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Abstract: This study focuses on the development of an integrated smart manufacturing system
(ISMS) that centers on custom design experiences, utilizing virtual reality (VR) and cloud integration
to enhance operational value. Through a Design for Excellence (DFX) approach, this system aims
to seamlessly incorporate customer-specific designs into the manufacturing process, thus aligning
closely with consumer needs. The research contributes significantly by (1) implementing a customer-
focused design system that enhances sales benefits, (2) enabling a smooth transition from design
drawings to automated production, thereby increasing manufacturing efficiency, and (3) establishing
a digital transformation framework that integrates design, production, and marketing to boost overall
business value.

Keywords: DFX; smart manufacturing system; customized design; customer experience

1. Introduction

In today’s rapidly changing technological environment, integrated smart manufactur-
ing systems (ISMS) have become central to driving industrial innovation and enhancing
consumer experiences. This study focuses on the development of an integrated smart
manufacturing system that utilizes virtual reality (VR) and cloud integration technologies.
Not only does it optimize operational efficiency, but it also significantly enhances design
experiences tailored to individual customers through a Design for Excellence (DFX) ap-
proach. As system cabinets are a design industry closely intertwined with people’s lives [1],
this study demonstrates the unique value of applying these technological innovations to
enhance the personalization and functionality of living spaces, showcasing its distinct value
in this industry.

The uniqueness of this research lies in its implementation of a customer-oriented
design system that seamlessly transforms design drawings into automated production,
thereby increasing manufacturing efficiency. Further, we have established a digital trans-
formation framework that integrates design, production, and marketing, greatly enhancing
overall business value. Moreover, this study explores the advancements in smart pro-
duction technologies and the integration of interdisciplinary management approaches,
demonstrating the capability to provide innovative solutions in a competitive market.
These solutions not only meet market demands but deeply satisfy customer needs.

By combining initiatives from industry, academia, and government in areas such as
“Design for Excellence”, “VR experience”, “cloud integration”, “smart production”, and
“Internet of Things”, our system demonstrates how products can be produced on-demand
when needed, thus validating these concepts in practice. This not only highlights the
innovativeness of our research but also provides a practical reference for businesses, aiding
them in achieving success in their digital transformation efforts.

Design for Excellence (DFX) is a systematic approach to achieving objectives where
“X” can represent the goals or characteristics of a product or process. To maintain success
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in the market, it is crucial for companies to meet customer expectations by constructing
operations that align with the principles of excellent design. Historically, smart production
systems have focused on enhancing efficiency and increasing production value. In the
context of digitalization, customization, and the impact of innovative technologies, signif-
icant transformations are expected within businesses. Antonova, A. (2018) [2] suggests
conducting innovation analysis from three main perspectives: technical (infrastructure),
customer (service delivery and value co-creation), and business (value proposition). This
approach enables the construction of customer-centric thinking combined with the feasibil-
ity of smart production technologies, forming a digital transformation value model. This
study aims to use the system cabinet industry as an example, integrating customer design
and experience with smart production to propose comprehensive research on digital trans-
formation value. By employing DEX thinking, the study seeks to integrate system values
to enhance competitive factors for businesses. This study aims to employ the qualitative
design guidelines of the Design for Excellence (DFX) method to propose the following
research objectives, as illustrated in Figure 1. The first objective is to use customized design
to create sales value through enhanced customer experiences. The second objective is to
integrate customized design with smart production systems to achieve manufacturing
efficiencies. Finally, the study aims to provide a customer-oriented integration of smart
production systems, forming a transformative value.
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Figure 1. Research objectives.

