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ABSTRACT 

 

The emergence of Industry 4.0 (I4.0), which uses smart manufacturing as a strategy to 

solve industry challenges, is associated with significant research efforts that focus on 

cyber-physical systems, the internet of things, big data, and artificial intelligence. 

Utilizing I4.0system performance and decision-making technologies, real-time 

monitoring, and system control, we developed a smart welding station system. The 

platform provides guidance for implementing a reliable welding system with a minimal 

amount of effort using certain characteristics of I4.0 technologies. In this study, a practical 

guide for the application of Reference Architectural Model Industry 4.0 (RAMI 4.0) and 

the use of technologies for smartization of welding systems are presented. First, we 

discuss the conceptual approach of a smart welding station system to create a platform 

for the station. Enabling technologies of I4.0 and their working functions are then defined. 

In addition, characteristics of RAMI 4.0 that apply to implement the system into the major 

architecture of selected RAMI 4.0 areas are analyzed. Finally, a designed platform for a 

smart welding station system based on five layers and three hierarchy levels of the 

production of RAMI 4.0 is presented. 
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Chapter 1 INTRODUCTION 

 

1.1. Problem statement 

 

Industry 4.0 (I4.0) has widely potential and perspective in starting the new 

Industrial Revolution in the 21st Century. Several features that support I4.0 are formed 

into an ecosystem in the 21st century industrial that has many characteristics for future 

assessment as shown in Figure 1.1. Many advanced technologies have been developed in 

the manufacturing industry to face global competitiveness and produce value creation, 

such as connecting digital and physical worlds in which sophisticated hardware combined 

with innovative software, sensors, massive amounts of data and analytics. 

Significantly, I4.0 technology has been developed in many fields, especially in 

industrial manufacturing to improve process performance, reduce downtime, and ensure 

maximum productivity. Among the benefits offered by I4.0 technology in its application, 

is the infrastructure to utilize ICT (Information and Communication Technology) into 

smart manufacturing with the aim of developing a fully integrated production system. 

Smart manufacturing systems are “fully integrated, collaborative manufacturing systems 

that respond in real-time to meet changing demands and conditions in the factory, in the 

supply network, and customer needs” [1].  

 

 

Figure 1.1. Characteristics of the Industry Ecosystem in the 21st Century 
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With the development of ICT in I4.0 technologies, this has laid down to a 

paradigm shift in several manufacturing stations to be an integrated production system, 

such as in welding station: from an automated welding station to a smart welding station 

system. The smart welding station system requires reliable technologies to integrate the 

welding system information at the desired function. Digitalized welding is one of the 

functions that could be developed in a welding station with I4.0 technologies as shown in 

Figure 1-2. Digital information about the design component, the filler metal, the 

protective gas, etc. is necessary for this function to be able to determine an optimal set of 

welding parameters automatically and real-time requirements must be met [2]. In order 

to realize this function, it is essential to see the full chain which includes I.40 technologies 

and the origins of the components needed for the smart welding station system. Therefore, 

a platform that consists of the infrastructure and operating system of the smart welding 

station should be developed as a system design based. A platform model for I4.0 is 

developed with a potent combination of technologies that adds accuracy, efficiency, 

productivity to be realized in the real factory based on architecture standardizations. 

Architecture is a description (model) of the basic arrangement and connectivity of parts 

of a system (either a physical or a conceptual object or entity) [3]. Architecture is widely 

used as a reference to describe the main structure and internal relations of complex 

systems. Some emerging reference architectures such as RAMI 4.0 and IIRA have been 

developed by the German I4.0 and the US-led Industrial Internet Consortium (IIC), 

respectively. 

 

 

 

Figure 1.2. Digital Twin of Welding Process  
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A Reference Architecture Model Industry 4.0 (RAMI 4.0) has been developed by 

BITCOM (the German Association for IT, Telecommunications and New Media), VDMA 

(Mechanical Engineering Industry Association) and ZWEI (German Electrical and 

Electronic Manufacturers' Association) for providing a guideline for the interdisciplinary 

I4.0 technologies and describing the connection between IT, manufactures/plants and 

product lifecycle [4]. Another major reference architecture is the Industrial Internet 

Reference Architecture (IIRA) developed by the US-led Industrial Internet Consortium 

(IIC) to encourage the adoption of IIoT (IoT Industry) and relies on the OMG (Object 

Management Group) [5]. These two reference architectures are respectively shown in 

Figure 1-3. Moreover, the reference architecture standardization in the fields of smart 

manufacturing has been studied by a large number of published works. Moghaddam et al. 

[6] identified two actionable plans to enable smart manufacturing through conceptual 

analysis of service orientation ideas, several key challenges, and capabilities needed for 

the design, development, and deployment of SOA in manufacturing by investigating 

various architectural references for smart manufacturing systems. Li et al. [7] presented 

a systematic standardization solution for smart manufacturing by analyzing and 

comparing the architectures, then developing the reference model and finally providing a 

standards framework. However, the aforementioned studies have not concentrated on one 

specific manufacturing process. Therefore, an effective approach is necessary to develop 

the platform for smart welding station system. 

 

 

Figure 1.3. IIC and I4.0 are working together to map architectures [5] 
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The platform model designed should be satisfied with the following requirements: 

• The platform model should be adapted to the different types of welding 

process. 

• The important aspects of the platform are necessary to expand the functional 

framework. 

• The architecture layers should be easily changed to adapt to different I4.0 

technology components 4.0 

• The function should be derived by each layer to classifying the tasks of the 

system 

• The platform should be flexible, adaptive and easy to implement and operate. 

 

1.2. Research objectives 

 

The purpose of the present study is to design a platform model to classify the tasks 

of smart welding station system using enabling technologies of I4.0 by identifying RAMI 

4.0. The technologies were applied to the system while RAMI 4.0 is analyzed to be 

modeled into a platform of smart welding station system. To achieve a specific 

understanding of RAMI 4.0 standardization, the characteristics of the RAMI 4.0 core idea 

are analyzed to select the area in line with the smart welding station system and serving 

as a basis for the discussion of its interrelationships and details. Three main aspects are 

selected, but two main aspects are expanded in detail to create major architectures and to 

classify the location of functionalities. Afterward, a two-dimensional model was designed 

using the selected functions and then mapped in terms of essential components and 

services. 

 

1.3. Significance of the study 

 

This work focuses on designing a platform of smart welding station system by 

applying Digital Twin, Industrial Internet of Things (IIoT), Robot as an Agent, Cloud 

Computing, Big Data and System Integration to create the function in smart welding 

station. In the proposed smart welding system, strategic decision-making is determined 

on each task of the welding process. This thesis is expected as a contribution to improve 
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the implementing of a smart welding station system in an efficient and effective but more 

important with a practical way which is easy. The research contributions are listed as 

followings: 

Firstly, based on the advantages of I.40 technologies and disadvantages of the 

automated welding system, we proposed the conceptual design of the smart welding 

station system to satisfy the standard requirements of the platform model. The 

characteristics of I4.0 enabling technologies were investigated to verify the working 

function of the welding process. Then, the functional of the smart welding station is 

analyzed by describing the working functions architecture with selected technologies.  

Secondly, the platform of the smart welding station system was designed. The 

major frameworks of RAMI 4.0 were analyzed to determine which area that covers the 

working functions. Moreover, the main tasks for operating a smart welding station were 

derived based on the functional framework RAMI 4.0. The two-dimensional platform 

showed that the smart welding station system adequately met the structures and functions 

of what is termed I4.0 components as well as the system design specifications. 

 

1.4. Organization of the thesis 

 

The remainder of this thesis is organized into six chapters. Chapter 2 presents the 

literature review related to the present study, including smart manufacturing, the welding 

system, and its challenges, RAMI 4.0 as well as technologies of Industry 4.0 for smart 

manufacturing. Chapter 3 contains the strategy for designing a platform, core technology 

of the platform model designed in the present study to classify the tasks and essential 

components using enabling technologies of I4.0 by considering RAMI 4.0. Chapter 4 

presents the results of the architecture in classifying tasks and essential components for 

operating a smart welding station system. Chapter 5 discusses the classification function 

of the platform model to determine the platform architecture in mapping. Lastly, Chapter 

6 presents concluding remarks and suggests several considerations for future studies. 
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Chapter 2 LITERATURE REVIEW 

 

2.1.  Smart manufacturing 

  

Smart manufacturing is a technology-driven approach generally applied to a 

movement in manufacturing practices towards integration up and down the supply chain, 

integration of physical and cyber capabilities, and taking advantage of advanced 

information for increased flexibility and adaptability, such as to monitor the production 

process [8]. The study about smart manufacturing has been a tremendous increase in 

interest to some researchers who reported their findings in a large number of publications 

in the fields of I4.0. Many disruptive technologies, such as cloud computing, Industrial 

Internet of Things (IIoT), big data analytics, and artificial intelligence permeate the 

manufacturing industry with making it smart and capable of addressing current challenges. 

With the use of disruptive technologies, smart manufacturing has become a key aspect of 

I4.0, which has the potential to make significant contributions through some features such 

as horizontal and vertical integration, life cycle management, stream value coordinated 

by a human, and security for assuring data [9]. 

 

Figure 2.1. A framework of smart manufacturing systems for I4.0 [10] 
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The rise of new digital industrial technology, known as Industry 4.0 is an industrial 

transformation associated with the smart manufacturing revolution. Associated with this, 

the digital solutions enable smart manufacturing is based on subsystems, including data 

collection and storage, internet/intranet connectivity for data exchange, data analysis, and 

decision-making, decision implementation mechanisms, and human-machine interfaces, 

as illustrated in Figure 2.1. 

