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ABSTRACT 
This paper discusses initial findings from an ongoing research project that designing a tool to improve the 
quality and variety of stitch-resist dyed motifs in Indonesia. Stitch-resist dyeing technique has been used to 
produce Indonesian traditional cloths, such as Jumputan cloth, Tritik cloth, Pelangi cloth and Sasirangan cloth. 
In the past 30 years, the use of this technique has been transformed from producing an individual artwork to 
mass craft production. Although the transformation provides economic benefits for the craft makers, an issue 
had been raised about the decreasing motif quality and the increasing number of defect patterns. Designing a 
stopper tool using the rapid prototyping method with biodegradable materials can be one of the alternatives to 
improve the quality and variety of motifs. The tool would increase the resist area which has been done manually 
by knotting the sewing thread after it is pulled. The resist area prevents the dye liquid from entering the area 
which eventually forms a pattern at the end of this process. The method used in this study used an 
experimentation approach with rapid prototyping method using Fused Deposition Modeling (FDM) based 3D 
printer. The biodegradable material focuses on the use of Polylactic Acid (PLA), made from corn with a low 
environmental impact. At this stage, the research is still an ongoing process and the validating stage had not 
been conducted, although the final design of the prototyping tool had been done. The prototype is expected to 
solve the production issue of the stitch-resist dyeing technique by producing more precise and consistent 
pressure compared to manual knots without changing the existent culture among Indonesian craft makers. The 
further works are to analyze the effect of using the tool on the stitch-resist dyeing process and how it will affect 
the resultant motifs 
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1. INTRODUCTION  

This paper presents and discusses initial findings 
of an ongoing research project that uses a rapid 
prototyping method to design a biodegradable 
materials-based tool for stitch-resist dyeing 
technique. In a larger scheme, this research is a 
fractional part of “The development of a good 
practice for the Indonesian stitch-resist dyeing 
practices which culturally and environmentally 
significant for the craft makers”. This grant research 
starts in 2016 and plans to continue until 2027. Up 
until now, the research had published two 
publications [1] [2]. The research background 

pertains heavily to the issue of globalization impacts 
on the craft practices [3], not only in Indonesia but 
also in other countries in South Asia and South-East 
Asia in the past decades [4] [5] [6] [7]. The 
modernization has shifted the worldwide society into 
consumers of capitalism and industrialization [3], 
which adversely affects the work of traditional craft 
people [6]. Many craft people are expected to 
continuously evolve and transform to fulfil the 
modern society's needs, forcing their practices to 
shift from material culture into a commodity [8], 
from traditional to industrial production [7]. In a long 
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term, the imprudent adaptation of modern technology 
will not be culturally and environmentally sustained.  

The Indonesian textile craft makers face a similar 
situation. The emergence of creative industries in the 
past 30 years and the recognition of batik cloth by 
UNESCO in 2009 [9] had brought a high popularity 
to the traditional cloths. The Indonesian government 
encourages Indonesian employees to be dressed in 
office wear made from Batik and other Indonesian 
traditional fabrics every Thursday and Friday [10] 
which affects many textile craft practices in 
Indonesia to produce traditional cloth in large 
quantities, some of them are the craft makers of 
Jumputan and Tritik cloths in Yogyakarta, Pelangi 
cloths and Sasirangan cloths which employ the 
stitch-resist dyeing technique [2]. They must shift 
their practices from producing individual traditional 
clothes into a large sale and uniform cloth [2]. The 
shifted condition provides economic benefits for 
some stitch-resist dyeing crafts makers and 
consequently raises several issues. Some of the issues 
are the motif quality has decreased and the failure 
rate in manufacturing stitch-resist dyed motifs on the 
fabric has increased due to the urgency to create a 
large quantity of cloths in relatively short time [2].  

The most significant part from the stitch-resist 
dyeing technique is the process of knotting the 
sewing thread after being pulled because it forms a 
closed area so that the dye cannot enter the area and 
form a motif. The knotting process is done manually 
by the craft makers. One of the suggested 
revitalization strategies in improving the quality and 
variety of motifs is to design a tool that is useful for 
increasing strength during the knotting process [2]. 
The tool should be simple, affordably low-cost, and 
environmentally friendly, so it can be used 
individually by the craft makers without altering the 
existing working culture [1]. Therefore, this research 
selects to experiment with biodegradable materials, 
Polylactic Acid (PLA) made from corn which has a 
low environmental impact and produced it with a 
rapid prototyping method on a laboratory scale. 

