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Abstract

In the batik industry center of Pemalang, a lack of product quality standards have led to complaints from
consumers who do not like the batik products. Products that have been purchased by consumers are returned
because of inferior quality. From the initial survey about batik conducted with 30 respondents in Pemalang, it
was found that 80% of respondents chose Pekalongan batik rather than Pemalang batik. This is due to customers
complaining about the wearing of colors and the use of non-sturdy and uncomfortable materials. The purpose of
this study was to determine the characteristics needed for optimal batik product design. The method used was a
pure experimental design using the Taguchi method with orthogonal array L,7(3'%). The results of this study
suggest that the optimal characteristics of batik are primissima butterfly cloth, coloring using naftol, dyeing for
50 minutes and the process of waxing with a temperature of 70°C. The optimum level setting provided a quality
enhanced by 1.78 grey scale or 22.22%

Introduction

Indonesia is a country that is famous for small- and medium-sized industries. Small industries are industries that
can defend a growing country against a global crisis and have a tremendous positive impact on peoples’ lives [1]
Arts and home industries are included in the small industries category. Small industries are effective industries
that are able to develop independently. Small companies in rural areas are an important source of increased non-
oil exports [2, 3]. One of the small industrial centers that has grown significantly in Indonesia is the batik
industry [4, 5]. The batik industry amounts to 48,287 units spread over 17 provinces. It provides a workforce of
792,300 people and contributes to about 30-35% of national exports [6]. According to the Ministry of Industry,
in 2016, batik industrial centers had yet to have quality standards for products such as quality of color
resistance, fiber wrinklability, and types of fabrics used [7]. This lack of quality standards could become a
problem for the Indonesian batik industry regarding global competition and a fundamental problem for batik
entrepreneurs in Indonesia.

To improve the quality standards of batik in Indonesia, several studies related to quality have been conducted.
Some studies on coloring have shown changes in the quality of fabric dyes and the influence of temperature on
the immersion process [8, 9, 10, 11, 12]. Other studies have shown changes in the quality of staining using
synthetic dyes [13, 14]. Swamy et al., [15] had find that dyed silk using Madhuca longifolia was fastness
properties and possess antibacterial activity. Meanwhile, Roy & Saha [16] found that the color range of natural
fibres are very effectively and also very economical. A study of yarn materials showed that yarn materials
qualities are ruggedness, maximum tensile strength and corresponding torsional strength [17]. Other studies of
quality fabric revealed that mori cloth could improve the performance of batik cloth products while decreasing
batik damage by 20% [8, 9]. Compares study of silk sericin In addition to batik quality, the use of eco-friendly
materials and technology can attract consumer interest and improve the artist economy [18, 19].

To add to the findings of previously conducted research, this study conducted research using the Taguchi
method. The Taguchi method was chosen because the method is already widely used in optimization studies.
Some previous research that has used Taguchi method is research by Mavruz & Ogulata [20] about knitted
textile strength, castings by Oji et al., [21] a stainless steel drilling process by Cicek et al., [22], and Turning by
Yadav [23]. Other research had been done by Sabir & Sarpkaya [24] found about the optimum weaving machine
efficiency using Taguchi method. In this study, the Taguchi method is used to improve batik quality by looking
for factors that affect the quality, then separating the factors into controllable and uncontrollable categories.
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Materials and Method

Experiment: The experimental process is based on a predetermined orthogonal array with three setting factor
levels and four controlled factors. The process started by soaking the mori in water for one night, then washing
it for a % hour and boiled it in kanji or tajin water (rice stew water sometimes mixed with bamboo leaves and a
slight amount of limestone). Next, menganji and mengemplong processes were done. The processes of menganji
(soak the cloth overnight in clean water so that malam does not seep into the fabric) and mengemplong (hitting
the fabric repeatedly so that the surface of the fabric becomes smooth, flat and weak) are done so that the liquid
wax scratched onto the cloth will not permeated into the fabric too much. Then a canting tool was used to move
the liquid wax, coating the desired design. The aim is that during the dyeing of the material, the portion of the
fabric with the wax layer is not exposed to the dyeing solution. After the wax is dry enough, then the cloth is
dipped into the dye liquid.

Materials and Methods: This study uses a pure experimental design that identifies the characteristics of batik
quality using the Taguchi method consisting of four controlled factors with each factor having three levels. The
number of levels and factors available are determined by the number of rows for orthogonal arrays. The
appropriate orthogonal arrays for this study are L27(3'%). At this stage, the Taguchi method is conducted to
determine the factors that affect the levels involved in the experiment.

Materials: This research was conducted on batik tulis made with mori primissima cloth. Batik tulis is processed
using a canting tool to move the liquid wax on the fabric surface to cover the desired part, so as not to cover the
dye. Mori primissima is the most delicate mori. Mori is traded in the form of a roll (piece) with a width of 42
inches, or approximately 106 cm, and a length of 17.5 yards, or about 15.5 m. The wax used is a mixture of
elements consisting of gondorukem, mata kucing, paraffin or microwax, and fat or vegetable oil coupled with
wax from wasps that can be inscribed onto cloth. The dye used is naftol, which is dissolved in a soda solution
(caustic soda), turning into a soluble naftolat in cold water.