An important aspect that differentiates smart manufacturing from many other 

initiatives is the specific emphasis on human ingenuity within the framework, but their 

abilities must be improved by smartly designing a customized solution for a specific area 

[11]. A systematic standardization could be considered to enhance the smart design in a 

manufacturing system with the main objectives, such as production optimization, 

sustainable production, and agile supply chains. In order to guide academic research and 

industrial implementation, a systematic framework has been created that covers smart 

design, smart machining, smart monitoring, smart control, smart scheduling, and 

industrial implementation [10]. Some developed and developing countries have a 

systematic standardization of manufacturing strategies to support manufacturing industry 

transformation and update. Standardization is an important part of smart manufacturing 

strategies, due to it is a way to change the system from traditional manufacturing to smart 

manufacturing gradually. Based on the development of the published standards 

landscapes and standardization construction for smart manufacturing are divided into 

NIST, DIN, MIIT&SAC to provide useful definitions and taxonomies of services. While 

emerging reference architectures are based on a CPS-based ‘automation network’ such as 

RAMI 4.0 and IIRA. In March 2017, the International Electrotechnical Commission (IEC) 

adopted RAMI4.0 as a Publicly Available Specification for Smart manufacturing (IEC 

PAS 63088:2017). 

 

2.2.  Development of welding system and related challenges 

 

Welding has been a large part of a fabrication industry that joints materials with a 

high heat process which melts the base material, typically with the addition of filler 

material. As is known, welding has been widely introduced more than 3000 years, 

particularly manual welding operation system. However, the manual welding operation 
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system is not reliability and consistency of welding quality depends on welder’s skills 

and experiences and the efficiency of welding production is also limited. Therefore, the 

robotic welding industry has become more important in the welding operation system as 

it allows rapid production and higher quality parts to be produced while reducing labor 

costs. So far there has been much research on welding systems conducted to provide both 

greater productivity and enhanced quality for welding in the manufacturing environment. 

The research includes welding methods, welding techniques and components, 

welded structures, welding processes, and quality as well as the technology that is related 

to system development. With the development of modern manufacturing, welding is 

ideally suited for implemented as a smart manufacturing system. This development is 

intended for an advance from the industrial revolution in the manufacturing field. Due to 

this, some significant differences can be seen in each type of welding system. For instance, 

a schematic diagram between a manual metal arc welding system and the welding robot 

system with an additional feature that is visual sensing, as shown respectively in Figure 

2-2 and Figure 2-3. 

There are many types of welding systems that have been developed until now, 

further development which is one of the most widely used is combining human welders 

and automated welding robots, as known as intelligent welding. Chen et al. [12] discussed 

the framework for science and technology for the manufacture of intelligent welds by 

considering the important elements of intelligent welding such as sensing and control 

design, process modeling, and artificial intelligence. The development of intelligent robot 

welding needs to study and simulate the action and function of intelligent welder’ 

operations [13]. Based on this, an intelligent weld manufacturing is intended to increase 

the performance of the production of welding automation uses the robot. Development of 

other welding systems which more advanced than intelligent welding which are systems 

that use the technology of the industrial revolution. Albrecht et.al [14] developed an 

architecture that integrates cloud services to the welding unit where the cloud system 

allows a two-way communication where the welders are allowed to download the welding 

data and upload the updated results. So, the welding sector is successfully exploiting the 

new technologies of the industrial revolution, using network-connected industrial welding 

robots to develop smart welding systems. To implement a smart, reliable, and easy-to-

operate welding station system, a clear understanding of emerging manufacturing 



9 
 

technologies, reference architectures, and required capabilities is needed. Information and 

industrial technology integration supply the ability to outline and control specific 

elements of an entire system. 

 

 

Figure 2.2. A schematic diagram of manual metal arc welding 

(https://www.weldingis.com/) 

 

 

 

Figure 2.3. A schematic diagram of the robot welding system with visual sensing [15] 

https://www.weldingis.com/
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2.3.  RAMI 4.0 

 

The RAMI 4.0 is a reference architecture model that describes the fundamental 

aspects of I4.0 and aims to achieve a common understanding of what standards and use 

cases are required for I4.0 [16]. In general, the RAMI 4.0 provides a basic reference 

architecture that includes three-dimensional to define the domains of I4.0, as shown in 

Figure 2-1. RAMI 4.0 has been developed and introduced by several industrial 

associations located in Germany, BITKOM, VDMA, and ZVEI. Created by several 

German associations and institutions, the reference architecture model describes the 

development of a shared language and structural framework that intended to assist in the 

I4.0 technologies implementation[17, 18]. The reference architecture consists of a set of 

guidelines and rules that have the scope to structure, organize, and classify technical 

content [19]. With RAMI 4.0, platform I4.0 has defined an architecture that makes 

production, products and services, and their usage and complexity manageable from an 

industrial perspective. Moreover, it shows how to approach the issue in a structured 

manner and allows all participants in I4.0 to use a common frame of reference for 

exchanging and understanding data & information efficiently. RAMI 4.0 incorporates all 

the crucial aspects of I4.0 that divided into three axes: (1) hierarchy levels; (2) architecture 

layers; and, (3) lifecycle value stream. 

 

 

Figure 2.4. Reference Model RAMI 4.0 [16] 
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2.3.1 Hierarchy levels 

 

The hierarchical levels from the ISO/IEC 62264 and 61512 standards are showed 

in the right axis, representing the functional characteristics of the components for 

enterprise-control system integration. To classify as many sectors as possible within a 

factory, a uniform consideration from the process industry to factory automation has been 

defined in hierarchy levels. Based on the 1991 Purdue Enterprise Reference Architecture, 

the hierarchy levels represent a rather orthodox approach architecturally [20]. RAMI 4.0s 

hierarchy levels are described in Figure 4-1. 

Starting from the lower levels, the product and field device levels represent real-

time functions and the information required to perform the manufacturing activity. Then, 

this activity is respectively described in four next levels, such as the control device, station, 

work centers, and enterprise levels to identify information of assets related to different 

levels in the enterprise. At the last level, the connected world is added to describe the 

group of factories, and the collaboration with external engineering firms, component 

suppliers and customers, etc. This level is the most extended level which identifies the 

information of assets that is meant to be shared between different enterprises (or 

companies). 

 

 

 

Figure 2.5. Hierarchy levels RAMI 4.0 [16] 
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2.3.2 Architecture layers 

 

The architecture layers consist of six layers describe the IT representation of the 

I4.0 component in a structured way in the left vertical axis. This part represents a reminder 

to integrate all aspects of the enterprise digitalization [17]. Each layer enables the 

development of I4.0 software solutions in a consistent way so that different and 

interdependent manufacturing operations are interconnected by considering the physical 

and the digital world. The architecture layers of the organized describe functions in 

different perspective and levels of control in the manufacturing system [6, 21]: 

• Asset layer: Functions that are physically performed by an I4.0 component or 

virtualize the component.  This includes system actors, applications, physical 

components as well as documents, ideas and human beings [22]; 

• Integration layer: Functions that provide processed information for the 

digitalization of assets that enable computer-aided control, event-generation, 

connectivity, and component virtualization. In the virtual domain, each 

significant event is mirrored through the enabler [18]; 

• Communication layer: Functions that support communication and provide 

control services with standardization. It makes use of uniform data format and 

predefined protocols, providing services for the ‘‘Integration Layer” [18, 23]; 

• Information layer: Functions that process and integrate consistently the 

different available data into useful information [23]. This information is being 

used and exchanged between functions, services, and components, as well as 

supports event pre-processing, execution of rules, data analysis, and quality 

assurance [22]; 

• Functional layer: Functions that formally describe, model, and integrate 

services including their relationships from an architectural viewpoint. It 

creates a horizontal integration platform of several functions that can be with 

remote access, resulting from the necessity of data integrity. It generates the 

logic of the rules and decision; 

• Business layer: Functions that map business models/processes and links 

between different business models, define rules and regulations and arrange 

services. RAMI 4.0 can be used to map regulatory and economic (market) 
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structures and policies, business models, business portfolios (products & 

services) of market parties involved, as well as business capabilities and 

business processes [22]; 

 

2.3.3 Life cycle value stream 

 

I4.0 offers great potential for improvement throughout the life cycle of products, 

machines, factories, etc [16]. the last axis of RAMI 4.0 represents the life cycle and 

associated value streams with the aim are to visualize and standardize relationships and 

links. The life cycle value stream defines from the IEC 62890 standard facilities and 

product life cycle with the correspondent value stream are showed on the left horizontal 

axis. This section is the lifecycle management for systems and products used in industrial-

process measurement, control, and automation. The special characteristic of the RAMI 

4.0 is its combination of the life cycle and value stream with a hierarchically structured 

approach for the definition of I4.0 Components [24]. 

The draft standard is divided into “type” and “Instance” which respectively are 

the initial idea and the real and usable product. Type is divided into development and 

maintenance/usage, while the instance is divided into production and maintenance/usage. 

Platform I4.0 covers the complete life cycle of the corresponding assets, as described in 

Table 2-1 [22].  

 

Table 2.1. Draft of life cycle value stream 

Life Cycle Description 

Type 

Development 

This stage relates to the first idea of a product. Every aspect around 

the product is displayed, from commissioning to development, testing 

and the generation of the first prototypes. 

Type 

Maintenance 

Representing the result from the development stage, this stage shows 

the first model or prototype of the machine or product. 

Instance 

Production 

After specifying the requirements and generating a type, this stage 

represents the development of a single part before being unique. 

Instance 

Maintenance 

The final product or machine is represented here. To meet the needs 

of this stage, the part has to be unique and in usage. 
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2.2. Industry 4.0 Technologies for Smart Manufacturing system 

 

2.2.1. Digital Twin 

 

The concept of the digital twin was first introduced by Michael Grieves at the 

University of Michigan in 2002 [25]. Since then, the digital twin is one of the enabling 

technologies for system intelligence and develop with the advent of Industrial IoT (IIoT) 

technology. The digital twin could be part of a cyber-physical system, due to the functions 

are similar in the use of data to enable understanding, learning, and reasoning. In this case, 

virtual models are created for physical objects in the digital way to simulate their 

behaviors and provides an effective way for the cyber-physical integration of 

manufacturing. Moreover, The vision of a digital twin calls for incorporating a business, 

contextual and sensor data from physical systems (or processes) into the virtual system 

model of the digital twin to facilitate analysis, avoid problems and develop informed 

technology roadmaps [26]. ISO 10303 STEP standards are candidates to support the 

digital twin design. 