2. Literature Review
2.1. Excellence in Design and Smart Manufacturing Practices

Excellence in design, also known as “X” Design (DFX), encompasses a wide range of
concepts and methodologies. Here, “design” is broadly defined as representing system and
product design, while “X” is used to denote any specific design goal or requirement [3]. The
scope of DFX includes various aspects such as Design for Manufacturing (DFM), Design for
Assembly (DFA), Design for Variety (DFV), Design for Quality (DFQ), Design for Reliability
(DFR), Design for Disassembly (DFD), and Design for Maintainability (DFMA) [4]. In fields
such as customized product design and manufacturing, like the automotive industry, Ben-
abdellah et al. [5] emphasize the challenges of sustainability and highlight the importance
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of DFX strategies in improving product quality, reducing development time, lowering
costs, and meeting customer demands. DFX aims to integrate and select various facets,
facilitating collaboration between designers and project teams throughout the product
lifecycle, thereby optimizing the implementation of these strategies. This approach not
only supports continuous product innovation but also fosters organizational transforma-
tion and development. In the context of digital transformation and Industry 4.0, DFX,
integrated with customer-centric strategies, enhances smart manufacturing practices, pro-
viding customized services that transform traditional manufacturing methods and elevate
a company’s value creation and business model.

2.2. Customer Design and Experience: A Key Competitive Advantage and Challenge in
Smart Manufacturing

In the practice of smart manufacturing, customer design and experience are not only
crucial for enhancing product value and business competitiveness but also represent a
major challenge in achieving the goals of smart manufacturing. Modern service design
conceptualizes service as a multi-stage process, with each stage delivering unique value
to customers based on functional benefits and subjective experience [6]. Wechsler and
Schweitzer [7] note that more organizations are adopting customer-centric innovation
practices to increase business value, although the factors driving such innovation and the
conditions for its success are still not well understood. Their case study examines the
role of design artifacts in mediating customer-centric innovation strategies, showing how
design products can act as flexible and persuasive tools to meet social and interactive needs,
fostering innovation and organizational change. This customer-centric design requires
manufacturing processes to be flexible enough to meet individualized customer needs
while ensuring production efficiency and cost control. Product design must accurately
reflect the holistic needs of customers, with these needs being defined through the complex
interactions between various product components. The concept of the customer journey
further emphasizes the importance of accumulating customer experience across multiple
touchpoints, which may occur before and after the “core” touchpoints traditionally focused
on in service design [8]. In a smart manufacturing environment, achieving these objectives
requires companies to invest in advanced technologies such as the Internet of Things
(IoT) and data analytics to capture and respond to customer demand changes in real time,
optimizing production processes to support highly customized product manufacturing.
The challenge of creating substantial value for customers without compromising production
efficiency is a key innovation in smart manufacturing and a decisive factor in securing
competitive advantage in the global market

2.3. The Innovation Engine and Digital Transformation

Weiss [9] presents the innovation engine framework, which combines expertise in
human, technical, and business factors to create a practical process from design to delivery
(Figure 2). This framework emphasizes the integration of commercial viability (market-
oriented thinking), technical feasibility (through DEX in smart manufacturing processes),
and operability (via cloud computing, VR, and other digital technologies) to drive inno-
vation value. While previous research has demonstrated the benefits of smart production
for business practices, there remains a lack of in-depth analysis of the connection between
customer-centric smart manufacturing. This framework offers a method for integrating
DFX and digital technologies to enhance manufacturing efficiency and increase sales value,
thus supporting the empirical analysis of digital transformation in this study.
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Figure 2. Innovation engine framework [9].

3. Research Design and Conceptual Framework
3.1. Conceptual Framework

The conceptual framework for integrating smart production systems with customer
design experiences can be approached from three perspectives, as suggested by Antonova,
A.[2]

Technical Perspective: It should encompass technological architecture that en-
sures connectivity and infrastructure, and the implementation of analysis and founda-
tional designs.

Customer Perspective: The framework should be built on commercial scenarios and
customized services, while employing data analysis and scenario recognition to provide
customers with tailored modes and experiential services.

Business Perspective: The integration of internal resources and operational pro-
cesses should be expanded to include company partners, suppliers, and cloud connections
with customers.

This tri-dimensional approach ensures that the design and integration of smart pro-
duction systems are comprehensive, covering essential aspects that influence both the
efficiency of production and the enhancement of customer experiences. It aims to leverage
technological capabilities to meet specific customer needs while aligning with business
goals to create a sustainable competitive advantage.

