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Abstract

The adoption of Industry 4.0 technologies among small and medium-sized enterprises
(SMEs) in the creative sector remains limited due to resource constraints and the
manual nature of production processes. This study addresses this challenge by
implementing a cloud-based design and manufacturing (CBDM) system specifically
developed for SMEs in the Indonesian batik industry. The system integrates a web-
based Computer-Aided Design (CAD) platform, automatic cost estimation, production
scheduling, and remote CNC batik fabrication. The main problem addressed in this
research is the lack of efficient, scalable, and customizable digital manufacturing
systems for low-volume, high-variation craft industries such as batik. The system was
evaluated based on three key performance metrics: design similarity between digital
and physical products, production time, and scheduling accuracy. Experimental testing
was conducted on eight traditional batik motifs and 30 customer orders. The results
showed an average similarity score of 71%, average production time of 18 minutes,
and 86,7% scheduling accuracy. Additionally, the system achieved 89,29% operational
reliability over 22 hours of production. These findings demonstrate that CBDM can
effectively support custom production in traditional industries while improving
efficiency and responsiveness. The system contributes to increased competitiveness,
reduced production time, and greater product customization, while preserving cultural
heritage through modern engineering solutions. The implementation offers a practical
solution for digital transformation among ASEAN creative industries and shows
potential for replication in similar SME settings across the region.
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1.0 INTRODUCTION

preferences shift toward customization and faster delivery times
[5], [6], [7], [8], traditional batik production methods struggle to
meet these evolving demands. A more efficient design-to-

Small and medium-sized enterprises (SMEs) in the creative
sector, such as the batik industry in Indonesia, play a vital role in
preserving cultural heritage and contributing to local economies
[1], [2]. However, these enterprises often face challenges in
adapting to technological advancements due to limited access to
capital, infrastructure, and digital literacy [3], [4]. As consumer

manufacturing workflow is essential.

Industry 4.0 offers opportunities for transformation through
technologies such as cloud manufacturing, Computer-Aided
Design (CAD), Computer-Aided Manufacturing (CAM), and
Computer Numerical Control (CNC) machines. By incorporating
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technology into batik manufacturing, both creativity and
operational performance can be significantly improved [9], [10].
Yet, the adoption of these technologies among artisanal
industries remains low in Southeast Asia. There is a growing
need to bridge traditional production techniques with digital
manufacturing systems in a way that is both accessible and
culturally respectful.

Cloud-Based Design and Manufacturing (CBDM) is a service-
oriented paradigm that virtualizes and delivers design and
production resources over the internet [11], [12], [13], [14].
CBDM enables collaborative product development by
decoupling physical manufacturing resources from geographical
constraints. It supports “design anywhere, manufacture
anywhere” (DAMA) scenarios by offering design platforms and
fabrication tools as services through the cloud [15]. In practice,
CBDM involves CAD, CAM, CNC, and cloud-based scheduling
integrated into a single platform. These systems have been
successfully applied in various industries such as additive
manufacturing [16], ceramic production [17], and mold
fabrication [18], [19]. However, applications in artisanal or
culturally rooted industries remain limited.

CMfg extends CBDM by introducing a broader infrastructure
layer that connects distributed resources (e.g., machines,
software, human expertise) as services [20], [21], [22], [23], [24],
[25], [26]. CMfg conceptualized as a manufacturing model
utilizing cloud computing, Internet of Things (loT), and Service-
Oriented Architecture (SOA) to offer scalable and flexible
resource management. Software-as-a-Service (SaaS) is a core
component of CMfg, enabling user access to applications
through browsers without requiring local installation. SaaS-
based CAD systems have enhanced collaborative design and
real-time data synchronization. These developments provide the
technological basis for implementing integrated design-to-
manufacturing systems in creative industries.

Despite the growing body of literature on CBDM and CMfg,
few studies have applied these concepts to low-volume, high-
variation production environments such as the batik industry.
Existing research tends to focus on large-scale manufacturing or
purely technical demonstrations, lacking real-world deployment
and empirical validation in small-scale traditional sectors.
Moreover, little is known about system performance metrics—
such as similarity accuracy, scheduling reliability, or production
time—in these contexts.

