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ABSTRACT 

 

The Industry 4.0, together with the Industrial Internet of Things (IIoT), enable to transfer 

information, analysis, and data over the internet, improving business productivity 

through rapid changes in production scope in an increasingly volatile market. In this 

scenario, the Reference Architecture Model for Industry 4.0 (RAMI 4.0) was defined 

the elements of I4.0 in a three-dimensional layer model. One of the major challenges 

for adopting RAMI 4.0 is the development of solutions that support the functionality of 

each layer and the necessary interactions among. Despite of many studies developing 

RAMI 4.0 compatible solutions, there are very few studies focusing on the top layers, 

such as Functional and Business. This research developed a business interface for 

flexible manufacturing in I4.0 focusing on the Functional and Business layers of RAMI 

4.0. The interface uses concepts of Service-Oriented Architecture and Application 

Programming Interfaces (APIs) and provides a fully API-based interface to easily and 

scalable exchange information from the factory to clients. The Order Orchestrator is 

the main module for interaction to both sides, handling production in the factory, such 

as orders and items production updates from the stations, also, from the clients-side, 

using the API Gateway, the system is able to insert new orders, delete orders already 

in production and even modify an order that is currently in production to become a 

different final good, all of that receiving a response in matter of seconds. The API 

Gateway based in RESTful APIs is scalable and easy to integrate. The client can 

manage orders in its backend integration as required, using its own Enterprise 

Resource Planning (ERP) functions or via standard software connected to computer, 

gives a major advantage to the factory’s clients as they can quickly respond to market 

changes, orchestrating changes in their production orders. The business interface was 

tested and validated in an I4.0 factory-based simulated scenario of clothing production, 

managing different production orders and changes. This research shows how a 

combination of the Order Orchestrator in the Functional layer and API Gateway in the 

Business layer brings a Product as a Service perspective for flexible production and 

manufacturing, opening space to improve the way of factories and production systems 

interact with clients.  

 

Keywords: Industrial Automation, Internet of Things, Application Programming 

Interface (Software Computing), Automation. 



 
 

 

RESUMO 

 

A Indústria 4.0 (I4.0), juntamente com a Internet das Coisas Industrial (IIoT), 

possibilitou a transferência de informações, análises e dados pela internet, 

melhorando a produtividade dos negócios por meio de rápidas mudanças no escopo 

de produção em um mercado cada vez mais volátil. Neste cenário, no Modelo de 

Arquitetura de Referência para Indústria 4.0 (RAMI 4.0) foram definidos os elementos 

do I4.0 em um modelo de camada tridimensional. Apesar de muitos estudos 

desenvolvendo soluções compatíveis com RAMI 4.0, são poucos com foco nas 

camadas superiores, como Funcional e Negócios. Esta pesquisa desenvolveu uma 

interface de negócios para manufatura flexível em I4.0 com foco nas camadas 

superiores do RAMI 4.0. A interface usa conceitos de Arquitetura Orientada a Serviços 

(SOA) e Interfaces de Programação de Aplicativos (APIs) e fornece uma interface 

totalmente baseada em API para troca de informações fácil e escalável da fábrica para 

os clientes. O Orquestrador de Pedidos é o principal módulo de interação para ambos 

os lados, tratando da produção na fábrica, como atualizações de produção de pedidos 

e itens das estações, também, do lado do cliente, usando o API Gateway, o sistema 

é capaz de inserir novos pedidos, excluir pedidos já em produção e até modificar um 

pedido que está atualmente em produção para se tornar um bem final diferente, tudo 

isso recebendo uma resposta em questão de segundos. O API Gateway baseado em 

APIs RESTful é escalável e fácil de integrar. O cliente pode gerenciar pedidos em sua 

integração de back-end conforme necessário, usando suas próprias funções de 

Enterprise Resource Planning (ERP) ou via software padrão conectado ao 

computador, dando uma grande vantagem aos clientes da fábrica, pois podem 

responder rapidamente às mudanças do mercado, orquestrando mudanças no suas 

ordens de produção. A interface de negócios foi testada e validada em um cenário 

simulado baseado em fábrica I4.0 de produção de roupas, gerenciando diferentes 

ordens de produção e alterações. Esta pesquisa mostra como a combinação do Order 

Orchestrator na camada Funcional e API Gateway na camada Business traz uma 

perspectiva de Produto como Serviço para produção e manufatura flexíveis, abrindo 

espaço para evolução de fábricas e sistemas de produção com os clientes. 

