhodné jako nepruzvucné a naopak. Navzdory tomu by bylo
ucelné vztah mezi pohltivosti a neprazvucnosti urcitého protihlukového materialu
alespon priblizné nalézt, predevsim z divodu pomérné slozitych a nakladnych
metodik méfeni a vyhodnocovani obou vlastnosti.

3. Dosavadni vyzkum potvrdil ucelnost digitalni platformy k feSeni vztahu v systému
<surovina (vstup) — strojni zafizeni — vyrobek (vystup)>. Vysledkem je zcela ptvodni
postaveny mobilni moduldarni systém, ktery se nazyva [ NOVISCAM®" (Novel
visualisation System for Control and Monitoring), [54] dle projektu v ramci kterého
byl vyvinut. Bylo ovéfeno, ze modularni systém je mozné umistit v kterémkoli kroku
vyrobni technologie a zkoumat vzajemné vztahy v systému <surovina (vstup) — strojni
zarfizeni vyrobek (vystup)>. Reseni je odpovédi nasoucasny trend digitalniho
zpracovani obrazové informace. Modularni systém umoznuje:

- sledovat a analyzovat strukturu v prub¢hu deformace.

- sledovat a analyzovat kvalitu v jednothivych krocich technologického
postupu,

- sledovat a analyzovat rozmérové zmeény v prub¢hu technologického
procesu,

- sledovat a analyzovat chyby a kvalitu ploSnych textilii, atp

Potvrdilo se, 7ze vyvinuty modularni systém NOVISCAM umozni zkoumat textilni
vlakna (surovinu), technologicky proces (vliv strojniho zatizeni). plosnou textilii
(vyrobek) v jejich jednotlivostech i ve vzajemnych vztazich. Vyhodou je, 7¢ jej lz¢
aplikovat 1 mimo texttlni obor, je tedy uniy crzalnim resenim

Novost resenti
Jedna se o univerzalni mobilni moduldrni meriei system. Je sestaven tak, aby mohl sledoy at
on-line (v realném case) odchylky od nastavenych hodnot pit vyrobe polotovaru nebo
wyrobkii, vyhodnocovat je a pripadne aktivne zasahovat do vyrobniho procesu a Korgovat ey



Jeho uplatneéni se predpoklada zejména tam, kde je potieba dlouhodobé sledovat vyrobni
kontinuitu a kvalitu, vyhledavat piipadné ndhodné chyby. periodicky se opakujici chyby a
jakékoli abnormality. Na zikladé statistickych analyz 1ze odhalit i interferencni chyby a vcas
na né upozornit nebo jinak na né reagovat. Specidlni karta dpsReality zpracovava data
nezavisle, pocitaC pouziva pouze jako hostitelské prostiedi. Systém lze pruzné prizpusobit do
ruznych dalSich specifickych provozi. Tento modularni systém je podkladem pro navrh
systému podle pozadavku uzivatele.

Zakladem celého systému je staticka, dalkové fizena televizni kamera, prevodnik a
zple_lcovévaci a vyhodnocovaci modul. Na pfani lze systém rozsiiit o korekéni modul.
piipadné o interface, pro komunikaci s vyrobnim zafizenim. Systém lze rovnéz modularné
rozsifit na snimaci strané na zakladé pozadavki uzivatele na presnost, rozliseni, rychlost
- wyrobniho procesu. Sitky zabéru a podobné.

Analyza vstupnich dat je na obou slozkach signalu (barevné i jasové) provadéna v nékolika
fazich a to jak prostym porovnavanim od stanovenych hodnot, tak i statickymi vypocty a
systémovou analyzou.

Vystup systému je opét modularni. Muze jim byt pouze pasivni vystup ve formé textovych Ci
grafickych dat na monitoru, nebo rozsifen o moznost protokolarnitho vystupu v tisténé ci
elektronické podobé podle potieby. Systém [ze opatiit interfacem pro komunikaci s vyrobnim
zafizenim a s jeho pomoci aktivné zasahovat do vyrobniho procesu.

Pouziti nastroju fraktalni geometrie pro analyzu obrazu je zcela puvodni. Ostatni systémy jsou
ZzaloZené na urceni topografické mapy optické hustoty (logaritmus stupné Sedi) a analyze
welikosti specifikovanych vad. Systémy bézné pouzivaji cernobilé kamery.

Vyznam navrzenc¢ho systému lze spatiovat v obecném feSeni vztahu v zobrazovani a
sWwyhodnocovani pfimo na vyrobnim stroji, v moznosti nalezeni pri¢in nesrovnalosti a navrhu
izlepseni pro danou aplikaci. Zpusob feSeni ma obecny védecky vyznam. Uplatnéni systému 1
izpusobu feSeni lze ocekavat nejen v dalSim vyzkumu ( v soucasné dob¢ je na nich postaveno
izadani 6 diplomovych praci a 2 doktorskych praci). ale i v jeho vyuziti v praxi. Védecko-
Wyzkumné poznatky jsou v souladu s vyvojem digitalniho zpracovani obrazu.

2.6 Podekovani

88 vdécnosti dékuji viem spoluautorum praci, které jsem prezentovala jako soucast habilitacni
Prace i tém, ktefi mne podpofili a vyslovili mi duvéru v ramet resent. Cestné prohlasuji, 7e ve
viech piipadech byl muj podil na priprave, realizaci a interpretact vysledka vetsi nebo stejny

Jako vsech spoluautoru.
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xtilmaschinen verursachen nach au
unterschiedlichen Larm. Es ist mog
4, ihn durch geeignete Aufstellung der
schinen und durch die Beeinflussung
s technologischen Prozesses
indern. Bei den Vernadelungsn
in kommt es beim Einstich zur
hung der Verfestigungsnadeln, in
aen Einstichkrafte entstehen. Darum
irden die Einstichkrafte gemessen [1
5 4].

greh Eingriff ins technologische Ver
ren, d. h. durch die richtige Wah! der
flestigungsnadeln, passend zum Fa
vlies, und durch geeignete Nadel
BS AViVagen ist es moglich, die Re
ig Faser-Faser oder Faser-Nadel zu
indern und damit die Beanspru
der Verfestigungsnadeln zu ver
n, die Produktivitat zu erhohen
i Festigkeit des Nadelvliesstoffes zu
pessern, die Beschadigung der Fa
il zu vermindern sowie den Charakte
1Oberflache des Nadelvliesstoffes zu
pessern.

Bbeim Einstich entstehenden Krafte
jden in die Konstruktion der Maschine
firagen und damit erhohen sich die
wingungen und der Larm der Ma
inen [5]. Wenn die Vernadelungsma
fen nicht mit einer Einrichtung zur
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jas Ziel der Untersuchung ist es, den EinfluB von Avivagen und ihrer Konzentration
auf die GroBe der Einstichkrafte bei Nadelfilzmaschinen zu ermitteln. In der ersten
ppe wurden Larmemission und Schwingung des Rahmens in der Nahe der Na
l2zone gemessen. Die Hohe des Schall- und des Schwingungspegels ist proportio
zur Hohe der Einstichkrafte. Als MeBsystem wurde ein Zweikanalsignalanalysa
or Briiel & Kjaer Typ 3144 benutzt. Ein Kriterium fir die Bewertung der E"II‘:(U'?SV.’I:"[Er||
ladelvlies-Avivagen sind Schall- und Schwingungsmessungen. Diese sind einfach
nd schnell zu realisieren. Die MeBergebnisse dienen vor allem fiir den Vergleich
fitder Einstichkraft, die an den einzelnen Nadeln direkt gemessen wird

Messung der Einstichkrafte ausgeriistet
werden, empfiehlt sich die einfache und
schnelle Beurteilung der GroBe der Ein
stichkrafte durch die Messung
Schall und Schwingung, die den Einstich
begleiten

Die Differenz Schall
Schwingung der Maschine beim Einstich
und beim
Schall oder beim
Durchgang der Verfestigungsnadeln be

VOon

oder

Zwischen

Leerlauf ist die GroBe von

Schwingungen, die
wirkt werden. Zu dieser akustischen Me
thode haben uns die Hersteller der Fil
ter- und Geotextilien angeregt. Sie for
1 uns auf, den Eintlud der Konzen
Avivage auf den Einstich zu

derter
tration der

ermitteln

1. MeBmethode

Mikrofon und ¢

wurden sa nahe wie moglich in einer vor

Schwingungsaufnehmer

her erprobten Lage zur Lochplatte ange
bracht. Dieser MeBpunkt war eine Kom
promiBlosung fur ein genugend starkes
L

sianal und die richtige Aufnahmerbefe
stigung und blieb wahrend der Messung
Mikrofon

1l 20 mm von dem Nadelbrett links

unverandert. Das wurde hori

Richtung der Vliesbewegung ange
bracht

vurde auf den

Der Schwingungsaufnahmer

lahmen der Laborma

Schall- und Schwingungsmessung zur
Beurteilung des Einstichprozesses bei
Nadelfilzmaschinen

Eliska Chrpova, CSc., Ing. Pavel Nemecek, Liberec, Tschechische Republik

schine, nicht weit von der unteren Loch

platte angebracht (Bild 1)

Bild 1 Anbringung der MeBaufnehmer
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L Zusammenfassung der MeBmethode

1. Messung des Hochfrequenzspek
frums des Larms und der Schwingungen
der Labormaschine beim Leerlauf
® Fortschreitende Auftragung der ver
schiedenen Avivagekonzentrationen auf
jie Vliesprobe und gleichzeitige Mes-
gung des Larm- und des Schwingungs
spektrums.
ie Differenz der Pegel im Spektrum
wird mit Formel 1 ermittelt
L. (0B (1)
: WaFlI der optimalen Avivagekonzen
ion wird nach dem resultierenden
Spektrum ermittelt.

. Experimenteller Teil

s Beispiel fir die Anwendung dieser
fleBmethode wurde eine Kombination
Material und Avivage mit deutlicher
bhangigkeit vom abstrahlenden Larm
pdder Schwingungausgewahlt(s. Tab.)
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3. Ergebnisse und Diskussion

Die angewendele Schall- und Schwin
gungsmefBmethode beim Nadeleinstich
ist effekliv und schnell. Mit diesem Ver
fahren ist es moglich, den EinfluB des zu
verarbeitenden Materials, die Wahl dei
Nadeln, Masse des Vlieses, Oberfla
chenappretur der Faser, Farben usw. zu
testen. Diese Methode kann daruber in
formieren, ob der richtige Typ und die
geeignete Feinheit der Nadeln gewahlt
wurde, die Nadeln zu abgenitzt sind und
die Verfestigung der Fasern richtig ist
Aus den MeBergebnissen ist ersichtlich,
daB die geprufte Avivage die Einstich
kraft proportional zur Konzentration be-
einfluft. Mit der Applikation von Avivage
mit der Bettmischung wird die Verarbei
tung auf der Krempel besser und damit
die GleichméaBigkeit des Vlieses [6]

Die Anderung der Konzentration von
0 % auf 25 % beeinfluBt den Larm von 3
bis 5 dB (Bilder 2 und
4) und die Schwin
gung bis 7 dB (Bilder
3 und 5)

Die  Senkung der
Schall- und Schwin
gungspegel im Ver
'h BEhme gleich mit dem Vlies
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Bild 3 Mefergebnisse - Schwingung

Bild 4 MeRergebnisse fur die Bettmischung -
Larm

Bild 5 MeBergebnisse fur die Bettmischung
Schwingung
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THE ADVANTAGE OF THE ACOUSTIC METHOD FOR OPTIMISING NEEDLE
PUNCHING PROCESS

E. CHRPOVA, P. NEMECEK _
Technical University of Liberec, Liberec, Czech Republic

Abstract _
This is a paper on the joint project between the Textile and
Mechanical Faculties. The object of the work is to develop a
method for optimising the needle punching process. The
knowledge, that the needling process is accompanied by nolse
radiation can lead to a method of optimisation.

