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A Method for Evaluating Visual Texture of Woven,
Knitted and Braided Fabrics by Image Analysis
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An image processing system was used to evaluate the number and sizes of voids formed in woven,
knitted and braided fabrics having different attributes, such as their geometrical constructions and
yarn arrangements. The box-counting method by computer-aided image analysis was adapted to
measure the fractal dimension of their void patterns. Gray scale image analysis was also applied for the
characterization of their visual texture. The angular second moment, correlation, contrast and entropy
extracted from the gray level co-occurrence matrix were measured as textural feature parameters. As a
result of the image analysis, it was found that the lacunarity of the knitted fabric is the most irregular
and complex, due to its looped construction, and that all three fabrics had visual anisotropy as texture
features. From the viewpoint of {abric construction, visual features of the three fabrics were discussed
in terms of uniformuty, directionality, local variation and information quantity.
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Table 1. Construction of samples
S . Des Density Thickness Weight
amp.e esign (/50 mm X 50 mm) (mm) (mg/cm?)
Woven Plain weave 30X 30 1.596 18. 86
Knitted Plain knit 10X11 1.843 18.78
Braided Plain braid 29 X29 1.395 18.56

T&E5EEZT, AKIIETI i?iZIKFJ/J“C“fFEJ T H
2R, PR, LIS LD BAEDS—EIl % A X9 IS
Y, W, ﬁ%%%’bfﬁ*ﬁﬂtLa%m% z
NOHOAIIR L Tl AT A2 LIZL DA
OB ZR T 5 L HICTF 7 AF v fFEEZHIE L,
INBDT T AF ¥ OENIOWT—HERLT Y b
2 &, MR TERE L S OB E OBEN S

HEBRHATAZEI2LD, 77 2AF X BRI OIMER

FZFEST 2 DICER R TETH A Z Lo HET 5.

mEOME A DBEBRD T X1 ¥ 7 %47 o THAH# 50 mm
X50 mm HEDH 72 ) OEPROMEE (NUM), AFHREE
HfE (TAV), FHEBEE (MAV) b L OEikERFZE
(STD) % sk&>7- (Mori ef al. 1996).
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AFx v F =D oA TE N ABEEEOBRBEEZED 2
ELEG IOV CHILOE S22 A HESZEHL
TT7 778 VENEiTo72. BEZIERRIIHEL,
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(Mori et al. 1996).
HEEKICT T 7 9V EXRHNIENG) L r DRI
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v ETVEEAHAN () THY, MEEIZIE N(r)=F.r? (1)
AR RS R e A, Table 11213 4E log N(r) =log F—D log r (2)
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2 RICEF & UTHRAET . H A T3 E D 50X50
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TEEICHE SN, BEEBEGEEIIN244dpi TH 5.
F7o, A/DEHB SN HGERIISEEME T LI
VR L~V & 256 FEFIE L CIlREE L OV IEHRDSE
Manboc, HHORIRSHEZRS L) IBREL
NVDOERAMNTT LN LEWELXFELT, 2MHE{L
I E AT o7z, 2 BB ZOEIG & (1 EE S,
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(1) XOWBOMEE & -7z (2) KIZHE> T log-
log 7o v b (Fig. 1) 217w, EREHOEE2L T
S8 NVRICD KD,

4) T AF v

WAt 7 7 2F v 1O 3 AR BEO R Tld R
SR LB RERL S -5T EINTVE LD
ATy 2 WA JiEHSH A (Haralick et al. 1973).
RS2 42475113 Fig. 2 O X 9 ICEBHRDO 7 L 4 L)L
WIiDEPL—EDEMNS =, 6) FZIFTHENISZD
TUALNUjTHLWERP; (i,)) #T_RTHOI L
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BRAERATIIIE~ DY) v 7 AROEROA 1124 5 &
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HEITHEZ KDDL E, HEVICHIEREDVEL B ED
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Fig. 1. Log-log plots of the number of squares
counted by computer-aided image analysis,
N (1), and the size of a square, r, for woven
(W), knitted (K) and braided (B) fabrics
D&Z, 02D TIE O =0, 45°, 90°, 135° D&

WZDWTITAN & KD, BATH 613 14 FEOFHE
R L. AL CHLENRAN>D T 7
F v BEE 42 H L7 (Haralick er al. 1973 ; Sobus et

al. 1991). UUToORXTIE 7L AL _XNVIZ 05 n—1

THD.
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gray level j

gray level i
Fig. 2. The distance (r) and the position angle ( 4 )
of the pixel with the gray level j with respect
to the pixel with the gray level i

k=0, 1, -+, n—1.
(d) = bra¥— (ENT)
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Table 2. Number and area of voids and fractal dimension

