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Abstract 

Nowadays, consumers search for organizations that can provide customized services at affordable prices. Therefore, it becomes 
essential for companies to meet those requirements by creating flexible and resilient production systems. Technological pathways 
such as industry 4.0 can represent a positive impact in the creation of those systems, through the integration of smart processes and 
technologies that can contribute to the automation of several activities within the shopfloor. Electrically controlled functions in 
passenger, commercial and special vehicles are becoming increasingly complex. If the signal and power cables were to be damaged, 
the vehicle's operation would be affected, resulting in quality issues that can have a direct impact on safety, which can negatively 
affect the manufacturer's reputation. Automotive manufacturers are thriving to achieve ever-growing mass customization, by 
offering a wide range of products, allowing for all clients to fulfill their needs. This scenario puts heavy pressure upon the cable 
harness industry, which must be as flexible as possible to supply all types of cables required by the automotive industry. This 
pressure is also extended to the enterprises that build test equipment for cable harnesses. In this context, the research group was 
able to plan an Industry 4.0 Network of Solutions that meets the requirements of the machining process of a cable harness testing 
equipment company, while compensating its flaws and optimizing it. The network is expected to promote the reduction of 
production cycle times in multiple activities, resulting in a production process that is expected to be more efficient and less prone 
to flaws. 
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1. Introduction  

The automotive industry is inserted in one of the most complex and competitive sectors of activity around the globe 
and are associated to it large technological developments in many fields [1]. Due to its massive presence around the 
globe, the automotive industry has a strong impact in economic, social and environmental activities of the countries 
where these industry thrives [2]. In the last decades, consequence of a strong technological development as well as a 
necessity to correspond to consumers expectations, an exponential increase in both quantity and complexity associated 
with the vehicles’ electrical systems has been witnessed. This tendency has resulted in a sizable increase in the amount 
of electrical cable harnesses that must be incorporated in a vehicle [3]. 

Cable harnesses are a major factor in the proper performance of a car, having a significative impact in both its reliability 
and safety. A faulty or misplaced cable harness can lead to severe car accidents, which proves its crucial importance. 
Given this state of affairs, strict quality standards with thorough fabrication and commercialization practices are required 
and must be followed [4]. In order to meet these requirements, it is mandatory that all cable harnesses go through a strict 
test procedure in order to ensure the product’s quality. At the same time, it’s equally important that the test equipment of 
a cable harness is able to meet the market’s demands as well as the technological developments associated with today’s 
cable harnesses, in order to guarantee that its control and testing is made in the most reliable manner possible [5].  

The uprising complexity associated with the cable harnesses test equipment’s production process, which was 
promoted by the cable harnesses complexity itself, has led to the creation of a new economic sector comprised by 
companies specialized in the production of these testers. These organizations belong to a reduced market niche, where 
the production of these kind of equipment is highly customized and personalized and it is usually associated to small 
productive orders regarding each product. In this way, given that one of the main characteristics of this industry is the 
execution of tremendously diverse tasks, the implementation of automated process has shown to be unprofitable for 
most organizations, so far. Even though most activities are still done manually and are, therefore, extremely expensive, 
these represent more financial advantages than the available automated options [6]. These options require a substantial 
initial investment and have high setup times, which represent serious drawbacks for this industry [7]. 

By taking into consideration the reality of this sector, there is a strong need on behalf of cable harnesses testers’ 
industry to come up with innovative, resilient, and flexible systems on the shopfloor for reducing costs as well as 
production lead times, without compromising the quality of the final product. In this context, Industry 4.0 paradigm 
has associated to itself several tools and technologies that allow a further automation and full control of diverse 
processes that can be useful in this context. The integration of these kinds of technologies, if applied properly and 
adequately to the reality of the company, can represent a massive competitive advantage from an operational, economic 
and environmental perspective, thus, revolutionizing all manufacturing methodologies.  