In this paper we attempt to clarify how changes 1in the
needle punching process cause corresponding changes 1in the
acoustic energy transmitted to the working environment. Thus

our recommended method of optimisation - the acoustic method.
The necessary measurements are made with a Briel & Kjzrs
Dual-Channel Frequency Analyser Type 2144. Selected

measurements are provided as means of documentation.
1 Introduction

Needle punching is an important and a widely spread technique
for producing floor coverings, blankets, paddings, synthetic
leather, filtration felts, geotextiles and so on. The needle
punching machine works principlelly by the stroking motion of
a needle board. The machines are built with working widths
from 0.5 up to 16 m with from 1,000 up to 26,000 needles per
1m of working width. The main functional element 1is obviously
the needle, which creates the structure and required
properties of a fabric. The properties of these needled
fabrics are affected by a number of factors during production.
The effects of these factors have been studied theroetically
many times'’.

A Czech enterprise using the punching process on a machine
with a 9 m working width was having particular problems with
vibration and noise. The situation was such that noise carried
through the air and vibrations through the so0il caused
considerable problems in the neighbouring residential area.
The initial, and unsuccesful, solution was to 1lay better
foundations and place the machine on a vibration absorbing
mat. At this time somebody reccomended using lubrication. The
producer asked the nonwovens department for help in this.

To aid in our initial investigation of their problem, we used
acoustic measurements and in this way developed our acoustic
method of describing the forces involved 1in the needle
punching process.

In order to clarif y and analyse the background of the who le
needling procedure, 1t 1s necessary to know the loading weight
of the individual needles, which are positioned in various

sections of the needle board and the sum of reaction of this
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multitude of penetrating needles transmitted into the needle
punching machine.

This paper, it is hoped, will enable producers of needle
punched nonwovens to improve the needling process, as the
forces acting upon the needles affect not only the quality of
the needled fabric, but also needle life, machine life and
ponsumption of electricity. In addition to this, a knowledge
pf penetration force and its effect on a machine helps to
greate a suitable working environment and eliminate unsafe
spractice and processes.

. This present paper provides general information about the
currently used methods of evaluating needling force, then
describes the acoustic method and the benefits of this new
ethod and finally introduces some selected measurements.

Measurements of noise and vibration for optimizing needle
punching process

The needles of the machine are punched in a web of material
create the required structure of needled felt. This
junching force places the needles under a compressive force
yjhich is transmitted into the framework of the needle machine.
'he intensity of the forces acting upon the needles depends
dn the type of a needle, type of fibres, weight of a web,
gepth of needle penetration and needling density, as well as
)n the working width, number of needles , their distribution
ind the condition of the machine. Intensity of the penetration
orce also depends on the working environment the needled
labrics are produced in.

* In order to clarify and analyse the background of the whole
)éedling process, it is necessary to know the size of this
leedling force.

1 The measurements of needling force

here are several different approaches to the measurement of
leedling force.

The theoretical approach studies the elastic stable
guilibrium of the bars (rods) with constant cross- section
nder the effect of the compressive forces or studies variable
- section. These formulae are based on the energy

The direct method of measurement comes up against the
roblems of locating the sensor or deformation force detector
its effect on the measured values. In this case the force
measured at one definite poilint on the needle board and
pesn't describe the distribution of forces in the whole
urface of the needle board and the placement of the needle
@nsing unit without theoretical foundation.

Y The indirect method is based on measurement of an auxiliary
pdel of the functional part of the needle machine, which is
nted on dynamometer. The curve of force is recorded. The
Bliltant force is a fraction of the net force and number of
dles in the model. Inaccuracy of this method comes from the
et that the measurement is based on simulated reality.
Further method is based on measurement of the energy input
the needle machine by expression of total input of the
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machine including all individual items. Changes in the real
input however may not always reflect changes in the
penetration force. This method requires no special equipment.
None of these methods provide results for a prompt solution
in real production. Due to the lack of such a method we
recommend the acoustic one.

2.2 The recommended acoustic method

The acoustic method is based on the knowledge that reaction
power is transmitted into the frame of the needle punching
machine. Therefore the whole process is simultaneously
accompanied by radiation of noise especially from the needle
board. Any change in penetration force immediately results in
a change of vibration of the needle loom and a change in the
emission of acoustic energy into the working environment. We
assume that optimal conditions, that is correct choice of
needle with regard to the fibre material, suitable fibre
finish, needling density, depth of penetration and so on, will
be accompanied by minimum vibration and emitted acoustic
enerqgy.

The initial information on the acoustic energy emmited from
the machine is gathered by means of the sound intensity
technique which measures the flow of acoustic energy over a
network of points adjacent to the machine®’. With these
measurements we can determine the optimum location for the
microphone with which to scan the sound pressure level, which
is emitted by the needling process. The intensity of measured
sound is provided over a very wide frequency range.

The characteristics of the source appear in a range above
2kHz whilst in the lowest frequency range acoustic properties
of the mechanical parts of the machine are present. It should
of course be obvious that the optimal position of the
microphone and vibration sensor is in close proximity to the
working parts of the needle machine.

2.2.1 General procedure of measurement

1. Locating the sensor unit into optimal positions.

2. Measurements of the noise and vibration of machine
no-load operation.

3. Measurement of the noise and vibration in various points
of investigated dependance.

4. Determination of differences in measurements from the
basic measurements made in part 2.

5. Plotting the relation from deal out point.

6. Finding the optimal state from the plotted curve.

2.2.2 The advantages of the acoustic method
1. Speed and simplicity.
2. No disturbance of the working cycle-run.
3. Sufficient accuracy of measuremennt.
4. Contactless measurement.
5. The possibility of measurement on any needle punching
machine in good technical condition.
One possible disadvantage could be the basic requsite

apparatus, the noise and vibration frequency analyser.



2.3 Application of the acoustic method

Phe method was first used to give a guick decision as to
ether to recommend using lubrication to reduce the forces
ing upon the needles and in which concentration such
jubrication should be used. This 'study was carried with a
ylend of polypropylene fibres. The web weights being 160 gsm.
' series of fabrics were produced with a constant 13mm depth
f needle penetration and total needling density of 160 needle
ches per sg.cm. The lubrication was applied both as
dwich blending and by spraying the surface immediately
ore the needling process. The results of measurements of
noise and vibration are shown in figs. 1 and 2.
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In needled felt, the strength is one of the most important
Joperties, because it is an indicator of the entanglement and
N tell us how much the fibres are damaged. The fabrics were
ted using appropriate standards®. Tensile strength was
Oosen as the main test, carried out transverse to the
Ichining direction as shown in fig. 3. The bursting strength
 shown in fig. 4. The results for spraying are shown as an
ample.

Further application of this method may be measurement of
@ relationship between the fibre in the web and needling
The results are shown 1in figs. 5 and 6. The

bre with cross laid webs of constant mass per unit area.
dle punched fabrics were produced with a 15x18x40 RBx3"
dle. A series of fabrics were produced with constant depth
‘needle penetration (l1lmm) and various needling Qensities
Pm 1 pass (43) up to 5 passes, i.e. with prenedling of up
approximately 260 needle punches on cm.

Results and discussion

difference between the level of noise and the vibration
$he needle loom with and without the fibre material 1is a

e dependant on the fibre material. The curves in figs. 1
2 sghow the effect of different concentrations of
Fication on the level of noise and vibrat ion. Both of these

Wracteristics fall with higher concentrations of

"
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lubrication: This reduction however can have an adverse affect
on the tensile and bursting strength of the fabric with both
methods of lubricant application, as seen in fig.3 and 4.
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The quality of the needle felt is ranked lower when using
lubrication, but the hypothesis was ratified. The lubrication
has effect but it isnt acceptable, because the properties of
the needled felt are worse.

In the further example we investigated the relationship
between needling density and fibres in the web. The curve in
fig.5 shows that the vibration rises in correspondance to
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Fig.6 Tensile strength vs.

Fig.S5 Vibration vs. passes passes through loom

through loom

needling density, but with the highest densities it can be
seen that this dependance no longer exists in linear terms.

This is due to the fact that there exists a maximum of
needling density for each fibre matgria] above which the
fibres of the web become damaged. This is because the strength
of the individual fibres is lower than frictional force
between the fibre caught by the needle and the other fibers
of the web.

The strength of the needled felt has the same curve as that

f 6. This also serves to ratify the

of vibration, .i‘].
hypothesis.



The acousticlmethpd has sufficient accuracy and the values of
noise and vibration gained from it can tell us quickly and
simply what is happening in the needling process.

4 Conclusions

In this paper selected examples from our project have been
shown. Tpese examples ratify our hypothesis. All our results
were validated by repeating the measurements many times. Thus
we can state that the vibration and sound pressure level are
egnivalent to the needling force. This new acoustic method
gives us a better approach to examination the needling process
which is suitable for application both in the laboratory and
in the production hall.

Qur rgcommended method is only at its beginning, but more
information can be expected with further investigation of the

needling process. The used such analysis having a much wider
scope of applications.
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OPTIMISATION OF THE SEWING PROCESS

E.Chrpova
Technical University of Liberec, Czech Republic

ABSTRACT

The technology of clothing production is almost entirely based on
sewing making it one of the important manufacturing processes. The
productivity of the sewing process depends to a large extend on the
frequency of the thread breakage. The paper describes an
investigation into the reasons for the thread breakage on the basis of
analysis of the sewing mechanism and the assessment of the sewing
forces. The described analysis shows that monitoring of vibration
during the process can provide valuable information and can lead to
improvements of the process.