 

Figure 2.6. Manufacturing process digital twin concept (www2.deloitte.com) 
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To create a fully functional digital twin, there are six steps that can be carried out 

concurrently or in a different sequence are as follow: create, communication, aggregate, 

analyze, insight and act as shown in Figure 2.6. Furthermore,  the digital twin capability 

supports three of the most powerful tools in the human knowledge tool kit, these are 

conceptualization, comparison, and collaboration [25]. A new method for product design 

is conducted based on a digital twin approach by generating a comprehensive design 

framework that focuses on the connection between the two data sources [27]. Furthermore, 

with the use of various big data in the entire product lifecycle, the detailed application 

methods and framework of digital twin-driven product design, manufacturing, and service 

are investigated [28]. It generated nine smart services that have the opportunity to 

improve the intelligence level of products, reduce the product failure rate, improve 

maintenance effectiveness, and improve product utilization efficiency. However, digital 

twin services can be used in product design, production planning, manufacturing 

execution, and other applications [29]. In the step of manufacturing execution, digital 

twin provides an effective method to draw up the functions of the manufacturing system 

and how the execution process should be implemented. Firstly, the manufacturing system 

is determined to generate service management and analysis of key technologies is carried 

out to define enabling technologies. Then, based on the real-time status of physical 

resources (e.g., robot arms), a functional smart manufacturing system is drawn up. Based 

on this, it proved that digital twin has provided a promising opportunity to implement 

smart manufacturing and industrial 4.0. Zhuang et al. [30] proposed four core techniques 

embodied in the framework of digital twin-based smart production management and 

control for complex product assembly shop-floors. Another specific manufacturing 

process that applies a digital twin concept in order to ensure the completion of process 

on-time is smart injection molding [31]. All the stages in injection molding such as mold 

design, mold making, and injection molding processes are linked and communicated with 

each other through Internet-of-Things (IoT) and Cyber-Physical System (CPS). Overall, 

digital twin technology enables the manufacturing process to be conceptualized visually 

and collaborate with other manufacturing sections by obtaining benefits such as finding 

out the potential failures before even during the actual manufacturing process, evaluate 

production decisions based upon data analytics, provide early warnings. 
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2.2.2. Industrial Internet of Things (IIoT) 

 

The IoT is a group of interconnected objects that allow for remote management 

and access to the data they generate, one in which connected objects are “sensor(s) and/or 

actuator(s)” that carry out a specific function and can communicate with other equipment 

[32]. Smart manufacturing is a specific application of the Industrial Internet of Things 

(IIoT). The industrial internet of things (IIoT) can be defined as certain IoT technologies 

and smart objects within cyber-physical systems in an industrial setting that promotes 

goals specific to industry [33]. The IIoT is the part of the IoT that operates machines semi-

independently or with minimal human intervention, focusing on devices that improve 

operational efficiency. Smart manufacturing is a specific application of the Industrial 

Internet of Things (IIoT). Moreover, the application of CPS in manufacturing also uses 

the IoT as a core technology, so that CPS components can communicate with each other 

and work together in real-time, including with humans. The collection of data by IIoT 

technologies is one of the categories of data generated by manufacturing processes in 

smart factories [34]. 

Due to the IoT, IIoT, and I4.0 are closely related concepts, the architecture about 

IIoT has been created in those areas. For instance, Boyes et al. [33] proposed a framework 

for IIoT components as a basis for analyzing the use and deployment of IoT technologies 

in industrial settings. It explained the definition of IIoT and analyses related to enumerate 

and characterize IIoT devices when studying system architectures and analyzing security 

threats and vulnerabilities.  

 

 

Figure 2.7. A 4-stage IoT solutions architecture (www.community.hpe.com) 
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Figure 2.7 shows an IoT model that directly related to Industrial application, it is 

divided into four distinct stages: (1) sensors/actuators, (2) data acquisition and control 

systems, (3) Edge IT, and (4) data center and cloud. The first stage contains sensors and 

actuators to capture analog data as the primary data of IIoT. In reverse, control data and 

signals are connected to things for controlling and actuating it. Then, the second stage 

consists of systems that digitalize the analog data and convert it into bits and bytes. 

Afterward, stage three provides analytics and prognostics from the IT systems data that 

take place at the edge, closer to the point of data capture. The final stage is the stage where 

the data center or cloud will be used by most IIOT applications, which enables in-depth 

processing, along with a follow-up revision for feedback and the data from other sources 

may be included here to ensure an in-depth analysis. 

Furthermore, Sisinni et al. [35] proposed some foundational aspects that can be 

highlighted for a systematic overview of IIoT, such as the architecture, the connectivity, 

and the standardization. The IIoT architecture provides a three-tier pattern that consists 

of edge, platform, and enterprise tire connected by proximity, access, and service 

networks. The edge describes the components of IIoT that interact with each other, then 

platform provides a secure as well as performs data collection and transformation, and 

tier that is the level of the network services to establish a link with the company that 

implements the level of domain-specific applications and provides the end-user interface. 

Then, the connectivity that is illustrated by the protocol heterogeneity of the IIoT is 

mirrored in an hourglass-shaped stack. These layers consist of networking, connectivity, 

and information. Networking in the lower layer provides the physical link and IP 

networking, then there are the framework and transport to exchange messages in the 

connectivity layer and application of information is placed on the top layer. Furthermore, 

the most important basic aspect to support technology widely and is well accepted is 

through the establishment of standardization. For this IIoT technology, the International 

Electrotechnical Commission (IEC) is used to provide relevant parts of communication 

by providing a glossary of industrial automation requirements throughout the life cycle 

of the installation. 
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2.2.3. Artificial Intelligence (AI) 

 

Operating, monitoring, and controlling a manufacturing system generates data 

that can be used to determine which controls and configurations result in the best 

performance and make strategic and necessary decisions in real-time. These functions can 

be created by applying Artificial Intelligence (AI). AI is a computer technology that 

makes machines work in an intelligent manner, similar to how the human mind works. 

Therefore, AI is implemented in the manufacturing field to lead the way to be a smart 

manufacturing system because this technology is considered as a fundamental way to 

possess intelligence. The decisions based on analysis of historical and ongoing data 

provided by the module can be made to overcome problems that are happening and 

prevent similar problems from happening in the future [34]. According to a smart 

manufacturing system that implements CPS and Digital Twin, AI will be a powerful tool 

to handle this large amount of and somehow interdependent parameters. It will collect a 

large volume of data from the physical system and this should be considered together with 

process parameters, machine tool properties, machine conditions, and machining 

environment in order to make a more accurate prediction in system optimization, 

monitoring, and diagnostics.  

Typically AI that integrated with information communications, manufacturing, 

and related products in the smart manufacturing technology system, AI consists of a 

resources/capacities layer, a ubiquitous network layer, a service platform, and an 

intelligent cloud service application layer, as well as security management and standard 

specification system [36]. From this information, rules governing the decision-making of 

smart manufacturing systems can be generated utilizing AI for services that support 

manufacturing processes and a platform for horizontal integration. A functional and 

information layer should be developed to obtain services that provide a core intelligent-

decision support system and as a user interface. To develop this layer by optimally 

coordinating manufacturing resources augmented with AI methodology, the four 

technologies that enable the AI industry are put in the context of the Cyber-Physical 

Systems (CPS), as illustrated in Figure 2.8 [37, 38]. These four technologies that enabled 

for achieving success in Connection, Conversion, Cyber, Cognition, and Configuration, 

or 5C consists of DT, AT, PT and OT. 
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Figure 2.8. Enabling technologies for the realization of CPS in manufacturing 

 

In Platform Technology (PT) of the architecture is divided into Data Technology 

(DT), Analytic Technology (AT) and Operation Technology (OT) [38]. DT represents the 

connection that generates information, knowledge, and insight by identifying the 

appropriate equipment and mechanism to acquire useful data. Then, AT provides 

conversion, cyber and cognition that changes the data of sensors into useful information 

that can be used for machine prognostics and health management. Data visualization tools 

are an important element of analytic technology to facilitate the interpretation and use of 

graphs, charts, and reports. The last technology is OT represents the configuration that 

generates a series of the decision made and actions taken based on information extracted 

from data or provided insight. OT enables characteristics to smart manufacturing for I4.0 

like self-configure, self-adjust, and self-optimize which finally improve flexibility and 

resilience throughout the whole production system and lead to higher efficiency and 

economic impact. In conclusion, this 4-stage architecture provides strategies from initial 

data collection to final value creation taking into account the use of AI technology. Lee et 

al. [37] applied this architecture by presenting a case study in intelligent spindle system, 

it provided a full solution for real-time monitoring and performance prediction of a 

machine tool spindle. The system is designed to minimize maintenance costs and optimize 

product quality. 
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2.2.4. Big data 

 

Big data technologies can play an essential role in smart manufacturing by 

equipping machines with sensors that measure data in their environment. Big data 

involves information assets characterized by high volume, velocity, and variety, and 

requires specific technologies and analytical methods to transform data into useful and 

valuable products [39]. Generally, the value chain of big data refers to the sequence of 

activities from data generation, and acquisition to storage and analysis [40]. In smart 

manufacturing, the big data involve a large amount of real-time data (e.g., machine 

operation data and sensor data) and unstructured multimedia data (e.g., video and audio) 

from the system. Therefore, regular data tools could not be collected, stored, managed, 

shared, analyzed, and computed within a tolerable time [41]. 

Big data has four characteristics abbreviate in “4V” which is volume, variety, 

velocity, and value. Volume represents a very large scale of data, ranging from several PB 

(1000 TB) to ZB (one billion TB) [42]. Then the size, content, format, and applications 

of the data that diversified are defined as variety. Data structured (e.g., digit, symbols, 

and tables), semi-structured data (e.g., trees, graphs, and XML documents) and 

unstructured data (e.g., logs, audios, videos, documents, and images) are the examples of 

the variety [43].  As for velocity is the speed of data transfer and accuracy of data 

processing. While the value is the significance of big data in the huge value, it refers to 

the process of discovering huge hidden values from large datasets with various types and 

rapid generation [29]. 

