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Fig. 2.4: Examples of Fancy yarn[19]
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Fig. 2.5: Filament yarn constructed by twisted filaments
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Fig. 2.7: Double-layered woven fabric structure|[11]
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Fig. 2.8: Cross-section of pile woven fabric[19]

(a) Loop of weft knitted fabric (b) Loop of warp knitted fabric
Fig. 2.9: Examples of Loop of knitted fabric[19]
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Fig. 2.10: Classification of knitted fabric structure

Fig. 2.11: Example of weft knitted
fabric

Fig. 2.12: Example of warp knitted
fabric
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(a) Open loop (b) Closed loop

Fig. 2.13: Two loops of warp knitted fabric[19]
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Fig. 2.14: Extension of image media[30]

gogobbbbbbuooooobbbbbouooooobbobobboboadad
goobobbobboboodoooobobobobbooooogobbobbboogd
googoboobbooboobbooboobbuoobbon Fig21400
goobobbbbouoooobobobbbooooogobbobboogd
020000 3000000000000 00ODO0O00ODOOOOOOOOOOO
googoobbobobbbougooobobbbbobbbooooooo200d
gbooooboobbuooboooboobbooboooboobbg 200
googoobbobbo3sgobobobboobbboodoooooboboougd
goboobboobboooboobboobbo200bbooboboos3gn
gbbodgbbuog20bugbosgubbuodgbboobboobbogboo
ggbbobooodad
gbbd20b000booobooobobogb2000b0boobbodgbod
gb200000000000000000000000000DO0O00O0O0O0OAO0
goobobbobboboodooooobobbbboouooooobobboogo
OoobOOoOoOOo0OoobOoOboo0oOoOoboDOobOoOoobooOoOon X0 Computer
Tomography(D OO CT ODOODOD)0D00000000O0O0OO0OO0OOOOO
ggobobbbbbodooooobbbbbooooooobbbbbboodad
gogobobbobbobooooooobbbbbooooooobbobboboogd
gbooobobooboobbooboobbooboobbooboobbon
goobobbobboodoooooobbboboouoooobbobbboogd
gbooobooboobbooboobboooboobboobuoobbon
gbbogbbobobodbd2ogbogobogobooobooboboogboo



20 0O0OO00OO0OO0O0O00000b00 23

E—2RstER —» 2RTERS —» 3RTER

/-

2-D image 2-D images 3-D image
(REEIE) ( BTE RS (BRI T—H)

Fig. 2.15: Extension of textile fabric image
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Fig. 2.16: Example of grinded cross-sectional image of plain woven fabric
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Fig. 2.17: Twill fabric structure reconstructed by volume rendering with its CT
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Fig. 2.18: Twill fabric structure reconstructed from positional information of each

images

yarn estimated by proposed method
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Fig. 2.19: Independent expression of each yarn
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(a)Bronchus region (b)Center line of bronchus

Fig. 2.20: Example of extracting line figure[40]
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(a)Original image (b)Image on which three outlines of
yarn cross-sections are drawn by
blue lines

Fig. 2.21: Yarn cross-sections of plain knitted fabric
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h(r)

Profile of weighting

Correlation value J» function

Yarn cross-secty Center Of_yarn
cross-section

Calculating region

Fig. 3.1: Profile of the weighting function h(r), a yarn cross-section, its center, the
calculating region, and the correlation value J5, which are respectively described
in two-dimensions
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i

AL

Fig. 3.4: Twill fabric structure reconstructed by volume rendering with C'T images
(Dotted line indicates the portion for which the CT image of Fig.3.3 is used)
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Fig. 3.5: Twill fabric structure reconstructed from the positional information of
each yarn estimated by the yarn cross-sectional model correlation method
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Fig. 3.6: Twill fabric structure reconstructed from the positional information of
each yarn estimated by the cross-sectional images correlation method
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h(r)

