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Prediction of the Reflectance of Wet Nylon Fabric Using the

Geometric Model and Kubelka-Munk theory
Sanaz Tofighi and Ali Shams Nateri
Department of Textile Engineering, University of Guilan, Rasht, Iran

Abstract

Wetting the fabric changes its color; therefore, to control the color of the fabric in the dyeing
process, it is crucial to predict the color of the fabric in its wet state. In this article, a geometric
model was used to predict the reflectance spectra of wet nylon fabric based on the reflectance
spectra of its dry state. For this purpose, nylon fabric samples were dyed individually and in
mixtures with red, blue, and yellow acid dyes. Analysis of the color parameters of the samples
shows that wetting causes color change, a decrease in lightness, and increases in color depth of the
dyed fabric. To predict the fabric's reflectance in the wet state using the geometrical model, the
molar absorption coefficient of the dye (g), modified molar absorption coefficient (¢), unit k/s, and
modified unit k/s values were utilized. The prediction error according to color difference (AEcmc)
in four prediction methods, using molar absorption coefficient (&), modified molar absorption
coefficient (¢), unit k/s, and modified unit k/s, were 18.69, 15.51, 6.87, and 5.71, respectively.
Based on the obtained results, the best prediction was achieved by the geometrical model using the
modified unit k/s.

Keywords: Prediction, Reflection, Wetting, Geometric Model, Kubelka-Munk, Color.
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Figure 1. Cross-section of cylindrical fiber and the paths of reflected, refracted and transmitted light [10].
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Table 1: Characteristics of Acid Dyes.

Trade Name Sellan Red 2B Sellan Blue 2R Sellan Yellow 5GN
Generic Name C.l. Acid Red 361 C.l. Acid Blue 225 C.I. Acid Yellow 110
LBl EEU BT LB 540.59 685.32 534.4
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Figure 2. The dyeing profile of nylon with acid dye.
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Figure 3. the a*b* and L*C* scatter plot of the samples in wet and dry state.
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Figure 4: Actual and predicted reflectance spectra of dyed nylon fabric with 2% dye in the wet state by the geometric
model using the molar absorption coefficient (¢) (Red (A), Blue (B), Red-Yellow (C), and Blue-Yellow (D)).
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Table 2: Actual and predicted L*, a*, and b* color parameters of dyed nylon fabric in the wet state by the geometric
color difference AECMC, and RMS error of prediction. model using the molar absorption coefficient (g),

Dye Calculated Geometric model by
Dyed |~ centration Actual data Molar Absorption Coefficient (£) | RMS | AEcwc

samples (%)

57.64 4991 16.12 55.16 19.32 9.78 0.18 12.26

Red 1 42.54 53.15 24.26 45.16 19.50 10.46 0.22 13.35
¢ 1.5 38.28 50.93 27.03 39.30 18.91 10.44 0.22 13.21

2 3331 4390 20.97 35.25 18.23 10.23 0.19 11.11

0.5 83.47 -9.44  56.67 32.82 -0.53 2.01 0.52 27.34

vellow 1 81.17 -590 79.02 23.70 -0.46 1.74 0.53 32.55
15 7830 3.58 89.40 18.99 -0.41 1.57 0.52 34.81

2 73.64 6.93 88.02 15.93 -0.38 1.45 0.47 34.66

0.5 4891 3.85 -42.00 37.59 -0.37 -8.52 0.25 15.25

Bl 1 3494 833 -40.09 27.94 -0.26 -7.72 0.20 15.10
ue 1.5 2691 7.89 -32.12 22.85 -0.21 -7.09 0.17 13.07

2 2478 1143 -34.43 19.52 -0.18 -6.61 0.17 14.56

0.5 45.22 15.14 -17.27 32.87 4.49 -4.08 0.23 11.36

Blue- 1 31.12 15.08 -13.81 23.75 3.95 -3.59 0.18 10.11
Red 15 24.48 1153 -10.02 19.03 3.58 -3.25 0.15 8.18
2 22.67 9.68 -8.39 15.97 3.32 -3.01 0.14 8.02

0.5 66.48 2892 29.90 22.32 141 2.16 0.43 24.26

Red- 1 56.54 48.83 38.92 14.78 1.17 1.79 0.44 28.03
Yellow 1.5 49.02 50.39 37.87 11.00 1.04 1.59 0.38 27.97
2 4473 5411 37.57 8.58 0.96 1.45 0.38 28.47

0.5 69.77 -18.57 16.50 20.04 -0.60 -0.27 0.40 23.68

Blue- 1 39.64 -2256 6.86 12.89 -0.49 -0.23 0.21 19.12
Yellow 15 32.02 -19.22 433 9.32 -0.44 -0.20 0.18 17.99
2 28.57 -14.10 241 7.08 -0.37 -0.17 0.17 17.03