INTRODUCTION

Sewing is one of the oldest manufacturing processes. Finds of needles
several thousands of years old made of animal bones clearly
demonstrate this fact. For a long time sewing was an entirely manual
process. In 1830 a French tailor Barthelemy Thimmonier made the
first practical sewing machine and in 1848 he sold the patent of the
machine to a Manchester company. This machine made chain
stitches-a series of interlocking loops made of one thread. In 1833 an
American inventor Walter Hunt designed a machine which produced
a lock stitch from two threads. This was an ancestor of the treadle
machine designed by another American, Isaac Merrit Singer in 1851,
Singer’s machine was a runaway success |1].

The present machines employ the same principle but are driven by
electric motors and are much faster. In sewing as in any other present

day manufacturing process the emphasis 1s  on quality and
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productivity. The quality of the sewing process depends on the
selection of the thread and needle and on setting of the machine.
Sewing thread is one of the most important parts of the product
because it affects to a large extend the quality of stitches and
therefore the practical and aesthetic value of clothing.

The productivity is dependent on the machine speed. The present
aptonuniu machines are running at speeds of over 5000 RPM, almost
90 stitches per second. The productivity also depends on the
frequency of breakages of the sewing thread; every breakage
introduces a delay in the process. Sewability, the parameter
characterising this phenomenon, is usually defined as average time
between two successive breaks but it can be also expressed as a
number of failures in a certain time interval or a number of thread
breakages per certain length of thread. '

There are various well specified tests for the assessment of
sewability. They all specify the test conditions (sewn material, brake
setting, speed) and evaluate either the time between failures (about 20
failures to provide reliable statistical sample) or a number of failures
per 100m of thread.

Militky and Kovacic [2] investigated statistical evaluation of the test
data and identified a problem of representing the typical test results
by a suitable distribution-probability density function (pdf). Fig.1,

based on their results,

100 shows the same test
90 data represented Dby
listributions:
= three distributi
kernel, normal
70 4
(gaussian) and
60 Gumbell. The

parameters of the
functions  (integrated
pdf) were based on a

_Normal

Failure [9%]
o
o

30 . ;
least squares fit of the
Y , test data. The authors
10 5 concluded  that  the
0 Camam e Gumbell  distribution
0 200 400 600 800 1000 represents the test data
[ime between failures [s] best. The figure also
Fig.1. Time hetween thread failures shows —a  significant
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variation of the test data. According to the figure in 50% of cases the
thread breakage occurs in less than 260 s (4.3 minutes) while in 10%
of cases the time is less than 60 s (1 minute). In 10% of cases the
thread lasts more than 630 s (10.5 minutes). There is a considerable
random element in the thread failure interval.

The authors also investigated the thread failure of three different
threads. The results of these tests shows that differences are
significant and can be clearly identified. Three tested threads were as
follows:

thread 1 PES staple yarn strength 9.51 N
thread 2 PES staple yarn strength 9.18 N
thread 3 core yarn PES/cotton 70/30  strength 16.16 N

Probability density curves of sewability (Gumball distribution) for
these threads are shown in fig.2. The median of the distributions
which, according to the
authors, provide the
best parameter for
assessing sewability 1s
also quoted in the
figure.

It is interesting to
note that the thread of
lowest strength (thread
2) provides the longest
interval between

6 %10

Thread 3
median 68s

_ Thread 1

median 130s

P Thread 2

~ median 260s

breakages while the
strongest thread (3) had

Probability density function [%/s]

I} o -':1;5- E; ; )J c% 8 ) O O © O ©
a . el > m t (s ) [} [
the shortest. 1€ © 3 8 Qe e F g DO
breakage clearly occurs [nterval between failures [s]

when the force in the
thread exceeds the thread  Fig.2 Probability of failure

strength. The force de

pends on friction and both these factors show significant variation
during the sewing process. The frictional resistance results also in
significant heating of the needle so that there 1s also a temperature
effect. Before the effect of all these factors can be assessed the

mechanism of the sewing process must be analyzed in detail.
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MECHANISM OF THE SEWING PROCESS

At the beginning of each sewing stroke the needle approaches and
’il‘lL‘[l [.TL‘[IC[.IiIIL‘S the layers of the sewn fabric pulling the thread in.
['he situation i1s shown in fig.3a. There is a friction between the
thread being
pulled 1n (shown
on the left of the
needle) and the
fabrie. The
movement of the
thread 1s shown in
~dotted lines, the
forces in solid
lines. The thread
above the fabric is
loose because the

[ 'f tensioning  lever

: moves down faster
then the needle.
There is also

Fig.3. Needle penetration. friction along the
surface of the needle

tension

-- 1 Foy

—=

eye. The tension on the right side of the needle (side of the finished
stitches) is therefore F;, = Fy;. + Fg,.

The friction in the needle eye can be assumed to conform to the
theory of the belt like friction over a cylindrical segment (fig.3b).
The relationship of forces is governed by the formula quoted in the

figure. For angle 0 = 180° (PI) and coefficient of friction u = 0.2
the ratio of forces is 1.8. The tension force shown in fig.3a is
therefore I, .8 * I ... The frictional force probably increases

with needle penetration. This can be only determined experimentally.
It must be also noted that the radius in the needle eye 1s small and
introduces considerable bending stress in the thread. The temperature
of the needle tip can also reduce the thread strength.

During the stitch formation, threading of the looper thread through
the ”LW-“[. thread. the thread is loose and the tension 1s low. In the
second part of the stroke the needle and the thread are pulled up
through the fabric tightening the stitch. At the uppermost part of the
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stroke (fig.4) the stitch is tight but the
tensioning lever is still moving up. This r-f-*
movement  pulls  additional  thread \'_/
required for the next stitch through the
brake. The situation is similar to the
previous case. The tension in the thread
for the conditions quoted above as an
example can be calculated as F, = 1.8 *
Fg.. This is also the maximum force
which tightens the thread.

Tensioning
lever

N : a :

For the quantitative assessment of the \R Brake
forces an experimental investigation is :
required.

Needle
FORCES IN THE SEWING PROCESS A)
|
Matthews and Little [3] have . [ ' I I ;
instrumented a sewing machine for the S .“

measurement of forces. Transducers were
mounted directly on the presser bar and
the shaft of the needle bar which is Fig.4. Thread tensioning
of special interest. The data were

recorded on two

40 o C ]? annel
o2 oscilloscope and
30t top position transferred on a
E) 2 penetration PC. The inertia
=20} 3 ' positl - i
8 low position forces in the
K 4 withdrawal
2 10 ’_ A needle bar were
| dominant
eV J“_/Jﬁ‘_\fmﬂwﬂ However, they
were determined
-10T during a run
20 | without sewn
material and
S S IS T MRS VS B subtracted from
0 2 4 6 0 [0 J2
the recorded
[ime [ms] i
results. Typical
Fig.5. The sewing force (needle bar). example of such
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modified record is shown in fig.5. As can be seen in the figure the
forces during needle penetration were about 30 N ;mdr during
withdrawal about 25 N. The authors wanted to test their system willh
different materials so that this record corresponds to sewing of 2 ply
paper. The character of the record seems to indicate that the
transducer measured in fact the vibration in the needle bar excited by
the impact of needle penetration. The resistance during the
penetration is expected to be less varied during the stroke. L

The paper also describes tests involving sewing various types of
denim and gives values of maximum forces durif‘ag the pcnétralinn
and withdrawal as well as work required during a cycle. The results
for sewing five types of 2 ply denim were recalculated (SI units) and
are given below:

Max. penetration force {25 to 28.8 N
Max. withdrawal force -10.5 to 21.0 N

The author [4] provides information about the tension in the sewing
thread during a cycle. According to this information the tension in the
thread is the highest during needle penetration and reaches 1.5 N.
The tension during tightening of the stitch i1s lower reaching
approximately IN. The low levels of tension are surprising in view

of the thread

e

: — D g
7 Strength \ PDFE strength “N.
S~ ally above 6 N)

jean - _
— - j and the fact that
il there are

comparatively

frequent break-
mearn :

Force [N]

—~ ages 1n  the
thread. This can
/ be perhaps at

least partly

explained by

tine

1 - ] cycle

e~ additional

0 + :1 F i (b J\ stresses caused
s

by the thread

b 4 time to break
t”‘]“hl'l}" over a

Fig.6. Model of thread failure process small radius and
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by high needle temperatures of the needle in high speed sewing. It is
also clear that there are considerable random variations of the tension
and strength of the thread round their mean values. The thread is not
perfectly uniform and its strength varies along its length and 1is
therefore different in each cycle. This is shown in a hypothetical case
in fig.6. Also shown in the figure is the variation of tension round its
mean value. This is due to inherently variable value of friction but
the thread non-uniformity also plays a part.

When the tension is higher than the strength the thread breaks.
Variations of both these parameters can be expressed by probability
density functions (pdf). Interaction of these functions determines the
probability of thread breakage. This probability, expressed in
percentage terms, is very small. Mean time of breakage of 5 minutes
with sewing at 3000 RPM (50 Hz) corresponds to the probability of
thread failure in a stitch of 0.007 %.

In case of frequent thread failure there are measures to be taken
(reduction of friction by needle coating, thread selection, machine
adjustment). It must be possible to evaluate the effectiveness of these
measures by a simple means. Researching a problem with such a low
probability requires considerable amount of data and could be very
time consuming. An alternative to obtaining data by a special test is
process monitoring.

PROCESS MONITORING

Monitoring of production processes must be designed in such a way
that the productivity of the process is not reduced. Transducers on
moving parts usually results in reduction of reliability and are best
avoided. Monitored signals must be meaningtul and provide good
resolution and repeatability. Results are interpreted using the process
model or on the basis of experience.

In the described work a vibration measurement was chosen. It is
argued that the vibration is excited by the impact of the penetration
force and its magnitude should reflect the magnitude of the force.
Accelerometers are robust and reliable and small enough to be fitted
at a convenient location. In order to reduce the effect of vibration
from other forces (inertia forces of the needle bar, bearings etc) the
first 90° of rotation where needle penetration occurs was chosen as a
gate. The schematic diagram of the measuring arrangement is shown
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PHOTOELECTRIC PROBE in fig.7. As can be seen
in the figure the gating

was facilitated by a

— photoelectric probe. One
‘;mmmw I octave frequency ana-

lysis was then carried

|
' out and the frequency
i band showing the highest

B sensitivity (1.6kHz

| cramel A central frequency) was
Briel & Kjaer 2148 TRIGGER ‘
then selected to represent
the measurement.

Two tests were carried
out. The effect of carbon
coating of needles was
Fig.7. Measuring arrangement investigated in the first

test. The sewn material
was denim and leather. Carbon coated needles of several
specifications were used, untreated needle was used as a reference.
No thread was used

in this test. 12 4 : p—
The results on §10 - 4 Denim bt =
two layers of denim R PRI
g

are shown in figure

8a. The results
clearly show that .

the untreated needle untreated 41248 41128 41238
produces the lowest -
vibration and can _,I,‘-"_: | 771 b) Leather |
be therefore judged 20 {1 J‘ | |
to have the lowest | | 1] |
resistance against Wi '!
penetration. Sewing - | f;
of leather produced |
different  results § 1 ‘
.

which are shown in
ﬁg.?{h‘ On leather
the use of untreated
needle resulted 1

IMTREATED 41235 1118 11245 1128

Fio 8 Lffect of needle coating
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the highest vibration level The carbon coated needles produced
consistently lower vibration levels (the dotted area in the bar chart
indicates a scatter of results in repeated tests).