The main objective of this paper is to provide a detailed description of an Industry 4.0 Solutions Network that could 
improve the production process’ performance through the smart automation of diverse activities, within the scope of 
a highly customized industry. This conceptual model solution is shaped by seven stages connected to each other 
through a wireless network, based on the concept of Internet of Things. The conceptual model aims to provide 
improvements at several stages of the machining process for manufacturing the elements for testing tables of cable 
harness. This solution is based on software and technologies, towards a production process less prone to failure and 
with more appealing production times. 

This study is structured as follows: in the second section, a literature review of the most important topics regarding 
the paper’s theme is presented. In the third section, the proposed network system is described, as well as its operational 
methodology. Finally, in the fourth section, the advantages and disadvantages of implementing such network system 
in a real context is discussed. 
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Nomenclature 

AI          Artificial Intelligence  
CAM     Computer Added Manufacturing  
CNC Computer Numeric Control 
CV  Computer Vision 
CVS Computer Vision Systems  
I4.0 Industry 4.0 
I4.0NS Industry 4.0 Network of Solutions  
IoT         Internet of Things 
MC Mass Customization  
QR code Quick Response Code 
RFID Radio Frequency Identification  

2. Literature Review  

2.1 Mass Customization in the era of Industry 4.0  
 

Mass Customization (MC) has emerged in the late 1980’s and can be defined as the ability to create personalized 
products through extremely flexible systems. By being highly adaptable to the customer’s requests, these systems allow 
the production of large volumes of products, regardless of their specificities, which grants the ability for the companies 
to practice attractive prices without sacrificing the quality of the products. In this way, MC is used by organizations as a 
differentiation strategy that meets the specific clients’ requirements, while presenting extremely appealing competitive 
advantages, especially for the ones that provide for segmented and highly competitive markets [8],[9].  

In the last few years, the fourth Industrial Revolution, known as Industry 4.0, has brough many advantages to the 
shopfloor, revolutionizing the entire value chain. The easy accessibility, in real time, to all organization’s data, as well 
as its automated analysis, has been transforming the decision-making process within organizations. These kinds of 
functionalities have a direct impact on the flexibility of the productive process, allowing for an efficient production of 
unique products, which constitute requirements of an effective mass customization strategy [10], [11]. Even though 
all the technologies and methodologies associated with the I4.0 (Industry 4.0) paradigm may have an extremely 
positive impact in a mass customization strategy they can represent even bigger challenges for these kind of  
organizations, given the rising complexity associated with I4.0-based systems [12].  

Recently, several studies have been published regarding mass customization within the era of Industry 4.0, applied 
to a wide range of industries. Within the scope of the food industry, a MC model based on I4.0 techniques, such the 
incorporation of RFID and QR code recognition, was developed, in order to guarantee a flexible production process, 
allowing for the customization of products without reconfiguring the entire production line. It was used technologies 
such as RFID and QR code to facilitate the process [13]. Similar approaches have also been tested within the 
automotive industry, where a MC model was developed based on a modular configuration [14]. 
  
2.2 Internet of Things as a pillar of Industry 4.0  
 

IoT (Internet of Things) is described in the literature as one of the main pillars of I4.0. In short, it can be defined as 
a network of distinct elements and technologies, such as software and sensors, which are connected among each other, 
promoting a fluid data exchange process through the utilization of wireless communication, using computer systems 
and electronic devices [15]. The integration of this type of expertise in the industrial daily life results in a simple and 
effortless collaboration with the physical world, which results in a more efficient productive and logistics process, 
allowing functionalities never seen before [16].   

IoT has been extensively used in many areas, with many different purposes, such as environmental sustainability, 
[15], healthcare [17], food sector [18], among others. 

6 / Procedia Computer Science 00 (2019) 000–000 

In the context of the automotive industry, IoT has been tested in a wide range of purposes, such as real time-
navigation system, a traffic-management and toll collection system, a security and anti-theft system, a black box and 
event data recorder, a pollution monitoring system and many others detailed in [19]. In this context, the application of 
IoT technologies represent major benefits, providing a higher level of vehicle comfort and safety.  
 
2.3 Technologies of Industry 4.0  
 

There are countless technologies associated with the concept of I4.0. However, given the purpose of this paper, 
only the ones incorporated into the network system approached in the following chapters will be described and 
contextualized. 
  

