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Abstract. The Industry 4.0 (i4.0) paradigm was conceived bearing smart ma-

chines enabling capabilities, mostly through real-time communication both be-

tween smart equipment on a shop floor and decision-aiding software at the busi-

ness level. This interoperability is achieved mostly through a reference architec-

ture specifically designed for i4.0, which is aimed at devising the information 

architecture with real-time capabilities. From such architectures, the Reference 

Architectural Model for Industrie 4.0 (RAMI 4.0) is considered the preferred ap-

proach for implementation purposes, especially within Small and Medium Enter-

prises (SMEs). Nevertheless, the implementation of RAMI 4.0 is surrounded with 

great challenges when considering the current industrial landscape, which re-

quires retrofitting of existing equipment and the various communication needs. 

Through three different case studies conducted within footwear and cork indus-

tries, this research proposes a RAMI 4.0 SME implementation methodology that 

considers the initial stages of equipment preparation to enable smart communi-

cations and capabilities. The result is a methodological route aimed for SMEs’ 

implementation of smart machines, based on RAMI 4.0, which considers both 

the technological aspects as well as the business requirements.  

Keywords: RAMI4.0, SMEs, Technology Implementation Management. 

1 Introduction 

The premise of Industry 4.0 (i4.0) is built around the paradigm of smart machines com-

munication through a framework that ensures a constant flow of information throughout 

the levels of a given company. A backbone to help devise the i4.0 information archi-

tectures is the Reference Architectural Model for Industrie 4.0 (RAMI 4.0). However, 

the implementation of RAMI 4.0 has been challenging, since it relies on various factors 

which may affect or hinder the final output, such as the current industrial landscape, as 

well as the multiplicity of equipment within the factory, which have different sources, 

diverse construction and various communication capabilities [4].  

Despite broad implementation in large industries, there is a lack of methodological 

management when it comes to implementing i4.0-enabled machinery on Small and Me-

dium Enterprises (SMEs). More importantly, SMEs face a lack of resources combined 
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with precise technological maturity assessment regarding relevant solutions, as well as 

practical business applications [2]. A crucial aspect surrounding these obstacles is the 

methodological management skills, supported by the lack of standardisation and regu-

lations for technology implementation. Based on case studies conducted in the footwear 

and cork industries, this research devises a methodology to help SME manufacturers 

into preparing industrial equipment for a RAMI4.0 architecture [3]. Such methodology 

is supported by cyber-physical systems designed to integrate computational & physical 

processes with human interactions, aimed at establishing Key Performance Indicators 

(KPIs), which drive the Industry 4.0 implementation process [1].  

2 The Reference Architectural Model for Industrie 4.0 (RAMI 

4.0) 

The i4.0 paradigm has brought forth new architectural challenges, which enable a 

higher degree of i4.0 approaches by the organizations [5, 6, 7]. Under the Plattform 

Industrie 4.0 [9], RAMI 4.0 is proposed to be a guide to support the implementation of 

i4.0-enabled systems architectures. It is represented as a three-dimensional layer model 

cube which encases the most important elements of the business and i4.0 technological 

novelty. RAMI 4.0 proposed architecture consists on having each entity of the business 

represented as a component, which exposes services, functionalities and communica-

tion channels. According to Ferreira et al. [8], there are challenges that arise when de-

signing the i4.0 architecture. The first challenge is due to the necessity of defining the 

required business entities: how these entities participate during the value creation pro-

cess can be challenging to map and requires the perception of the real implication within 

the value chain network. The second challenge pertains systems integration and interop-

erability. Existing hierarchical architectures based on the ISA 88/95 are the most com-

monly found throughout the industry [10, 11, 12]. Thus, it is necessary to have a clear 

grasp on how to transform/integrate new systems with existing legacy systems. 

The German Engineering Federation has released a Guideline for i4.0 aimed at 

providing guiding principles for implementing i4.0 within SMEs [13]. A scheduled 

process coupled with constant feedback is considered crucial for the success of the i4.0 

implementation [13].  Despite having produced such guiding principles, there is a lack 

of implementation studies on the literature that concern i4.0 for SMEs, especially with 

multiple iterations and a maturity assessment done prior to the implementation process 

[14]. This assessment must be performed during the business definition stage, and re-

quires a multidisciplinary team that is comprised of business model decision-makers, 

i4.0 component implementation experts and data analysts, since its purpose is to design 

a business and technological implementation framework that considers business KPIs, 

available data gathered from equipment sensors, and retrofitting of machinery.  
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3 Research Methods 

The methodology used for this research consists of a literature review and multi-case 

study analysis aimed at proposing a RAMI 4.0 implementation methodology for SMEs. 