Investigation of the effect of different thread specification was
carried out In the second test. The sewn material was Domestic and
three different types of thread were used: Aeronit, Tebex and Belux.
Aeronit can be characterised as having structured surface with higher
roughness, Tebex has smoother surface of cotton fibres and Belux has
a ’hairy’surface resulting from short silk fibres in the outer layer.

The test results are shown in fig.9. As can be seen in the figure

there are signi-

12 /—m—————— —————————— ficant differences
m/s’ material: Domestic in sewing with
10 - [ossey these threads.
' R Sewing with
R Aeronit resulted in
the lowest
g6 1 vibration level and
sewing with Tebex
41 produced the
highest vibration.

2 e e :"_ ]
['he tests have
b - shown that the
AERONIT BELUX resolution, sensi-
tivity and repeati-
Fig 9. Effect of different threads bility achieved by

the method. To arrive at definite conclusions the results of monitoring
must be related to the results of quality inspection and to the results
of sewability, frequency of thread failure.

The monitoring system does not need an expensive spectrum
analyzer which was used in the investigation. While the flexibility
and universal character of the analyzer is invaluable during the tests
once the conditions and suitable parameters are specified (frequency
range, sensitivity, gain) much cheaper single purpose instrument can

be designed and built.
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CONCLUSIONS

['ime to thread failure is very important for sewing productivity.

¥ There is a large scatter in individual values of the time to thread
failure and statistical evaluation is necessary for reliable results.

*  The failure of threads depends on statistical variation of thread
strength and variation of sewing forces.

oY

It is rather difficult, especially in production environment, to
measure the forces directly but a monitoring of vibration can
provide a convenient indication of force levels.

* Results of vibration monitoring can be useful for early
optimisation: selection of the needle and thread and machine
setting. '
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1. Introduction

Our research work focuses on the development and application of the means for computer
image analysis of dynamic processes. The goal is to affect the quality of the products.

The work was tended to develop a suitable software toolbox, complete with hardware
equipment, measurements of production processes, and analyses of the measurements from a
weaving process, a carding process, a paper production process and others.

For monitoring and obtaining parameters of analysis, we use three software tools that were
developed in house named “Noviscam technique” - fractals, CIE colour space, and statistic
measures. There are two distinct requirements for the algorithms. Firstly, they must be flexible
enough to enable the best parameters for analysis to be selected and compared with others methods.
Secondly, they must be fast enough for on-line control. Data can be analysed using various
methods. The investigation considered new approach using fractal analysis (2,3,6) in comparison
with conventional statistical method.

For the analysis a data record from CCD camera was used. Shots were transmitted to a
computer as a data record and analysed. Images m a digital form are represented as matrix with
values of pixels, and on the images windows are designed. Average values of pixels in the windows

£ = . | ] R . .
are read from images. The values are saved, and create time series. These time series are analysed

by fractal analysis, CIE colour space and statistical analysis (4,5).
Our investigation confirmed that many production processes could use the same principles of

analysis in its processes. Our research shows the possibilities of application of three software tools
L in various textile processes. Our activity i this problem was supported by the project EU Inco-

Copernicus — Noviscam, Erbic 15CT960700.

2. Noviscam technique

The entire principle for the monitoring process, for the generation of the time series, for the
estimation of a fractal dimension of the series and for analysis of the fractal dimension we can
pames as: “NOVISCAM f{'l}llll(“ll"‘ I'he Iu'hlllt{llk' can be divided mmto “hardware” and
“software” solution

2.1 Hardware

The technology of the production process 1s scanned with a lngh-speed CCD camera, digital
CCD camcoder or CCD video camera. Shots are transmutted to a computer as a data record. Results
of the analysis are transmitted to a Control Electronmie Unit (CEU), T |
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.2 Software
The computer shows the data record as single images. The images in digital form are
esented as matrices with values of pixels, and windows are created over the images (Fig.2).
e windows are located in important positions of the production process. This means that only
e parts of the scanned production process are critical for production process (for quality of
cess, for obtaining a required product). Average values of pixels in the windows are read from
images. The values are saved, and these create a time series in time (signals). The fractal
ension from the time series can be estimated, for example, by using R/S analysis.
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Flglll’l? 2. Elaboration of time series from single mages and estimations ol the fractal
dimension — “software”



The "iso-gray set" can be generated by setting a suitable brightness threshold and making the time
at which the brightness of the set average crosses this threshold. The fractal dimension of the points
set, so generated, can be estimated using the Box Procedure or another procedure. It appears that
this fractal dimension from "iso-gray set" is more sensitive to change than the fractal dimension
from the whole time series (3). '

2.2.1 Rescaled Range Analysis

The Rescaled Range Analysis (R/S) represents the method for estimating fractal dimension
(2) of nature sclf-atfined fractals and uses the statistical tools. The Hurst exponent /7 is computed
in the analysis. The fractal dimension of the time series (signal) can then be calculated from the
relationship between the Hurst exponent H and the fractal dimension:

3 5
D, =2-H -

Where Dgs denotes the fractal dimension estimated from the Rescaled Range Analysis. The R/S
dimension has a value form 1 to 2, and the Hurst exponent has a value from 0 to 1. Fig.3 shows two
different time series (for better demonstration of the same data record, but different position of the
windows). The fractal dimension (Hurst exponent) depends on the character of the time series. The
rough time series has a higher fractal dimension Dgg =1.70 (lesser Hurst exponent / = 0.30), and
smoother time series have lesser fractal dimensions Dy = 1.54 (higher Hurst exponent H = 1.48).

Time series — FIL10, window 2 Time series — FIL10 window 5
£l :
i R
|
Drs = 1.53992 H=0.47519 Drs = 1.69899, H=0.30101

Figure 3. Comparing of R/S dimension (smoother and rougher time series)




222 “Iso-gray Set” and Box Dimension

As n Fig 2 we can elaborate the

" e i ) . . I |
: i i e 1 150-gray set" from the time series and estimate a fractal
dimension of this set: The "iso-gray set"

. : : 15 generated by setting suitable brightness thresholds and
using the time at which the brightness of the pixels average crosses these thresholds (Fig.4), (1.4).
he set contains zeros and ones, in which the ones represent the crosses. '

; The fractal dimension of the "1so-gray set" can be estimated by using the Box Counting
- pure or another procedure. The principle of the box dimension cnnlllunin}i is in Fig.4. f\'lm'linLJ
from box size £, (sampling time interval), the number of boxes that contain a crossing is recorded.
fhe box size is then increased by factor b (increasing factor or box division factor) and the
procedure continues until the entire time series is contained in one single box. This is illustrated for

p=2 in the Fig.4.

Time series Thresholds

i | ! ;
i i ‘ : —
I ] , ] ]
L ! . L
| ! !
i i _ s e
; i L 1 :
| A P I A '\\l‘ 11
PN Box containing Box - without
g 1 Crossin ;
<2y g crossing

ed. leslrudin_nmni' isr;;:'r:n' set — by making each time at which trace crossed chosen
threshold values and principle of Box Dimension computing.

The box-plot is then log, of the number of boxes that contain a crossing against the —log, of

alised box size (box size divided by sampling time interval £;).

Analysis by video colorimeter
Wideo colorimeter expresses the colour of the measured flat object (fig 5). The image of an
) nal picture is mostly proje ted through a set of appropriate optical filters and separated to three
sonents of indirect trichromatic reproduction . b
brates electrical harge, large proportionally 1o the light flow, in 2D matrix ol sensors of video
fa, every element of CCD field |
sequentially read out and matrixes
space. The video signal from camerais
tation. also known as Y Ch O according to 1'TU R 601, 1s stored 1 oa frame bulfer and
ed by software in real time. 15
network then

red, green and blue (RGB). The optical signal
ehaving as a micro-photometer. The charge 1s shifted in rows
from RGB representation to YUVevideo devices native

(ed 1o an analogue-to-digital converter. The digitised

‘““,__I.U." to the '.|l..|n.1|n|| Process control system via



Brightness (Y)

Colour

.\f}{fl't‘

Width of monitored flat product

Measured data:
CIE XYZ

X

y

4

CIE xyY
X
Y
3

CIE Lab
L*
a*
b*

Figure 5. Monitoring and data analysis by video colorimeter

The averaged values of Y,Ch,Cr components are transformed to CIE 1931 XYZ, trichromatic
components xyY components, as well as to CIE 1976 Lab components. The lab colour model has
been chosen as an optimum in the given application.

Video colorimeter expresses the colour of measured flat object on-line. This 1s the way, how to
compare one colour to the next with accuracy. This analysis identifies a colour explicitly. That is, it
differentiates a colour from all others and assigns 1t a numeric value. This analysis enable to
compare data obtained from the most commonly used spectrophotometers.

3. Application of Noviscam Technique in Textile industry

The application of the “Noviscam Technique™ may be used mn the entire textile production
processes involve typical irregularities — irregularities of the fibre in the fibre web, filaments o
yarns in the webs or yarns in woven or knitted fabrics, etc. Improved process and product quality
contributes to the increased profitability and to customer satisfaction. In textile production exists |
significant demand for objective, reliable, time and cost effective evaluation of production
processes and their outcomes

The first experience with “Noviscam l'echnique” in textile production was obtained in wet-
laying web production. We also tried to use this technique in the web forming processes on the

carding machime and in weaving process I'he last experience was gamed i weaving process. The

measurciments were made on multiphase weaving machime M 8 300. The measurements were

conducted at an mspection frame and a weaving machme. Image data record is currently being
analysed. For the scanning we used a hugh-speed camera, digital camcorder and video colorimeter
For the analysis of structures and the surface of the textile matenal we used fractal analysis.

statistic analysis and tmagimg photometry. The segmentation of the scanned surface into pixels and

iy ‘IU"""'PI"”' with a HTR ol 1 |n|5|||1|||||1l'1lll.l| values creates appropriate conditions for the




Y ‘pl?hcatlﬂll Oit ’111_1&1[[‘1.5 and |?rluccdurgs “l. more complex and sophisticated evaluation methods such
as image analysis, trequency analysis of signals, multidimensional statistical analysis et

4. Conclusions

The method of visualisation is currently performe Lo -

B oy than | e currently performed by the maximizing of accuracy, hence a
_gf.‘at?r acuil.l aL_\-r 1an human inspectors may have. The fractal analysis allows “On-line” evaluation
t =ﬂhlnnnccldli tL}H\de to the prnccss,I}lclruclultﬁnlcnsnnlis changed according to changes in
k sc?nﬂed production process. Changes are observed between a process conducive to a good-
qual typffﬂdll_tl and a IPItwc.‘%u"L‘muluc;vc to-a poor-quality product. The fractal dimension is suitable
for investigation and is used for a process production control.
¥l§sylls irO:p the caF11U}g process, the paper production process and w >aving process, show the
ssibility of using ﬁ(atlsl:gaﬂ method applied brightness and colour signals from video camera. It
ams that the use of statistical methods provides an alternative to fractal analysis.