This study addresses that need by implementing and
evaluating a CBDM system in a real-world Indonesian batik SME
setting, referred to as “Batik 4.0” system. It aims to demonstrate
that custom batik production can be digitally enabled to improve
efficiency, product customization, and scalability. By providing a
case study with performance data, the study offers a model for
broader adoption of Industry 4.0 in ASEAN creative sectors.

2.0 METHODOLOGY

2.1 System Architecture

The proposed system is based on a Service-Oriented

Architecture (SOA) composed of three core layers:

1. Front-End Layer: A web-based CAD interface allowing
customers to input design parameters, motif preferences,
and order specifications.

2. Cloud Platform Layer: Hosts a SQL database, decision support
algorithm, and process monitoring modules. It estimates
costs and production time, generates G-code, and schedules
orders based on machine availability.

A Representational State Transfer (REST) Web API facilitates
communication between system components, consists of API
payment gateway and shipping costs.

3. Manufacturing Execution Layer: Connects the cloud system to
centralized control room and CNC Batik machines via local
area network (LAN). CAM software and microcontroller units
interpret G-code for physical execution.

The proposed CBDM framework of this project is
illustrated in Figure 1, where every step of the workflow can be
seen clearly. Given that batik craftsmanship adheres to the
Indonesian National Standard (SNI) for batik, the integration of
modern technology must align with traditional craftsmanship
principles. This research introduces a novel approach by
fostering collaboration between technology and manual
processes (such as: dyeing, manual canting, etc), aiming to
enhance the performance of the SMEs batik industry while
preserving local traditions.

Cloud Server

Batik 4.0 System
Output
Parametar
User Product Design Maré\;‘fsaét;mg Dyeing and Other
nteraston and Systam ot CNC Batik :f;:ns Manual Processes
Feedback Software EV':IF)
CADICAM
Design
Manutacturing Systsm
Simutation
CADB;LE;::D[;?‘S‘Q" Finished Products

Figure 1 The framework of the proposed CBDM system (Batik 4.0)

The manufacturing system includes a centralized control
room that serves as the hub for data monitoring, scheduling, and
production control. The control room schema is illustrated in
Figure 2. All computers in the control room (CR1 and CR2) are
connected to the production floor machines via a LAN network
in Figure 3, ensuring seamless data integration. Incoming orders
are processed through the cloud platform and forwarded to CR1,
an internet-connected computer. The cloud system
automatically calculates production time, updating the
estimated completion duration. Design data is then distributed
from CR1 to the CNC machines based on the scheduling system.
CR2 ensures the readiness of each machine, including the
canting tools and fabric, before production begins.
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Figure 3 Control room and manufacturing process

2.2 Experimental Setup

The system was deployed in a batik SME facility using CNC Batik
machines (model FTS-3421) with PC-based controllers. A total of
eight batik motifs were selected for performance testing,
ranging in complexity. For system reliability analysis, 30
customer orders were processed over a production period of 22
hours using three machines (M3, M8, and M11). The CNC batik
technology shown in Figure 4.

Figure 4 CNC Batik (Butimo) included Batik Frame [9]

A web-based CAD platform was developed [27], [28], [29] to
enable customers or operators to create motif designs directly
in-browser using vector drawing tools. Once a design is finalized,
the system automatically performs cost and time estimation

based on key parameters such as motif complexity, stroke
length, and colors. This estimation algorithm leverages a pre-
calibrated database linked to the CNC machine profiles and
historical processing data, allowing users to receive real-time
feedback on expected production time and associated costs
before placing an order. The resulting motif file is converted to
G-code and queued for scheduled manufacturing.

2.3 Evaluation Metrics

System performance was evaluated based on three major

aspects: effectiveness, efficiency, and reliability. These metrics

offer a comprehensive view of technical performance according

to ISO/IEC 25010:2023 [30].

