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Abstract. To facilitate the design of the textile compound multifilament before
spinning, a viewed lightness prediction model was proposed. To examine the pre-
diction effect, 7 different color monofilaments were used to simulate 21 multifila-
ments according to a simplified multifilament model. Then, the mixed lightness of
these multifilaments were calculated by adding the weighted tristimulus values of
the surface color of a multifilament, and scaled by 12 observers in the subjective
experiment. The average difference between the calculated and scaled lightness
was 0.39. In order to determine the significant factors affecting the lightness dif-
ference, the Pearson’s correlation analysis was conducted. The results show that
the lightness difference decreased with the increase of the calculated CIE lightness
(L*) or yellow-blue value (b*) of the multifilament. Finally, the optimized viewed
lightness prediction model was derived by the SPSS analysis. The average light-
ness difference was reduced to -0.01, indicating this model can provide reliable
prediction for personalized compound multifilament.
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1 Introduction

In order to color textiles, dyeing, color spinning or dope dyeing are usually used. How-
ever, these methods have many disadvantages, such as color difference, uneven color
mixing or waste of rawmaterials [1]. To address this issue, our team [1, 2] suggested pro-
ducingmultifilament, named color compoundmultifilament, by dying themonofilaments
directly into different colors with different proportions and arrangements. However, this
new method is still limited to trial spinning at present, which is exceedingly laborious
and time-consuming. On the other hand, the color is ultimately assessed by human eye.
Therefore, there is a strong need to derive a prediction model of the multifilament, which
can express the viewed color.
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The process of fiber color mixing includes both additive color mixing and subtractive
color mixing. There have been many researches on additive color mixing and subtractive
color mixingmodels [3, 4]. As for the research on the color mixing model based on the
characteristics of the human eyes, there have beenmore andmore reports in recent years.
Takako et al. [5] introduced different filters to simulate the spatial filtering characteristics
of human eyes, but the calculation process is too complex, and the cut-off frequency is
need to be determined. Chu et al. [6] developed a model to simulate the spatial color
blendingprocess of digital camouflage. The colormixingof camouflage clothing is point-
to-point color mixing, while the color of the spun filament is continuous in the length
direction. Chae et al. [7] investigated many factors of individual yarn colors and their
blends on the color appearance of woven fabrics and proposed several color appearance
prediction models. However, these predictive models need to use the colorimetric values
of physical fabric, the process of spinning filament and then weaving into cloth belongs
to trial spinning. Therefore, these models do not bring great convenience to the product
design before spinning.

This paper mainly studied the viewed lightness prediction model of the multifila-
ment, and the predictionmodels of other colorimetric parameters can refer to the research
method used in this paper. Firstly, the surface colors of the multifilament were calculated
with the monofilaments. Then the mixed lightness of the surface colors was calculated,
and estimated by observers in psychophysical experiment. Finally, the lightness dif-
ference between the calculated and estimated lightness was analyzed, and the viewed
lightness prediction model was proposed.

2 Methodology

2.1 Simulating Multifilament

In this study, the monofilament was assumed to be an opaque cylinder (Fig. 1a), and
the multifilament was composed of two different color monofilaments arranged in a fan
shape (Fig. 1b). Besides, the surface overlaps between the monofilaments were ignored.
So, the surface color appearance changed from Fig. 1c, d.

Fig. 1 The simulating multifilament: a the monofilaments, b the 3D model, c the surface color
appearance, and d the simplified surface color appearance of a single multifilament
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Since the monofilament was assumed to be opaque, the surface color of the multi-
filament was determined by the monofilaments on the surface of the multifilament. The
ratio of the fan-shaped angle of the monofilament determines the distribution ratio of the
monofilament on the surface. Besides, the surface color is repeated by the basic color
unit. Therefore, according the ratio of the fan-shaped angle of the monofilament, this
article designed 42 basic units to simulate the surface colors of the single multifilament
(Table 1). The test images were formed by arranging these multifilaments in parallel.

Table 1 Designs of 42basic color appearance units

Monofilament arrangements

RY RRRY RG RRRG RRB RRRRB RK

RRRK RRW RRRRW RRGr RRRRGr YYG YYYYG

YB YYYB YYK YYYYK YW YYYW YGr

YYYGr GGB GGGGB GGK GGGGK GW GGGW

GGr GGGGr BBK BBBBK BW BBBW BGr

BBBGr KW KKKW KKGr KKKKGr WWGr WWWWGr

Note: The letter R, G, Y, B, K, W, Gr refer to the red, green, yellow, blue, black, white and gray
monofilaments, respectively

The colors of these monofilaments are often used in color spinning factories, and
were measuredby the spectrophotometry (Datacolor 650 spectrophotometer, USA). The
tristimulus values of these monofilaments were summarized in Table 2.