(?ur n1ves¥1ga{umns <q1g|1thL:\va}'Iln';n1yccss control, which will reduce the number of defects
d will result in high quality of the product.

We confirm that the “Noviscam Technique” can be used in the textile industry. The
jpossibilities of this technique in the textile industry are still being tested and compared with other
pethods.

We can state that the fractal dimension is a powerful tool and can be especially used in chaotic
nd fast production process.

System for monitoring random production processes has been developed.

The system is based on video image and suitable signal processing.

The system has been applied to textile production processes.
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ABSTRACT

The use of image data to control production processes is very common for monitoring and
control of processes. However, if we want to use the image data to control the process, we
have a problem: “How does one translate information of the image data into information for a
control unit”. We can use single images or subimages of the production process, but the
analysis of full size single images is computational demanding and therefore expensive. In a
fast production process, a fast algorithm is required for the monitoring and the control unit.

In production processes exhibiting chaotic features (such as mineral wool, paper production
processes, etc.) the on-line control and the monitoring are very complicated, because with
standard tools for process control it is difficult to measure the chaotic properties. Today, the
quality control measurements are applied to the final product (off-line control) then to the
manufacturing process itself or a visual observation of the process is used to on-line control
although this is frequently dependent on highly trained and experienced operators.

In the project NOVISCAM we use the fractal dimension and other measures to describe a
time series from a production process. The results can be used for the on-line control of the
process. The project uses the data record of the production process from a CCD camera, a
digital camcorder, or a video camera. More information on the theoretical aspect can be found
in the article: “7Theoretical Aspects of Project NOVISCAM™ [14].

Chaotic properties occur in many production processes. Technical Umiversity Liberec (Czech
Republic), CeVis - University Bremen (Germany) and Filpap Steti (Czech Republic) apply
FNOVISCAM technique™ in a paper production prm'cqq The process 1s fast, it has chaotic
propemcs and it is difficult to control with standard tools of process control. The equipment
o record image data of the paper process is also used to record data of fast processes and
;productlon processes exhibiting chaotic features in glass and textile industry.

e text contains results of the analyses and presents other basic possibilities for the
plication of the fractal dimension in the on-line control of production processes such as
ection and description of faults

1 INTRODUCTION

is intended to develop new measures, such as fractal dimension [1.2,3.9.10.11], which
ploits the apparent chaotic nature of the unsteady I'n';.llmus ol the process and which are of
eral applicability to a varicty of processes exhibiting chaotic features. The fractal
ension of the processes can be used for process control [4,5,0,12]. The measures are

eloped on a sound theoretical basic (sce [14]) and evaluated on a mineral wool production

€88, a paper manulacturing process and on laboratory mixing process
20, 0 [ .,

Mage |
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ABSTRACT

The use of image data to control production processes is very common for monitoring and
control of Pmtt’““t“» However, if we want to use the image data to control the process, we
have a problem: “How does one translate information of the image data into information for a
~control unit”. We can use single images or subimages of the production process, but the
analysis of full size single images is computational demanding and therefore expensive. In a
fast production process, a fast algorithm is required for the monitoring and the control unit.

In production processes exhibiting chaotic features (such as mineral wool, paper production
processes, etc.) the on-line control and the monitoring are very complicated, because with
standard tools for process control it is difficult to measure the chaotic properties. Today, the
guality control measurements are applied to the final product (off-line control) then to the
manufacturing process itself or a visual observation of the process is used to on-line control
although this is frequently dependent on highly trained and experienced operators.

in the project NOVISCAM we use the fractal dimension and other measures to describe a
time series from a production process. The results can be used for the on-line control of the
process. The project uses the data record of the production process from a CCD camera, a
digital camcorder, or a video camera. More information on the theoretical aspect can be found
mthe article: “Theoretical . I\"{J!‘{ 15 of Project NOVISCA| M [ |~l]

iChaotic properties occur in many production processes. Technical University Liberec (Czech
Republic), CeVis - University Bremen (Germany) and Filpap Steti (Czech Republic) apply
BNOVISCAM technique™ in a paper production process. The process is fast, it has chaotic
properties and it is difficult to control with standard tools of process control. The equipment
0 record image data of the paper process is also used to record data of fast processes and
pduction processes exhibiting chaotic features in glass and textile inn.luslr_\'.

e text contains results of the analyses and presents other basic possibilities for the
Boolication of the fractal dimension in the on-line control of production processes such as

gdetection and description of faults.

1 INTRODUCTION

bis intended to develop new measures, such as fractal dimension [1.2,3,9.10,11], which
exploits the apparent chaotic nature of the unsteady features of the process and which are of
general applicability to a variet) of processes exhibiting chaotic features. The fractal

imension of the processes can he used for process control [4,5,6,12]. The measures are

eloped on a sound theoretical basic (s .
DCESS, a paper manufacturing process and on laboratory nuxing process
Dy i@ [ 0

ce [14]) and evaluated on a nuneral wool production

Mape |
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4.1 PRODUCTION LINE

The basic idea of the paper production process is: Slushing of raw materials with water to
obtain a l“”ﬁ“"ﬁ—"‘”“““-‘“ suspension. The suspension is distributed on a wire screen that has
character of a conveyor belt and water is filtered off. Vacuum pumps drain some of the
remainiillg \.\-’ulcl'. ['he paper web is then compact and is pressed between rolls. Last part of the
production is drying on hot cylinders. The cylinders are heated with steam and temperature on
the cylinder surface is about 110° C. A scheme is depicted in Fig. |
consists of filtering, pressing and drying. The line has two wire
the prOdUCliil]] a H]?L'L'i{ll l\'\l!—]{l_\'cr paper (not shown in |]g Y

. The production line
screens, which may be used to

Feedback ‘ Control
- A.LEIectronic Unit [¢—
Feedback :
- Hot cylinders
Paper
Sensor Sensors
Suspensor  Belt Rolls
|/ Vacuum pumps _ i
1y ——— | (
® 0 <
b < /'
Position 'of camera
Filtering Exhausting Pressing Drying "
Suspension |
level B - - S N
Fig. 1: Paper production process with technique Noviscam®

Basic information:

e Length of the line: 61 m

e Width of the line: 3 m

® Width of the paper web: 1,25 m

o Speed of production: 3.33 m/s (200 m/min)

-

Typical images of the production process with different suspension levels are shown in Fig. :
e product quality changes with:

Water-fibre flow ratio

Distribution of mixture on the screen

Direction of fibres and other component

Suspension level

Alr in mixture

i€ main control parameter s : |
beginning of the production Tine. A feedback ensures the same water-fibre flow ratio. The

lel’—ﬁhrt: flow ratio used is between 0,1 %o and 1 %. Miss-setting of this rate leads to fibre
Bing and poor product quality [he passage of fibres particles is rregular associated with
goduct quality. The other sensors arc al the end of the production fine ona cross beam that
BOves across of the paper web [hey are: Beta emitter, sensor ol mbrared radiation, and laser

sor of thicknes:

water-fibre flow ratio and is controlled with an optical sensor at
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The belfl Lml‘{l:r 1s used for a measurement of basis weight. It can be computed from the
?ttenualum uﬂi the I_\le rays \\'hcn'lmm-'mg through paper. The beta emitter produces the most
important mformation for production line control.

The m(.)lSllll“C. content 1S measured with the infrared radiation sensor. The principle is
absprptmn‘ of infrared radiation. The sensor data is used to control the quantity of steam in the
drying cylinders.

The laser thickness sensor is used for a check of prod
scan reflections.

uction line control. Two lasers vis-a-vis

4.2  MEASUREMENT DESCRIPTION
The image data records were made on 20th of the November 1997. A high speed camera with
a help of a special telescopic tripod at 3 scanning positions was used. but this paper presents
results from only one position. For more information see [12]. The scanning position was:
* 0.47m above the screen - conveyor belt, 7,3 m from suspension level and 0.21 m from
a edge of the screen (position is designated in Fig. 1)
e the speed of the belt was 2.05 m/sec (123 m/min)
e the frequency of image data records were 1020 frames/sec. the size of the frame
(single image) 1s S0x55mm (256x128 pixels) [13]
e the size of one pixel in the image 1s 0.195x0.43 mm.
However, the frequency is very high and the area (that is recorded) is too small. It seems that
a lower frequency and a larger size of the frame are sufficient to control the process (see
chapter 4.5).
The image data records are test data. The data records are short, only 300 — 500 images in one
sequence. The records contain more (artificially produced) faults in the production process
than one can typically observe. The data were obtained at the start of production process of
pnew production, when the process is non-stable, and faults were generated too. The data
records represent only poor quality. As a consequence, it 1s not possible to determine the
parameters (fractal dimension, standard deviation, etc.) or intervals for these parameters that
allow a distinction between production process that correspond to high and poor quality
products, respectively. It is planned to record new data in the near future.

43 TIME SERIES FROM DATA RECORD
For a plane production process where the process is relatively stable in liwlulil'cuii.nn UI.- the
production, such as the paper production process, a row of windows perpendicular 1s optimal
._" 1g. 2). The size of the windows depends on the speed of the production pn.u“cx.w l\\ui_lh}. and
he required sensitivity (length). The images taken from paper process are stntllul 4or5 _P'\Ut’*
fom frame to the next. This corresponds with 2 mm/frame. The size ol the windows (for the
aper production process) lor optimal sensitivity lies between 4x4 and 20x20 p:\\clu u-h;mlcr
4 W), and it is corresponds to 2x2 mm and 8x8 mm. The ]L'I]‘L‘\Illliﬂlii the width of the window
an be different. The optimal width (sensitivity) must be found for every process ['he optimal
e (with differed length and width) of the paper production process 1s studied. The row of
Windows is optimal, if windows lic abreast. |
for first test the data records with 10 and 3 windows perpendicular to the direction of the

- s y y i 1
foduction process were uscd, both with size 15x15 pixels (2.9x0.4mm, Fig. 2)

4.4 CoMPARISON OF TwO QUALITIES
data records 111 09 and FIL10O are from the same posttion, but from two different fibre

i8pension levels (No 9 50 cm, " Gk T _
Iitynl'“ll'll product (chapter 1 1), On the data records 1t1s possible 1o observe loc al faults

hich were also penerated

No. 10 15 c¢m). The suspension levels determine the

Page 4
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For this analysis image data records with 10 and 3 windows size 15x15 pixels were used. The
first images with windows are shown in Fig. 2. Time series from first window of image data
records FILOY, FIL10 and outer windows 1,10 of image data record FIL09 are shown in [14],
Fig. 3. The window 1 is without local large faults and represents good quality. while the
window 10 shows local large faults, it corresponds with poor quality.