1. Effectiveness measured using design similarity (%),
calculated via cosine similarity between digital and physical
motif contours. Higher similarity indicates better design
reproduction accuracy.

2. Performance efficiency using on-time delivery (%), was
measured by comparing estimated completion times with
actual delivery timestamps across 30 orders.

3. System Reliability: Calculated as the percentage of uptime
(actual operating hours) over the total scheduled hours,
accounting for downtime events including software crashes,
power interruptions, and mechanical faults.

3.0 RESULTS AND DISCUSSION

3.1 Business Process and System Deployment

The Batik 4.0 system was successfully deployed in an SME facility
with CNC-based batik production equipment. Customers
accessed the design platform through a web application, created
motif specifications (size, pattern, number of colors), and
submitted orders through a cloud interface. The system
automatically generated G-code, performed scheduling, and
initiated remote CNC batik fabrication. The implementation and
evaluation of a full-stack CBDM system in a batik SME in
Yogyakarta, Indonesia.

The sequence of business processes for Cloud
Manufacturing services as Software as a Service (SaaS) is
explained using a Business Process Diagram (BPD) as shown in
Figure 5. From this there are 3 parties that carry out business
interactions with this CMfg service, namely: Users (clients),
Service provider, and Payment system. The user is the person
who will access this cloud service, the service provider is the
party who has the right to control the service on the server,
while the payment system is a third party that deals with online
payments system.
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Figure 5 Business Process Custom Batik Production (Swimlane Diagram)

The business process steps can be explained as follows:
1. User registration and login, fill in biodata. 4.3.2. Users log in
to the software by entering their registered Username and
Password (Figure 6). Access is granted after verification by
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Figure 8 Create Custom Batik Designs

3. Users (customers) place orders (Figure 9)
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Figure 6 User Login

2. Users (customers) input product specifications (Figure 7) and

create custom batik designs (Figure 8).

Welcome Nova Suparmanto

To start designing, please set the clothes size and choose an available pattern type
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Figure 7 Website interface with SQL database for the design—

manufacturer connection (English Version)
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4. User makes payment, integrated with APl 1 payment
gateway & API 2 shipping cost (Figure 10)

Menunggu konlrimasi admin
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Figure 10 Makes Payment

5. After successfully completing the payment process, clients
were able to track their orders in real time. Upon receiving
the finished product, also provide feedback (ratings and
reviews) through the platform. The Batik 4.0 for custom
batik design, along with available menus and functions. The
CMfg service includes functions for managing data such as

Batik 4.0 begins with customer input, where specifications
such as size, pattern, color, and dyeing type. This allows for easy
visualization of the product design. Within the cloud platform,
each order is organized under a specific customer catalogue, and

saving, opening, downloading, uploading, and deleting files.

3.2 Design Similarity (Effectiveness) Evaluation

an administrator verifies any manufacturing constraints.

Similarity between digital designs and final products was
evaluated on 8 batik motifs using a Cosine Similarity (CS) metric.
As shown in Table 1, similarity scores ranged from 54% to 87%,
with an average of 71%. The highest alighment was achieved for
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the Kawung motif (87%), while the lowest was for Nitik Sekar
(54%). Higher motif complexity tended to improve similarity due
to increased edge information and alignment accuracy.

Table 1 Design-Manufacture Similarity and Production Time

Motif Name Similarity (%) Production Time (min)

Kawung 87 20
Truntum 68 12
Ceplok Grompol 86 18
Ceplok Bintang 64 22
Nitik Sekar 54 12
Slobog 56 18
Cakar Ayam 82 22
Simbar Lintang 71 20

The average production time per motif was 18 minutes, with
simpler patterns requiring 12 minutes and more complex
designs up to 22 minutes. With the Batik 4.0 system, 8 batik
motif design were manufactured, as shown in Figure 11.
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Figure 11 Batik Design and Manufacturing Results (using Batik 4.0)
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The comparison was conducted by overlaying binary contour
images with white pixels representing the original digital design
and red overlays for output of the CNC-manufactured batik
motif. The analysis focused on the outline or “klowong” area of
the motif, which represents the outermost visual boundary
typically drawn manually in traditional batik. The similarity
measurement was implemented using a custom-developed
Python application that utilizes image processing libraries to
calculate cosine similarity between pixel vectors of the two
overlapping images, as shown in Figure 12.