In order to achieve the above mentioned implementation methodology, an analysis of 

the current RAMI 4.0 literature on implementation methodology protocols and guide-

lines focused on SMEs was conducted, which was combined with research on innova-

tion developments regarding i4.0 reference architectures capable of combining techno-

logical aspects with business requirements. Moreover, identification of SME-based 

projects with implementation of RAMI 4.0 driven architectures was carried out.  

4 RAMI 4.0 SME Implementation Methodology 

RAMI 4.0 implementation methodologies have widespread as industries embrace the 

industry 4.0 paradigm. Most of these methodologies conduct a three layer assessment, 

business, technology and processes definition, such as business strategy definition, KPI 

definition, systems modelling, technology maturity, process re-engineering, human-re-

source training [2, 8, 14]. Based on existing RAMI 4.0 implementation methodologies, 

and implementation driven case studies, a RAMI 4.0 SME implementation methodol-

ogy proposal is forwarded (Figure 1), which maintains the same core objective to sup-

port. However, obstacles such as low business preparation, huge variety of existent leg-

acy systems, and multi-disciplinary outsourced teams means that a more flexible and 

controlled approach during the implementation process must be taken [6, 15]. 

The proposed methodology provides an overall view of the process, thus enabling 

the identification of key agents on each step (actors, resources, and drivers), the identi-

fication of the different layers that comprise the final solutions, the design of the nec-

essary proof of concept (PoC) to stablish a pre-solution validation, as well as the iden-

tification of obstacles and possible blocking points.  

For SMEs, two types of stakeholders were identified on a RAMI 4.0 implementation 

project: business stakeholders, and technology & process stakeholders. Business stake-

holders provide the project’s core goals, objectives and requirements under a business 

view perspective, sourcing and choosing the required project stakeholders, a project 

management to meet project goals (project timeframe, budget, and quality), and project 

evaluation, which oversees the successful development, integration and implementa-

tion of each considered solution. On the other hand, technology & process stakeholders 

are comprised of experts from fields required for the implementation process (e.g.: pro-

cess, automation, communication). The intent of these stakeholders concerns the anal-

ysis, integration and implementation of technological novelty brought by i4.0 premise 

in the industrial production processes.  
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Fig. 1. RAMI 4.0 SME implementation methodology 

When compared to previous methodologies, the application of PoC combined with 

iterative cycles during the solution development process, constitutes the main novelty 

of the proposed implementation methodology. In terms of approach, the methodology 

has three phases: business definition; solution development; and, implementation and 

testing. Business definition constitutes the baseline for the project. This phase is driven 

by the business expert, which embodies the business vision for the project and define 

the objectives and goals for the RAMI 4.0 implementation project. The choice of the 

stakeholders for the project, technical team and experts, should be the main objective 

at this stage. Solution development concerns the core of the methodology where the 

different layers of solution development take part. This phase follows an iterative cy-

clical approach, beginning with the system requirements definition, in which business 

experts discuss the business indicators and requirements with other project stakehold-

ers. This discussion is essential as it will bring cohesion within the project with all 

stakeholders involved. The target of this step is to define a RAMI 4.0 architecture de-

sign adapted to the project and solutions. This step serves as a start and revision step 

during the iterative cycles. Having the stakeholders agreed with the system require-

ments, the technical development phase takes place for each required solution layer. 

Each layer develops a PoC of the proposed solutions, and its viability is assessed by 

both business and technology experts.After all solutions have been validated through a 

PoC and the RAMI 4.0 architecture agreed upon, the implementation and testing 

phase is initiated, where each of the proposed solutions is implemented and tested ac-

cordingly. Project management and business experts validate the final output and close 

the project. When considering the timeline of the project, it must be considered the 

length of each of the three phases that constitute this methodology. As it provides an 

iterative approach the solution provision can be adapted and revised in each cycle ac-

cording to new information from stakeholders, avoid obstacles or solve roadblocks that 

could hinder, prolong or in worse scenarios, jeopardize the project timeline. 
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5 Multi-case study 

The following three case studies applied different methodologies to implement RAMI 

4.0 driven architectures. In terms of case-study typology, one case was under an indus-

try-driven project targeting a specific industry as a whole, and the other two were busi-

ness driven and performed as consulting services. A brief presentation of the Case Stud-

ies with regards to the target industry, project objectives, methodology applied and im-

plementation stages is portrayed in Table 1. 

Table 1. Presentation of the Case Studies (CS) 

 CS 1 CS 2 CS 3 

Industry Footwear production Cork transformation Cork transformation 

Project 
Industry-driven imple-

mentation 

Business-driven imple-

mentation 

Business-driven imple-

mentation 

Methodology PoC Waterfall 
PoC and RAMI 4.0 SME 

Implementation 

Implementa-

tion 

Allowed to establish and 

consolidate the process 

on how new technology 

is implemented within 

the industry, technical 

and management re-

quirement, coordination 

with multi-disciplinary 

and out-sourced teams. 