Firstimage with 3 windows First image with 10 windows

20 g

lenath

i b_i __ aof

B Ty | L |

§ = o ' f e A 8 : {
E ; .

width

Direction of production

1204

Fig. 2: First images of production process FILO8, FIL11 with windows

Standard deviation Length of time series

. - - : ! ) . ” y 5 r . g E - =

Maximum and minimum time series Average value of time se_ries

Muaximml rrari 9 arwd Fll ¥ |

10

100, _ |

L

| 1 lasy statistic ol tnnme seres ¢ .||n||.|||'-~'||n'| I'wo Qualities

Page 5
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al Dimension

At first sight ([14], Fig. 3) we can se¢e ————
on the first images differences in
degree of grey. However, the degree
of grey does not represent good
quality or poor quality, does not
contain information about changes in H‘
|
|
|

‘ Standard devie o
X 10 tandard devietion of pavar spactral analysis of 6me series in windows

time SC[-iCS, In [|1i_‘~; case. the ltL‘gl'L‘L' of
grey instead defines quality of
illumination.

Standard dewiation
=

44.1 STATISTIC |
Results of the analyses for 10 f
windows are depicted in Fig. 3 and
Fig. 4. A character of graphs for the

1 2 1 4 5 8 7 [

data image records FILO9 or FILI10O s L B o _
similar for standard deviation, |L‘Ilglh_ Fig. 4: Standard deviation of power spectral analysis in
maximum and minimum. mean of windows

time series and standard deviation of

power spectral analysis, which agrees with the theory.

The mean value of the time series of two processes do not cross each other, but the value
represents illumination and does not represent good-quality or poor-quality.

4.4.2 ESTIMATION OF FRACTAL DIMENSION
Results of the analyses for 10 windows are given in Fig. 5. The graphs are an estimated fractal
dimension (the R/S and the Box dimension) of time series versus number of windows used
(for example: time series of window 2 data record FIL10 has R/S dimension 1.52 and data
record FIL.09 has R/S dimension 1.73).
The R/S dimension and both the box dimensions are radically changed in the windows. The
reasons for this effect are in the large local faults in the image data records, and consequently,
we can not compare the fractal dimension time series of production process correspond to
bgood quality and poor quality products. However, we can notice a sensitivity of the fractal
dimension on the character of time series. In [14], Fig. 4, the R/S dimension of time series the
window 2 and the window 5 of FIL10 are compared.
In this case the "all iso-grey set”" was generated with only one fixed threshold value (see[12])
The box dimensions of time series. in the same position of every windows never cross for
both suspensor levels. A reason of this behaviour is that a plot of the "iso-grey set" is
idepending into the threshold value and a "brightness" of time series. The time series of the
Mata record F11.09 are brighter than data record FIL10, but the same threshold was used. Thus,
ithe box dimension of the "iso-grey set" contains "information™ about the brightness of the data
Becord. It can be used in the analysis, however, data records FILO9 and FIL10 had different
illuminations.
A the results we can see a dependence between the R/S dimension, and both the box
dimensions. The horizontally flipped plot of the R/S dimension looks similar to the maximum
of the time serics
fhree windows were also used for ana
alysis are shown. We can notice different character of graphs and difterent values of box
ension for lower digits ol the threshold value Tactors
ar in this case and optimal (hreshold value factor o the estimating fractal dimension is

Ween 005 and 03 The sensitivity can be extended by using more suttable samplhing
..-.” f\, increasing ].I' (011 }I i,-“.lr|i| 0l ]iie- i]]\]\l’l ;iii\l lll\' \-\'Hll..ll ‘\lul\k-u

vsis (Fig. 2). In Appendix 1 the results of the fractal

[he sensitivity of the method s
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RIS Dimension . L
e . Changs of A/S Dimension ol FILOS and FIL10 i widaw | BOX D!!'UHE ns.‘)!OnT.\ .-p\I.l.{S...Q_g rey Set
17 !
185 4 : I“' r .
! Lo ]
E 18 2
) | .
158 [
FiLto e seres Had?
‘al 2 3 ] 3 ) 4 : H-: e 5 -
Box Dimension — "Trace iso-grey set” Box — plot of two process , windows 1
sampl infanval 0 5 ? ) ) P T ——
i sib e FIL10 box &m. FIL19: 0.1
:*

too: (dulln

e -

Fig. 5: Estimating of fractal dimension of time series from two production process

4.5 RESULTS OF “DILATATION OF WINDOWS™
The “Dilatation of Windows™ is method to look for of an optimal size of windows described
: )

[14], chapter 6. Results of analysis are given in Appendixes 2.
character of time series is changed with the size of a window. A time series of a small

3 and Fig.6.
Window is rougher, while a time series of a larger window is smoother (Appendix 2). The
ger size of windows contains more pixels, and the larger windows 1s more stable. smoother
ind less sensitive to changes

Maximum, minimum. length, standard deviation of time series (grey value) and standard
fation of power spectral analysis in the way that is similar to hyperbolic behaviour (Fig.
B): The change of the length is quite interesting and can be probably used for the measurement
ilid control of the production process .

e box dimension (Appendix 3) 1s sensitive only to rougher time series in this case (till size
28 = 55x12 mm). However, use optimal parameters ol a analysis can the sensitivity

robably enlarpc

4.6 ANALYSISOF DATA FROM OTHER SENSORS

software 1ools (m-files) nnWw|r|w||w|lhv.nhﬂ\wr‘niIhU‘JyHJL.UItHHVI\Unxnhxu[Ihv

@per production linc. A control unit can use
Mained from imape data records together with results of the analysis from sensors
ape dal;

the results of the analysis ol the time series

}'.l_!'l'
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Fig. 6: Easy statistic of time series — “Dilatation of Windows™

For the analvsis. data from three sensors are used: beta emitter, sensor of infrared radiation.
and laser sensor of thickness (see chapter 4.1). However, only short time series were tested,
iand the results can not be used to a control of a production process. Longer time series will be
“used next.

S GLASS INDUSTRY |

e “Noviscam Technique™ can be used in glass production processes to control fast
production processes exhibiting chaotic features, as glass wool production process, production
fglass threads or glass textile [1bres | . |

e estimated fractal dimension of whole products surlace might correlate \\u%h good quality
@nd poor quality of products. However, this .'|||:1].\. sis is computationally expensive. o

e fractal dimension can be used only to describe faults n products and the description can
Msed (o classify the quality of products in on-line production processes. For example: float
888 production process can be monitored by “Noviscam Technique™ The windows are
pendicular to the direction of the process and they lie abreast. We obtain time series as

Bmooth curve, if production process 15 withoul
Bfremum. when a fault occurs. For such an area, mmage fractal analysis (e.g. the box

ension) is applicd and a fractal dimensionis
2 It fractal dimension, the part v ith the Tault will be cut out or will be classed. The principle
dcli 0 ¢ i \

2an be add (o “Noviscam Techmgue

(aults. The time series will have a local

computed for the [ault. On the basic of the

I ———
! Paoa R



AI‘P-'.icalinn of "NOVISCAM Technique” and Fy
in Paper, Glass and Textile Production Processes
— I:. Chrpova, V. Hotaf, M. Lang

actal Dimension

Theqesilnulllu_i |TilL:l&1] tfl.I]—]L‘IIHIt‘!H .“I .lnulx surface might correlated to their wears and this can
b.e (1s) used 1 a scientific ‘loHL‘”]‘““!l of defects in tools. The description correlates to tool
life.

6 TEXTILE INDUSTRY
" The application of the “Noviscam l'echnique™ may |

involve tvpical irre . _ e used in the entire textile production
g S L ,“]U_\:J‘m”'_”""*‘ irregularities of the fibre, filaments, yarns, webs,
woven fabrics, nonwoven fabrics, etc .

\ » RONY . Improved process and product quality contributes to the
increased profitability and to customer satisfaction. In textile

demand for objective, reliable, time and cost effective e
their outcomes.

production exists a significant
valuation of production processes and

ThE} first experience with Noviscam Technique in textile production was obtained in wet-
laying W.Eh ]ﬁrm'um.‘lmn. We also tried to use this technique in the web forming processes on
fhe C?rdmg machine. Some possibilities for fractal applications in design of printing and
weaving could be presented [15]. .

For the scanning we used a high-speed camera, digital camcorder and video colorimeter. For
the analysis of structures and the surface of the textile material we used fractal analysis.
statistic analysis and imaging photometry. The segmentation of the scanned surface into
pixels and its description with a map of microphotometrical values creates appropriate
conditions for the application of means and procedures of more complex and sophisticated
gvaluation methods such as image analysis, frequency analysis of signals, multidimensional
statistical analysis etc. ' ' '

7 CONCLUSION

This research 1s still at its beginning, and consequently, it is not yet possible to draw a final
conclusion. The analysis methods at present are not sensitive enough to changes, and the
available data does not present good quality, but only poor quality products. Therefore, the
analysis must be improved, optimal coefficients (sampling interval, threshold value factor,
fincreasing factor, division, etc.), must be found, analyses should be extended and new
fanalyses should be added. Furthermore, based on the knowledge from actual data new 1mage
fa records of the paper, glass, and textile production process will be recorded. Larger
es, different positions and an illumination will be used [12].

wever, the time series from the paper production process have fractal character 1.e. they
Mave a self-affinity. We can notice a sensitivity of the fractal dimension on the character of
e series.

e function "Dilatation of Windows" is used to look for optimal size of windows. This
ction can be also used for the analyses of production process.

Data from sensors are suitable used with an image data record from a camera in the same
production process. Time series from the sensors can be alternative used or can be also used

" i ]
la pack of analyses of the image data record [12]

] '| rcsullg n]]}!]]] he ]]]|F]||:'-..|'|| |1‘,' ( 1I]]]h||i|1]}’_ VAartous
threshold. coefficients, windows, ete. and by utilizing the output ol all available sensors

B actal analvsis and the “Noviscam Technique™ can be powerful and can be widely
lied. This investigation confirmed that many production processes can use the same
mnciples of analysis 1 1ts processes
actal dimension in various processe:

analysis methods (statistic, fractal, etc.),

[he rescarch shows the possibilities of application of

I““'_L' 0
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Abstract

The article deals with a new approach to the investigation of the mechanical properties of the stretch

fabrics. For the evaluation newly developed methods, measuring system “Noviscam™ and “Biaxial
& Deformation Unit" were used. The methods and measuring unit have been developed at the Technical
University of Liberec. The main aim of this work is based on possibilities how to measure mechanical

properties of stretch fabrics

S Key words: stretch fabrics, elustomeric threads, biaxial deformation, image analysis techniques,

- fractal dimension

Introduction

®This article is concerned to the deformation of stretch fabrics, especially compressive

stockings. Proposcd procedure for whole solution are [1]

1. The evaluation of mechanical properties (i.e. tension, compression, relaxation, fatigue)

of the material and kmtted [abrics morelation to time



2. The determination of elastic propertics of the knitted fabric proposal and

certification of the method.