• Computer Vision System  
 

Computer Vision (CV) can be defined as an engineering technology that allows for the image information gathering, 
with contribution from multiple areas such as mechanics, optic instrumentation, electromagnetic detection and, finally, 
image processing [20], [21]. Given its specific application, CVS (Computer Vision Systems) may vary both in the 
complexity and the number of incorporated technologies. However, in general, they are constituted by five main 
components: Illumination, Industrial cameras, Image Processing Board, Hardware and software [20], [22]. Given the 
types of software that are implemented in these kinds of systems, associated with high processing rates and high 
degrees of accuracy, a cost reduction and an uprising of efficiency are promoted in the quality verification process, by 
reducing the undetected flaws and the duration associated with the inspection process [22], [23].  

In the last few years, CVSs have been widely applied to the food industry, being inserted across different steps of 
the value chain, namely quality control, harvesting, picking, and packing and finally sorting and grading [23]. The 
automotive industry has also had examples of application of CVSs during the assembly and quality inspection 
processes [24].  
 

• QR code  
 

QR codes (Quick Response Codes) can be defined as a two-dimensional code capable of storing great quantities of 
data, under the format of URL, text or any other type. This technology consists in black modules set in a square shape 
on a white background, which can be decoded at an extremely high speed, just like the name states (Quick Response). 
These codes are characterized by strong error correction capabilities and the ability to be effortlessly generated by a 
software, and scanned by a smart device [25], [26].  QR codes have been widely used in many Industrial fields such 
as food industry, with the intent of providing extra information about a specific product [27], or for traceability 
purposes [28].  

In the automotive industry, several studies have been conducted towards traceability purposes that may facilitate 
multiple activities regarding supply chains, especially the most complex ones [29].  
 

• RFID 
 

RFID (Radio Frequency Identification) is a data communication technology that does not require any type of 
contact. The physics behind this process consists in sending radiofrequency signals to a specific tag, using a RFID 
reader and getting a response information from that same tag. The information received may refer to a location, strain, 
temperature, or other entity. This technology is useful in improving the efficiency in logistics, as well as in many 
processes within the shopfloor, by providing information regarding certain components’ location, material supplies, 
and workers’ identification [30], [31]. Additionally, it was also stated that RFID tags can help an organization to 
improve its customization production process and therefore deliver superior service rates [32].  

This kind of technology has shown successful results in a smart factory described in [31], in a shopfloor of 
customized piping systems [33].  
 
2.4 Automation in the Cable Harness Testing Equipment Industry  
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2.4 Automation in the Cable Harness Testing Equipment Industry  
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The cable harness testing sector associated to automotive industry has associated a high degree of customization, 

belonging to a small niche market [7]. Given all the characteristics associated with a customization-based industry, 
such as the diversity of the required tasks, as well as the existence of several activities that require working with 
deformable objects (cable and wires), there are many difficulties concerning the implementation of smart automated 
systems in this industry, especially in the small-medium-sized enterprises. In this way, most activities are still done 
manually which leads to high amounts of dispenses in human labour. On the other hand, the existing automated 
systems don’t meet this industry’s requirements because they still lack of flexibility, represent large initial investments 
and present both low utilization rates and high set up times, which leads to these types of companies to adopt the 
traditional methodologies [34],[35]. Therefore, the most mentioned concern described in the literature is to find smart 
automated processes that provide a cost-efficient system with a high degree of flexibility [34].  

Studies regarding the automation, in the fabrication, of cable harnesses test equipment have not been found and is 
an unexplored field. However, in the last years, have been development several successful studies towards the 
automation of the testing systems described in [4], [7], [35], [36].   

3. Industry 4.0 Solutions Network  

3.1 Contextualization  
 
In order to come up with a credible solution, capable of being implemented within a real context, the productive 

process of a specific company whose sector of activity is based on the production of Cable Harness Test Equipment 
for the Automotive Industry was studied in advance. Such company is inserted within a highly demanding market in 
terms of customization, hence the task of planning a fitting solution was a complex challenge. 