Figure 12 Similarity measurement using a custom-developed Python

This method detects the degree of alignment between
contours, where perfectly matching outlines would result in a
similarity value of 100%. These findings indicate that simpler or
less complex designs may struggle to achieve high similarity
levels, despite being more efficient in production time. The
results highlight the scalability of the system for custom
production scenarios.

3.3 Performance Efficiency Evaluation

A second evaluation was conducted by comparing the predicted
and actual completion times of production orders. A total of 30
customer orders from various regions in Indonesia were tested
using three out of eight available machines (Machines 3, 8, and
11), as the remaining five were in use for non-Batik 4.0 orders.

The on-time performance accuracy was calculated using the
following equation (Eq.1):

_ OnTime Orders % 100% (Eq.1)
" Total Orders 0

26 100% = 86,7%
30 0= I

The results, presented in Table 2, show that 26 of the 30
orders were completed on time according to the system’s
schedule predictions. This demonstrates that the Batik 4.0
scheduling system achieved an accuracy rate of 86,7%. The
system proved effective and valid, surpassing the expected
performance threshold. It indicates that Batik 4.0 can be relied
upon as a scheduling solution, as it improves delivery
punctuality, overcomes human limitations, and optimizes
resources to deliver faster, more accurate, and flexible results.

Table 2 Machine Time Production Data

No Order Code Estimated Completion Actual Completion
1 BTK-6-RK 26-Nov 2024 12:30 26-Nov 2024 12:30
2 BTK-8-RK 26-Nov 2024 15:30 26 Nov 2024 15:30
3 BTK-9-RK 26-Nov 2024 15:30 26-Nov 2024 15:30
4 BTK-30-RK 05-Dec 2024 16:36 04-Dec 2024 20:14
5 BTK-43-RK 25-Dec 2024 14:29 22-Dec 2024 09:31
6 BTK-39-RK 25-Dec 2024 14:29 19-Dec 2024 20:14
7 BTK-45-RK 25-Dec 2024 14:29 20-Dec 2024 10:01
8 BTK-44-RK 25-Dec 2024 14:29 20-Dec 2024 13:23
9 BTK-50-RK 23-Dec 2024 14:29 19-Dec 2024 16:57
10 BTK-51-RK 23-Dec 2024 14:29 23-Dec 2024 14:29
11 BTK-63-RK 25-Dec 2024 14:29 24-Dec 2024 12:15
12  BTK-53-RK 23-Dec 2024 20:30 26-Dec 2024 20:30
13 BTK-55-RK 23-Dec 2024 10:18 21-Dec 2024 10:18
14  BTK-57-RK 23-Dec 2024 13:23 26-Dec 2024 13:23
15  BTK-38-RK 24-Dec 2024 09:24 24-Dec 2024 09:24
16  BTK-58-RK 24-Dec 2024 14:33 24-Dec 2024 14:33
17 BTK-59-RK 24-Dec 2024 11:49 27-Dec 2024 11:49
18 BTK-61-RK 24-Dec 2024 11:23 24-Dec 2024 11:23
19  BTK-65-RK 21-Dec 2024 14:27 24-Dec 2024 14:27
20 BTK-67-RK 21-Dec 2024 16:05 26-Dec 2024 13:23
21 BTK-68-RK 21-Dec 2024 16:05 21-Dec 2024 16:05
22 BTK-69-RK 21-Dec 2024 15:07 21-Dec 2024 15:07
23 BTK-74-RK 27-Dec 2024 07:00 26-Dec 2024 13:23
24 BTK-75-RK 27-Dec 2024 15:59 27-Dec 2024 15:59
25 BTK-80-RK 27-Dec 2024 15:59 27-Dec 2024 15:59
26  BTK-60-RK 27-Dec 2024 13:46 24-Dec 2024 13:46
27 BTK-85-RK 28-Dec 2024 15:59 27-Dec 2024 15:59
28  BTK-88-RK 28-Dec 2024 13:23 26-Dec 2024 13:23
29  BTK-89-RK 28-Dec 2024 15:59 27-Dec 2024 15:59

