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This study aimed to analyze the color differences by warp direction of textile 

mosaics by focusing on two representative textile wallcovering types, woven 

and string. Mosaics made of string can be expressed as having 

three-dimensionality based on color differences resulting from the warp 

direction of the string. String wallcoverings, unlike woven or non-woven 

wallcoverings, only have vertically oriented warp lamination on the backing 

paper without weft, and therefore, the reflection and backing color can be 

expressed differently depending on the angle of the mosaic. In this study, two 

identical wallcoverings were manufactured using the same materials but using 

different textile types, woven and string. The wallcoverings underwent 

die-cutting by each angle and were deployed in cube form. The analysis was 

based on ISO 5631-1:2015. The color difference between the two 

wallcoverings, woven and string, was shown as E* 9.29. Based on the Δ

standard deviation of the color difference for each mosaic angle, woven ranged 

from E* 0.09 to 0.94 and string ranged from E* 1.92 to 3.74, showing a Δ Δ

larger color difference. Thus, using the color differences of string to create a 

mosaic wallcovering improved dimensionality.
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I. Introduction

Recently, many mosaic wallcoverings are also available 

seen in decorative material because of an increase in 

their development and the value of being 

three-dimensional (Lee & Kim, 2019). The 

world-famous exhibition Heimtextil or Maison Objet, 

held in 2019, also showed a significant increase in 

mosaic wallcovering. In these exhibitions, wallcoverings 

that embody dimensionality were released through 

differences in color or texture due to density of fabric. 

However, the mosaic released was made of woven fabric 

and no other type of textile was found.

  Mosaic is a technique of art or decoration, it involves 

gluing materials to create patterns in different colors of 

stones, glass sculptures, and drawings (Ahn, 2009). A 

cubic layout is the most basic and widely used figure in 

3D expression. It is a typical mosaic method that allows 

a 3D representation of a plain wallcovering by the color 

difference or direction of each piece (Geng, 2013). To 

express the illusion such as optical arts, there is a 

method using the angles of lines also (Lim & Kim, 

2006). Figure 1 shows optical illusions by angled line, 

the parallel lines in the middle looks curvature lines 

(Kim, 1996).

  String is one of the representative textile wallcoverings 

that has only warps laminated on the backing, by 

omitting the weaving, the cost can be greatly reduced in 

Figure 1. Optical Illusions by Line
 (Kim, 1996, p.18)

Figure 2. CIELab Color Space
 (www.researchgate.net)

mass production (Lee, Kang & Kim, 2017). The 

harmony given to the yarns and backing is reflected by 

the viewing angle. Unlike non-woven textile, string has 

the advantage of having 3D stereoscopes, such as the 

optical art, even if it is in the same color because the 

warp is consistently listed and oriented (Kim, Kim & 

Lee, 2019). Despite these advantages, there are no 

academic research or product development cases 

discussing the color difference of string wallcovering for 

mosaic.

  In this study, CIELab color space was used as a 

method to analyze the color difference between woven 

and string textile mosaics based on ISO 5631-1  (Yang, 

2017). CIELab is a right-angled coordinate system with 

L*, a*, b* as the axes (Figure 2). It was defined by the 

International Commission on Illumination  (CIE) in 1976 

(Atodiresei, Sandu, Tulbure, Vasilache & Butnaru, 2013). 

It expresses color in three values, L* for the lightness 

from black (0) to white (100), a* from green (-) to red 

(+), and b* from blue (-) to yellow (+). L* measures 

the change along the gray scale from black to white that 

has occurred in a sensitively uniform manner  

(Weatherall & Coombs, 1992). The a* and b* 

coordinates may be conceptually associated with 

Hering´s Opponent-color theory based on the 

expression that the retina of the eye contains a relative 

color channel that separates colors according to 

red-green and yellow-blue characteristics (Alman, 1988).
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  In particular CIElab in textile studies has been widely 

used for color measurements. Becerir (2017) used various 

methods with CIElab in his study on color differences 

and argued that the analysis method using CIELab was 

more common in textile studies. The color standard 

measurement work for mixed-colored fiber was also 

studied using CIElab to formulate differences between 

estimated and measured colors, conducted to produce a 

melange-colored optical fiber (Sabır & Ye il, 2011). ş
CIElab was also used to increase color prediction 

accuracy in a study on pre-color fiber blending that 

produces desired colors in an environmentally friendly 

manner in the textile industry (Wei, Wan & Li ,2017). 