Sc0sdedeode

ASM S [E R A RATHI DA EDRLEE L T L

Number Total void Mean void Standard Fractal
Sample . . , . o , . .
of voids size (mm?) size (mm?)  deviation (mm?*) dimension
Woven 517 419 0.810 0.273 1.62
Knitted 152 179 1.177 0.430 1.68
Braided 482 285 0.592 0.288 1.55
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Fig. 3. Void patterns of woven, knitted and braided

fabrics
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ZHNTwA (Mori et al 1996). D w4 >k >
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L TwAb,
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Table 3 |21 X KK O F 7 2 F ¥ 8 (ASM,
CON, COR, ENT) # &0 Ths. #hHTIE, 0°B
L UY90° JFImAT45° B & OV 135° 1A X T CON %
ENT & fiilz K & ¢ ASM % COR O id/N& vy, %
XS & BATIC45° B X 11357 Ji 114 CON % ENT
DEHNE {, ASM % COR DfEIT K E Vv, I3
W e £, 90° Ao 3 2T
CON % ENT O fEIZZ L </~ & <, ASM % COR D1
BELLREV, WTFNROHDEES 77 A F v
BN TELRY, Th5DT 7 AF ¥ 1213,
MW, WX FNEnEEORENRFESRE S
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TWAEPEETLIDICHWON, ThEI)F 7 RF
Y DO—KEEREMTEL EEZ NS, Py (i j) DU
SVWETTNTHLVWE X ASM EFEL/NE LR LD,
VEOREREPSE > TWAEEAEIZASM 1F kX<
A, Lo THEDP (L)) L2EITnwE N
H 2l NIRRT ABRBELZINPEEL TV
HIETHY, TNE—HERH - MERETLLE
ZbNA, CONEITHIDESE—X Y N THY, H
BHICHEET LI P T A NDLVIIEANEILOE
RUIET A, F2T, ZOEIKE CBEINES TV
LWHEMNLGNIET L T AP REVEEZONS,
CORIEZ T DOWMED T L A LXIWEDEI L TWAE
Zkizky, FrOAFYyOFMEEMETE 5.
ENT OEF*IE P, (1)) OEPHFIZEH VRN T
LIFEEORKREL LBHETHY, THLDODIDORET
H 5 EFERFICEROBEE KT,

Doz 2EETAHE, @, W, HWoORE
R L L TR TN ¥ 2B TRE S
A%, Y TIEEY & POHITERE ISR TONA Y
AHEA, F MY i 3 FEICk Ty 2 — v
FIWT 7 AF v O—FRERLHAE»E <, BITHNE
LR BRI L VWSS AL TEL,. Th
&, BRI CRE L ZARDPE BICBIRRETH VI
EoDE-oTHAIE LWEB 2B L, #cidhss
FOFENARDPED BNIIEEH L TH OB TREHIC
B o THERL L TWBZDTHAE. ThiZ
W LUTH iy 2 — W HRICT 7 AT ¥ DD
BoNsrnid=—FNLrdHrnizs ri—I—7050
o &b b —T0 2 KOMOEG OB FEL
REWEDEZEZ NS,

[FRE AR AT H A 5 15 5 1L 5 B (X T O M3 Y
WLEREFR (r, 0) OBETHL. T Tk r=1 124
LTo=0", 45°, 90°, 135° ™ 4 JIMDOF¥EE r=
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Table 3. Texture feature parameters

Sample Angle ASM CON COR ENT
Woven 0° 0.25 21.1 0.955 8.2
45° 0.21 41.6 0.912 17.7

90° 0.24 21.7 0.954 8.2

135° 0.22 42.1 0.912 17.7

Mean 0.23 31.6 0.933 13.0

Knitted 0° 0.18 45.0 0.965 16.8
45° 0.20 56.7 0.965 25.6

90° 0.30 13.6 0.989 6.3

135° 0.17 58.0 0.954 24.4

Mean 0.21 43.6 0.968 18.3

Braided 0° 0.24 18.9 0.903 7.2
45° 0.36 8.8 0.962 3.8

90° 0.25 17.8 0.908 7.1

135° 0.35 10.6 0.939 3.8

Mean 0.30 14.0 0.928 5.5

(Haralic er al. 1973), Table 3 iZ#1F7:. ZTHILES
Koz R LBEOAIFAET AL &R LT 7

AF ¥ ERBTHPRLTHLERDNLENLTHA.
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(3) [ABFERATHIENT D S5 SN2 T 7 AF ¥ 558
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