Nowadays, due to the rapid development of new-generation information and 

communication technologies, such as the Internet of things (IoT), cloud computing, and 

artificial intelligence (AI), the use of big data is widely applied in manufacturing systems 

that are integrated with new paradigms for various smart systems. Tao, et al. [28] 

investigated the detailed application methods and frameworks of digital twin-driven 

product design, manufacturing, and service in order to solve the problems about data in 

the product lifecycle. Three use cases also are illustrated by the application of a digital 

twin driven the three phases of a product respectively. Another framework is developed 

based on big data analytics that is an optimization of the maintenance schedule through 

condition-based maintenance (CBM) and improvement of the prediction accuracy to 
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quantify the remaining life prediction uncertainty [44]. This framework is developed for 

analyzing CBM policy costs more accurately and finding probabilistic covariate threshold 

values that correspond to the lowest price of predictive maintenance costs. Before this, a 

study about cloud-based predictive maintenance for intelligent manufacturing has been 

conducted. It investigates a cloud-based predictive maintenance paradigm based on 

mobile agents to enable information acquisition, sharing and timely utilization to improve 

accuracy and reliability in fault diagnosis, prediction of service residuals, and 

maintenance schedules [45]. Associated with it, big data and cloud computing are 

distributed network technologies that integrated. In addition, cloud computing is one of 

the most significant changes in modern ICT and services for large-scale and complex 

computing. Cloud computing is a model for allowing ubiquitous, convenient, and on-

demand network access to a number of configured computing resources such as networks, 

servers, storage, services and applications that can be rapidly provisioned and released 

with minimal management effort or service provider interaction [46]. The use of cloud 

computing in big data is illustrated in Figure 2.9 [47]. It shows a large data source from 

the cloud and web that stored in a distributed fault-tolerant database, then processed by a 

programming model and transferred in data visualization to view analytical results 

presented through different graphs for decision making. 

 

 

Figure 2.9. The use of cloud computing in big data 
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Figure 2.10. Classification of big data 

 

Since the classification of big data characteristics is important to be stored in the 

cloud, Figure 2.10. shows the five categories of big data: (1) data sources, (2) content 

format, (3) data stores, (4) data staging and (5) data processing. All these categories of 

big data are offered features and benefits by cloud computing through the ease of use, 

access to resources, low costs in utilizing resources for supply and demand, and reducing 

the use of solid equipment [48]. 

Based on the role of big data and cloud computing technologies that explained 

above, smart manufacturing needs to implement these technologies. The integration and 

networking of smart manufacturing components and services within a factory will 

seamless exchanging of information with program language that understandable by all 

the systems involved in cloud computing. Smart manufacturing leverages that value chain 

in manufacturing and applies big data analytics to improve process performance and 

identify variables that affect production and drive decision-making. Putting big data in 

the cloud will make both the source of the information (data) and a platform for AI 

essential components in the smart manufacturing system. These visible and invisible 

problems in smart manufacturing can be reflected in the data. Big data brings more 

efficiency, sharper insight and more intelligence to manufacturing. 
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Chapter 3 CONCEPTUAL DESIGN 

 

3.1. Strategy for designing a platform of the smart welding station system 

 

The purpose of doing research is to get a solution to the problem being faced. The 

solution must be proven theoretically and analytically so that it can be accounted for.  To 

fulfill this, the research must be carried out in a structured and systematic manner in its 

implementation. Therefore, a strategy for developing a platform for a smart welding 

system implementation was created, as shown in Figure 3.1. With the endeavor of 

implementing a Smart Manufacturing, we started a literature collection from different 

academic sources like reference books, handbooks, reference papers, as well as reports 

from the industrial development to define the fundamental of intelligent welding system, 

RAMI 4.0 and I4.0 technologies we would implement in our platform. 

 

 

 

Figure 3.1. Strategy for developing a platform of a smart welding system 
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3.2. The core technology of smart welding system 

 

Smart manufacturing aims to transform raw data across a product’s life cycle into 

knowledge to make a positive impact on manufacturing [49]. One of the main pathways 

of development is through a smart welding system. The development of smart 

manufacturing in the welding station has exhibited remarkable growth, suggesting a 

bright future for current manufacturing industries interested in improving welding 

processes and quality control of the resulting products. In a welding station system, the 

welding is performed and controlled by robotic equipment, also known as smart welding 

machines, which operate autonomously and can communicate directly with larger 

manufacturing systems. Through these technologies, real-time smart welding station 

system data can be obtained and shared to facilitate rapid and accurate decision-making. 

We investigated the potentials of smartization to address emerging capabilities of smart 

manufacturing, as well as the barriers to upgrading current systems. 

 

 

 

Figure 3.2. The smart welding station system concept 



25 
 

A concept of a smartization of the welding station system is presented in Figure 

3.2. Process design and production status, data sensing and measuring, process data 

analysis, and control strategy of failures are the functions of the Intelligent manufacturing 

system. Smartization here refers to an evolutionary shift of welding station toward smart 

behavior through this stage: monitoring, analytics, algorithm, and adaptation which 

consecutively the key features of the Smart welding station system. While four key 

technologies of I4 — CPS, IIoT, big data, and AI (shown in Figure 3.2) — are applied to 

a welding station. 

An IT system is necessary for communication in smart manufacturing and requires 

a reliable network of industry assets. The interactions between the IT system and the robot 

welding machine can be designed with enabling technologies to create a smart welding 

station system, with IIoT ensuring efficiency in communications and integration. Through 

this integration, a digital twin (DT) system is formed in the cyber system and all necessary 

data from the welding process in the physical system are generated. Data can then be 

collected and documented, and it is possible to be used for eliminating production errors 

through intelligent quality control, should they arise. High-performance data analytics are 

needed after all welding data are transmitted to the cloud for the integration of production 

information. Cloud computing has been implemented in manufacturing systems, and 

traditional manufacturing systems can be upgraded with the help of IIoT and big data, 

resulting in decision-making concerning which manufacturing data can be shared and 

used to operate in autonomous mode [9]. Artificial intelligence is used to generate the 

algorithm for real-time process control with process data analysis. Neural network models 

are the most AI techniques used to conduct research to overcome challenges related to 

smart manufacturing. Evaluation of weld quality through the cloud-based on seam-edge 

detection and holographic projection has been tested; the cloud service, with the help of 

an artificial neural network, evaluates the captured images by comparing them with a 

reference image for weld defects and sends the evaluated results back to the weld cell 

[50]. 

Such a system consists of welding physical components with computational 

functionalities and mechanisms controlled or monitored by algorithms running on a 

computer. It can provide increased capabilities, allowing manufacturers to monitor the 

welding process in real-time and accumulate data that can be analyzed. Analyzed and 
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structured data are transferred to a cloud server for permanent storage, where different 

data mining and machine-learning algorithms can be executed for knowledge extraction 

[51]. This knowledge is used to make strategic decisions on each task, which refers to all 

kinds of tasks and algorithms established in the smart welding station system, such as 

operating welding processes, monitoring the welding process status and behavior, and 

controlling the welding process in real-time. Analyzed and structured data can be critical 

to the success of a smart system. Data-mining methods can be designed for welding 

process decision-making through machine-learning algorithms that can understand real-

time process monitoring, interact with the environment, and intelligently adjust behavior. 

Through a conceptual approach to a smart welding station, several key challenges 

and required capabilities for design, development, and deployment of functions in the 

system are identified and discussed. To implement a welding system using this conceptual 

research methodology, three actionable plans were identified: (1) establishment of a 

strategy for building a smart welding station system based on a welding process problem, 

(2) development of an intelligent process control module by applying the core technology 

of the I4.0, and (3) development of a smart welding operation system that enables process 

control in the IoT-based connection environment beyond the existing manufacturing 

execution system. 

 

3.3. Enabling technology for the system function 

 

The proposed smart welding station system involves monitoring and controlling 

the welding process using the core I4.0 technology to ensure quality. Monitoring includes 

identifying the welding process behavior based on an evaluation of failure causes related 

to process parameters. A monitoring process has two parts: (1) sensing, with appropriate 

signals for process behavior monitoring obtained from sensors, and (2) monitoring, 

composed of signal processing and decision-making [52]. Real-time process monitoring 

will make it easier for the operator to determine whether the manufacturing process is 

running correctly or if there is an error, using different parameters. Welding parameters 

include voltage, current, wire-speed, and welding speed. Big data make it possible to 

observe these parameters continuously and in real-time, over system-cycle periods. 

Because all data relevant to the process are available, users have the opportunity to 
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configure the monitoring of the welding process behavior in ways and features generated 

by AI for certain applications. I4.0 technologies are developed to enable flexible decisions 

in smart welding station system production. In I4.0, most of the operational decisions are 

made according to the experience of managers. However, how to analyze the collected 

information, it helps users make better decisions is a crucial issue in current welding 

systems. Although data collection is simple with the use of smart sensors, the collected 

data are useless without analysis. It is necessary to acquire, store, and analyze big data to 

make them meaningful. By a big data analysis and cloud computing, the digital system 

and decision support system can transform the information into visualizations. To enable 

the smart welding station system, the core technologies of I4 are introduced in Table 3.1. 