3.2. Setting System Objectives Using the DFX Methodology

Based on the conceptual framework, the system objectives are set using the DEX
methodology from a technical, customer, and business perspective, as follows:

Design for Customer (DFCu):

Kang, J. Y. M. [10] notes that co-creation, mass customization, consumer-driven cus-
tomization, personalization, and co-design enable customers to assemble prefabricated
parts into new creations. This is essential for maintaining competitiveness in a rapidly
growing global market that is competitive and user-oriented. The system building process
should transform identified customer needs into ideal products. Koomsap, P. [11] suggests
that the design objective is to establish the basic parameters of the product, viewing each
customer as a designer, especially in meeting their own needs. Customers, being the most
knowledgeable about their needs, should have complete control over specifying product
parameters to meet their requirements. The manufacturer’s role is to assist customers in
turning their envisioned designs into reality, where the design activities are limited to
selecting the final product (mass production) or choosing and combining predefined parts
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(mass customization), significantly enhancing customer satisfaction, as they obtain exactly
what they want without compromise.

Design for Customer Experience (DFCE):

Customer experience arises from a series of interactions between the customer and the
service provider [12]. Therefore, customer experience can be conceptualized holistically,
including multiple interactions across touchpoints involving cognitive, emotional, social,
and sensory elements. Verhoef, P. C., et al. [13] emphasize that the customer experience
occurs across many interactions related to the core service product, including multiple
“key moments” that influence customer outcomes. Companies have prioritized customer
experience as a key strategy for achieving sustainable competitive advantages [14], and it
is at the forefront of almost all companies’ priorities [15]. Experiences also include product
features, service quality, price, personal and situational factors, all affecting customer
satisfaction [16]. Therefore, realistic VR experiences that include customized product
features can enhance the value of services provided and unique customization factors,
thereby enhancing their sales value.

Design for Manufacturing and Assembly (DFMA):

This is an effective method for selecting materials, processes, and assembly meth-
ods early in the design stage to design products that reduce part count, material choices,
and costs, resulting in easier-to-manufacture and assemble products that remain competi-
tive [17]. The main advantage of DFMA is the reduction in the number of parts, increased
manufacturability, and ease of assembly, which lowers the overall cost of the product.
Reducing the number of components in a product is a major challenge for designers, and
simplifying design and reducing assembly time can lower product costs. The development
of new methods for manufacturing and assembly design, incorporating quality needs at
the design stage, and recent attention to transparent design work and communication have
all generated a demand for a more structured approach to design. For the initial system
setup, considering custom design production conditions and the feasibility of connecting
to smart production systems is critical.

Design for Cost (DFCo):

Cost estimation involves forecasting costs associated with a set of activities before
they are actually carried out. Cost estimation or Design to Cost (DtC) methods can be
broadly divided into intuitive methods, parametric techniques, variable-based models,
and generative cost estimation models. However, the most accurate cost estimations
are conducted during the detailed design stage using iterative methods [18]. The initial
process planning should be used to obtain a proper estimate of manufacturing costs.
Initial process planning includes the generation and selection of machining processes, their
sequence, and their machining parameters [19]. For efficiency, DtC needs to be applied
simultaneously with DM and DfA (conceptual design stage) to compare and devise cost-
effective design alternatives.

Design for Value (DFV):

For years, the manufacturing sector has used the Design to Value (DtV) model to
manufacture goods at lower costs while retaining the features necessary for competition.
These principles have evolved into the design for value and growth model, a new way of
creating products that offer an excellent customer experience. Under the design for value
and growth, the design not only creates value but also transforms customers into loyal fans
through the product’s features, form, and functions, thus generating value growth [20].

In summary, under customer design and experience, how to integrate smart produc-
tion systems to enhance enterprise operational value is the focus of this study. This research
proposes DFX setup and reference construction design system objectives, as shown in
Figure 3.
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Figure 3. System Objectives Setup Using DFX.

3.3. Smart Integrated Systems Framework

Zhou, J., Li, P, Zhou, Y., Wang, B., Zang, ]., and Meng, L. [16] discuss three characteris-
tics of digital manufacturing: Widespread application of digital technologies in products:
Digital technologies are extensively integrated into products, enhancing their functionalities
and enabling advanced features like connectivity, smart control, and personalization.

Extensive use of digital design, modeling, simulation, and digital device information
management: These tools facilitate the detailed planning and simulation of manufacturing
processes before actual production begins, improving precision and efficiency. Digital
design also encompasses the management of device information, streamlining operations
and maintenance.