Table 2 Tristimulus values of the monofilaments

Red Yellow Green Blue Black White Gray

X 23.61 57.91 5.38 6.1 2.06 76.77 9.61

Y 13.31 60.27 9.27 4.66 2.2 81.18 10.16

Z 4.32 7.25 8.59 50.19 2.59 82.75 11.63

2.2 Calculating and Estimating Mixed Lightness

Since the multifilaments were displayed on the monitor, the mixing color of the multifil-
ament was the sum of the weighted surface colors of the multifilaments. Therefore,the
tristimulus values of the mixing color can be calculated by the following formulas:

Xm =
∑

i
(ni ∗ X i) (1)

Here, Xm represents the tristimulus values of the mixing color. The ni and Xi refers
to the tristimulus values of the primary color i, respectively. In order to facilitate data
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analysis, the tristimulus values were converted into CIE L*a*b* and CIE L*C*h
◦
using

the functions in MATLAB software.
In order to estimate the mixed lightness, a subjective experiment was carried out in a

darkened room.A21-inchNEC liquid crystal displaymonitorwas used and calibrated by
the X-rite Eyeone pro display calibration system. Themonitor was set to a gamma of 2.2,
a white point of 6500K, and a luminance of 100 cd/m2.A graphical user interfaces (GUI)
was established and run by the MATLAB R2014a (Fig. 2). By sliding the sliders, the
color of the reference image was adjusted until there was no perceivable color difference
between the test and reference images. All the elements were placed on a mid-gray
background with L∗ of 50 [7].The wide of a single monofilament was 0.233 mm. The
viewing distance was set to 2.33 m. The viewing angle was set to 0° from the normal of
the display, and the size of the test image was 256 × 256 pixels.

Fig. 2 The GUI display for color appearance assessment

Thirteen observers, who had normal color vision color vision according to the X-
Rite color challenge and hue test, were trained for two hour before the experiment. The
test image was presented in random order. The experiment was repeated within one
week. The coefficient of variation (CV) of the observer accuracy and repeatability of
the lightness were 1.15 and 2.14, which were satisfactory compared with that in other
studies [8].

3 Results and Discussion

3.1 Comparison of Estimated and Calculated Lightness

The mean and median of �L* between the estimated and calculated lightness were 0.39
and −0.17, respectively, which were small. However, the distribution of the �L* was
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relatively scattered, and there were several outliers.In order to further investigate the
effectson the lightness of the multifilament, the Pearson’s correlation analysis between
the �L* and the calculated CIE lightness L*, redness-greenness a*and yellowness-
blueness b* was conducted. The significant factors at a significance level of 0.01 found
were the mixed L* and b*.

3.2 Effects on Lightness Difference

The lightness difference �L∗ between the estimated and calculated lightness of the
multifilaments was plotted against the calculated mixed CIE lightness L∗

m in Fig. 3a and
CIE yellowness-blueness b∗

m in Fig. 3b. From the Fig. 3a, b, it can be found that the
relationships between the �L∗ and L∗

P , �L∗ and b∗
P was similar. They were both that

the �L∗ decreased with the increase of the L∗
P or b∗

P in general. This shows that for
multifilament with lower lightness or bluish color, the viewed lightness was higher than
the calculated lightness, while for multifilament with higher lightness or yellowish color,
the viewed lightness was similar to the calculated lightness.

Fig. 3 The relationship between: a the calculatedlightness L∗
P, b the calculated yellow-blueness

b∗
P and the lightness difference �L∗ between the estimated and calculated lightness

4 Optimizing

In order to obtain a more accurate lightness prediction model, the mixed lightness calcu-
lated by the additive color mixing formulas was optimized with the stepwise regres-
sion analysis of the statistical product and service solutions (SPSS) software. The
optimization lightness prediction model was derived, as shown in Eq. 2.

L∗
V = −0.611 + 1.001 × L∗

P − 0.04 × b∗
P + 0.036 × c∗

P (2)

Here, L∗
P , b

∗
P and c∗

P were the CIE lightness, yellow-blue and chroma of the mul-
tifilamentconverted from the tristimulus values calculated by Eq. 1.It can be found in
Fig. 4 that the mean and median of the �L∗ from the optimization lightness prediction
model were -0.01 and -0.04, respectively. Besides, the distribution of the �L∗ was more
concentrated, and there were no outliers.
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Fig. 4 Comparison of the lightness difference between the estimated and the calculated by the
additive color mixing algorithm and by the optimized algorithm

5 Conclusions

In this article, aviewed lightness predictionmodelwas proposed for the textile compound
multifilament, which was the function of the colorimetric values of the mixing color of
the multifilament image.

By comparing the lightness viewed and calculated, it was found that for the multi-
filament with lower lightness or bluish color, the viewed lightness was higher than the
calculated lightness. While for the multifilament with higher lightness or the yellowish
color, the viewed lightness was similar to the calculated lightness. The average lightness
difference between the lightness estimated and calculated by the prediction model was
-0.01, indicating the model performs very well in predicting the viewed lightness of the
multifilament.

It is worth noting that the actual distribution of the monofilaments is very
complicated. This is exactly what our team is studying.
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