Osaki (2003) photographed the surface of silk fibers with 

scanners and digital cameras, setting the color difference 

of CIElab to ΔE*, it was found that CIELab is effective 

in reproducing precise colors and transmitting them 

between media without loss, allowing for accurate 

implementation of desired colors on a fabric.

  This study aims to enhance the marketability of 

mosaic products by analyzing the direction of the warp 

and color difference based on CIELab system. The 

method of study, first, manufacturing strings and woven 

in the same color and density. Second, make mosaic of 

each material at a constant size and angle. Third, the 

color of each piece is extracted from the manufactured 

mosaic and compared and analyzed by material. Finally, 

the study suggest the condition of the mosaic with the 

best stereoscopic feel are presented.

Table 1. Specifications of Textile Wallcoverings

Type End per square inch Yarn Backing Surface

String
34

 (warps only)

Linen spun 25lea/1
Black printed 

non-woven

Coated with red & 

black pigment

Woven
34

 (17 warps & 17 wefts)

II. Experiment

1. Manufacturing String and Woven Wallcovering

In this study, two different types of wallcoverings were 

manufactured using the same material to create mosaics, 

hereafter referred to as String and Woven (Table 1). 

linen spun yarn (bleached, 25 lea/1) were obtained from 

Samkang Trade Co., Ltd. (Seoul, Korea), non-woven 

(MA8212, 90gsm) was supplied from Ahlstrom Munksjo 

Korea (Seoul, Korea), EVA adhesive was purchased from 

Noroo Paint & Coating Co., Ltd. (Anyang, Korea) and 

printing pigments were provided by Uhyun Tech Co., 

Ltd. (Hwasung, Korea).

  String was manufactured with 34 ends per inch as 

warps without weft. Woven had 17 warps and 17 weft 

per inch as the same yarn density with the string per 

square inch. Both were laminated on black colored 

non-woven and coated with red and black pigment after 

lamination (Figure 3).

2. Die-Cut by Angles and Mosaic Attaching

The prepared wallcoverings were die-cut using molds of 

four shapes (Figure 4). Each cutting piece was a 

rhombus that had the same length (1.75 inch) on each 

side, met at 60° and 120° internally. The molds were 

rotated as 90° (mold A), 120° (mold B), 180° (mold 

C) and 240° (mold D), The central line of each mold
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 (a) Woven  (b) String

Figure 3. Textile Wallcoverings to Mosaic 

Mold A Mold B

 (a) Rotation Model (d) Mold C Mold D

Figure 4. Shapes of Die-Cut Mold

went to follow warp direction.

  The layout of the mosaic was a cubic motif as Top, 

Left, and Right. Each die-cut piece rotated and had 

three different directions by position (Figure 5). The 

pieces were rotated by position and attached on a 

backing to make mosaic wallcoverings (Figure 5).

  The directions of mold A had 0° on Top, 120° on 

Left, 60° on Right, it rotated 120° for each position at 

mosaic. The other molds were rotated 120° each pieces.

  All the samples were produced to have 10 units with 

30 pieces (Figure 6, 7).

  The result of the mosaics are shown color differences 

by pieces. Generally Woven mosaic (Figure 6) looked 

more identical color than String (Figure 7). For 

quantitative analysis the color difference, the condition of 

color extraction had to be under a regulated environment 

such as light resource, viewing angle or height. 
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Layout Mold A Mold B Mold C Mold D

Figure 5. Mosaic Layout by Die-Cut Mold

Mold A Mold B Mold C Mold D

Figure 6. Woven Mosaic Wallcovering by Mold

Mold A Mold B Mold C Mold D

Figure 7. String Mosaic Wallcovering by Mold
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3. Color Extraction

Mosaic colors were measured according to ISO 

5631-1:2015 and the environments of imaging were 

regulated as following. Mosaic images were taken by a 

camera (Sony DSC-RX100 II model), manual mode 1/80 

f1.8, ISO400, referring to the study by Osaki. The light 

source was used a 15w PAR30 LED lamp  (LG Innotek) 

and down lighted to the sample. The distance from the 

lamp to the wall (t1) was 30 and to the sample (t2) ㎝ 

was about 95 . the distance of the sample to the ㎝

camera was 70 and the images were taken at 45 ㎝ 

degrees against the sample (Figure 8).