The integrated optimization of production processes: By employing digital tech-
nologies, production processes are optimized for efficiency, quality, and flexibility. This
integration is crucial for reducing waste, minimizing production times, and adapting
quickly to market changes.

Based on these characteristics, Zhou et al. propose a smart production cloud system
framework (Figure 4), which leverages cloud computing to enhance manufacturing oper-
ations. This framework allows for greater scalability, real-time data analysis, and better
collaboration across different sections of a manufacturing company.

Intelligent integration
L Intelligent manufacturing cloud J
‘ Intelligent H Intelligent Wm
Products Production services
Industrial Intermet

\_/

Figure 4. Smart production cloud system framework [16].
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Xie and Zhou [21] discuss how using the Internet to provide DFX functionalities can
enhance various aspects of product development and collaboration. Here’s an overview of
the benefits they highlight:

Improved Communication: The Internet facilitates better communication channels
that are instantaneous and accessible globally, allowing for real-time updates and feedback.

Closer Collaboration: With online tools, teams can collaborate more effectively, re-
gardless of geographical distances. This setup enables more frequent interactions and
alignment on projects.

Consistency and Transparency: Online platforms ensure that all team members have
access to the same information, leading to consistent approaches and transparent processes.

Enhanced Participation from Customers and Suppliers: The Internet enables easier
integration of feedback and participation from both customers and suppliers early in the
design process, which can lead to better-tailored products and services.

Easier Project Management: Online tools streamline project management by provid-
ing platforms for task management, progress tracking, and resource allocation.

Team Building in Design Work: The digital environment supports the develop-
ment of team cohesion by facilitating shared spaces for interaction, idea exchange, and
collective problem-solving.

Rationalization and Structuring of the Product Development Process: The use of
DFX functionalities helps in organizing and structuring the product development process,
making it more systematic and efficient through stages like design, testing, and modification.

Figure 5 illustrates these aspects, showing how Internet-based DFX functionalities
integrate into the product development cycle to enhance effectiveness and efficiency.

Data Server tier DFX knowledge tier

HEE T

L]

N

DFX knowledge access

Tools, interfaces

Internet Tools

Modelling

fI

Generic DFX Model I:I> Product Information and knowledge

Figure 5. System setup using DFX [21].

In modern design processes, the use of software systems is almost inevitable, especially
for customer-specific product design. Consequently, Computer-Aided Design (CAD) is
extensively utilized by enterprises to maintain competitive market standing. However,
existing CAD systems focus too much on graphic representation, providing only 3D models
and suffering from limitations in conveying design information, thus failing to deliver
an effective customer experience. In the context of Design for X (DFX), where “X” could
relate to various quality standards—ranging from general aspects such as reliability, assem-
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bly suitability, robustness, and maintainability, to more specific ones like environmental
impact, ergonomics, and aesthetic value—it becomes increasingly clear that integrating
intelligence into existing computer-aided tools, like CAD systems, can significantly enhance
the effectiveness and reliability of executing various engineering tasks, including design.

Therefore, it is crucial to consider how current CAD systems, through application
transformation, can offer customizable flexible designs, 3D rendering, and conversion to
VR experiences. This transformation should also include cloud integration and production
parameter modeling to align with and integrate into smart production systems.

Summarizing the above, this research proposes a system design that incorporates the
three conceptual perspectives of transformation drivers, referencing both the smart produc-
tion cloud system framework and the DFX system setup framework. The system design,
supplemented by DFX objectives, aims to combine a customer-oriented approach with the
drawing software system. By adopting a customer-centric perspective, utilizing customized
design software, and achieving VR experience software, the integration into smart produc-
tion systems can ensure comprehensive benefits—from customer experience and design to
automated production and sales—thereby generating value in digital transformation. The
research system design is shown in Figure 6.

Customer Perspective
Desirability

,IA\

A Y

Business

& Customer
Perspective

Designed for the \

Cloud-Based
Customer Technical Designed for Customer VR Corder
Perspective Perspective Customer Experience Management
P P Experience =
(DFCE) 3 o
- Design for Manufacturing '
Clgtom'md and Assembly (DFMA) .~
—’ rawin: B .
Syst CIQA\D \ Linked to Production . Design fqr Cost
ystem \ Parameters " LCompliance

» (DFCo)

Design for Value (DFV)

Design — Experience— Order—
Delivery— Sale

&

Y,

\ = ~
(DFCu) . - Smart Production
Prawing Software with Flexibie MOde“ng LOgIC Integration System Business Perspective
Customization Options Viability
AN J
Y
Technical Perspective
Feasibility

Figure 6. Integrating smart production systems with customer design experience.