 

Palavras-chave: Automação industrial, Internet das coisas, Interface de programação 

de aplicativos (software de computador), Automação. 
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1. INTRODUCTION 

This section was created to give an introduction in the topic of Industry 4.0 and 

manufacturing as a service, to give the reader an opportunity to get more comfortable 

in the topic relevance and start to share this project main goals. 

1.1. Relevance 

Also known as “Smart Factory”, the term Industry 4.0 has been coined at the 

2011 Hannover Fair. The number 4.0 refers to be the fourth Industrial Revolution to 

come. According to Rüttimann and Stock (2016), the first Industrial Revolution is 

largely considered to be the steam machine which made the steam power exploitable 

and opened the industry age. The second Industrial Revolution remotes to the 

discovery and application of electricity allowing, for example, automobile mass 

production. The third Industrial Revolution is related to the possibility of data 

processing for computer integrated manufacturing (CIM), leading to the present era of 

information technology (RÜTTIMANN e STÖCKLI, 2016).  

In Figure 1 it is possible to see all four Industrial Revolutions, and the main 

advances brought by them. The development of new digital technologies allowed the 

creation of new production methods in global industries based on automation, robotics, 

artificial intelligence, IoT, and data intelligence, among other innovations (BIGHETI e 

GODOY, 2020).  

Figure 1. General vision of Industrial Revolutions, and it’s important milestones. 

Source: Own Authorship, adapted from (MELO, 2019). 
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The coordinated use of these technologies in the industrial context, making the 

business competitive, optimizing the efficiency of the production chain, adding value to 

the product, rationalizing the use of resources and customizing technological solutions 

is called Industry 4.0.  

According to Suri et al. (2017), Industry 4.0 is one of the most prominent 

initiatives towards the vision of smart manufacturing to foster efficiency and synergy 

among suppliers, producers, and customers. The availability of a wide range of data 

and information in the context of Cyber-physical Production Systems (CPPS) 

provides a huge possibility to create novel business opportunities. However, there is 

an evident need to have efficient communication and clear visualization of the new 

strategies and the underlying operational process among all the stakeholders 

involved in the manufacturing value chain (SURI, CADAVID, et al., 2017). 

The majority of technologies necessary for the implementation of I4.0 already 

exists today, although in different stages of maturation. Zuehlke (2010) quotes the 

disruptive character that I4.0 brings as the result of the articulation and convergence 

of these technologies. First of all, the expansion of wireless networks to make 

communication and data acquisition flexible, combined with IPV6 protocol to expand 

the IP connection points; RFID for tracking products; cyber-physical systems (CPS); 

systems and services virtualization; the use of Industrial Internet of Things and Cloud 

Computing aiming at the integration and interoperable connection of all equipment on 

networks and the exchange of information in the cloud; and finally, Big Data and 

Artificial Intelligence for decision making (ZUEHLKE, 2010). 

Several works have focused on studying the structure of RAMI 4.0. The big 

challenge for adopting RAMI 4.0 is found in the development of solutions, such as, 

equipment, systems, and standards, that support the functionalities of each layer and 

the interactions required between the elements of those layers (CONTRENAS, 

GARCIA e PASTRANA, 2017). As I4.0 currently represents a concept – not specifying, 

for example, communication technologies, integration tools and programming 

standards to be used – most works should look for different technologies that can be 

integrated and provide the functionality required by new applications. Kaggermann 

(2013) pointed out that solutions should be developed and made available to the 

market as soon as possible, considering their strategic implementation and the 
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adaptation of existing technologies and basic experiences to manufacturing 

requirements (KAGGERMANN, WAHLSTER e HELBIG, 2013).  

On top the that, with the increasing demand for product customization, 

manufacturing systems are becoming more flexible, customizable, and intelligent. 

Therefore, product factories with small-batch custom manufacturing needs often 

struggle with the task of underused production lines and sufficient system flexibility to 

integrate new products into the production line. Developing a method for automatically 

matching product fabrication with clients will enable faster production and more 

efficient use of the available resources in the manufacturing industry. 

Delsing (2017) presents the concept of an on-premises automation cloud, in 

which automation components and devices are provided as services, allowing full 

interoperability for industrial applications. In this project, the entire integration and 

communication infrastructure was carried out through a Service Oriented Architecture 

(SOA), developed and called the Arrowhead Framework (DELSING, 2017). Leitão 

(2016) presents a review of some European Union-funded initiatives on industrial SOA 

applications. The developed SOA architectures are discussed and case studies in 

which these architectures have been validated are presented later in this research 

(LEITÃO, COLOMBO e KARNOUSKOS, 2016).  

The concept of services allows any system to become clients or servers, 

depending on the need for the process or application, and for interaction, based on the 

exchange of messages, between any elements of the hierarchical levels of the 

industrial process. A service-oriented architecture consists of a collection of small 

autonomous services, where each service is independent and implements a single 

functionality. 