3. The evaluation of elastic properties of knitted fabric by modular system Noviscam and
its software tools, especially statistical and fractal analysis.

4. The application of the method on real compressive stockings of the real patient.

5. The deformation of elastic properties of the compressive stockings on real patient

6. To state the effect of the compressive stockings on user’s health.

7. The comparison of theoretical precondition and experimental results and

determination of the effect on the user.

The article is concerned to the problem of the mechanical properties of the real knitted stretch
fabrics, especially on the behavior of the stockings under the biaxial loading. Our idea
of proposed procedure is to express the affect of deformation by changing the deformation
elements. This method was taken from forming ability (shaping) of plastic materials. For the
evaluation of this behavior we use two measurement units that were developed at Technical

University of Liberec and are described in the following text.

What are Stretch Fabrics?

Those are special fabrics characterized by their greater capacity for stretch and recovery from
'.stretch. The term is used for materials with greater extension and recovery properties than
ih‘adiliunal woven or knitted structures made from conventional yarns and mmply the use
of stretch yarns, clastomeri threads or finishing treatments. Such fabrics have different

specificd degrees of cxtensibility and recovery for particular uses. Streteh fabries, i particula



used for body confirmi arments (enme, _r
are y contirming garments (comfort stretch) and for figure controlling purposes

(power stretch) where the prime requirement is stretch and recovery from stretch

One SpCCl'dl kind of stretch fabrics is the knitted compression stockings. These find their use

r medical and preventive purposes. as well as thev < : i 3
fo d preventive purposes, as well as they support the blood circulation in the legs

and our interest goes primarily for this kind of stretch fabrics.

The research goal is to investigate the textile structure. the phenomenon affecting
the mechanical properties (i.e. tension, compression, relaxation) and effect on the health

of users.

Texture of the Stretch Fabric's

t We made our study on two different textures (structures) as is shown in Figure 1.

Mechanical Properties

Mechanical properties characterize the ability of deformation i.e. change of shape or volume
bof a material under the influence of an external force. The external forces cause tensions.
stresses in the material from which the corresponding deformations arise and the resistance
of the material against deformation 1s commonly defined as a ratio of the tension and

deformation.

Warious kinds of Deformations

® Axial deformation. In this kind ol deformation, the sample shows off an extension

one direction and contraction in the other one



. I ] 4 ( i ] 1 J 5 - & . - . . .
Biaxial deformation. In this deformation. the sample 1s deformed in two directions

= = 3 oo 5 A N i ) : ) . ~
Multiaxial deformation. As the name suggests, here the sample is deformed along

many directions.

Shear deformation. The sample is deformed under the influence of a shear force,

a tangential force along the surface of the sample.

The main physical characteristics are the breaking force and the extension, i.e.:
Breaking force 1s defined as the maximum force at which the material or the sample breaks.
Extension 1s defined as the elongation at break i.e. the increase in length of a specimen during

a tensile test, expressed in units of length.

Modular System “NOVISCAM” and “Biaxial Deformation Unit”

Modular System “Noviscam” and its Software

The EU project “Noviscam™ [2, 3, 4] was intended to develop monitoring system for random
processes based on video image during the production phase. The system consists of hardware

equipment, cvaluation ol implemented data by software and determination of acceptable

tolerances related to final product quality




The research team has investicated applications of ; .
stigated applications of the methods in a paper, a carding and

weaving production process. The character of the captured processes - they have chaotic

properties and they are difficult to control with standard tools of process control.

Monitoring modular system “Noviscam” is created by hardware equipment and developed

software tools.
System configuration

1. 3-CCD colour video camera JVC KY-F55BE with variable focal lens (1)
Pickup device: 1/3-inch interlines CCDx3
Effective number of pixels: 440 000 pixels
Colour separation optical system:  F 1.4, RGB 3-colour separation prism
S/N ratio: 58 dB
orizontal resolution: 750 TV lines (Y signal)

580 TV hines (RGB signal)

ariable focal lens HZ — G6350U

Digital Video Cassette Recorder DSR-20P

DV
rack pitch: I Spm
me mode: Drop frame system

18 recorder (2) was purc hased for simulation of the real production processes I'his recordet

P=operates with the measuring system



3. Lightening

Recommended lightening (3) for digital video COMLITE 55W/12-950, 3 000 lumen with

illumination by OSRAM DULUX L. 2G11.

4. Video and Graphic System - DpsReality
Computer: Intel PIII/450, SDRAM 128MB. ASUS P3B, AGP16 MB, DpsReality card, SCSI

UW, CD ROM 36 speed, HDD SCSI Cheetah 18,2 GB, FDD 3.5, Industrial case 19" (4).

DpsReality card provides the means for capturing images in real time. DpsReality could work
with any application that can read or write to any of the file formats supported by Virtual
Tape File System, including SGI, BMP, PIC, TIF, IFF, VPB, RAS and RLA. DpsReality is
simple interface with a trim table, timeline and preview windows designed by the compositor

in mind.

The heart of the system i1s the DpsReality card. Its on-board SCSI controller, designed
to control Ultra Wide SCSI drives means that does not rely on the computer’s bus to transfer
Wideo to disk. The video data is captured and stored in a 32-bit 4:2:2:4 MIPEG or
uncompressed YUV format. The Reality card has a single input/output cable, which carries
auxiliary, balanced and unbalanced audio, and component, composite and S-Video signals

both inputs and outputs. It provides analoguc signal processing and character generator

pport.

ftware tools

or the monitoring and obtaining parameters ol analysis, the team have been usmg three

flware tools that were developed house named NOVISCAM  techmque (Video



imeter, Statistics. Fractal analveic 2
colort Statistics,  Fractal analysis), shown on Figure 3. There are two distinct

1 ~ ‘\| . . —— . i ; Ve
requirements for all used algorithms. Firstly, they must be flexible enough to enable the best

rs for analysis > selected ; : ' >
parameters for analysis to be selected and compared with other methods. Secondly, they must

be fast enough for on-line control.

Data can be analysed by using several of methods. The investigation considered new
approach using fractal analysis in comparison to conventional statistical method as shown
n Figure 3. The fractal analysis is concretely described in [2, 3]. This article uses results

P obtained on a statistical base and Box-counting Method.

Description of the Unit for Biaxial Loading

SFor the evaluation of the deformation, a device [1] has been made at the Technical University
of Liberec (Figure 4). This device enables the biaxial loading of the samples. Samples
_withdiffcrcnl kind of structures can be loaded in the device. The device 1s created
pm the Cross Frame (1) where are placed the fastening clamps (2), screws (3) with micro-
imotion (continuous displacement), micrometer feed, or feed per chosen revolution, which
-'u the tension in a sample. For the tension measuring we use a tensometer and
g sample made from auxihary woven fabrics is clamped with the help of hooks (4).
e tension in the sample (60) is displayed on display (5). The umt for biaxial deformation

ables biaxial loading to 200 N. For good results of our experiment, a loading of 20 N 1s

sufficient.



Experiment

Sample Preparation for Biaxial Loading

Samples of 12x12 c¢cm were cut from each specimen of the stretch fabrics. Fach edge was
stabilized and joined by sewing and every loop was fixed (locking). Points for hooks

(Figure 5) were marked on the each specimen, which held the specimen in the measuring

“devices (Figure 4).

Application of the Deformation Elements

the best element for deformation was chosen circular element (Figure 5) because of its

shape is the best copy of the shape of the loops of the knitted fabrics.

The middle of the specimen was marked by the deformation element from the deformation
screen (net), circular element of different diameters (2 cm — 6 cm). Then the samples were

Moaded of increasing loads (0, 5, 10, 15, 20 N). During the loading, the changes

in the deformation element were continuously scanned by the CCD camera.

Phe pictures were available i real time that 1s at every stage of the biaxial loading
pf the samples, the converter converts them from the analog to the digital form and stored
in the computer’s hard disk as w ell as the Compact disc. The available pictures and
data were then scannced with the help of the Dpsh clocity. The according calculations and
palysis were then made with the usage ol the two algorithms, eccentrieity and the fractal
etry (a software veloped for modular system “Noviscam™) The result from the tractal

A ¥ wy Qe v e Q v o s O and
etry — Box-counting Method [ 3] - was ust d and the results are shown i Figure 6 and



We were computed how many boxes is covered by the deformation element with increasing

loading and. then was calculated fractal dimension (Figure 8 and Figure 9).

Results

We sought the best diameter of circular deformation elements for compressive stockings
with high and low compression and we made two kinds of tests. In the first test. we vary
the extent of the force from 0 to 20 N for each diameter of the deformation element.

The following results were obtained.

" High Compression Stockings

®=  There i1s neghgible difference between the deformation elements of diameters Scm and
6 cm for the different compression rates.
®  All the deformation elements show a drastic change for a loading of around 10 N.

®  The deformation element of 4 cm gives the best result among all the diameters and its
suggested to company to use this diameter of differential element for future
experimentation and analysis of its high compression stockings and the results would
be reconfirmed in the future work n this field

® For the deformation elements of diameter 2 and 3 cm, the changes occur primarily
for the loading 5 15 N

best result for the high compression stockings is undoubtedly that the deformation

ent of diameter 4 1s the most suitable one Tor bemg used for future analysis of high

pression stockings



Low Compression Stockings

* For the deformation elements of diameter 5 and 6 cm, the differences are seen for
the loading of around 10 N.

® The deformation elements of diameter 3 and 4 cm follow almost the same curve.,

® The deformation elements of diameter 2 and 3 ¢cm have completely different curves
for every loading.

® The deformation element of diameter 3 and 4 cm promises the best solution for
the low compression stockings.

Conclusions

A. Our chosen method and analogies for performing the experiments have been
successful and have brought good results. It fits very well to the testing of deformation
of compression of elastic materials.

B. Possibilities of the modular system “Noviscam™ were spread out the new regions

r
of investigation and it enables expressing deformation independence of different
diameters of the circular deformation elements.

C. The idea of using circular deformation elements has been confirmed to be a good

method by the good results received

D. The results improve the understanding of the behavior of compressive stockings
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t The Biaxial loading unit.
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Relation between loading and fractal dimension
for different diameters - fig.1a

—o— Diameter 2 cm
—&— Diameter 3 cm
—— Diameter 4 cm
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Fractal dimension

0 < 10 15 20
Load (N)

Figure 6 Relation for stretch fabrics with high compression module.

Relation between loading and fractal dimension
for different diameters - fig.1b
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Figure 7 Relation for {reteh fabries with fow compression module
| .