In the context of this company, almost every single product is associated with a specific order, and there is rarely a 
second order for a product with the exact same characteristics. In most case scenarios, the productive orders do not go 
above five units per product, and orders associated with a single unit are common.  

The raw material used for production must go through several machining phases, where distinct industrial machines, 
such as CNCs, Mechanical Lathes and Milling machines, are used. Each product is the result of the assembling of 
multiple specific pieces. These pieces are not produced outside the context of its own project, since every project has 
a unique set of pieces. An example of a specific piece can be found in figure 1 (this photograph, as well as the one in 
figure 2, was authorized by the company in which the present study was made to be a part of this paper). The 
methodology followed by the company is to transport all the pieces of a project together, in a specific box, throughout 
all the phases involved in the production process, regardless of their individual need to go through all of them. As they 
stop by the different workstations that are allocated to a specific phase of the production process, it is the worker’s 
responsibility to manually check which of the project’s pieces are supposed to be machined in each phase. 

This productive process, as most of the highly customized productive processes across different industries, presents 
high set up times as well as a high number of activities depending on the worker’s decision-making, which contributes 
the occurrence of productive errors, resulting in several wastes of resources and greater lead times. 

Despite having had in account this specific case study, there was an effort towards guaranteeing the compatibility 
of the solution towards a wide range of industrial realities. 
 
 
 
 
 
 
 
 
 

Fig. 1 - Cable Harness test equipment piece 
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3.2 I4.0 Solutions Network Description  
 

In order to create a productive environment flexible enough to meet the specific requirements of each client, while 
reducing production times across several stages and without compromising the productive process flow, in an approach 
directed towards mass customization, a network of solutions based on technologies of I4.0 was planned in order to fit 
the set-up of the company. 

The I4.0SN (Industry 4.0 Solutions Network), schematized in Figure 2, is constituted by seven stages connected to 
each other by the organization’s network, in an approach based on the concept of Internet of Things. The system aims 
to provide improvements in several activities involved in the machining process, based on software and technologies, 
towards a production process less prone to failure and with more appealing production times. 

The general workflow behind the network would start with a factory worker identifying himself at the workstation, 
using a RFID card. Once this step is concluded, the QR code associated with that project, which was previously printed 
on the project worksheet, would be read, and the information encoded by it would trigger two procedures: the selection 
of all the information regarding the project, and the identification of the machining process’s phase on which that 
project is currently in. 

Through crossing this two information, the system would automatically provide the drawings that are required at 
that specific workstation, at that specific moment, avoiding information overload. The drawings would automatically 
be displayed in a computer screen on that specific workstation, and the machining process of each piece would take 
place, according to the information contained on them. Finally, the pieces would be subjected to an automated quality 
control technique based on a Computer Vision System which would compare the features of each individual piece to 
their respective drawings, being able to identify any eventual flaw, and report accordingly. This flow of tasks occurs 
in every workstation of the machining process. 

Fig. 2 - Industry 4.0 Network of Solutions conceptual proposal 
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3.2.1 Worker’s Identification at the Workstation 

The first stage of the network system consists in the worker’s identification at the workstation. Every worker would 
have to possess his own unique RFID card, which would allow him start working at a certain workstation. In this way, 
every workstation would have its own specific RFID Reader, with a specific ID associated. After the card is read, 
information on the time and the workstation on which a specific employee had stated working would automatically be 
stored at the company’s database.   

This method would not have a major impact in the productive process; however, it could substantially help on 
estimating a cost to a specific phase of the process. Additionally, this information could be useful to several areas of 
the company such as logistics and human resources, by providing true information about workers and workstations 
efficiency.  

 3.2.2 Project Folder with integrated QR code  

The second stage of the network system relies on leveraging the association of a QR Code ID to all the information 
of a specific project (drawings, building materials, etc.), stored at the company’s database.  

Typically, at most shopfloors, such information is contained in physical folders, each with a large number of 
worksheets inside. With the present suggestion, the necessity for physical paper would be reduced to a single sheet 
containing basic information regarding the project, namely its identification and delivery date, as well as the printed 
QR code which would grant access to all digitally available remaining information.  