0.5 52.71  9.38 8.68 18.98 0.75 0.19 0.30 17.73

YEIT(?\;V- 1 30.84 11.96 2.98 12.02 0.62 0.15 0.21 14.53
Blue 1.5 2259 871 1.36 8.55 0.55 0.14 0.16 12.84
2 20.96 20.03 6.97 6.45 0.44 0.11 0.18 16.84
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Figure 5: Actual and predicted reflectance spectra of dyed nylon fabric with 2% dye in the wet state by the geometric
model using the modified molar absorption coefficient (g) (Red (A), Blue (B), Red-Yellow (C), and Blue-Yellow

(D).
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Table 3: Actual and predicted L*, a*, and b* color parameters of dyed nylon fabric in the wet state by the geometric
model using the modified molar absorption coefficient (g), color difference AECMC, and RMS error of prediction.

Dye Calculated Geometric model by
Dyed Concentration Actual data modified Molgr Absorption RMS | AEcumc
Samples (%) Coefficient (g)
>

5764 4991 1612 5771  19.02 9.46 016  12.32
red 1 4254 5315 2426 4781  19.60 1037 020 1351

€ 15 3828 5093 27.03 4192  19.23 1049 019 1322

2 3331 4390 2097 3780  18.68 1038 015 1117

05 83.47 -944 5667 4296  -058 2.18 046  24.98

Vel 1 8117 -590 79.02  32.82  -0.53 2.01 049  30.44
etiow 15 7830 358 8940  27.33  -0.49 1.86 050 32.88

2 7364 693 8802 2370  -0.46 1.74 045  32.80

0.5 4891 385 -42.00 47.96  -0.48 -8.72 019  14.26

Blue 1 3494 833 -40.09 37.58  -037 -8.52 014 1438

15 2691 789 -3212 3181  -030 -8.11 010 1285

2 2478 1143 -3443 2794 026 772 009 13.91

05 4522 1514 -17.27  43.01 478 434 018  9.49

Blue- 1 3112 1508 -13.81  32.87 4.49 -4.08 016  8.69

Red 15 2448 1153 -10.02  27.38 4.19 3.81 014  6.94

2 2267 968 -839 2375 3.95 -3.59 013 565

0.5 66.48 2892 2990  47.36 1.79 2.77 033  18.10

Red- 1 56.54 48.83 3892  36.98 1.72 2.65 039 22.84

Yellow 15 49.02 5039 37.87  31.23 1.63 2.50 035  22.96
2 4473 5411 3757  27.37 1.54 2.36 035  23.66

05 69.77 -18.57 1650 4876  -0.80 -0.37 027 15.86

Blue- 1 3964 -2256 6.86 3831  -0.78 -0.36 017  12.96

Yellow 15 3202 -19.22 433 3249 074 -0.34 015 1173
2 2857 -1410 241 2857  -0.70 -0.32 014  9.80

0.5 5271 938 868  42.96 1.02 0.25 022 1023

YRI?d' 1 30.84 1196 298  32.81 0.95 0.24 017 871
eBISZV- 15 2259 871 136  27.33 0.89 0.22 014  7.79

2 2096 2003 697 2370 0.83 021 017  12.20
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Figure 6: Actual and predicted reflectance spectra of dyed nylon fabric with 2% dye in the wet state by the geometric
model using unit k/s (Red (A), Blue (B), Red-Yellow (C), and Blue-Yellow (D)).
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Table 4: Actual and predicted L*, a*, and b* color parameters of dyed nylon fabric in the wet state by the geometric
model using unit k/s, color difference AECMC, and RMS error of prediction.

(D)V/:] Calculated Geometric model by

sampl
ampes (%) ---———

05 5764 4991 1612 6030  40.68 897 004 512

red 1 4254 5315 2426  52.02 44.23 1256 007 830
€ 15 3828 5093 27.03  47.13 45.07 1451 007 867

2 3331 4390 2097 4366 4509 1569 008  7.12

05 8347 944 5667 9473 -5.30 67.96 024  6.46

Vellow 1 8117 -590 79.02 6630  -10.39 3545 025 1578
15 7830 358 8940 9274 -1.32 9019 025 596

2 7364 693 8302 9218 0.18 9563 030 836

05 4891 3.85 -4200 56.74 3.41 2400 008 996

Bl 1 3494 833 -40.09 46.74 237 2581 009 11.81
15 2691 7.89 3212 4084 1.63 2595 011 1237

