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summary

The methods of calibration to reflectance from the pixel value of the digital image of woven fabric
taken by the microscope were investigated in this study. The author tried to fit the known reflectance of a
gray scale chart to the pixel value of a digital image by using the nonlinear function. The reflectance per
a pixel was calculated by exponential function and the parameter which were obtained by these results. In
addition, those results and the measurement results of the spectrophotometer were compared and verified,
and the parameter of exponential function was determined. The reflectance from the micro geometry of
woven fabric was able to be calculated with the adapted parameter.
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Table 1 Details of 3 experiment samples.

sample  material/ woven d(:l;liy thickness
label processing pattern pick/cm) (mm)
sl cotton/ - poin 52x28 0.22
mercerization
S2 silk plain 54x40 0.12
s3  polester i 40x30 0.08

*thin cloth
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Fig.1 Reflectance of a gray scale chart.
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Fig.2 Correspondence relation between reflectance

and a pixel value; Gray scale chart.
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VILT, ENENTRERANT A—2EGT, UL, BRSO RS ST BRI I3
14 OAEBICH > TEAL L, SRl E RS 7 8 25 e KAE & 72 0 1E S FE i % TEUS
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Table 2 Calculated parameters of function for nonlinear fitting by AOR and
reflection components.

parameters of the Exponential function

AOR adjustd R?  label

Yo A Ry
D-0Odeg 72363.51671 -72357.27523 -7.43400E-06 0.93304 pml
D-15deg 80212.09230 -80206.27876 -6.76192E-06 0.93232  pm2
D-30deg 104362.81953  -104359.89441 -5.17092E-06 0.91297 pm3
D-45deg 93010.56707 -93007.06619 -5.12973E-06 0.85571  pm4

D-60deg 127334.84441  -127334.13013 -4.79686E-06 0.84282  pm5
S+D-0deg 83564.72789 -83558.90802 -6.16625E-06 0.92585 pm6
S+D-15deg 96470.64130 -96466.22889 -5.21946E-06 0.91751  pm7
S+D-30deg 95984.85641 -95989.85714 -5.34840E-06 0.88537 pm8
S+D-45deg -22.27617 10.95689 1.41700E-02 0.99899  pm9
S+D-60deg  113775.16856  -113774.91951 -4.64033E-06 0.86577 pml0

3-1 & 3-2 1TFBIST G - i), X 4-1 & 42 1330BS2 (R - k) oRERT, X 3-1 &
4-11%, 3 2 »D-0deg, D-15deg, D-30deg, D-45deg, D-60degii R L7=/%F A —H (2L » CTH£3%
JefHE DSHDRLSY EDRAY DA R AZBH L, K32 & 4-21%, ZHAE LRy FNENT
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Fig.3-1 Calculated reflectance of weaving yarn;

S1, warp, pm1-pmS5.
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Fig.3-2 Calculated reflectance of weaving yarn;
S1, warp, pm1-pm10.
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Fig.4-1 Calculated reflectance of weaving yarn; Fig.4-2 Calculated reflectance of weaving yarn;
S2, warp, pm1-pmS5. S2, warp, pm1-pm10.
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WO XT A =2 2 metd Hl2hizb, £7, 3TWEOME (S1: M FERk S2 @ fFFHE,
SR Y T AT VAR EEMS RO AT A THE Lz, 3RRESA G, fE, A 7 2 J51A),
55t (0, 15, 30, 45, 60 %) Z & DR SRR EYDRERITER I D@D Th D, %k
WRLTZIEY, ZOY AT MIEO Sy & IR IS OBET D 2 LIETERVD, —
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WRENDH, LvL, TIRERET TR, SEEREREmA SN TE LT, i
Ry E BRI ETHSH 2 L EZHA LN LTWS, 2078, il 27 4 L O HEkIT
DGy DF*, & DUMISHDREGT DI &, DSy L S+DRE G & B ITIT o 72, F7z, 37k, 3
REHME S, ERHFO 45 A 2 72 60 BBV TRIFFEE LY & ISR RMEE T L,
WIS, BEEDTZDIZKE /T A —Z OMEE LG Lz, WIE 1LICBIT DR v UE
DISEBREEZE LT, £41TFTPL 2 HP3 OMATIT & » THFEH ORCHTRSY & 326
INENICNRT A= A S CRHFLRE I Lz, 228, #1372 —XICT T L
pml 23 5Hpml0 1EE 2 IR LI D TH D, TDOHT, T A—=FOMEBPLICL D KRS DOR
HHEOFRFERIIR S DB Thd, KILRSDELAZHKT 5 LHEHHIZE > T B0
FEITH DA, ZZFETORFREHOFHE 2B LR TudRbonk 5 R&E RiaE
13P2 £P3 TORER b EO TR o7,

Bz, mkBE s AT AOFAFER & 4587 A— 21T Ko TR U7 K% ik Uiz,
ZOFERITER 6 1R T A, RPOBMITZHAE 0 EDOMEE 100 & LT, SZHMEDEMITHE
IR OELEEIETRLIZL D TH D,

Table 3 Measuring results of the reflectance of woven fabric by
the spectrophotometer.