4. Case Study Analysis

The case company is the leader in the system kitchen cabinet industry in Taiwan,
with self-production, self-marketing, and self-managed distribution channels. It owns the
largest chain of system kitchen cabinet stores in Taiwan, with about 92 outlets province-
wide, and its products have penetrated over 73% of Taiwanese households, demonstrating
its commitment to in-depth research into the lifestyle of kitchens in Taiwan. This case
study investigates the company’s digital transformation project for system kitchen cabi-
nets from 2019 to 2022, focusing on the transition from custom kitchen design to smart
manufacturing processes.

4.1. Operational Process before Implementation at the Case Company

Initially, the case company’s system involved using 3D drawing software coupled
with manual ERP order entry. The operation process included the following:

Manual Verification of Orders: The personnel had to manually check order details.
If the order corresponded to standard online specifications, it would be processed directly
by manual entry, followed by manual layout and preparation for production.

Non-Standard Orders: For designs that did not meet standard online specifications,
manual drafting of the Bill of Materials (BOM) was required. This involved resizing and
annotating the material layout manually.
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Compilation and Scheduling: After compiling all the material layouts, orders were
manually scheduled.

Production: Finally, the orders were input into the system kitchen cabinet produc-
tion operations.

This workflow is illustrated in Figure 7, showcasing a process that heavily relied
on manual intervention from the receipt of an order to the production phase, indicating
potential areas for improvement through digital transformation.

Pre-System Implementation Workflow

Standard Online
Product Specifications

Storefront Manual Order ERP Manual System
Drawing Verification in _y|  Automated »| Process | | cabinet
'_C ERP System Material Layout Production|
Software Layout Orders Operations
Non-Standard yd v
Online Product rd
Specifications y
Manual Manual //'/
Creation of _,| Material 4
BOM for Layout
Special Items Orders
Figure 7. Pre-implementation workflow of the case company.
4.2. Construction of Smart Production Integration System
According to the system design framework of this study, an analysis and explanation
of the smart production integration system based on the DFX model is conducted.
4.2.1. Phase One: System Cabinet Modeling Logic
The custom drawing software is constructed using the system cabinet modeling logic,
with precise modeling logic that synchronizes with the production logic to ensure that
production parameters are interconnected, as shown in Figure 8.
Standard Online Modeling and Integration of
. Production Drawing Software
Product — P with ERP
. . Parameter with
Specifications Conficuration Manufacturing
} System

Figure 8. Custom drawing software and production modeling interface.

(1) Over 10,000 online cabinet sizes are modeled, and dimensional parameters are set.
This reduces the number of cabinet bodies to over 2000 standard units that can be
adjusted according to size. These data are integrated into the custom drawing software
to achieve custom drawing and ensure that production parameters are connected to
manufacturing and assembly.

(2) The system modeling supports flexible product design due to the varied custom
order requirements, with the manufacturing system’s instant connection to smart
production manufacturing.

(3) All design links can be highly customized in real-time: designers, through different
parameter settings and size adjustments, can dynamically generate virtual furniture.
This is depicted in Figure 9.
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(4) The system instantly generates corresponding structural diagrams and related data
reports, including material lists, hardware lists, cost accounting, hole positioning
diagrams, and packaging list data linked to the production and manufacturing end
for precise material arrangement and manufacturing.

- X

|

1
= -

All system cabinet arrangements are designed and modeled according to | Designers customize the lay out of base cabinets, wall units, tall cabinets, z

customer requirements, with customization adjustments available for

kitchen appliances through various parameter settings and configuration

individual customer needs changes.
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preferences, with design blueprints provided for layout. .- . -~ - el i

Figure 9. Custom drawing software design simulation.