I - project objectives, 

time frame, and budget 

II - business require-

ments and assessment of 

the production and sup-

port processes 

III - information on sys-

tems, infrastructure and 

automation levels 

IV - results from II and 

III sent to external auto-

mation consultant team  

V - implementation of 

the architecture proposed 

in IV 

VI - test and validation 

- Outsourced experts de-

fined the implementation 

project objectives and 

pre-determined the pro-

ject length 

- Regular meetings to de-

bate and check solution 

proposals, PoC defini-

tion and schedule indus-

trial implementation and 

testing 

- PoC of solutions were 

developed for each layer 

of the RAMI 4.0 SME 

 

In Case Study 1 (CS 1), a series of PoC was conducted to demonstrate the possible 

applications of i4.0 enabled architectures, such as RAMI 4.0, and technology in foot-

wear SMEs. This case allowed to stablish and consolidate a general process of how i4.0 

technology can be implemented. Also, it demonstrated how the implementation of 

RAMI 4.0 enabled architectures require parallel solution development cycles in order 

to tackle the different business, technological and processes layers. 

 Case Study 2 (CS 2) was conducted on a different company, which brought in teams 

experts from business and technology backgrounds to support the implementation pro-

ject. However, these teams worked separately with reduced interaction and integration. 

The modularity concept of this methodology only had advantages on each phase sepa-
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rately, without an overall implementation view that incorporated both business indica-

tors and technological capabilities. Thus, the company was not able to have feasibility 

and implementation feedback until the final solution was both proposed and imple-

mented, constituting a major disadvantage since it was considered not viable for the 

company’s initial goals.  

 In Case Study 3 (CS 3), teams of outsourced experts from business and technology 

fields were brought in since the start, contributing in defining the implementation pro-

ject objectives and pre-determining the project length. Regular meetings were arranged 

and planned to de-bate and check solution proposals, PoC definition and schedule in-

dustrial implementation and testing. PoC of solution were developed for each imple-

mented layer of the RAMI 4.0, such as process, automation, communication, infor-

mation systems. 

5.1 Discussion 

The presented case studies provided inputs to understand the implementation of RAMI 

4.0 enabled architectures in SME production settings. CS 1 contributed with the success 

of the PoC approach since it demonstrated possible implementation solutions of the 

various RAMI 4.0 layers. Also, this approach allowed multidisciplinary teams to work 

together with a global intent. CS 2 and CS 3 were similar implementation projects. 

However, they differ on the methodological approach taken: waterfall methodology 

(CS 2), and PoC with an industrial implementation objective (CS 3).  

As seen in Table 2, the output in terms of qualitative parameters were more con-

trolled and successful in CS 3 when compared with CS 2. A higher interaction among 

stakeholders and the development of PoC for solutions with iterative cycles provided 

quick gains and drove the implementation project towards its initial objectives. 

Table 2. Comparison between Case Studies (CS). 

Qualitative pa-

rameters 
CS 1 CS 2 CS 3 

Objectives Reached Changed Adapted and reached 

Length Followed Overpassed Followed 

Team participa-

tion 
Start of project Modular and scarce Start of project 

Team cohesion 
Collaborative environ-

ment 
Low interaction 

Collaborative environ-

ment 

Solution devel-

opment 
Iterative development 

Long and unclear di-

rection 

Iterative solution, quick 

wins with peer valida-

tion 

Solution quality Proof of Concept (PoC) Unclear/ undefined 

PoC validated towards 

industrial implementa-

tion 
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6 Conclusions 

The introduction of PoCs as a means to validate the designed i4.0 solutions, which 

enable scalability capabilities for widespread implementation of i4.0 componentry, is 

considered the major novelty of the proposed RAMi 4.0 SME implementation method-

ology. Furthermore, these PoCs are intended to demonstrate the integration between 

the different RAMI 4.0 layers: asset, integration, communication, information, func-

tional and business.  

The correct definition of the KPIs based on the business requirements, while consid-

ering technological limitations, ensures that a complete and clear implementation pro-

cess is agreed upon by all stakeholders of the project, which allow for better expected 

outputs in terms of RAMI4.0 implementation. The correct understanding of the imple-

mentation procedure enables the experts of each solution layer to provide possible and 

feasible PoC solutions, thus producing the desirable outcome.  Another relevant point 

concerns the overall alignment, where the project objectives and goals must adapt to 

business requirements and remain technologically feasible to the project management.   

Future research on this field may apply the proposed RAMI 4.0 SME implementa-

tion methodology on other manufacturing sectors, and service-directed industries, 

aimed at better evaluating the extension of this implementation methodology. Further-

more, an effort to better assess i4.0 implementation costs and trade-offs with existing 

machinery is necessary, so that SMEs decision-makers can have better tools and more 

reliable information when deciding upon implementation actions. 
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