Equipment used in this research includes: (1) Form tool materials used to retrieve data tools batik design; 2) A
BenQ digital camera to document the batik before and after the experiment and the work process; (3) Batik tulis
design for batik design, (4) Computers using SPSS 16.0 for Windows software to analyze the results of the
questionnaire and Minitab 14 software for analyzing the Taguchi experimental data; (5) Laboratory apparatus
comprised of cup goblets used for stirring a soap liquid for 30 min at a temperature of 40-50°C with a ratio of
1:30 Vlot, a mixer used as a stirring aid in the cup goblets, a heater used to heat the fabric sample, sewing
needle, yarn used as adhesive for sewing cloth on all four sides creating a square measuring 10 x 4 cm, a gray
scale used to assess color change, and a staining scale used as a color throwing test after washing.

Taguchi Experimental Design

Determination of Factor Level Settings
The experiments conducted in this study used three-factor level settings that showed high, medium and low
levels. The level settings for the factors involved in the experiment are described as follows:
a. Variations of mori fabrics are blue mori primissima, GA mori primissima, and kupu mori primissima.
The selection of these three moris was based on the relationship between price and quality.
b. Variations of dye to the threshold are color rapid, natural color, and color naphthol, which at a higher
level, are expected to increase the quality of dyeing fastness.
c. Variations in dyeing to staining are 30 minutes, 40 minutes and 50 minutes.
d. Variations of wax, or malam, to staining are 60°C, 65°C, and 70°C.

Determination of Orthogonal Array

This experiment involves four controlled factors and has three levels for each factor. The number of levels and
factors available can be determined by the number of rows for the orthogonal array. The orthogonal array is 27,
so the corresponding orthogonal array is L7 (3*%). Thus, there are 27 experiments with four replications [25].
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Signal to Noise Ratio (S/N Ratio)

A signal to noise ratio (S/N ratio) acts as a quality indicator, evaluating the effects of changes in a parameter
design on the performance of the product. A characteristic of the signal to noise ratio is that it uses “the larger
the better (LTB)” concept. This is because it has a continuous and non-negative quality characteristic that has a
value of < 0, where the expected target value is something other than 0 or, in other words, has as much value as
possible. The signal to noise ratio can be calculated using the formula (Belavendram, 1995):

1 1
SNyrg = —10Log [; 1 y_Lz]
Where n is the number of experimental repetitions and Yi is the i-th observational data (i = 1, 2, 3, n).

Results and Discussion

Normality and Homogeneity Tests for Taguchi Experimental Results

The data normality test is intended to show that the sample data is from a normally distributed population.
Normality was determined using the Kolmogorov-Smirnov test. Based on the calculation, the value of p for
replication 1, 2, 3, and 4 was 0.151, 0.158, 0.158 and 0.158, respectively. These values are all greater than 0.05
(p > 0.05), thus all data is normally distributed. The homogeneity test is meant to test that each group compared
has the same variance. Based on the calculation, a p-value of 0.997 was obtained, which is greater than 0.05 (p >
0.05), thus the results of the Taguchi experiments have homogeneous variance.

Mean and S/N Ratio of Taguchi Experimental Results

The calculation of mean values to find optimal level settings can minimize the deviation of the average value,
while the S/N ratio determines factors that contribute to the reduction of the variance of a quality characteristic.
Table 1 shows the results of calculating mean values and S/N ratios. The highest mean value and S/N ratio were
in experiment 27, with a mean value of 4.75 and S/N ratio value of 13.40797. The mean values and S/N ratios
were then analyzed using analysis of means and analysis of S/N ratios to find optimal setting levels, that is,
conditions with high target values and low variance.

Statistical Analysis for Mean Values and S/N Ratios

The Taguchi method uses analysis of means to look for factors that affect the average value of the response.
Analysis of means is a method used to find the optimal level setting that can minimize the deviation of the
average value.

Based on Figure 1, which shows the mean response for each factor level, it can be seen that factor A (mori
cloth) has the highest mean fastness in level 3, factor B (coloring) has the highest mean fastness in level 3,
factor C (dyeing) has the highest mean fastness in level 3, and factor D (waxing) has the highest mean fastness
in level 3. The Taguchi method used the analysis of S/N ratios to find the factors that contributed to the
reduction of variance of quality characteristics (the response variable). A characteristic of quality used in this
research is color fastness, where a higher value is better, so the S/N ratio used was “the larger the better”.

Based on Figure 2, which shows S/N ratio level factor responses, it can be seen that factor A (mori cloth) has the
highest mean fastness value in level 3, factor B (coloring) has the highest mean fastness value in level 3, factor
C (dyeing) has the highest mean fastness value in level 3, and factor D (waxing) has the highest mean fastness
value in level 3. The next analyses conducted were done to calculate the analysis of variance for means and
analysis of variance for S/N ratios of the response table. The results of the analysis of variance for means can be
seen in Table 2.