4.2.2. Phase Two: Storefront Simulation Scenario Drawing Process for Production

Operations (Figure 10)

(1) A virtual reality (VR) is generated in real-time for the customer, allowing them to
preview and experience the product design details and structural layout. The precise
modeling and design enable customers to browse the physical installation scenarios
of the products, as illustrated in Figure 11.

(2) Through the storefront scenario drawing software, data are uploaded to the cloud
at the storefront level, extending to the smart manufacturing system. The modeling
operations directly interpret all product combinations, leading to the production of
BOM tables, which then transition to smart manufacturing.

Custqmized 3D Simulation VR E .
Drawing —*  Drawing ) xperience
Software

Figure 10. Drawing software interface with smart production operations.
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Figure 11. Custom drawing software-generated VR experience.

4.2.3. Phase Three: Smart Production Integration Operations as Depicted in Figure 12

@

@)

®)

4)

©)

(6)

Smart Production and Sales Order Verification: Production control personnel use the
system to receive and review orders in real-time. Once the review is complete, optimal
order scheduling is conducted using the Sakura system based on delivery deadlines,
regions, etc. This is illustrated in Figure 13.

Order Decomposition: After automatic order breakdown, Artificial Intelligence (Al
technology) is applied to compute the best order combination, automatically calculat-
ing the most optimal material production or the fastest production mode, as shown in
Figure 14.

Automatic Material Requisition: Material requisition, usage forms, and processing
orders with QR codes for the materials are automatically generated. Each processing
station can simply scan the code to retrieve the material information and processing
instructions, thereby enhancing production efficiency.

Smart Production Line and Intelligent Layout: With zero layout errors, there is a
reduction in material waste and an increase in production efficiency. Processing
machines can flexibly adjust processing based on the characteristics of the materials
and custom requirements.

Process Optimization: The system helps to eliminate redundant production pro-
cesses, reduce production loss and product anomalies, and enhance on-time delivery
capabilities. The aim is to achieve manufacturing precision and further improve
production efficiency.

Production Control: By managing the production process via the system, batch
production replaces the past practice of single-set production. This streamlined
process shortens product delivery times by 30%, reduces the error rate, and creates a
new production and supply model.
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Figure 14. Optimal production mode simulation.
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5. Research Findings and Discussion
5.1. Research Results

Based on the case company’s implementation of the custom kitchen design into smart
manufacturing production plan, the research results are presented as follows in Figure 15:

_______ Integrated Smart Manufacturing System for Customer Design Experience oo
« CustomizedDesign _,,_________ SmartProduction ———
Drawing System Integration System
Customized Cloud-Based
Customer CE'StO’T‘er VR Ly Order > SSIe|§ and
Design Xpenence Management elivery

v
Drawing \ Modeling Production '\Ii‘:;zrlljl g?;:r g\f‘;g?;ltsg
Design Logic Parameters Blanning Gararstion Operations
Design For Design For Desian For
Design For Customer Customer Manufacturing Design For Cost 9
: Value
Experience and Assembly

- Y AN NG J
Customer-Centric Smart Manufacturing Digital Transformation Value:
Customized Design and Customer  Integrating Smart Production Systems and What You See is What You Get, Order
Experience, Creating Sales Value Automation to Enhance Manufacturing Production and Sales Through Customer
Efficiency Experience

Figure 15. Research results.

(1) Customized Design and Value of Customer Integrated Virtual and Physical Experi-
ence: Designers personally measure the actual dimensions of consumers’ kitchens
and use a 3D design system to depict the future look of the kitchen based on family
needs and habits. This integrated approach not only enhances the visual presentation
but also significantly impacts key operational metrics in stores.

To quantitatively validate the effectiveness of this 3D design system, a statistical
analysis was conducted across 96 stores, focusing on the following two primary metrics:
average design days (representing design efficiency) and customer satisfaction (indicating
customer experience quality). The results are summarized in Table 1.

Table 1. Changes in average design days and customer satisfaction before and after 3D design

system implementation.