  Color extraction from the images was performed using 

Adobe's Photoshop CS6. For each mosaic unit, images 

were divided into T , L , and R ( values were 1 χ χ χ  χ 

to 10 each) by position of top, left, and right 

respectively. The L*, a*, b* values of each image were 

extracted using Color Picker tool after reducing to 1 

pixel each position to merge surface and backing colors.

4. Color Measurement

Color difference (ΔE*) was compared at each position 

T, L, and R with mean. The standard deviation of each 

Side View Top View Number of Piece

Figure 8. Environment of Image Taken

position were also compared. The color difference (ΔE*) 

in CIELab 76 system was calculated using (1).

∆              

(1)

  The respective color value changes, ΔL*, Δa*, Δb* 

was calculated using  (2,3,4).

∆      (2)

∆      (3)

∆      (4)

  The color difference in CIEL*C*h (Hunter Lab, 2008) 

system was calculated using (5,6,7,8).

∆      (5)

  arctan


 (6)

∆      (7)

∆  ∆ ∆ ∆

if 
 ≻ 

 ∆    

    

(8)
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III. Results and Discussion

1. Color Difference by Wallcovering Types

In this study, according to the method proposed, the 

overview color difference was ΔE* = 9.29 CIELab. 

Although both wallcoverings were made using the same 

material and process, the color different was shown due 

to their surface structure different.

  For the respective color values difference, ΔL* 4.09, 

Δa* 0.18, and Δb* -8.33, compared to String and 

Woven. Woven color showed lighter (+L*) and bluish 

(-b*). However, a* was almost equal between both 

wallcovering. To detect the chroma and hue differences, 

an analysis based on the CIEL*C*h method was 

performed simultaneously. The brightness chroma 

difference was observed minimal ΔC* = 0.88, but the 

hue was different significantly Δh* = -10.18 (Table 2). 

It shows the chroma are not much different but the hue 

is vary between Woven and String.

  Woven has the cross tissue on surface, but String is 

oriented only one direction. The cause of the hue 

contrasting is the different reflects of the direction on 

warp and weft.

Table 2. Mean Color Difference by Wallcovering Type

Type Woven String

Value L* a* b* L* a* b*

Mean 25.05 25.80 -6.35 20.96 25.62 1.98

STD 2.70 2.34 1.98 5.51 3.36 3.29

E*Δ 9.29

L*Δ 4.09

a*Δ 0.18

b*Δ -8.33

C* 26.57

h -3.98

C*Δ 0.88

h*Δ -10.18

2. Color Difference by Cutting Mold

In Table 3, The mean was calculated each column by 

mold and the ΔE* shows each value compared between 

mean and position (Top, Left & Right). The standard 

deviation is the value of ΔE* numbers.

  The standard deviation range of color difference (ΔE*) 

of Woven was 0.09 to 0.94 by mold, and String was 

1.92 to 3.74 (Table 3). ΔE* value 2 is recognizable ≥ 

through human eye, otherwise is not (Jeong & Jang, 

2005).

  All the ΔE* value of Woven were not above 2. The 

each pieces of woven were not noticeable color 

difference except Left of Mold B. However, all the ΔE* 

value of String were above 2. The minimum number was 

in Top of Mold A, 0.93 but it is effective to make 

better 3D effect, because the other numbers in Mold A 

were far from the Top piece.