2 2478 1143 -3443 3675 -1.10 2563 011  12.99

05 4522 1514 -17.27  44.02 14.46 41191 008  3.80

e 1 3112 1508 -13.81 33.92 13.98 1137 008 245
Red 15 2448 1153 -10.02 2841 13.26 11069 008  3.11
2 267 968 -839 2474 12.61 11011 008  3.01

05 66.48 28.92 2990  59.71 36.60 2919 004  6.68

Red- 1 56.54 48.83 3892  51.52 40.87 3250 010 421
Yellow 15 49.02 5039 37.87 4668  42.20 3360 009 358
2 4473 5411 3757 4326 4255 3394 011  4.88

05 69.77 -1857 1650 5463  -16.81 836 016 7.92

Blue- 1 39.64 -2256 6.86 4435  -17.07 833 008 437
Yellow 15 3202 -1922 433 3838  -1656 802 009 528
2 2857 -1410 241 3428  -15.95 770 009  6.09

05 5271 938 868 4331 8.34 439 010 674

YRITd- 1 30.84 1196 298 3323 8.14 421 009 407
EBISZV' 15 2259 871 136  27.77 7.76 398 008 526
2 2096 2003 697 2414 7.41 377 010 821
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Figure 7: Actual and predicted reflectance spectra of dyed nylon fabric with 2% dye in the wet state by the geometric
model using modified unit k/s (Red (A), Blue (B), Red-Yellow (C), and Blue-Yellow (D)).
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Table 5: Actual and predicted L*, a*, and b* color parameters of dyed nylon fabric in the wet state by the geometric
model using modified unit k/s, color difference AECMC, and RMS error of prediction.

Dye

Calculated Geometric model by

Sgn{g?es Concentration . Actual data modified unit
€0
0.5 57.64 49.91 16.12 52.02 44.23 12.56 0.07 3.62
Red 1 42,54 53.15 24.26 43.66 45.09 15.69 0.07 5.05
€ 15 38.28 50.93 27.03 38.81 44.33 16.94 0.08 5.73
2 33.31 43.90 20.97 35.41 43.28 17.47 0.08 2.54
0.5 83.47 -9.44 56.67 95.83 -6.24 54.11 0.25 4.88
vellow 1 81.17 -5.90 79.02 94.73 -5.30 67.96 0.26 6.10
15 78.30 3.58 89.40 94.02 -4.18 76.30 0.27 8.21
2 73.64 6.93 88.02 90.82 4.29 107.57 0.29 9.09
0.5 48.91 3.85 -42.00 46.74 -2.37 -25.81 0.12 8.20
Bl 1 34.94 8.33 -40.09 36.75 -1.10 -25.63 0.11 9.01
ue 15 26.91 7.89 -32.12 31.18 -0.46 -24.64 0.10 7.89
2 24,78 11.43 -34.43 27.43 -0.08 -23.63 0.11 9.51
0.5 45.22 15.14 -17.27 41.31 14.44 -11.86 0.09 424
Blue- 1 31.12 15.08 -13.81 31.39 13.69 -11.09 0.07 1.99
Red 1.5 2448 11.53 -10.02 26.06 12.86 -10.33 0.07 1.53
2 22.67 9.68 -8.39 22.53 12.16 -9.71 0.06 2.14
0.5 66.48 28.92 29.90 61.83 35.14 28.08 0.03 6.02
Red- 1 56.54 48.83 38.92 53.69 39.97 31.79 0.06 4.20
Yellow 15 49.02 50.39 37.87 48.86 41.72 33.19 0.05 3.61
2 4473 54.11 37.57 45.43 42.38 33.77 0.10 4.89
0.5 69.77 -18.57 16.50 44.35 -17.07 8.33 0.20 11.25
Blue- 1 39.64 -22.56 6.86 34.28 -15.95 7.70 0.11 4,93
Yellow 1.5 32.02 -19.22 4.33 28.76 -14.86 7.14 0.10 434
2 28.57 -14.10 2.41 25.09 -13.96 6.70 0.10 4.58
0.5 52.71 9.38 8.68 46.04 8.28 4.38 0.07 6.04
YEIT(?\;V- 1 30.84 11.96 2.98 35.81 8.25 4.29 0.06 4.84
Blue 15 22.59 8.71 1.36 30.18 7.95 4.09 0.06 6.76
2 20.96 20.03 6.97 26.41 7.64 3.90 0.08 8.81
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Figure 8: The error in predicting reflection spectra using different geometric model methods based on the difference
in reflection spectra (RMS).
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Figure 9: The error in predicting reflection spectra using different geometric model methods based on color
difference (AEcmc).
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