 

Table 3.1. Characteristics of I4.0 enabling technologies 

Characteristics of 

enabling 

technologies 

Description 

Industrial Internet 

of Things (IIoT) for 

welding station 

• Ability to connect and manage welding hardware and software 

• Detect welding failures and place orders for welding process 

parameters 

• Monitoring the welding process in real-time 

Cloud Computing 

for welding data 

• A model managing, storing and processing welding data 

• Real-time communication for operating welding process 

• Sharing welding parameters for reducing failures 

Big Data Analytics 

of welding data 

• Collecting welding data such as current and voltage 

• Improving the welding processes performance 

• Ensuring the quality of welding characteristics, such as surface 

cracking and penetration 

Robot Welding as 

an agent 

• Communicating the welding power supply and sensors 

• Performing the weld and handling the part 

• Automating a welding process by maintaining a torch 

orientation that follows the desired trajectory 

Digital twin for 

monitoring and 

controlling 

• Monitoring the behavior of the welding process 

• Managing and executing welding data algorithm 

• Improving the welding process and control welding system 

System Integration 

for welding station 

• Allows for different smart welding station to be linked together 

• Enables actual welding station communication and passing on 

of welding data between systems 
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3.4. Functional analysis of the smart welding operating system 

 

The following case study is taken from a welding process in an automobile muffler 

or exhaust system. Like many components in automotive engineering, mufflers are 

assembled by a robot. The goal is high productivity, shorter process times, and minimum 

welding defects. To achieve these things, the working function of the welding process is 

classified here based on the characteristics of I4.0 enabling technologies that investigated 

in the previous section. Based on the chosen product, the working function of the welding 

process is intended to face challenges for welding consumables. High welding speeds 

with low feed power, even feed force, and high tolerance range are required for this 

product. Furthermore, welding that can be consumed has to meet mechanical and 

chemical requirements as well. Therefore, because some materials will be exposed to high 

temperatures and corrosion when used, a combination of base material and selection of 

the right welding method is needed. The operation of the intelligent welding station 

system makes it possible to improve this condition. 

Digital twin as the new simulation modeling paradigm, which is often referred to 

as a component of the CPS vision is developed in this working function. The goal is to 

allow robot welding to synchronize its processes on the production line while making it 

part of a smart welding station system. Artificial intelligence technology is used for 

simulating intelligent behaviors and functions of welder’s sense, brain and body activity 

in the welding process. Furthermore, the general constitution of smart welding station, 

functions, and its systems were developed in an intelligent process control based on big 

data analytics. It is the technical approach imitating welder’s decision-making functions. 

Intelligent control methods that could be developed for welding technical condition such 

as plate-based welding such as the muffler is a self-learning fuzzy neural control and 

adaptive fuzzy neural. This method has been developed for the penetration, the width of 

the upside and backside pool and seam, face reinforcement and fine forming of the weld 

seam during the arc welding process [53]. The advanced autonomous expert system for 

real-time and control of the welding process is another important part of smart welding 

systems that could be developed through system interaction. This would create a welding 

process that operates in an essentially intelligent way, monitoring and controlling the 

welding process in real-time, as shown in Figure 3.3.  
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Figure 3.3. Working functions of a smart welding station system 

 

Operating the welding process in a smart way means a system connects the 

physical network and the cyber system through autonomous control in real-time, and big 

data analysis directs the decision-making for taking actions. I4.0 technologies, including 

IIoT, that can collect data and analyze it, automatically detect abnormal failures, and share 

information can be easily and reliably applied to smart systems in a welding station to 

prevent welding failures and enhance process performance. During the welding process, 

different feed speeds and arc types can be used to evaluate performance and yield based 

on different requirements identified by the big data collected and analyzed. 

 

3.5. Major frameworks of RAMI 4.0 

 

A platform for implementing a smart welding station system based on RAMI 4.0 

is studied, analyzing the characteristics of this reference model in line with the smart 

welding station system architecture. The selected area of RAMI 4.0 for platform creation 

includes three aspects: product life cycle, hierarchy levels, and architecture layers. 
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• Hierarchy levels: Field device, control device, and station represent the smart 

welding station system. This aspect shows entities that are grouped differently 

based on functional properties and represent all levels of the hierarchy of the 

company or factory. “Station” is the final stage, which uses the IoT to connect all 

components of the station. 

• Architecture layers: On the vertical axis are asset, integration, communication, 

information, and functional, which represent the tasks of the smart welding station 

system. The contents of the asset layer represent the real world and the rest of the 

layers constitute a virtual map of the physical installation of the welding station. 

• Life cycle and value stream: On the horizontal axis are staged from production to 

maintenance/usage defines “instance” as a completed concept design that is 

available as an object to be applied and used. The process of designing this 

platform for the smart welding station system includes “production” from the 

“instance” section. 

 

 

 

Figure 3.4. Smart welding station system tasks visualized in RAMI 4.0 
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The smart welding station system represented in the layers of the RAMI 4.0 

framework consists of building a network for the smart welding station system, 

implementing communication in the cloud network and performing cloud computing. 

These tasks are created in the “instance” phase of the life cycle on the x-axis of 

RAMI 4.0, that is, “production.” Based on the characteristics of each aspect of RAMI 4.0 

and the proposed main tasks, a platform for the smart welding station system follows the 

selected area visualized in RAMI 4.0 framework, as shown in Figure 3.4. Before mapping 

the essential components on a two-dimensional platform consisting of three levels of 

hierarchy on the y-axis and five IT layers on the z-axis, classification of the smart welding 

station system tasks is first clustered in terms of IT layers and hierarchy levels. 

The left vertical axis in Figure 3.5 includes five clustered IT layers ranging from 

the lowest (asset) through integration, communication, information, and the highest 

(functional). Brief descriptions of tasks generated in each layer are shown in Table 3.2. 

Figure 3.6 depicts the right axis-hierarchy in terms of classification of a smart welding 

station system considering RAMI 4.0. These hierarchy levels represent the location of 

functionalities and responsibilities within the smart welding station system’s physical 

architecture. The structure covers three sectors, from data-collecting to process 

automation; the terms “station,” “control device,” and “field device” were selected from 

the listed options. 

 

 

 

Figure 3.5. Clustered IT layers 
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Table 3.2. Tasks generated in each IT layer 

IT layer Description 

Asset  Interact directly with standardized physical and digital elements 

of a smart welding station, such as the robot arm controller, 

power source, and wire feeder via cable 

Integration  Model communication requirements between the welding 

station and control server in digital forms that can be processed 

by computer in the cloud 

Communication Control the connecting access point and cloud computing using 

HTTP/FTP in the direction of the information layer to manage 

the data collected 

Information Correlate sensor signals of welding process failures and process 

variables as well as a digital twin–based process status 

monitoring 

Functional Set up welding process parameters such as current and voltage 

on a welding controller to respond in real-time to failures that 

occur in the welding process 

 

 

 

Figure 3.6. Clustered hierarchy levels 
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This hierarchy starts from the field device, which consists of a set of sensors and 

data collectors embedded in the smart welding station system. At this level, data on the 

welding process (voltage, current, and wire-feed speed) are collected and then processed 

by a computer. The control device facilitates direct automatic control of the welding 

process using industrial controllers such as ‘Siemens’ Simatic automation system. Finally, 

the station level is designed to connect or display data on the welding process and manage 

various welding station units. 
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Chapter 4 DEVELOPMENT OF A PLATFORM 

 

4.1. The main task in the functional framework RAMI 4.0 

 

The main tasks of the smart welding station system proposed in a five-layer 

description of functions differ in perspective and levels of control. Three main tasks are 

involved in smart welding: monitoring the welding process status and behavior, 

controlling the welding process in real-time, and making a strategic decision on the 

welding process. These tasks define the essential components of the smart welding station 

system that will be described later. As shown in Figure 4.1, tasks for each function 

generated in each layer were proposed. To achieve effective collaboration between the 

robot and the welding process, the physical network functions must be correctly 

structured. Following a conceptual approach, the functional components of the welding 

station and their interactions are synchronized. Layers include a hardware concept of IIoT 

as an asset layer, network integration as an integration layer, implementation of 

communication in direction of cloud computing as a communication layer, DT-based 

monitoring and controlling as information layer, and physical configuration as the 

functional layer. 

In the asset layer, physical networks of a complete smart welding station were 

designed along with an AI system on the cloud to control welding. The operator can 

monitor the welding process status and behavior using a physical interface influenced by 

actuators. Sensors and actuators play important roles in the welding station asset by 

sensing the welding process environment and collecting data. The integration layer 

connects its IT elements with a sensor node and gateway. Network integration also 

provides information, such as current, voltage, and wire-feed speed, from robot welding 

sensors, and users interact with the welding machine through a human-machine interface. 

On this communication layer, a standardized communication interface for the smart 

welding station system is provided. The gateway functions as a signal amplifier and 

middleware node in the wireless network. A communication protocol (e.g., IP, TCP, or 

HTTP/FTP) is selected for managing information on the welding process. Decision-

making about welding process control is analyzed based on the structured data of welding 

process parameters delivered by service interfaces.  
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Figure 4.1. Architectures generated in each layer for operating the system 
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However, this information must be pre-processed, executed, and analyzed. A DT-

based process monitoring and control system, similar in concept to CPS, is used in the 

information layer. Dynamic and kinematic structural analysis of the welding process and 

robot welding machine are conducted. If sensor signals, process parameters, and DT-

based process status monitoring are correlated, process parameters and failures are 

derived by a control algorithm. Implementation of DT-based process monitoring and 

controlling will be carried out by an AI through the derived algorithm. 

The last functional layer describes the model and integration services of the smart 

welding station system by generating decision-making strategies for welding and 

controlling. With IIoT as the network technology, real-time data from the welding process 

are collected by sensors and the welding station, which are system inputs. Later, a welding 

data analyzer is connected directly through the internet to a welding data server to analyze 

the process. Monitoring equipment and a user application detect welding process failures 

based on standardization. The system then makes decisions based on the inputs and 

immediately performs an automatic control, such as failure detection or directly fixing 

the failure. It can also simultaneously send alert messages to supervisors and operators 

about the situation. 

All described layers define which functions should be given and how the 

interaction with the surrounding components overall in the interoperability layer. 

Additionally, a study related to one of the production systems has been conducted by 

producing a road map. Assembly 4.0 (A4.0) which is the assembly system transformed 

by I4.0 technology integration proposed a framework to understand and assess how they 

impact on performance in terms of overall flow time and ability to handle a wide variety 

of end products with three impact levels include: strategic, tactical, and operational [54]. 