  The values of STD were marked to see the distance of 

ΔE* at each Mold, Woven were 0.09 to 0.46, contrasty 

String was 1.92 to 3.74. The maximum value of Woven 

were not visible range, but even minimum value of 

String could be shown the 3D effect close to ΔE*= 2, 

and all the others were in recognizable range, ΔE* 2.≥ 
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Table 3. Mean and Standard Deviation of L*, a*, b* and E* by PositionΔ

Type Woven String

Value by Position L* a* b* ΔE* STD L* a* b* ΔE* STD

Mold A

T 22.90 22.00 -3.50 0.94

0.46

18.40 25.20 4.40 0.93

3.74L 23.60 24.40 -3.90 1.61 23.00 29.10 4.50 6.91

R 22.60 22.30 -3.80 0.74 12.30 19.00 4.80 7.81

mean 23.03 22.90 -3.73 17.90 24.43 4.57

Mold B

T 22.20 26.10 -5.60 0.53

0.94

26.00 28.20 0.40 8.01

2.31L 24.50 27.20 -6.90 2.35 15.90 23.10 4.80 4.14

R 21.00 25.80 -5.10 1.83 16.00 23.00 4.20 3.89

mean 22.57 26.37 -5.87 19.30 24.77 3.13

Mold C

T 27.60 26.10 -7.40 0.24

0.09

22.70 29.30 2.80 2.65

2.77L 27.50 26.20 -8.00 0.42 15.40 23.40 4.60 7.89

R 27.80 26.40 -7.40 0.31 27.40 28.30 -2.00 6.86

mean 27.63 26.23 -7.60 21.83 27.00 1.80

Mold D

T 27.00 27.80 -8.20 0.09

0.11

19.50 24.90 0.60 5.89

1.92L 27.00 27.50 -8.00 0.28 28.70 26.40 -2.90 4.12

R 26.90 27.80 -8.40 0.23 26.20 27.50 -2.40 2.04

mean 26.97 27.70 -8.20 24.80 26.27 -1.57

  There was no broad color difference by position values 

for Woven. However, String had greatly varying 

difference between each mean, which was depicted via 

images of each mosaic pattern. Judging from the color 

difference trends in the two wallcovering types, light 

reflection and backing exposure were more effective on 

color difference than warp direction.

3. Analysis String 3D effect in Lab Color Space

Each L*, a*, and b* values were expressed in CIElab 

color space and each point was connected by a line at 

Figure 9. The gap of each triangle shows the color 

difference between Top, Left, and Right quantitatively. 

  Mold A is relatively evenly distributed. Secondly, Mold 

C is well spreaded than B or D. Mold B is looked 

having a far distance between positions but Left and 

Right were drawn mostly similar line, and D also 

expressed similar triangles with Left and Right. It is 

researched the same result with the standard deviation of 

String in Table 3.

IV. Conclusion

String is a good textile material type to express 3D 

effect, which has recently increased the popularity of 

mosaic wallcoverings. The results of this study elucidated 

that compared to woven wallcoverings, String 
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Mold A Mold B

Mold C Mold D

Figure 9. L*, a*, b* Spreading of String Mosaic 

wallcoverings express bigger color difference with their 

oriented warp when made into a cubic mosaic.

  The test results revealed that the color difference range 

of String was higher  (ΔE* 0.93 8.01) by position of –

mosaic than that of woven (ΔE* 0.11 2.35). The –

standard deviation range of Woven was 0.09 0.94, –

while that of String was 1.92 3.74, the minimum value –

of String was two times bigger than that of Woven. 

Through the result, string is suitable for three 

dimensional mosaic implementation by expressing more 

color differences, and it was researched the wallcovering 

using 90 degree mold express the most color differences 

of string mosaics. 

  In the 4th Industrial Revolution era, wallcoverings are 

required to not only be 3D but also have 

irregularity-based visual diversity and rhythm. In this 

changing era, the strength of textiles and the need to 

develop textile products to accommodate economic and 

market needs are increasing more than ever.

  The current findings show that string has outstanding 

color difference and can express 3D effect with its visible 

properties without producing more than two 
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wallcoverings. The use of string as the material for the 

recently trending mosaic wallcoverings in the decorative 

material market helps gradually save the rising labor 

costs and can overcome social problems resulting from 

resource waste. Given the production efficiency of string 

wallcoverings and the excellent advantages that fibers 

have over other materials, it is clear that the production 

of mosaic wallcoverings using string can enhance 

marketability and esthetics. 
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