0 r

Fig. 3.7: Profile of a rectangular weighting function
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Fig. 3.8: Profile of a triangular weighting function
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Fig. 3.9: Influence of other yarn cross-section or noise
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Fig. 3.10: Profile of the improved weighting function of the yarn cross-sectional
model, h(r) = —2exp{—s r?} + exp{—t r?}
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Fig. 3.11: Influence of other yarn cross-section when a weighting function h(r) =
—2exp{—s r?} + exp{—t r?} is used
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Fig. 3.12: Twill fabric structure reconstructed from the positional information of
each yarn estimated by the yarn cross-sectional model correlation method using
the improved weighting function
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Fig. 3.14: Example of CT images of the sample double-layered woven fabric
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Fig. 3.15: Structure of the double-layered woven fabric reconstructed by volume
rendering with CT images (Dotted line indicates the portion for which the CT
image of Fig.3.14 is used)
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Z X

Fig. 3.16: Structure of the double-layered woven fabric reconstructed from the posi-
tional information estimated by the yarn cross-sectional model correlation method
using the improved weighting function

Z X

Fig. 3.17: Independent expression of warp of the under layer and weft of the upper
layer of the sample double-layer woven fabric
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Fig. 4.1: Model of bent yarn
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h(z,d,p) = —2exp{—sr(x,d,p)’}+exp{—t r(x,d,p)*} (4.1)
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Js(x,d) = > h(x.d.p)f(p) (4.2)
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Fig. 4.2: Photograph of the sample plain knitted fabric
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Fig. 4.3: Example of CT images of the sample plain knitted fabric
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Fig. 4.4: Structure of the plain knitted fabric reconstructed by volume rendering
with CT images (Broken line indicates the portion for which the CT image of
Fig.4.3 is used)

X

Fig. 4.5: Structure of the plain knitted fabric reconstructed from the positional
information estimated by the 3-d yarn model correlation method
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Fig. 4.6: Photograph of the sample knitted fabric of a net stitch
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Fig. 4.7: Example of CT images of the sample knitted fabric of the net stitch

4.3.2 0O00O0OO0OO0OOOOOOOO0OOO
goodd

gbobooooooooon FigdeOO0DooOooOooOO0lmmdOoooog
0000000000 00O000000D00 SkyScanO0O 107200000 CT
goooobbogolibooobD 42 x42pmdonDoooooooobOoOon
43ym 000000000000 FigdrODOOOODOODOOOOODODOODO
gogbobobbouoogobbobobbbuooooooobbobboogd
goobbobobobooooooooobboobbboooooooobobboboood
gbogbobboobbooboobuoboobbobboobog 200000
gogoobbobobbbotboooooooboobbooooooobobbood
gogobbbe0000000 00000000000y 00000000
gbooobobooobos3sbobpoobuoobobboobOon FigdasOOooO
goboobobo4700000000O0DOODOO



040 30000000000000000 61

Fig. 4.8: Structure of the knitted fabric of the net stitch reconstructed by volume
rendering with CT images (Broken line indicates the portion for which the CT
image of Fig.4.7 is used)
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X

Fig. 4.9: Structure of the knitted fabric of the net stitch reconstructed from the
positional information estimated by the 3-d yarn model correlation method

Fig. 4.10: Enlarged CT image of the center area in Fig.4.7
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X X

Fig. 4.11: Independent expression of a yarn of the sample knitted fabric of the net
stitch
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(a)Original image (b)Image on which outlines of yarn

cross-sections are drawn by red lines

Fig. 4.12: Example of yarn cross-section of plain woven fabric using ply yarn
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Fig. 4.14: Example of CT images of the sample plain woven fabric
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Fig. 4.15: Structure of the plain woven fabric reconstructed by volume rendering
with CT images
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Fig. 4.16: Structure of the plain woven fabric reconstructed from the positional
information estimated by the 3-d fiber model correlation method
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Fig. 4.17: Independent expression of ply yarns of plain woven fabric
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Fig. 5.2: Example of CT images of the sample double-layered woven fabric
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Fig. 5.3: Structure of the double-layered woven fabric reconstructed by volume
rendering with CT images (Area surrounded by blue line is region of interest)
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H
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Fig. 5.4: Structure of the sample double-layered woven fabric reconstructed from
the positional information estimated by the yarn cross-sectional model correlation
method