At this stage, immediately after the QR code is read by the reading device, there are two extremely important 
information sent by the company’s network: The QR code Reader’s ID, that is associated with a specific phase of the 
production process, and the QR code ID, which is linked to a specific project’s information.  

This approach would eliminate the need for great amounts of paper, which given the rising concerns related with 
environmental issues, especially in the automotive industry, is a  major advantage [37]. Additionally, it would be the 
starting point of an automated smart production system, that will be described in the following sub chapters.  

3.2.3 Informatic System of Process Phase identification  

The purpose of the third stage of the network system is to identify which phase of the machining process the project 
is in a specific that moment. In order to do this, every QR code reader has an ID associated with a phase of the 
production process and, in most cases, the QR code reader’s ID is the only information needed in order to identify the 
phase of the production process.  

However, at workstations, like the ones that have CNC machines, where is possible to perform more than one phase 
of the production process, this approach leads to a waste of resources, and it restricts all the production process’ route. 
For these specific workstations, the process phase’s identification is obtained through a different approach, relying on 
a counting software. This software is triggered each time the QR code is read by one of the QR code readers associated 
with CNC-like workstations and stores the information on the number of times that that specific QR code has been 
read by them. The phase of the process is then deducted by taking into account the QR code reader’s ID, as well as the 
number of readings performed by that type of reader. 
 
3.2.4 Informatic System of Project Information Selection  

 
The fourth stage of the network system would occur simultaneously with the previous one and its main purpose is 

to leverage the association between the QR code ID and the specific project information (previously discussed in the 
second section) to access that very information. A successful QR Code ID reading will trigger a command that is sent 
through the IoT network, encoding the task of selecting the project information associated with the QR Code ID, within 
the company’s database. 

The information is then sent, again, through the network, to all the components involved in tasks that require it, 
namely, the Informatic System of Production Phase Identification, the Drawing’s automating Opening, the Computer 
Vision System, which will be discussed ahead. 
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3.2.5 Drawing’s automatic Opening  
 

The fifth stage of the network system is enabled through combining the results of both the third and the fourth 
stages. Given the identification of the current productive process’s phase, as well as all the information regarding the 
project, it is possible to access and open the drawings required at that specific workstation, in order to operate on the 
pieces involved in that phase, according to those drawings. 

In workstations with CNC machines, an extra feature was suggested. The access to the CAM (Computer Added 
Manufacturing) programs, required by these machines, is usually performed manually, by searching through multiple 
digital folders. In the proposed network system, the drawings of the pieces, automatically opened, would have a 
hyperlink that, when pressed, would automatically open both the CAM program and the auxiliary sheet, commonly 
used in these contexts. 

It is important to mention that there would be a manually alternative for every automatic command, in order to 
guarantee the possibility for human intervention whenever needed. 
 
3.2.6 Computer Vision System  
 

The last stage that describes the workflow promoted by the network system happens after the machining of each 
piece, at the end of every phase. Its main purpose resides in the quality verification of every piece’s specific feature, 
such as length, number of holes, depth, and height. To perform this task, the piece is evaluated through a computer 
vision system that analyses all the mentioned features and, if all of them match the project’s specificities (which are 
fed into the software component of the system), a green light would appear in the computer’s screen. The time of 
approval would mark the end of the machining process for that specific piece, and it would be registered and stored in 
the company’s database. On the contrary, if the piece does not meet the project’s requirements, a red light must appear 
on the screen, as well as the identification of the flawed features.  

The computer vision that was designed to integrate the network system is composed by a powerful illumination 
system, which guarantees the image’s quality, an industrial camera with integrated sensors, in order to acquire the 
machined piece’s images and, finally, multiple software interconnected with all the hardware systems, which would 
realize tasks involving the image’s enhancement, segmentation and, ultimately, would produce a decision on the 
piece’s validation.  

The scheme presented in figure 3, captures the disposition of the physical components of the multiple technologies 
that constitute the network system, at a workstation on the shopfloor. In this figure it is presented an example of a 
specific CNC machine, however, this CNC can be replaced by any other machine used in the process.  
 