  

4.2. Mapping the essential components of I4.0 in RAMI 4.0 

 

Some studies that analyze and compare reference architectures and frameworks 

relating to smart manufacturing standardization, in general, are available. However, little 

attention has been paid to guidelines based on reference architecture to realize a system 

in a practical way. A study of reference architectures based on a critical review of smart 

manufacturing systems has been conducted that divides fundamental architectural 
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elements into three architectures: physical architecture that describes the components that 

create a system, functional architecture that describes the required functions of the 

system, and an architecture that integrate the physical architecture and functional [24]. 

Similarly, this study divides the three main aspects to be modeled into a platform. 

To complete the platform modeling process, I4.0 components of the proposed architecture 

needs to be allocated to each aspect of RAMI 4.0 to provide a full explanation of the 

design of the smart welding station system, including the physical network functional 

architecture, enabling technology for realizing the whole system, interface architecture 

that has been integrated to cloud, and complete documentation of the design architecture 

of main tasks. We propose using our platform to better understand and enhance the smart 

welding station system based on RAMI 4.0, and to identify I4.0 component specification 

and the potential of I4.0 technology. 

The main task of the smart welding station system in the RAMI 4.0 framework 

was addressed in previous sections. Figure 4.2 depicts a platform architecture that covers 

the three aspects of a RAMI 4.0 device relevant to operating and control a welding station 

intelligently. Also described are the life cycle and value chain of the I4.0 components for 

executing the welding process at the station. For the layers in the vertical axis, the 

corresponding functions are physical elements, system integration and internetworking, 

communication interface, integration welding parameters for cloud computing using AI, 

and integration services for decision-making. The hierarchy level in the horizontal axis 

provides references for allocating different levels of smart welding station physical 

components. This platform provides guidelines and standard requirements for the 

successful implementation of the smart welding station system. 
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Figure 4.2. A platform architecture for a smart welding station system 
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4.3. A platform of smart welding station system 

 

For a manufacturing enterprise, how best to use smart manufacturing technology 

(industrial technology, information technology, and management technology) to link 

manufacturing processes together is a core consideration [25]. Intelligent manufacturing 

systems involve physical devices that are flexible, self-aware, and autonomous. This kind 

of challenge requires a complex network of multiple interacting layers associated with 

the functional, physical, and value-network aspects of the manufacturing system. 

Rigorous mechanisms and analytical techniques need to be developed to guide, optimize, 

and regulate interactions between human and non-human agents from simple data 

exchange to high-level cognitive collaboration [26]. The design of interaction rules and 

architectures must conform with open communication and self-description standards such 

as OPC-UA [27]. 

This study designed a platform for a smart welding station system categorized by 

manufacturing systems at the station level. Based on the concepts system and the 

modeling of a platform architecture described in the previous section, this welding system 

is intended to meet that challenge. This section shows how smart manufacturing 

technology is used. After designing the platform architecture with I4.0 to create the smart 

welding station system, a model of the platform for implementing that system is shown 

in Figure 4.3. This two-dimensional platform identifies the essential components of 

enabling technology in I4.0 for the proposed system. It is aimed to provide a guideline 

and standard requirements in the aspects of RAMI 4.0. Figure 4.4 shows a global view of 

the topological approach of three-dimensional for a smart welding station system 

platform, which consists of the important aspect depicted from RAMI 4.0. This case study 

refers to specific but common challenges in operating and controlling welding processes. 
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Figure 4.3. The smart welding station system platform in terms of production 

 

 

 

Figure 4.4. A global view of a smart welding station system platform 
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RAMI 4.0 standardizes directory services, which are an efficient system of 

automated services based on cloud-based production with interfaces that are transparent 

to the user. In I4.0, such a value-added service is required for cloud-based, smart 

manufacturing system platforms that can be flexibly managed and interlocked. The value-

added services come from the application areas, such as data acquisition, condition 

monitoring, sensor data processing, data exchange, and welding process simulation. For 

clarity, a determination of the hierarchy levels, as well as the layers, of the product 

lifecycle phases of instance and production is performed in this platform. Its elements 

represent relevant technologies for the respective product lifecycle phases of the welding 

station. Each layer shows the functions of technology and components arranged on a 

platform consisting of hardware architecture, data collection, the connection of data, 

information processing, and operating and controlling strategy. Hierarchy levels show the 

required components to support the proposed approach concept. 

Using a RAMI 4.0 approach with enabling technologies of I4.0, users receive a 

solid sense of the platform I4.0 landscape. Guidelines (including components, formats, 

and services) on how to operate and control a smart welding station system with enabling 

I4.0 technologies are provided in the platform to help manufacturers create smart welding 

systems at the station level, sequentially and as needed. 
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Chapter 5 DISCUSSION 

 

A platform model identifying functional of RAMI 4.0 was designed to classify in 

detail the tasks of smart welding station system using enabling technologies of I4.0. The 

smart welding station system concept is created by enacting core technology to deploy 

some features of smartization. Furthermore, six enabling technologies of I4.0 were 

derived to determine the working functions of the smart welding station system. In 

addition, the working functions were illustrated into a series of processes for establishing 

a smart welding station system by considering the manufacturing network design to detect 

failures in the welding process through digital technology. The platform model developed 

in this study presents a guide to discover and select elements to process operations 

requested by a smart welding station system, which is performed by the interaction of the 

physical and virtual worlds. 

The main framework of RAMI 4.0 is derived in each aspect to find out which 

areas are part of the smart welding station system. The area selected on these three aspects 

of RAMI 4.0 in this study is selected based on its characteristics and conceptual design 

of the smart welding station system. The right axis of the hierarchy levels is decided on 

three levels in sequence from below by getting through the product level. Then, the 

architecture layer in the left vertical axis selects five of the six layers without considering 

the business layer. Subsequently, a draft standard for life cycle management is combining 

those two axes and arranged in one life cycle that is "production" in the instance phase. 

Since a platform consists of I4.0 components, the architecture of the smart welding station 

system was designed by providing components for communication between the machines 

and users, and the service offered by the system is a mechanism for processing operations. 

The architecture layer also is known as an interoperability layer in RAMI 4.0 

aspects, which can be described by architecture in each layer. The architecture depictured 

the main task of a smart welding station system in which arranged in 5 layers. These 

layers defined which functions should be given and how the interaction with the 

surrounding components overall in the interoperability layer. Smart welding system 

architecture in the framework of RAMI 4.0 is applicable at field device, control device, 

and station level. In this sense, the smart welding system capable of interacting and 

communicating across the hierarchy levels through a network. 
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Architecture layers and hierarchical levels detailed in interrelated functions are 

included in the "production" category with the understanding that this section is included 

in the development of a system before it is implemented in the industrial environment. 

The interconnection of all interconnected vertical and horizontal axis elements within 

each layer is crucial and has to be defined when planning a new smart factory or upgrading 

an existing factory [55]. Therefore, the smart welding station system is mainly supported 

by the core technology of I4.0 technology; thus, the workflow of the welding operation 

system is modeled in an intelligent way to be able to provide continuous control of 

welding operations, systems, and processes.  

The tasks of a smart welding station system were classified into a function along 

with its essential components which mapped at each layer. Components in the hierarchy 

level will be automatically generated after a function is illustrated into an architecture. 

Architectures generated in each layer for operating a smart welding station system. The 

final platform is made in two-dimensional because it focused on one life cycle to be the 

reference guide of the welding system in this study; while a “reference model” of 

architecture is a stable model commonly used and recommended from which are derived 

specific and concrete architectures [56]. In addition, the architecture layers in this study 

were responsible for production rules, actions, processing, and system control in the 

welding station; on the other hand, the role of ‘Functional’ layer provides a service and 

components to exchange information between real and virtual worlds [57]. Therefore, it 

is implied that tasks of smart welding station system modulate each architecture layer 

integrated into hierarchy level with the function which contains service and components 

for two worlds and placed into a two‐dimensional platform 

The proposed RAMI 4.0-based smart welding system platform design can be 

applied to the development of a system that can identify the essential components of 

enabling technology in I4.0. The platform model developed in the present study showed 

a guideline and standard requirements in two-dimensional aspects of RAMI 4.0; thus, it 

might be used for implementing a smart welding station system in an efficient and 

effective but more important with a practical way which is easy. For instance, the 

hardware and software components and information can be obtained from the architecture 

generated from each layer of the RAMI 4.0 framework. The architecture provides 

standardized communication interfaces between physical elements and cloud computing. 
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Through a specially created platform, the core I4.0 technology can be easily implemented 

to create a smart welding station system. This not only focuses on the development and 

adoption of technology I4.0, but also embraces management, I4.0 components, and other 

aspects. This case study refers to specific but common challenges in operating and 

controlling welding processes. 

However, there is a lack of the proposed methodology addressing the role of the 

business layer, product level, work centers, enterprise and connected world level that not 

selected for this platform. It is required specific products and ERP at the hierarchy level. 

Although the step of selecting the essential elements can improve the accuracy of a 

platform model by each function to a smart welding station system, the complete learning 

step takes time to expand each information technology related to manufacturing systems 

to provide the information exchange between IT products and machines. 
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Chapter 6 CONCLUSION 

 

The present study proposed a Platform model to classify the task of smart welding 

system based on RAMI 4.0 by taking into account the enabling technologies of I4.0. The 

aim was to enhance and ensure results in a practical way without iterations. First of all, 

the establishment of a smart welding station concept was conducted to adjust the core 

technology of I4.0 in the responses of the standard requirements in the RAMI 4.0 

framework. Then, six enabling technologies of I4.0 were determined for each task by 

analyzing its characteristics to adjust the working function of the welding process. 

Afterward, the framework of RAMI 4.0 was analyzed using a designed working function 

to discover the essential element in the smart welding station system. As a result, the 

classification welding function of the platform model showed a guideline and standard 

requirements in two-dimensional aspects of RAMI 4.0. The platform model enables users 

to easily implement smart welding station with all the necessary systems and to study the 

communication links between them. The architectural model of each function between 

layers shows very clearly how the communications within systems take place, where it is 

necessary to acquire and capture data for digital twin planning. Then the data is analyzed 

to determine strategic decision-making on each task of the welding process and which 

layers can be accessed by users in taking action for fixing the failure, etc. This can 

generate insights in which RAMI 4.0 standardization covers working functions to create 

a smart welding station system. 