Fig. 5.5: Enlarged CT image of an area in Fig.5.2(Yarn cross-section is surrounded
by red line)
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V4 X

Fig. 5.6: Structure of the double-layered woven fabric reconstructed from the
positional information estimated by the 3-d yarn model correlation method

Fig. 5.7: Enlarged image of an area in Fig. 5.8: Enlarged image of an area
Fig.5.4(Area surrounded by red line in Fig.5.6(Area surrounded by blue

is region of interest) line is region of interest)
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Fig. 5.9: Filament direction vector field, in which voxels have higher values of J3
than a threshold value
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Fig. 5.10: Some of reconstructed fibers by connecting the similar voxels
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Fig. 5.11: Two reconstructed yarns by binding up the reconstructed fibers
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Fig. 6.1: Weave diagram of a plain woven fabric

Fig. 6.2: Weave repeat of a plain woven fabric
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Fig. 6.3: Weave diagram of a double-layered woven fabric
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Fig. 6.4: Weave diagram of sample double-layered woven fabric

Fig. 6.5: Weave diagram constructed by the proposed method
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Fig. 6.7: Photograph of the sample double-layered woven fabric
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Fig. 6.8: Structure of the woven fabric reconstructed from the positional informa-
tion estimated by the 3-d yarn model correlation method

Fig. 6.9: Weave diagram of sample woven fabric
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Fig. 6.10: Weave diagram constructed from yarn positional data
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Fig. 6.11: Weave diagram constructed from yarn positional data using proposed
yarn sort method
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6.3.2 GENERATIVE MODEL
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X 7

(a) Cross-section y(u) of yarn (b) Center line §(v) of yarn

Fig. 6.12: Example of cross-section and center line of GM
GM OO
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Fig. 6.13: Surface shape of the yarn represented by GM
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Fig. 6.14: Center line of the knitted fabric of the net stitch of Fig.4.9
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Fig. 6.15: Knitted fabric structure of the net stitch of Fig.4.9 represented by
colored yarns



gell ODOOOOOOOO0ODOODOOOOOODOObOOOn 99

goboooboobobooobooooboooo3soooboobobooooboooooGM
gbobogbogbobbooobobboobboobbooooboobosng
gbobdobobobobobgsbobobobobobobuobooooon
gogbbobuoooobbbooooobbbooobboboooonoboboood



100

070 OO0

71 OO0O0ooon

gogobobobbbooogooobobobobbodoooooobboobbogad
gogbobbbbbouoooooobbbbbooooooobbobobboodao
gbogobboobbdodgbuogboobboobougbooboobbod
ggooobod

7.1.1 Ooooudddooooooooooobooo

e CTOUOODODUODOODODODODOUODODOO
gbboggbogobuoobboobbuoobbooboobboabb
gbobogbbogbobouogobooobooobooooobbuoono
gbobogboboogbooobbobooobboooboobbodabn
gobobbogbbuogobogoboobobuooobooobboobon
gboboogbbuodgbbuooobboobboooboobobobobn
gogbbobuooogbobuoooobobooouoboboooon

e JOUUOUDLODDUOOUODLDLDUOUODLDDOO
gbboodgbogobuoobbuoobboobboooboobboobb
gobogbbogbooogoboooboooboobboobboonoo
gbbouogbbuoobbuooboboobobooobooobobbodabn
goboggbooboogbbuogboboogbboboboobooobon
gbbuogbbuoobbuoobbooobbooobooobooooabon
gogoobobooggn