2. STITCH-RESIST DYEING 
PRACTICES IN INDONESIA 

The stitch-resist dyeing process has been widely 
used among Indonesian craft makers. However, the 
depth of understanding of this technique is mostly 
related to Pelangi cloths in Palembang, Jumputan 
and Tritik cloths in Yogyakarta, and Sasirangan 
cloths in Banjarmasin [11] [12] [13] [14] [2]. Based 
on a survey in 2016-2017, the craft makers in those 
three locations produce stitch-resist dyed fabrics for 

retail and corporate wear in relatively large quantities 
(approx. 500-1000 cloths per month per craft maker) 
with uniformity in design [2]. The practices form as 
craft industries instead of individual artisans, creating 
their own supply chain within the enterprise or 
cooperative scheme [2]. 

 
      (a)            (b)               (c)      (d)          (e) 

Figure 1. A simple sequence of the stitch-resist 
dyeing process: (a) draw the line on fabric; (b) apply 
running stitches; (c) pull and knot the sewing threads; 
(d) color or dye the fabric; (e) resultant pattern after 
cutting the knot. 

The stitch-resist dyeing technique defines as a 
method in creating a textile pattern by applying 
running stitches on the woven fabric, then pulling the 
sewing thread and knotted at the end to protect that 
area from dyeing penetration [15] [16]. Some pleats 
are formed after being pulled in that protected area 
which later forms a motif. A simple sequence on 
creating the stitch-resist dyeing pattern is described 
in Figure 1. As shown in Figure 1, the knotting 
process (step c) and the knot opening process (step e) 
plays an essential part in defining how the pattern is 
formed after the dyeing process; thus, every maker 
must knot it tightly then cut the knot carefully with a 
scissor or cutter. The Indonesian craft makers 
conduct the process manually with high 
craftsmanship skills. Still, some makers give less 
attention to this process due to time efficiency, 
causing some low-quality patterns or sometimes 
defect patterns [2]. 

To overcome the issues mentioned above, Titisari 
[2] suggested an appropriate technology for the 
Indonesian stitch-resist dyeing. The manual knotting 
process can be replaced by a stopper tool which 
expectedly produces more precise and consistent 
pressure compared to manual knots and avoids a torn 
fabric when cutting the knot [2]. Although, the tool 
must be able to accommodate the complexity of the 
pattern in one fabric and be ergonomic for its users. 
In addition, the proposed tool also opens 
opportunities to explore more variety motifs from the 
stitch-resist dyeing technique by performing repeat 
closing and coloring processes [2]. A sequence 
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comparison between the traditional method and the 
modification method with a stopper tool is illustrated 
in Figure 2. 

 
Figure 2. A comparison between: (A) a sequence of 
stitch-resist dyeing traditional method and (B) a 
modified sequence of stitch-resist dyeing with the 
stopper tool [2]. 

3. RAPID PROTOTYPING METHOD 
BASED ON BIODEGRADABLE 
MATERIALS 

This study used an experimentation approach 
with rapid prototyping method using Fuse Deposition 
Modeling (FDM) based 3D printer. The tool 
prototype produced from this research is expected to 
solve the production issue of the stitch-resist dyeing 
technique and fulfil the principles of sustainable 
design by covering environmental, economic, social, 
and cultural aspects. The material consideration for 
this prototype tool refers to the principles of life 
cycle design (LCD), such as minimizing material 
consumption, using non-toxic and harmless 
materials, using renewable (biodegradable) and 
biocompatible materials, and extending the material 
life [17]. However, the material used for this tool 
must have a durability that can accommodate the 
coloring process that requires high temperatures.  

For this study, the prototype utilizes Polylactic 
Acid (PLA) as the main material which is a 
biodegradable material and has low environmental 
impact [18] [19]. Polylactic acid (PLA) is the most 
common starch-based biopolymers, which are 
derived from 100% annually renewable crops such as 
corn, rice, wheat, and sugar beet [20] [21]. Currently, 
PLA based on corn starch is considered as 
sustainable materials from a resource utilisation point 
of view compared to oil-based materials [18] [20]. 