PRILOHA G

Kopie prace ¢. 6 (podle souhrnu)

Chrpova, E.
Wurface quality control based on image processing methods. Vlakna a Textil 10(2) 2003,

ISSN 1335-0617. str. 70-75.



The surface quality is described b
done at the factories by
mistakes produced by human errors
automatic process gives commercial
done by computer vision provides inspection
developed for this purpose.

1. INTRODUCTION

* Our research work has focused on the development
-and application of computer image analysis of dynamic
processes. The goal is to affect the quality of the prod-
ucts.
The work was intended to develop a suitable software
toolbox, the whole of hardware equipment, measure-
‘ments and analysis of measurements of production pro-
ieesses of weaving, carding, paper production process
and others.
For monitoring and obtaining parameters of analysis,
Wwe use three software tools that were developed in
house named “Noviscam technique” — fractals, CIE
eolour space, and statistic measures. There are two
distinct requirements for the algorithms. Firstly, they
ust be fiexible enough to enable the best parameters
r analysis to be selected and compared with others
thods. Secondly, they must be fast enough for on-
ne controlling. Data can be analysed using various
methods. The investigation considered new approach
Bing fractal analysis [1, 2, 3] in comparison with con-
entional statistical method.
Forthe analysis a data record from CCD camera was
sed. Shots were downloaded to a computer as a data
)eord and analysed. Images in a digital form are rep-
8sented as matrix with values of pixels and the images

)
|

Fig. 1 Modular s

Naoviscam” configuratior

yatarn

SURFACE QUALITY CONTROL BASED ON IMAGE
PROCESSING METHODS

Chrpova E.

Department of ,Mechanical Technologies" at the Technical University of Liberec

_ y the surface defects. On line testing of the surface defects is
the visual testing performed by workers. This way of testing is liable for
and subjectivity. The objective controlling provided by the

and safety benefits to the industry. Visual quality testing
with lower cost. The image processing methods are

windows are designed. Average values of pixels in the
windows are read. The values are saved, and create
time series. These time series are analysed by fractal
analysis, CIE colour space and statistical analysis [5].

Our investigation confirmed that many production pro-
cesses could use the same principles of analysis in its
processes. Our research has shown the possibilities of
application of three software tools in various textile pro-
cesses. Our activity in this problem was supported by
the project EU Inco-Copernicus — Noviscam, Erbic
15CT960700 [4, 5].

2. NOVISCAM TECHNIQUE

The entire principle for the monitoring process, the
generation of the time series, the estimation of a fractal
dimension of the series and for analysis of the fractal
dimension we can names as: “NOVISCAM Technique”.
The technique can be divided into "hardware” and “soft-
ware” solution.

2.1 Hardware

The technology of the production process is scanned
with a high-speed CCD camera, digital CCD camcoder
or CCD video camera. Shots are transmitted to a com-
puter as a data record. Results of the analysis are trans-
mitted to a Control Electronic Unit (CEU).

System configuration (Fig.1):

1. 3-CCD colour video camera JVC KY-F55BE with

variable focal lens

2. Digital Video Cassette Recorder DSR-20P

3. Lightening

4. Video and graphic system - dpsReality

5 Monitor

The heart of the system is the dpsReality card. The
dpsReality card provides the means for capturing im-
in real time. The dpsReality will work with any
application thal can read or write to any of the file for
malts supported by Virtual Tape File System, including
SGI BMP, PIC, TIF, IFF, VPB, RAS and RLA. The

ages



psReality is simple interface with a trim table, timeline
g preview windows designed with the compositor in

he card is on-board SCSI controller, designed
ontrol Ultra Wide SCSI drives means that does not

n the computer’s bus to transfer video to disk. The
0 data is captured and stored in a 32-bit 4:2:2:4
or uncompressed YUV format. The dpsReality
{has a single input/output cable, which carries aux-
J, balanced and unbalanced audio, component,
posite and S-Video signals in both inputs and out-

. It provides analogue signal processing and char-
Ir generator support.

Diagnostic algorithm

B iImage processing algorithm is realized using
ib package and image processing toolbox.
computer shows the data record as single im-
' The images in digital form are represented as
ges with values of pixels, and windows are created
ihe images (Fig. 2). The windows are located in
tant positions of the production process. This
8 that only some parts of the scanned production
B8 are critical for production process (for quality
gess and obtaining a required product). Average
 of pixels in the windows are read from the im-
@ values are saved, and these create a time
In time (signals). The fractal dimension from the
gries can be estimated, for example, by using
alysis.
Is0-gray set" can be generated by setting a suit-
ghtness threshold and making the time at which

Single images
with windows

L3

irles from single Images

Flg. 2 Elaboration of time 66
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Time series of window
1 with the threshold

]

Jsofgrey set”

the brightness of the set average crosses this thresh-
old. The fractal dimension of the points set, so gener-
ated, can be estimated using the Box Procedure or
another procedure. It appears that this fractal dimension
from "iso-gray set" is more sensitive to change than the
fractal dimension from the whole time series [4,5].

2.2.1 Rescaled Range Analysis

The Rescaled Range Analysis (R/S) represents the
method for estimating fractal dimension [2] of nature
self-affined fractals and uses the statistical tools. The
Hurst exponent H is computed in the analysis. The
fractal dimension of the time series (signal) can then be
calculated from the relationship between the Hurst ex-
ponent H and the fractal dimension:

Dgs = 2 - H (1)

Where Dqs denotes the fractal dimension estimated
from the Rescaled Range Analysis. The R/S dimension
has a value form 1 up to 2, and the Hurst exponent has
a value from O up to 1. Fig. 3 shows two different time
series (for better demonstration of the same data
record, but different position of the windows). The fractal
dimension (Hurst exponent) depends on the character
of the time series. The rough time series has a higher
fractal dimension Drg = 1.70 (lesser Hurst exponent H =
0.30), and smoother time series have lesser fractal di-
mensions Dgs = 1.54 (higher Hurst exponent H = 1.48).

2.2.2 "Iso-gray Set” and Box Dimension

As in Fig. 2 we can elaborate the "iso-gray set" from
the time series and estimate a fractal dimension of this
set. The "iso-gray set" is generated by setting suitable

R/S Dimension

o s B s s s o gt e i

Box Dimension

and estimations of the fractal dimension

"software"
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htness thresholds and using the time at which the
htness of the pixels average crosses these thresh-
M{Fig. 4), [4, 5]. The set contains zeros and ones,
hich the ones represent the crosses.
@ fractal dimension of the "iso-gray set" can be
ted by using the Box Counting Procedure or an-
f procedure. The principle of the box dimension
puting is in Fig. 4. Starting from box size t, (sam-
ime interval), the number of boxes that contain a
g is recorded. The box size is then increased by
(increasing factor or box division factor) and the
re continues until the entire time series is con-
d in one single box. This is illustrated for b = 2 in
ig. 4.
box-plot is then log, of the number of boxes that
3in a crossing against the —log, [4,5] of the
d box size (box size divided by sampling time

1),

alysis by video colorimeter

D colorimeter expresses the colour of the mea-
flat object (Fig 5). The image of an original pic-
b mostly projected through a set of appropriate
filters and separated to three components of in-
ichromatic reproduction - red, green and blue
f.- The optical signal generates electrical charge,
proportionality to the light flow, in 2D matrix of
8 of video camera, every element of CCD field
g as a micro-photometer. The charge is shifted

Hextll 10 (2) 70-74 (2003)

Fig. 5 Monitoring and data analysis by video colorimeter

in rows and is sequentially read out and transformed by
matrixes from RGB representation to YUV-video de-
vices native colour space. The video signal from cam-
era is fed to an analogue-to-digital converter. The
digitised representation, also known as Y Cb Cr accord-
ing to ITU R.601, is stored in a frame buffer and
analysed by software in real time. Itis conveyed to the
production process control system via TCP/IP network
then.

The averaged values of Y,Cb,Cr components are
transformed to CIE 1931 trichromatic components XYZ,
xyY components, as well as to CIE 1976 Lab compo-
nents. The lab colour model has been chosen as an
optimum in the given application.

Video colorimeter expresses the colour of measured
flat object on-line. This is the way, how to compare one
colour to the next one with accuracy. This analysis iden-
tifies the colour explicitly. That is, it differentiates the
colour from all others and assigns it a numeric value.
This analysis enable to compare data obtained from the
most commonly used spectrophotometers

3. APPLICATION OF NOVISCAM TECHNIQUE IN
TEXTILE INDUSTRY

[he application of the “Noviscam Technique” may be
used in the entire textile production processes involve
typical irregularities — irregularities of the fibre in the fi-

i



bre web, filaments or yarns in the webs or yarns in wo-
ven or knitted fabrics, etc. The improved process and
product quality contributes to the increased profitability
and customer satisfaction. In textile production exists a
significant demand on objective, reliable, time and cost
effective evaluation of production processes and their
outcomes.
. The first experience with “Noviscam Technique” in
textile production was obtained in a wet-laying web pro-
duction. We also tried to use this technique in the web
-~ forming processes on the carding machine and in weav-
ing process. The last experience was gained in weav-
Ing process. The measurements were made on
multiphase weaving machine M 8 300. The measure-
‘ments were conducted at an inspection frame and a
weaving machine. Image data record is currently being
“analysed. For the scanning we used a high-speed cam-
era, digital camcorder and video colorimeter.

For the analysis of structures and the surface of the
textile material we used fractal analysis, statistic analy-
8is and imaging photometry. The segmentation of the
scanned surface into pixels and its description with a
map of microphotometrical values creates appropriate
ponditions for the application of means and procedures
of more complex and sophisticated evaluation methods
such as image analysis, frequency analysis of signals,

puitidimensional statistical analysis, etc.

4. CONCLUSIONS

The method of visualisation is currently performed by
@ maximizing of accuracy, hence a greater accuracy
human inspectars may have. The fractal analysis
ws “On-line” evaluation with immediate feedback to
he process. The fractal dimension is changed accord-
fg to changes in a scanned production process. The
hanges are observed between a process conducive to
{good-quality product and a process conducive to a
jpor-quality product. The fractal dimension is suitable
f jnvestigation and is used for a process production
ntrol.

Results from the carding process, the paper produc-
process and weaving process, show the possibil-

ity of using of statistical method applied brightness and
colour signals from the video camera. It seams that the
use of statistical methods provides an alternative to
fractal analysis.

Our investigations open the way for process control,
which will reduce the number of defects and will result
in high quality of the product.

I can confirm that the “Noviscam Technique” can be
used in the textile industry. The possibilities of this tech-
nique in the textile industry are still being tested and
compared with other methods.

| can state that the fractal dimension is a powerful tool
and can be successfully used in chaotic and fast pro-
duction process.

1. System for monitoring random production processes
has been developed.

2. The system is based on video image and suitable
signal processing.

3. The system has been applied to textile production
processes.
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