Future studies are suggested to improve the applicability of the proposed Platform 

model in the development of a smart system. First, an in-depth evaluation of diverse 

welding types and product groups is required to completely understand the relationship 

between the welding system and the enabling technology of I4.0. Second, further 

implementation is needed to test the effect of implementing platforms on the steps of 

building a smart welding system. Third, the welding task classification model in this study 

is suggested to be applied to a real-time assessment system of the welding process. Lastly, 

a field study is necessary to confirm our finding due to the platform in the present study 

was accomplished based on reference architecture by which I4.0 was created and several 

studies on intelligent welding systems that carried out both in the simulation and industry 

field. 



46 
 

REFERENCES 

 

1.  Kusiak, Andrew. 2018. Smart manufacturing. International Journal of Production 

Research 56. Taylor & Francis: 508–517. doi:10.1080/00207543.2017.1351644. 

2.  Ennsbrunner, Helmut, Jürgen Bruckner, and Gerhard Posch. 2018. INDUSTRY 4 . 

0 IN WELDING White Paper. In . 

3.  ISO/TC184/SC5/WG1. Industrial Automation Systems - Requirements for 

Enterprise-Reference Architectures and Methodologies. 

4.  Zezulka, F, Petr Marcon, Ivo Veselý, and Ondrej Sajdl. 2016. Industry 4.0 – An 

Introduction in the phenomenon. IFAC-PapersOnLine 49: 8–12. 

doi:10.1016/j.ifacol.2016.12.002. 

5.  Lin, Shi-Wan, Brett Murphy, Erich Clauser, Ulrich Loewen, Ralf Neubert, Gerd 

Bachmann, Madhusudan Pai, and Martin Hankel. 2017. Architecture Alignment 

and Interoperability. Plattform Industrie 4.0. doi:IIC:WHT : IN3 : V1.0:PB : 

2017120 5. 

6.  Moghaddam, Mohsen, Marissa N. Cadavid, C. Robert Kenley, and Abhijit V. 

Deshmukh. 2018. Reference architectures for smart manufacturing: A critical 

review. Journal of Manufacturing Systems. doi:10.1016/j.jmsy.2018.10.006. 

7.  Li, Qing, Qianlin Tang, Iotong Chan, Hailong Wei, Yudi Pu, Hongzhen Jiang, Jun 

Li, and Jian Zhou. 2018. Smart manufacturing standardization: Architectures, 

reference models and standards framework. Computers in Industry. 

doi:10.1016/j.compind.2018.06.005. 

8.  Moyne, James, and Jimmy Iskandar. 2017. Big data analytics for smart 

manufacturing: Case studies in semiconductor manufacturing. Processes. 

doi:10.3390/pr5030039. 

9.  Zhang, Lin, Yongliang Luo, Fei Tao, Bo Hu Li, Lei Ren, Xuesong Zhang, Hua Guo, 

Ying Cheng, Anrui Hu, and Yongkui Liu. 2014. Cloud manufacturing: a new 

manufacturing paradigm. Enterprise Information Systems. 

doi:10.1080/17517575.2012.683812. 

10.  Zheng, Pai, Honghui wang, Zhiqian Sang, Ray Y. Zhong, Yongkui Liu, Chao Liu, 

Khamdi Mubarok, Shiqiang Yu, and Xun Xu. 2018. Smart manufacturing systems 

for Industry 4.0: Conceptual framework, scenarios, and future perspectives. 



47 
 

Frontiers of Mechanical Engineering. doi:10.1007/s11465-018-0499-5. 

11.  Thoben, Klaus Dieter, Stefan Alexander Wiesner, and Thorsten Wuest. 2017. 

“Industrie 4.0” and smart manufacturing-a review of research issues and 

application examples. International Journal of Automation Technology. 

doi:10.20965/ijat.2017.p0004. 

12.  Chen, S. B., Y. J. Lou, L. Wu, and D. B. Zhao. 2000. Intelligent methodology for 

sensing, modeling and control of pulsed GTAW: Part 1 - bead-on-plate welding. 

Welding Journal (Miami, Fla). 

13.  Anon. 1995. Trailer manufacturer depends on robotic welding to boost production. 

Welding Journal (Miami, Fla). 

14.  Albrecht, B. P., and Schartner. 2018. U.S. Patent No.9,862,051. Washington, DC: 

U.S. 

15.  Shen, Hong Yuan, Jing Wu, Tao Lin, and Shan Ben Chen. 2008. Arc welding robot 

system with seam tracking and weld pool control based on passive vision. 

International Journal of Advanced Manufacturing Technology. 

doi:10.1007/s00170-007-1257-8. 

16.  Adolphs, Peter, Heinz Bedenbender, and Dagmar Dirzus. 2015. Reference 

Architecture Model Industrie 4.0 (RAMI 4.0). 

17.  Bordeleau, Fanny-Ève, Elaine Mosconi, and Luis Antonio Santa-Eulalia. 2018. 

Business Intelligence in Industry 4.0: State of the art and research opportunities. 

In Proceedings of the 51st Hawaii International Conference on System Sciences. 

doi:10.24251/hicss.2018.495. 

18.  Marcon, P, F Zezulka, I Vesely, Z Szabo, Z Roubal, O Sajdl, E Gescheidtova, and 

P Dohnal. 2017. Communication technology for industry 4.0. In 2017 Progress In 

Electromagnetics Research Symposium - Spring (PIERS), 1694–1697. 

doi:10.1109/PIERS.2017.8262021. 

19.  Mourtzis, D., E. Vlachou, G. Dimitrakopoulos, and V. Zogopoulos. 2018. Cyber- 

Physical Systems and Education 4.0 -The Teaching Factory 4.0 Concept. In 

Procedia Manufacturing. doi:10.1016/j.promfg.2018.04.005. 

20.  Williams, Theodore J. 1994. The Purdue enterprise reference architecture. 

Computers in Industry. doi:10.1016/0166-3615(94)90017-5. 

21.  Alcácer, V., and V. Cruz-Machado. 2019. Scanning the Industry 4.0: A Literature 



48 
 

Review on Technologies for Manufacturing Systems. Engineering Science and 

Technology, an International Journal. doi:10.1016/j.jestch.2019.01.006. 

22.  Binder, Christoper. 2017. Introduction to “RAMI 4.0 Toolbox.” 

23.  Rojko, Andreja. 2017. Industry 4.0 concept: Background and overview. 

International Journal of Interactive Mobile Technologies. 

doi:10.3991/ijim.v11i5.7072. 

24.  Bitkom, VDMA, and ZVEI. 2015. Implementation Strategy Industrie 4.0 Report 

on the results of the Industrie 4.0 Platform. Bitkom e.V. 

25.  Grieves, Michael. 2014. Digital Twin: Manufacturing Excellence Through Virtual 

Factory Replication. Nc-Race 18. doi:10.5281/zenodo.1493930. 

26.  Madni, Azad, Carla Madni, and Scott Lucero. 2019. Leveraging Digital Twin 

Technology in Model-Based Systems Engineering. Systems. 

doi:10.3390/systems7010007. 

27.  Tao, Fei, Fangyuan Sui, Ang Liu, Qinglin Qi, Meng Zhang, Boyang Song, Zirong 

Guo, Stephen C.Y. Lu, and A. Y.C. Nee. 2019. Digital twin-driven product design 

framework. International Journal of Production Research. 

doi:10.1080/00207543.2018.1443229. 

28.  Tao, Fei, Jiangfeng Cheng, Qinglin Qi, Meng Zhang, He Zhang, and Fangyuan Sui. 

2018. Digital twin-driven product design, manufacturing and service with big data. 

International Journal of Advanced Manufacturing Technology. 

doi:10.1007/s00170-017-0233-1. 

29.  Qi, Qinglin, and Fei Tao. 2018. Digital Twin and Big Data Towards Smart 

Manufacturing and Industry 4.0: 360 Degree Comparison. IEEE Access. 

doi:10.1109/ACCESS.2018.2793265. 

30.  Zhuang, Cunbo, Jianhua Liu, and Hui Xiong. 2018. Digital twin-based smart 

production management and control framework for the complex product assembly 

shop-floor. International Journal of Advanced Manufacturing Technology. 

doi:10.1007/s00170-018-1617-6. 

31.  Liau, Y., H. Lee, and K. Ryu. 2018. Digital Twin concept for smart injection 

molding. In IOP Conference Series: Materials Science and Engineering. 

doi:10.1088/1757-899X/324/1/012077. 

32.  Dorsemaine, Bruno, Jean Philippe Gaulier, Jean Philippe Wary, Nizar Kheir, and 



49 
 

Pascal Urien. 2016. Internet of Things: A Definition and Taxonomy. In 

Proceedings - NGMAST 2015: The 9th International Conference on Next 

Generation Mobile Applications, Services and Technologies. 

doi:10.1109/NGMAST.2015.71. 

33.  Boyes, Hugh, Bil Hallaq, Joe Cunningham, and Tim Watson. 2018. The industrial 

internet of things (IIoT): An analysis framework. Computers in Industry 101. 

Elsevier: 1–12. doi:10.1016/J.COMPIND.2018.04.015. 

34.  Tao, Fei, Qinglin Qi, Ang Liu, and Andrew Kusiak. 2018. Data-driven smart 

manufacturing. Journal of Manufacturing Systems. 

doi:10.1016/j.jmsy.2018.01.006. 

35.  Sisinni, Emiliano, Abusayeed Saifullah, Song Han, Ulf Jennehag, and Mikael 

Gidlund. 2018. Industrial internet of things: Challenges, opportunities, and 

directions. IEEE Transactions on Industrial Informatics. 

doi:10.1109/TII.2018.2852491. 

36.  Li, Bo-hu, Bao-cun Hou, Wen-tao Yu, Xiao-bing Lu, and Chun-wei Yang. 2017. 

Applications of artificial intelligence in intelligent manufacturing: a review. 

Frontiers of Information Technology & Electronic Engineering. 

doi:10.1631/fitee.1601885. 