 

 

 

 
 
 
 
 

 

 
Fig. 3 - Workstation assembly with implemented technologies 



 Elisa S. Rosa  et al. / Procedia Computer Science 200 (2022) 1392–1401 1399
 / Procedia Computer Science 00 (2019) 000–000  7 

3.2.1 Worker’s Identification at the Workstation 

The first stage of the network system consists in the worker’s identification at the workstation. Every worker would 
have to possess his own unique RFID card, which would allow him start working at a certain workstation. In this way, 
every workstation would have its own specific RFID Reader, with a specific ID associated. After the card is read, 
information on the time and the workstation on which a specific employee had stated working would automatically be 
stored at the company’s database.   

This method would not have a major impact in the productive process; however, it could substantially help on 
estimating a cost to a specific phase of the process. Additionally, this information could be useful to several areas of 
the company such as logistics and human resources, by providing true information about workers and workstations 
efficiency.  

 3.2.2 Project Folder with integrated QR code  

The second stage of the network system relies on leveraging the association of a QR Code ID to all the information 
of a specific project (drawings, building materials, etc.), stored at the company’s database.  

Typically, at most shopfloors, such information is contained in physical folders, each with a large number of 
worksheets inside. With the present suggestion, the necessity for physical paper would be reduced to a single sheet 
containing basic information regarding the project, namely its identification and delivery date, as well as the printed 
QR code which would grant access to all digitally available remaining information.  

At this stage, immediately after the QR code is read by the reading device, there are two extremely important 
information sent by the company’s network: The QR code Reader’s ID, that is associated with a specific phase of the 
production process, and the QR code ID, which is linked to a specific project’s information.  

This approach would eliminate the need for great amounts of paper, which given the rising concerns related with 
environmental issues, especially in the automotive industry, is a  major advantage [37]. Additionally, it would be the 
starting point of an automated smart production system, that will be described in the following sub chapters.  

3.2.3 Informatic System of Process Phase identification  

The purpose of the third stage of the network system is to identify which phase of the machining process the project 
is in a specific that moment. In order to do this, every QR code reader has an ID associated with a phase of the 
production process and, in most cases, the QR code reader’s ID is the only information needed in order to identify the 
phase of the production process.  

However, at workstations, like the ones that have CNC machines, where is possible to perform more than one phase 
of the production process, this approach leads to a waste of resources, and it restricts all the production process’ route. 
For these specific workstations, the process phase’s identification is obtained through a different approach, relying on 
a counting software. This software is triggered each time the QR code is read by one of the QR code readers associated 
with CNC-like workstations and stores the information on the number of times that that specific QR code has been 
read by them. The phase of the process is then deducted by taking into account the QR code reader’s ID, as well as the 
number of readings performed by that type of reader. 
 
3.2.4 Informatic System of Project Information Selection  

 
The fourth stage of the network system would occur simultaneously with the previous one and its main purpose is 

to leverage the association between the QR code ID and the specific project information (previously discussed in the 
second section) to access that very information. A successful QR Code ID reading will trigger a command that is sent 
through the IoT network, encoding the task of selecting the project information associated with the QR Code ID, within 
the company’s database. 

The information is then sent, again, through the network, to all the components involved in tasks that require it, 
namely, the Informatic System of Production Phase Identification, the Drawing’s automating Opening, the Computer 
Vision System, which will be discussed ahead. 

6 / Procedia Computer Science 00 (2019) 000–000 

3.2.5 Drawing’s automatic Opening  
 

The fifth stage of the network system is enabled through combining the results of both the third and the fourth 
stages. Given the identification of the current productive process’s phase, as well as all the information regarding the 
project, it is possible to access and open the drawings required at that specific workstation, in order to operate on the 
pieces involved in that phase, according to those drawings. 

In workstations with CNC machines, an extra feature was suggested. The access to the CAM (Computer Added 
Manufacturing) programs, required by these machines, is usually performed manually, by searching through multiple 
digital folders. In the proposed network system, the drawings of the pieces, automatically opened, would have a 
hyperlink that, when pressed, would automatically open both the CAM program and the auxiliary sheet, commonly 
used in these contexts. 