30 BTK-92-RK

28-Dec 2024 10:39

27-Dec 2024 10:39

*) Western Indonesian Time — WIB Time Zone

All transaction processes were recorded in the Admin
Dashboard under the “Production Process” menu, as shown in
Figure 13. The system automatically updated the production
status in real time according to the corresponding order code.
This feature allowed administrators to monitor and ensuring
traceability and alignment between the system records and
actual production activities.

S
<runen

@

Figure 13 Production Process (Admin Dashboard)

3.4 System Reliability Testing

Reliability is a crucial aspect for online, real-time systems that
are expected to operate continuously 24/7. Reliability testing
was conducted to evaluate how dependable the Batik 4.0 system
is in real operational conditions and to ensure its usability across
various organizational levels and operational procedures.
System reliability was evaluated based on recorded uptime and
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downtime during 22 hours of operation, as shown in Figure 14.
Table 3 presents the reliability data collected from the
production of ten batik products.

Table3  System Reliability Testing

Duration Downtime
No. Start Finish (Hours) (Minutes)
1 14.00 17.00 3 0
2 15.30 17.30 2 60
08.30 10.45 2,15 0
3 09.00 13.00 4 30
4 09.00 12.25 3,25 0
5 09.00 12.15 3,15 30
6 13.55 15.55 2 30
7 13.55 16.20 2,25 0
8 13.50 15.42 1,52 30
9 15.55 18.00 2,3 0
10 10.27 12.40 2,13 0
180 minutes
Total Time 22 hours (3 hours)

The system reliability was calculated using the following
equation (Eq.2):

Total Duration — Downtime
= g x 100% (Eq.2)
Total Duration

28—-3

= X 0 = 0,
8 100% = 89,29%

This result indicates that the system achieved a reliability level
(uptime) of 89,29%. The disruptions encountered during testing
included ink bleeding in “klowong” results (machine
configuration), CNC communication errors, web system errors/
software server delays, power outages, and weather-related
issues. These were mitigated through backup servers and
scheduled maintenance routines.

Figure 14 System Reliability Testing (Batik Manufacturing)

To improve future system reliability, these issues need to be
addressed through targeted technical enhancements. For
hardware reliability, preventive maintenance schedules and
real-time machine diagnostics should be implemented to reduce
unexpected failures. Web system errors can be mitigated
through enhanced error logging and regular system updates.
Furthermore, integrating an uninterruptible power supply (UPS)
and implementing surge protection can help manage electrical

disruptions. These improvements will be the focus of the next
development phase to ensure more robust and consistent
system performance in real-world conditions.

3.5 Discussion

The experimental results confirm that the Batik 4.0 system
enables an effective application of cloud manufacturing
concepts to traditional craft industries. With similarity scores
above 70% for most motifs, the system proves capable of
faithfully replicating complex manual designs through CNC
automation. While the average production time of 18 minutes
per unit is competitive, analysis shows that highly detailed
motifs generally required more time and produced higher
similarity. This suggests a trade-off between design complexity
and replication accuracy, which could be addressed in future
work through improved image preprocessing or Al-based
optimization of tool paths.

The scheduling module achieved 86,7% accuracy despite
limited machine resources, indicating a promising baseline for
scalability. Further enhancements could incorporate heuristic
optimization or reinforcement learning to dynamically adapt to
job queues and maintenance schedules. This performance
demonstrates the scheduling system's effectiveness in dynamic,
multi-order environments with limited machine availability.

System reliability of 89,29% suggests reasonable robustness
for continuous operation, though improvements in fault
tolerance (e.g., auto-restart services, UPS) are needed for
industrial-grade performance. Overall, the implementation
validates that smart manufacturing technologies can be adapted
to support high-variety, low-volume production models typical
in artisanal contexts, bridging traditional techniques with
advanced manufacturing frameworks.