e JUUUDDLODOULOUOLDDLODOUOOUOLDLDOOOO
Jbuodgobbobuoaobbs3sbuoooobbbuoooobobod
gobogoboodbbuogbobooobogsbbuooobooonbn
gob3gggbbougdbbbuoobbbuoooobboooobn
gobogbobogboboooobooobooobooobobbodgon



gro 00O 101

gboboggbooboodobbuoobbooobboobbobbabb
gbobogobooobbooobboobbobbuobooobboobn
gbbogobboobboobboobobooobooooobboobn
goooodg

e JUU0ODLODLODOUOOODLDDULOOODLDLDOUOOO
gboboboob3sbgbooobobuoboobooobobobon
gobogoboobbuogobobbuoobbuoobobooobboobn
gobooboboobooboobobosboobobbooboobon
gogoguoobbobbooooouoobbobbbbobbooooooon
oo

e HOUOODLDLODOOOODLDODO
gbbodobboobbuoobbuogbboobboobboobonb
gbbogobbuoobboobboobobooobooobooooabn
gbobogobooobooboobbobbuogbbuooooobboonbo
gbobobobooboboboosgboobobonooobobon
goboobuogoobobodao

e JOUOOODLODLODOOOODO

gbbodbboobbodobboobboobboobboobobb
gboodgboogboobadgboobobobobbobooboobagod
gbog3guooooooooooooos3sgbobobobobobobon
gobbooggobbboog20b0gdgbbbuoogbbbuooaoon
gbbouooboobooobooobooobboobboobboobn
gbobogoboodbboobbubbobuogoboooboboonbn
gboboobobooobooooboboboobsboobobon
shbouotudooooogoobbobbbbdoooooosguoooon
gboboooboobuobobooobobboobbooobbodobn
ERERE

gboobgob3gbooboobooboobob

e HOUOOODLDLODDODOOOODLDLODOOOOO

e J0D00U0DOODDODOODLOODODODO

e J000O0DOODDODOODLOODOODODN



gro 00O 102

gbboobbobobodgboboobuooboobbooboobooboobbo
O Table.710000000000O000O0O00OO0O0O30000O00O0O0ODOO
gobooooooooooocrobooobbooboooooboobooboooDn
gbogboobboboobdoobobobbobobobbobbobbobobo
gboobosboobobooboobobobobobboobsboboobobon
goobobbobbobodoooooobbbboouooooobobbboboogad
000000000000000000000000 (00 0.1lmmO 00 2.4mm)
U300000b0b0b0bo0booboboobOonb Table72000000
gogobbbbbbododoooooooobbbbbbobooaobbboodagd
goobobbobbbodooooobbobboooogobbobboboodgd
gogobbbbbouoooooobbbbbuooooooobbbbboboodad
goooodg

gbogbobbobodgbuooboboobuoobobboboobaobo
gbooobdbbFrFgrilbO0bOo0obobooobooboboboboobon
ggobobbbbbbotuooooooobbbbboodoooobbbboago
gogoobbobbbotboodgooooobobboobobbooooboougd
000000000000 000O (CToOOODUOOUOOoDODOoOoUoOoODOOO
goobobbobbouodooooobboobboouooooobooboboogd
00000000)0000003000000000000DODO000O0OO0OO
gobooooooboooboobooooodrooooooboooboooDo
gboboboboboboooboobobobobobobooooobob 3
gogobobbobobbbouoooooooobbooobbobobobboouagd
gogobbbbbotouoooooobbbbbooooooobbbbbboodad
gogbobooooboboooon

Table. 7.1: Comparison of each proposed yarn tracing method for target and

processing time
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Fig. 7.1: Flow chart for applying three proposed yarn tracing methods to sample
textile fabric
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Table. 7.2: Processing time of each proposed yarn tracing method for a yarn, of
which length is about 2.4 mm and diameter about 0.1 mm
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