Before After Implementation
Metric Implementation € (Mfar? SeD)a ° t-Value p-Value
(Mean, SD) !
Average Design Days (days) 9.52 (3.73) 8.47 (3.82) 6.86 7.08 x 10719 (p < 0.001)
Customer Satisfaction (1~10) 5.60 (1.70) 6.89 (1.65) —1227 2.63 x 10721 (p < 0.001)

e  Average Design Days: Prior to the implementation of the 3D design software, the
average time required for design completion across stores was 9.52 days (SD = 3.73).
After adopting the system, this time decreased to 8.47 days (SD = 3.82). The paired
sample t-test showed a t-value of 6.86 and a highly significant p-value of 7.08 x 10~ 10
(p < 0.001), confirming a statistically significant improvement in design efficiency

o  Customer Satisfaction: Similarly, the system’s impact on customer satisfaction was
notable. Before the system’s implementation, the average satisfaction score was 5.60
(SD = 1.70), which increased to 6.89 (SD = 1.65) after implementation. A paired
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sample t-test yielded a t-value of —12.27 and a p-value of 2.63 x 1072 (p < 0.001),
demonstrating a significant enhancement in customer satisfaction.

These results provide clear quantitative evidence of the 3D design system’s effective-
ness. By allowing customers to visualize and engage with their future kitchen spaces more
interactively, the system has shortened the design cycle and increased customer satisfaction.

(2) Manufacturing Benefits of Automated Smart Production Integration System: With
one-click ordering at the storefront, the manufacturing system groups orders based
on order characteristics, schedules production, and automatically reviews and breaks
down each order, calculating the best use of materials or the fastest production mode.
The automatic generation of instructions, drawings, and documentation for machinery
significantly improves production efficiency and reduces error rates.

(8) Integrated System Benefits of Design, Production, and Quotation Capability: The
system integrates production information to automatically calculate the materials,
panels, parts used, instantly analyzes product quotes, and automates all operations,
reducing manual order transfer, verification, and sales-production reconciliation.

(4) Digital Transformation for Value Design: Differentiating from competitors, with
realistic design outputs and in-store VR experiences, achieving design, production,
and sales capabilities. Customers can experience their future kitchen directly in the
store and proceed to purchase after the experience. For the system kitchen cabinet
industry, this moves beyond price competition by offering home living proposals,
enhancing industry value after digital transformation.

5.2. Research Contributions and Managerial Implications

From an academic perspective, the thinking behind smart production should extend to
sales value. This study constructs a customer-centric smart production integration system,
emphasizing the importance of digital transformation. Additionally, it interprets the
value of digital transformation through the DFX methodology used by the case company,
providing a reference for future qualitative research in DFX.

From a practical viewpoint, all innovations should have clear indicators and strategic
implications, not just transformation for the sake of transformation or innovation for the
sake of innovation. This study constructs a system integration with DFX thinking, clarifying
innovation goals and performance indicators, embodying the value of introducing smart
production, and focusing on customer orientation to maximize value and minimize costs,
allowing enterprises to reflect the significance and value of their resource investment.

From an industry perspective, the system kitchen cabinet industry sells not just a
product but a process, a completely customized product and service that involves on-site
assembly. All related parts must be precise and in place at once. Any shortage or size
error necessitating second-time construction not only prevents cancelling the order and
collecting payment but also reduces customer satisfaction due to the lengthy process of
supplying and redoing. By applying DFX thinking and customer-centric integration into
smart production systems, one can achieve design visualization through virtual reality
(VR) and 3D technology at the store level. Furthermore, connecting the sales end with
the manufacturing end and using Al to autonomously determine optimized production
scheduling based on order type and features can significantly shorten operation time from
design to final kitchen installation, enhancing the value of the bi-directional operational
process from production to sales.

5.3. Research Limitations and Future Research Suggestions

The focus of this study is on the construction of a customized drawing software inte-
grated into a smart production system and its benefits and value, expressed qualitatively
through DFX, without specific quantitative data. The emphasis is on presenting a fea-
sible system framework and model through qualitative research. Future scholars may
conduct more concrete quantitative evaluations of benefits using ABC (Activity-Based
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Costing) and ABM (Activity-Based Management) to provide a more credible basis for
transformation value.

Moreover, this study’s primary goal is to construct an integrated system model and
highlight its value to sales and production to demonstrate the benefits of transformation.
It does not delve deeply into the technical and information communication structures of
the smart production integration system. Future scholars can further research technical
feasibility, providing practical reference significance for those interested in venturing into
this field.
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