3.6 User Feedback and Implementation Cost

To assess the usability and adoption potential of the Batik 4.0
system, a brief user evaluation was conducted involving three
stakeholder  groups: artisans  (machine  operators),
administrators (managers), and customers (end-users). A
questionnaire based on the System Usability Scale (SUS) was
distributed, covering criteria such as interface clarity, ease of
design input, order tracking, and satisfaction with automation
performance. The SUS score averaged 78.2 across all groups,
indicating high perceived usability. Artisans appreciated the
simplification of motif replication, administrators valued the
real-time monitoring and control room integration, while
customers highlighted ease of order placement and design
preview features.

In terms of implementation cost, the total cost for deploying
the system (including server setup and three CNC machines) was
estimated at approximately USD 7,500. This includes the local
server (USD 500), three CNC batik units (USD 1,500 each), and
software development for CAD platform and control dashboard.
Compared to long-term labor costs and inefficiencies in manual
production, the system is considered affordable and scalable for
SMEs with moderate production volume.
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4.0 CONCLUSION

This study presented the implementation and evaluation of a
cloud-based design and manufacturing (CBDM) system in the
context of the Indonesian batik industry. By integrating web-
based design, automatic cost estimation, cloud scheduling, and
CNC-driven production, the system successfully demonstrated
how Industry 4.0 technologies can be applied to support digital
transformation in creative SMEs.

More importantly, this research highlights how local creative
industries, such as batik, can adopt Industry 4.0 technologies
without compromising cultural values. By bridging traditional
craftsmanship with modern engineering systems, this model
supports digital transformation among ASEAN’s artisanal SMEs.
The Batik 4.0 system offers a scalable solution to promote
innovation, efficiency, and competitiveness across creative
sectors in Southeast Asia.

Key findings from experimental deployment in a live SME
setting include:

1. The system achieved an average 71% similarity between
digital motif designs and manufactured outputs, with peaks
of up to 87%, validating the design fidelity of the CBDM
approach. The average production time per motif was 18
minutes, confirming the system's viability for small-batch,
rapid fabrication.

2. Automated production scheduling yielded 86,7% on-time
completion across 30 customer orders, demonstrating
reliability in managing resource-constrained operations.

3. An uptime of 89,29% was recorded over 22 hours of
production, suggesting stable system performance with
room for technical improvements.

Collectively, these results demonstrate that cloud-based
design and manufacturing platforms can be effectively adapted
for use in traditional craft industries, providing increased
efficiency, accuracy, and scalability without sacrificing cultural
authenticity. The following avenues are recommended for
future research and system development:

1. CNC toolpath optimization by implement Al-based motif

simplification and toolpath generation to improve accuracy

and reduce production time.

Scalability and multi-site integration, expand the platform to

support multi-site batik producers, enabling distributed

manufacturing and collaborative via cloud infrastructure.

3. Real-Time quality control by integrate computer vision-
based inspection systems for in-process quality assurance
and adaptive correction mechanisms.

4. User experience studies by conduct usability testing with
both artisans and consumers to refine the web-based
interface and improve user interaction with design tools.

5. Economic and environmental impact analysis by evaluate
the economic, cost-benefit ratio, and energy efficiency of
cloud-enabled production compared to traditional batik
methods to assess sustainability.

This study contributes to the field of advanced
manufacturing in several key ways:

1. Demonstrates the first real-world implementation and
evaluation of a cloud-based manufacturing system in the
SMEs traditional batik sector.

2. Introduces a fully integrated design-to-production pipeline
using open web technologies and CNC batik automation.

N

3. Provides a performance benchmark—across similarity,
accuracy, time, scheduling, and reliability—for future digital
manufacturing systems in creative industries.

4. Offers a transferable framework for deploying low-cost,
scalable Industry 4.0 solutions in high-variety, low-volume
production settings.
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