It is important to mention that there would be a manually alternative for every automatic command, in order to 
guarantee the possibility for human intervention whenever needed. 
 
3.2.6 Computer Vision System  
 

The last stage that describes the workflow promoted by the network system happens after the machining of each 
piece, at the end of every phase. Its main purpose resides in the quality verification of every piece’s specific feature, 
such as length, number of holes, depth, and height. To perform this task, the piece is evaluated through a computer 
vision system that analyses all the mentioned features and, if all of them match the project’s specificities (which are 
fed into the software component of the system), a green light would appear in the computer’s screen. The time of 
approval would mark the end of the machining process for that specific piece, and it would be registered and stored in 
the company’s database. On the contrary, if the piece does not meet the project’s requirements, a red light must appear 
on the screen, as well as the identification of the flawed features.  

The computer vision that was designed to integrate the network system is composed by a powerful illumination 
system, which guarantees the image’s quality, an industrial camera with integrated sensors, in order to acquire the 
machined piece’s images and, finally, multiple software interconnected with all the hardware systems, which would 
realize tasks involving the image’s enhancement, segmentation and, ultimately, would produce a decision on the 
piece’s validation.  

The scheme presented in figure 3, captures the disposition of the physical components of the multiple technologies 
that constitute the network system, at a workstation on the shopfloor. In this figure it is presented an example of a 
specific CNC machine, however, this CNC can be replaced by any other machine used in the process.  
 

 

 

 

 
 
 
 
 

 

 
Fig. 3 - Workstation assembly with implemented technologies 
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4. Limitations and Future Work  

One of the limitations of this study is that the proposed Industry 4.0 Solutions Network was not implemented in the 
company where this study took place, due to lack of resources, which made it impossible to evaluate the real impact 
of the solution. In this way, the implementation of the I4.0SN in a real context constitutes an appropriate next step 
towards the verification of its success. The evaluation of production times, worker’s efficiency, production costs and 
non-compliance occurrences, before and after its implementation, would allow for a proper assessment of the success 
of this solution as well as the identification of improvement opportunities. 

Another limitation of this study is the fact that the I4.0SN was thorough thought within the context and working 
methodologies of a specific company, which means that its implementation within other organizations might involve 
a few adaptations. This research was focused on a specific phase of the production process (machining of the pieces). 
However, the following stages of the production process of these types of equipment, such as the assembly and the 
electrification stages, could also benefit from research regarding the implementation of I4.0-based approaches. 

5. Conclusion 

The main goal of this paper was to plan an Industry 4.0 Solutions Network compatible with many different 
companies, inserted in a wide range of industries, especially in the context of a highly customized production. In this 
scope, the productive process of a cable harness test equipment company was studied, with the purpose of identifying 
optimization opportunities and gaps with the potential to be filled by the application of I4.0 technologies. The I4.0NS 
was thoroughly planned to meet the productive process’s requirements at every single phase and is expected to promote 
the reduction of production times and flaws. The proposed Industry 4.0 Solutions Network is comprised of seven 
stages connected to each other through the organization’s network, in an approach based on the concept of IoT. The 
system aims to deliver improvements for several activities involved in the machining process, based on software and 
technologies, towards a production process less prone to failure and with more appealing production times. The intent 
was to address the challenges of this industrial unit by facing an ever-growing demanding market, especially due to 
the increasing customization as result from increasingly demanding clients. 

Additionally, the interconnectivity between every component and the company’s data base, through a IoT-based 
system represents a huge advantage of this network, as all the data regarding every stage within a workstation can be 
constantly acquired and stored. This data could be further analyzed through statistical or AI-based methods, in order 
to identify certain patterns shared by non-compliance or inefficiency situations, leading to the identification of their 
causes, among other information that could be beneficial to the company. Practitioners and management can use this 
solution as a guide by employing it in fitting and distinct scenarios, adopted to the specific reality of the business field. 
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