S1 S2 S3
L reflectnce reflectnce reflectnce
AOR Y Y Y
direction (0) %) %) %)
Odeg 62.78 63.26 53.22 54.16 39.50 39.65
15deg 66.65 67.15 61.06 62.09 44.54 44.72
warp 30deg 72.49 73.11 69.40 70.58 52.52 52.90

45deg 80.10 80.79 80.55 81.93 61.12 61.70
60deg 87.54 88.00 92.92 94.19 76.77 77.51
Odeg 62.39 62.85 63.71 64.77 35.66 35.73
15deg 68.52 69.03 65.27 66.35 40.76 40.94
weft 30deg 76.74 77.35 70.76 71.96 53.01 53.45
45deg 87.22 87.97 81.54 82.93 58.98 59.58
60deg 97.23 97.77 97.66 98.95 75.07 75.80
Odeg 61.89 62.35 59.82 60.82 32.11 32.17
15deg 67.50 67.99 62.54 63.60 39.56 39.70
bias 30deg 75.30 75.88 67.79 68.93 43.17 43.49
45deg 85.61 86.32 77.70 79.02 49.20 49.73
60deg 95.83 96.36 92.88 94.12 62.78 63.42
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Table 4 Combination of parameters.

factor  AOR P1 P2 P3

Odeg pm3 pml pm3

15deg pm3 pm2 pm3

D 30deg pm3 pm3 pm3
45deg pm4 pm4 pm4

60deg pm3 pmS5 pmS5

Odeg pm3 pml pm3

15deg pm3 pm2 pm3

S+D 30deg pm3 pm3 pm3
45deg pm3 pmS5 pmS5

60deg pm3 pmS pm5

Table 5 Results of the reflectance calculated by each parameter.
(%)

S1 S2 S3

D;P1  S+D;P1 D;P1 S+D;P1 D;Pl S+D;PI

Odeg 55.99 56.64 42.88 53.72 27.58 37.56

15deg 57.28 58.04 45.21 53.74 34.71 51.06

warp 30deg 62.18 62.19 49.77 59.07 38.91 57.66
45deg 62.43 66.24 49.86 66.32 36.36 59.68

60deg 71.27 72.00 59.88 74.69 46.20 69.16

Odeg 59.13 59.78 46.06 56.87 30.82 40.76

15deg 60.44 61.20 48.30 56.88 37.76 54.18

weft 30deg 62.18 62.19 49.77 59.07 38.93 57.66
45deg 62.43 72.38 49.86 72.47 36.36 64.96

60deg 78.08 78.90 65.18 81.95 49.70 75.69

Odeg 55.99 56.64 42.88 53.72 27.58 37.56

15deg 57.28 58.04 45.21 53.74 34.71 51.06

bias 30deg 62.18 62.19 49.77 59.07 38.91 57.66
45deg 62.43 72.38 49.86 72.47 36.36 64.96

60deg 78.08 78.90 65.18 81.95 49.70 75.69

direction AOR

HEISLIZOWTIE, NA T AHAT, PLOLPIOWTNOMAETH T A—FTRE L
RO AN S AT A THB LI 3% TEl- 7223, 070 &S MTHE, P3OMAY
DIRT A—HIZ K HS+DESy DFER NP S AT L OFHRIRK ST OEAL L Rtk DB & 7e o7z,
AEIS2 I oW T, BEFMIZEWT, PLMBLP3OWTFROMAEE /8T A —X TORFH
BRI 2T AOFHAIR ST A TRl 723, §Am &N, 7 AR TIE, DY & SHDATIT
BWTCHEAEP3 D37 2 =X L DR ROEMITHE S 2R, W A7 A TEHHILE
R OZEAITITEL L Tz, #EIS3 TiE, PL OAED /T A — 212 L 2 HE N KFR G EN
o T2, 3 & HS+DE Y DP3 D /3T A —HZ K DR KSR NG AT AOFHIIK
FROZ NI L DEAIT L VTN T,
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Table 6 Comparison between the measurement results by the spectrophotometer and
the results calculated by parameters.