Compared to Polyethylene Terephthalate (PET) and 
Poly Styrene (PS), the corn based Polylatic Acid 
(PLA) is considered as a suitable material 
considering the lowest environmental impact in terms 
of the end-life scenario [19]. PLA can be 100% 
recyclable and/or compostable, although the energy 
used for recycling is less than composting [19] [22]. 
Therefore, the experimentation applies the rapid 
prototyping method using 3D printing with the FDM 
technique using PLA material (Figure 3 and Figure 
4). 

  
Figure 3. The 3-Dimensional image of designing 
process of the prototype 

      
Figure 4. Rapid prototyping process using Fuse 
Deposition Modelling (FDM) 

4. FINDINGS AND DISCUSSION 

The exploration stage in developing the tool is 
done by designing several alternative designs by 
applying a simple clamping mechanism with the aim 
to precisely hold the thread used to apply the dyeing 
technique. After several clamping mechanisms 
developed from the experimentation process have 
been made, a simple test is carried out to find a 
design with a clamping mechanism that is considered 
the most consistent and precise that can outperform 
conventional techniques. After several test, the form 
of the selected prototype was narrowed down into 
two alternatives (Figure 5).  

Two designs resulted from the exploration are 
developed by considering the nature of the PLA 
material which are flexible and soft. To produce a 
consistent clamping mechanism from the material, a 
design that capable of stopping the clamping 
mechanism is required so that the clamped sewing 
thread does not shift easily due to the flexible PLA 
material. Therefore, the two alternative designs 
should consist of two components, namely the first 
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component which is for clamping the sewing thread 
and the second component which is the locking part. 
The difference lies in the opening mechanism. 

 
Figure 5. Exploring several designs of the 
prototyping tool 

The first alternative design (Figure 6a) uses an 
opening lever so that the two clamping parts do not 
detach from each other, while the second design 

(Figure 6b) does not have an opening lever so that 
the two clamping parts are separate parts. From both 
design alternatives, an analysis was done in term of 
their usability and the resultant pattern possibility. 
The strengths and weaknesses of both designs are 
described in the table below (Table 1). Apart from 
the existing weaknesses, the two prototype designs 
can hold the sewing thread position very well and 
have more efficient process compared to the 
conventional knotting technique. Thus, the motif 
quality that is resulted from these tools is expected to 
be more precise and more consistent. 

    
                    (a)           (b) 

Figure 6. Testing the design alternatives:  
(a) Design 1 and (b) Design 2 

 

Table 1. The design analysis of initial prototyping tool for the stitch resist dyeing  

Design Strength Weakness 

Design 1 The tool has two parts: the clamping and the lock part. 
Both parts hold the sewing thread very tight. 

The cross-sectional area of the clamping device is 
smaller than the design 2, so it will create a small 
covering area at the end of sewing thread. In other 
words, it is assumed that there might be an additional 
motif from the use of this tool. 

The clamping tool will be detached when it is not used, 
so there is a possibility that both parts of the clamp will 
be lost during the application because there is no 
connecting lever that connects the two parts of the 
clamp. 

Design 2 The tool has one part with a locking system at the edge. 
The tool holds the sewing thread very tight. 

The clamping tool has a connecting lever that will keep 
the two clamping halves attached. 

The cross-sectional area of the clamping device is 
bigger than the design 1, so it is presumably will create 
a large covering area at the end of sewing thread. In 
other words, there might be an additional motif from the 
use of this tool. 

 

Considering the strength and weakness from both 
prototype designs, the refinement had been made to 
finalize the prototype design (Figure 7). The final 
design is considered to be more ergonomic and use 
less material in terms of structure. However, this 
research is still ongoing so the final prototype 
designs still must be tested in the coloring process. 
There will be two points that will be analyzed in 
testing the prototype in the coloring process: (1) the 
motifs generated by using these tools compared to 
the conventional knotting technique and (2) the user  

 

 

experience of the tools (efficiency and effectiveness 
of the process) 

  

Figure 7. Final design of the prototyping tool 
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5. CONCLUSION AND FURTHER 
WORKS 

With the refinement of the final design of the 
tool, this research opens the opportunity to be able to 
proceed to field testing with real users and compare 
the results with conventional knotting methods. The 
further works is to analyze the effect of using the tool 
on the stitch-resist dyeing process and how it will 
affect the resultant motifs. The analysis will be 
focused on from the quality of pattern resulted by 
this tool and from the user perception about this tool.  
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