37.  Lee, Jay, Hossein Davari, Jaskaran Singh, and Vibhor Pandhare. 2018. Industrial 

Artificial Intelligence for Industry 4.0-based Manufacturing Systems. 

Manufacturing Letters 18. doi:10.1016/j.mfglet.2018.09.002. 

38.  Lee, Jay, Behrad Bagheri, and Hung An Kao. 2015. A Cyber-Physical Systems 

architecture for Industry 4.0-based manufacturing systems. Manufacturing Letters. 

doi:10.1016/j.mfglet.2014.12.001. 

39.  De Mauro, Andrea, Marco Greco, and Michele Grimaldi. 2016. A formal definition 

of Big Data based on its essential features. Library Review. doi:10.1108/LR-06-

2015-0061. 

40.  Chen, Min, Shiwen Mao, and Yunhao Liu. 2014. Big data: A survey. Mobile 

Networks and Applications 19. doi:10.1007/s11036-013-0489-0. 

41.  Manyika, J, M Chui Brown, Bughin B. J., R Dobbs, C Roxburgh, and A Hung 

Byers. 2011. Big data: The next frontier for innovation, competition and 

productivity. McKinsey Global Institute. 



50 
 

42.  Gantz, By John, and David Reinsel. 2011. Extracting Value from Chaos. IDC iView. 

43.  Gandomi, Amir, and Murtaza Haider. 2015. Beyond the hype: Big data concepts, 

methods, and analytics. International Journal of Information Management. 

doi:10.1016/j.ijinfomgt.2014.10.007. 

44.  He, Q. Peter, and Jin Wang. 2018. Statistical process monitoring as a big data 

analytics tool for smart manufacturing. Journal of Process Control. 

doi:10.1016/j.jprocont.2017.06.012. 

45.  Wang, Jinjiang, Laibin Zhang, Lixiang Duan, and Robert X. Gao. 2017. A new 

paradigm of cloud-based predictive maintenance for intelligent manufacturing. 

Journal of Intelligent Manufacturing. doi:10.1007/s10845-015-1066-0. 

46.  Mell, Peter, and Tim Grance. 2011. The NIST definition of cloud computing. In 

Cloud Computing and Government: Background, Benefits, Risks. 

doi:10.1016/b978-0-12-804018-8.15003-x. 

47.  Hashem, Ibrahim Abaker Targio, Ibrar Yaqoob, Nor Badrul Anuar, Salimah 

Mokhtar, Abdullah Gani, and Samee Ullah Khan. 2015. The rise of “big data” on 

cloud computing: Review and open research issues. Information Systems. 

doi:10.1016/j.is.2014.07.006. 

48.  Zanoon, Dr.Nabeel, Abdullah Alhaj, and Sufian Khwaldeh. 2017. Cloud 

Computing and Big Data is there a Relation between the Two: A Study. 

International Journal of Applied Engineering Research 12: 6970–6982. 

49.  Löwen, Ulrich, Annerose Braune, Markus Diesner, Guido Huettemann, Matthias 

Klein, Mario Thron, Tobias Manger, and Michael Okon. 2016. Industrie 4.0 

Components – Modeling Examples. doi:10.13140/RG.2.2.29092.68488. 

50.  Haffner, Oto, Erik Kucera, and Š.Kozák Kozak. 2018. Application of Weld 

Evaluation in Context of Industry 4.0. In . 

51.  Saqlain, Muhammad, Minghao Piao, Youngbok Shim, and Jong Yun Lee. 2019. 

Framework of an IoT-based Industrial Data Management for Smart Manufacturing. 

Journal of Sensor and Actuator Networks 8. doi:10.3390/jsan8020025. 

52.  Park, H. S. 2014. From Automation to Autonomy - a New Trend for Smart 

Manufacturing. In . doi:10.2507/daaam.scibook.2013.03. 

53.  Chen, S.-B. 2015. On Intelligentized Welding Manufacturing 363: 3–34. 

doi:10.1007/978-3-319-18997-0_1. 



51 
 

54.  Cohen, Yuval, Hussein Naseraldin, Atanu Chaudhuri, and Francesco Pilati. 2019. 

Assembly systems in Industry 4.0 era: a road map to understand Assembly 4.0. 

International Journal of Advanced Manufacturing Technology. 

doi:10.1007/s00170-019-04203-1. 

55.  Resman, M., M. Pipan, M. Šimic, and N. Herakovič. 2019. A new architecture 

model for smart manufacturing: A performance analysis and comparison with the 

RAMI 4.0 reference model. Advances in Production Engineering & Management 

14: 153–165. 

56.  Bangemann, Thoma, Christian Bauer, Heinz Bedenbender, Markus Diesner, Ulrich 

Epple, Filiz Elmas, and Jens Friedrich. 2016. Industrie 4.0 - Technical Assets: 

Basic terminology concepts, life cycles and administration models. 

57.  Pisching, Marcos A., Marcosiris A.O. Pessoa, Fabrício Junqueira, Diolino J. dos 

Santos Filho, and Paulo E. Miyagi. 2018. An architecture based on RAMI 4.0 to 

discover equipment to process operations required by products. Computers and 

Industrial Engineering. doi:10.1016/j.cie.2017.12.029. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



52 
 

PUBLICATIONS 

 

I. Journal paper 

1. Preform Optimization of Functional Deep Side Gear (Bevel Gear) for Warm 

Forging Process, Risky Ayu Febriani, Hong Seok Park, Saurabh Kumar and Chang 

Myung Lee, International Journal of Automotive Technology (SCIE), Published 

on Vol. 21, No. 5, October, 2020. 

2. An approach for Designing a Platform of a Smart Welding Station System, Risky 

Ayu Febriani, Hong Seok Park and Chang Myung Lee, The International Journal 

of Advanced Manufacturing Technology (SCIE), on publishing. 

doi: 10.1007/s00170-019-04808-6 

 

II. Conference Papers 

1. Preform Optimization for Bevel Gear of Warm Forging Process, Hong Seok Park, 

Risky Ayu Febriani and Saurabh Kumar, Procedia CIRP Vol. 72, 2018, pp. 340-

345. 51st CIRP Conference on Manufacturing Systems, Stockholm, Sweden.  

2. Hazard free Chemical Plants with the Application of SPaAS (Safety Plant as A 

Service) Operating Platform, Hong Seok Park and Risky Ayu Febriani, 

Proceedings of the CDE summer 2018, pp.153-154, August 2018. 

3. Platform of Smart Manufacturing System Based on RAMI 4.0, Hong Seok Park 

and Risky Ayu Febriani, ACDDE 2018, Okinawa, Japan. 

4. Development of A Platform for Operating A Smart Welding System, Hong Seok 

Park and Risky Ayu Febriani, Proceedings of the KSME IT 2019 Spring Annual 

Meeting, April 2018. 

5. An Approach to Design Platform for smart welding system station, Hong Seok 

Park and Risky Ayu Febriani, 29th International Conference on Flexible 

Automation and Intelligent Manufacturing, Limerick, Ireland, June 2019. 

6. Modeling a Platform for Smart Manufacturing, Hong Seok Park and Risky Ayu 

Febriani, Proceedings of the CDE summer 2019, pp.249-250, August 2019. 


	Chapter 1 INTRODUCTION
	1.1. Problem statement
	1.2. Research objectives
	1.3. Significance of the study
	1.4. Organization of the thesis

	Chapter 2 LITERATURE REVIEW
	2.1.  Smart manufacturing
	2.2.  Development of welding system and related challenges
	2.3.  RAMI 4.0
	2.3.1 Hierarchy levels
	2.3.2 Architecture layers
	2.3.3 Life cycle value stream

	2.2. Industry 4.0 Technologies for Smart Manufacturing system
	2.2.1. Digital Twin
	2.2.2. Industrial Internet of Things (IIoT)
	2.2.3. Artificial Intelligence (AI)
	2.2.4. Big data


	Chapter 3 CONCEPTUAL DESIGN
	3.1. Strategy for designing a platform of the smart welding station system
	3.2. The core technology of smart welding system
	3.3. Enabling technology for the system function
	3.4. Functional analysis of the smart welding operating system
	3.5. Major frameworks of RAMI 4.0

	Chapter 4 DEVELOPMENT OF A PLATFORM
	4.1. The main task in the functional framework RAMI 4.0
	4.2. Mapping the essential components of I4.0 in RAMI 4.0
	4.3. A platform of smart welding station system

	Chapter 5 DISCUSSION
	Chapter 6 CONCLUSION
	REFERENCES
	PUBLICATIONS


<startpage>11
Chapter 1 INTRODUCTION 1
 1.1. Problem statement 1
 1.2. Research objectives 4
 1.3. Significance of the study 4
 1.4. Organization of the thesis 5
Chapter 2 LITERATURE REVIEW 6
 2.1.  Smart manufacturing 6
 2.2.  Development of welding system and related challenges 7
 2.3.  RAMI 4.0 10
  2.3.1 Hierarchy levels 11
  2.3.2 Architecture layers 12
  2.3.3 Life cycle value stream 13
 2.2. Industry 4.0 Technologies for Smart Manufacturing system 14
  2.2.1. Digital Twin 14
  2.2.2. Industrial Internet of Things (IIoT) 16
  2.2.3. Artificial Intelligence (AI) 18
  2.2.4. Big data 20
Chapter 3 CONCEPTUAL DESIGN 23
 3.1. Strategy for designing a platform of the smart welding station system 23
 3.2. The core technology of smart welding system 24
 3.3. Enabling technology for the system function 26
 3.4. Functional analysis of the smart welding operating system 28
 3.5. Major frameworks of RAMI 4.0 29
Chapter 4 DEVELOPMENT OF A PLATFORM 34
 4.1. The main task in the functional framework RAMI 4.0 34
 4.2. Mapping the essential components of I4.0 in RAMI 4.0 36
 4.3. A platform of smart welding station system 39
Chapter 5 DISCUSSION 42
Chapter 6 CONCLUSION 45
REFERENCES 46
PUBLICATIONS 52
</body>