Based on Table 3, F values are higher than Frapie (Fa = 59.77 > Frane = 3.74; Fg = 49.00 > Frape = 3.74; Fc =
34.46 > Franie = 3.74; and Fp = 34.46 > Frapie = 3.74). This means that all factors are significant to color fastness.
The results of analysis of variance for S/N ratios can be seen in Table 3.
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Based on Table 3, F values are higher than Frapie (FA = 54.46 > Frapie = 3.74; Fg = 53.69 > Frapie = 3.74; Fc =
38.96 > Franle = 3.74; and Fp = 38.56 > Franie = 3.74). This means that all factors are significant to color fastness.
Using the differential test, the paired sample T-test, to compare before and after experiment designs, a p-value
of 0.000 (p < 0.05) was obtained. From these results it can be concluded that significant quality improvement
occurred between the variables in the batik design before the experiment and the batik design after. The average
difference before and after the experiment was 1.78 Grey Scale or an increase of 22.22%.

From the research results and discussion above it can be concluded that by using the Taguchi experimental
method on Indonesian batik tulis mean values of color fastness are Fa = 59.77, Fg = 49.00, Fc = 34.46, and Fp =
34.46. The S/N ratio value effects are Fa = 54.46, Fg = 53.69, Fc = 38.96, and Fp = 38.56. This means that all
factors are significant to color fastness. Confirmation of experimental results for mean and S/N ratio values are
acceptable considering confidence intervals. Thus, the optimal level settings are mori fabric using mori
primissima kupu-kupu, coloring with naftol coloring, immersion for 50 minutes and the waxing process, or
malam, in a temperature of 700C. After designing Indonesian batik using the results of Taguchi experimental
methods, there was a quality improvement of 22.22% compared to before.
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Tables:
Table 1. Mean and S/N Ratios of Taguchi Experimental Results
No. ~ Cogtrol I?ctor = - Rezpllcatlc;n - Mean S/N ratio
1 1 1 1 1 3 3 3 3 3 9.542425
2 1 1 2 2 3 3 4 4 3.5 10.61452
3 1 1 3 3 3 3 4 4 3.5 10.61452
4 1 2 1 1 3 4 3 3 3.25 10.04548
5 1 2 2 2 3 4 4 4 3.75 11.26954
6 1 2 3 3 3 4 5 5 4.25 11.97892
7 1 3 1 1 3 5 3 3 3.5 10.29963
8 1 3 2 2 3 4 4 4 3.75 11.26954
9 1 3 3 3 3 5 5 5 4.5 12.38239
10 2 1 1 2 4 3 3 4 3.5 10.61452
11 2 1 2 3 4 3 4 5 4 11.60976
12 2 1 3 1 4 3 5 3 3.75 10.90548
13 2 2 1 2 4 4 3 4 3.75 11.26954
14 2 2 2 3 4 4 4 5 4.25 12.45079
15 2 2 3 1 4 4 5 3 4 11.60976
16 2 3 1 2 4 5 3 4 4 11.60976
17 2 3 2 3 4 5 4 5 4.5 12.90306
18 2 3 3 1 4 5 5 3 4.25 11.97892
19 3 1 1 3 5 3 3 5 4 11.21734
20 3 1 2 1 5 3 4 3 3.75 10.90548
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Control Factor Replication .
No. A B C D 1 2 3 7 Mean S/N ratio
21 3 1 3 2 5 3 5 4 4.25 11.97892
22 3 2 1 3 5 4 3 5 4.25 11.97892
23 3 2 2 1 5 4 4 3 4 11.60976
24 3 2 3 2 5 4 5 4 45 12.90306
25 3 3 1 3 5 5 3 5 45 12.38239
26 3 3 2 1 5 5 4 3 4.25 11.97892
27 3 3 3 2 5 5 5 4 4.75 13.40797
Table 2. Analysis of Variance for Means
Source SS v MS F Frable P
A 1.54167 2 0.770833 59.77 3.74 0.000
B 1.26389 2 0.631944 49.00 3.74 0.000
C 0.88889 2 0.444444 34.46 3.74 0.000
D 0.88889 2 0.444444 34.46 3.74 0.000
Error 0.18056 14 0.012897
SSt 4.79167 26 0.184295
Mean 1768.21 1
Table 3. Analysis of Variance for S/N Ratios
Source SS v MS F Frable P
A 6.1763 2 3.08815 54.46 3.74 0.000
B 6.0896 2 3.04478 53.69 3.74 0.000
C 4.4182 2 2.20908 38.96 3.74 0.000
D 4.3737 2 2.18686 38.56 3.74 0.000
Error 0.7939 14 0.01086
SSt 21.8951 26 0.05671
Mean 1768.21 1
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