(%)

S1 A D; P1 S+D; P1 D; P2 S+D; P2 D; P3 S+D; P3
AOR;0deg - - - - - - -
direction; 15deg 106.17 102.31 102.47 102.22 102.38 102.31 102.47
warp 30deg 115.47 111.07 109.79 105.16 104.04 111.07 109.79
45deg 127.58 111.51 116.95 105.59 121.08 111.51 127.79

60deg 139.45 127.30 127.11 132.05 131.98 139.45 139.29
Odeg - - - - - - -

15deg 109.83 105.92 104.51 105.59 104.28 105.92 104.51

weft 30deg 123.00 117.30 113.56 110.72 107.34 117.30 113.56
45deg 139.80 115.74 123.23 109.26 127.32 115.74 134.70

60deg 155.85 143.91 141.96 149.14 147.37 158.00 155.91
Odeg - - - - - - -

15deg 109.05 103.72 104.90 103.52 104.66 103.72 104.90

bias 30deg 121.65 109.93 110.54 103.91 104.53 109.93 110.54
45deg 138.32 111.14 117.17 105.05 120.93 111.14 127.88

60deg 154.84 135.53 132.97 140.49 137.84 148.63 145.76

S2 A D; P1 S+D; P1 D; P2 S+D; P2 D; P3 S+D; P3
AOR;0deg - - - - - - -
direction; 15deg 114.73 105.43 100.02 104.87 100.01 105.43 100.02
warp 30deg 130.40 116.08 109.95 108.05 103.86 116.08 109.95
45deg 151.35 116.27 123.44 108.23 127.42 116.27 134.89

60deg 174.59 139.66 139.03 141.51 144.09 152.02 152.53
Odeg - - - - - - -

15deg 102.45 107.62 99.28 106.87 99.35 107.62 99.28

weft 30deg 111.06 117.68 105.57 109.30 100.09 117.68 105.57
45deg 127.98 120.09 116.18 111.54 120.37 120.09 126.97

60deg 153.29 153.35 134.74 155.42 140.29 167.34 147.98
Odeg - - - - - - -

15deg 104.55 102.25 100.47 102.09 100.42 102.25 100.47

bias 30deg 113.33 106.35 103.53 100.23 97.71 106.35 103.53
45deg 129.90 103.75 114.62 97.78 117.80 103.75 124.83

60deg 155.27 135.10 137.53 139.38 142.27 147.89 150.75

S3 A D; P1 S+D; P1 D; P2 S+D; P2 D; P3 S+D; P3
AOR;0deg - - - - - - -
direction; 15deg 112.77 125.83 135.94 122.50 132.93 125.83 135.94
warp 30deg 132.98 141.06 153.53 126.31 141.47 141.06 153.53
45deg 154.74 131.82 158.92 117.98 159.38 131.82 172.97

60deg 194.36 167.49 184.15 161.25 185.70 180.17 201.53
Odeg - - - - - - -

15deg 114.31 138.58 135.25 134.08 132.63 138.58 135.25

weft 30deg 148.66 152.26 143.13 136.57 132.87 152.26 143.13
45deg 165.39 130.29 140.56 116.86 141.85 130.29 152.81

60deg 210.53 179.05 170.52 173.50 173.33 193.44 186.72
Odeg - - - - - - -

15deg 123.20 126.03 131.58 122.10 127.46 126.03 131.58

bias 30deg 134.43 131.78 133.26 116.04 118.64 131.78 133.26
45deg 153.23 130.83 147.81 115.20 140.16 130.83 157.43

60deg 195.49 183.65 184.88 173.48 177.53 197.02 199.40

[Note] A; The measurement results of the spectrophotometer.
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Table 7 Suitable parameters for calculating reflectance.

reflection: parameters of the Exponential function label
AOR Yo A R,

D:0deg 104362.81953  -104359.89441 -5.17092E-06  pm3
D:15deg 104362.81953  -104359.89441 -5.17092E-06  pm3
D:30deg 104362.81953  -104359.89441 -5.17092E-06  pm3
D:45deg 93010.56707 -93007.06619 -5.12973E-06  pm4
D:60deg 127334.84441  -127334.13013 -4.79686E-06  pm5
S+D:0deg 104362.81953  -104359.89441 -5.17092E-06 ~ pm3
S+D:15deg  104362.81953  -104359.89441 -5.17092E-06  pm3
S+D:30deg  104362.81953  -104359.89441 -5.17092E-06  pm3
S+D:45deg  127334.84441  -127334.13013 -4.79686E-06  pm5

S+D:60deg  127334.84441  -127334.13013 -4.79686E-06  pm5
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Fig.5 Calculated reflectance of weaving yarn;

Fig.6 Calculated reflectance of weaving yarn;
S1, warp, P3.

S2, warp, P3.
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Fig.7 Calculated reflectance of weaving yarn;

S1, bias, P3.
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Fig.9 Calculated reflectance of weaving yarn;
S3, bias, P3.
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Fig.8 Calculated reflectance of weaving yarn;
S2, bias, P3.
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