Balta (2018), presented a Production as a Service (PaaS) framework and 

introduced the key structures and functionalities for PaaS realization. The PaaS 

framework enabled effective utilization of manufacturing resources for rapid realization 

of custom manufacturing needs of product developers (BALKA, LIN, et al., 2018). The 

paper shows how precedence and batch splitting constraints efficiently evaluate 

optimal manufacturing solutions. The macro concept of Manufacturing as a Service 

(MaaS) can be seen in Figure 2. According to Annunziata (2019), extracted from 

Forbes Magazine, MaaS platforms bring three major benefits. First, they enable a 

higher degree of utilization of installed production capacity. Machines that would 
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otherwise sit idle can be used to meet the new demand for parts from other companies, 

raising the return on investment; and the companies that buy the parts can, in turn, 

increase their production thanks to an improved and faster access to essential 

components. Second, the platforms improve transparency and price discovery by 

providing instant quotes generated by AI engines drawing on a large set of data on 

which companies can produce a specific product and a specific cost (ANNUNZIATA, 

2019). Price transparency is a big deal; a more transparent marketplace will foster 

greater competition, speed, and efficiency. Third and last, these platforms enable 

greater and more efficient localization. Manufacturing as a Service platforms give 

access to a wider range of suppliers, and for equal price and quality, the choice will 

gravitate towards local firms.  

Figure 2. The general concept of Manufacturing as a Service. 

 

Source: Own Authorship. 

 

Among the publications concerning RAMI 4.0, most of them are focused on the 

bottom layers, and only a few addresses the Functional and Business layers. This 

research is part of a major research group, that consists of a full architecture 

proposition to engage all six layers of RAMI 4.0 showing all cycles of production system 

combined for a centralized production end-to-end perspective. A platform 100% API 
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based can bring a product-oriented perspective to a place that is client-oriented, and 

also, touchless connectivity to new clients and business opportunities. When the 

exterior is modern API based, the interior is ruled by OPC Unified Architecture and 

Molecular Framework, binging factory control and organization together.  

This research is developed with other Master's Degree students project and the 

architecture developed and presented works as a unity and will be tested together end 

to end. This research is focused on the Functional and Business layers of RAMI 4.0, 

whilst the attention of (MELO, 2020), are the first three layers, Asset, Integration and 

Communication, and (RAVELLI, 2022) works with the Information layer. 

1.2. Objectives and Contributions 

This research develops a business interface for Industry 4.0 applications based 

on RAMI 4.0, Moleculer framework for microservices, and API Gateway, to exteriorize 

the control of production systems and also to enable flexible manufacturing as a 

Service in a Product-Client-oriented mass production. 

1.3. Dissertation Organization 

The structure of this dissertation was divided into 6 chapters considering this 

introduction and disregarding the Attachments, Appendix and Bibliographic 

References. 

A brief introduction to Industry 4.0, its applications and potentiality are presented 

in Chapter 2. The highlights of the Service Oriented Architecture, clarifying the basic 

elements of the communication protocol for Industry 4.0 and RAMI 4.0, are also 

presented in Chapter 2. 

In Chapter 3 is presented the first part of a conceptual review, addressing the 

main features of RAMI 4.0.  

The Methods and Technologies used are shown in Chapter 4, and is described 

an architecture for the development of the project. It gives an overview of the 

technology used for the code development such as Node JS, Moleculer Framework, 

details of the API Gateway, and security protocol OAuth 2.0. Finally, it is given more 

details of the Functional and Business layers. 
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The development of this research and results are presented in Chapter 5. It is 

separated in the Functional layer, bring more perspective for the Order Orchestration, 

and the Business layer focusing more on the Gateway and in the API Swagger. A 

proof-of-concept scenario is also presented in Chapter 5 in order to test and validate 

the business interface developed in this project for flexible manufacturing in Industry 

4.0. 

And finally, in Chapter 6 is presented the remarks and conclusions drawn from 

the elaboration of the research. 
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6. CONCLUSIONS 

 
This research presented a full microservice architecture to engage all six IT 

layers of RAMI 4.0 showing all cycles of production system combined for a service-

based production end-to-end perspective but focusing on Functional and Business 

layers. A platform 100% API-based was able to bring a product-oriented perspective 

to a place that is client-oriented; also, touchless connectivity to new clients and 

business opportunities. When the exterior is modern API based, the interior is ruled by 

OPC Unified Architecture and Moleculer microservice Framework, bringing factory 

control and organization together to help the factory react to market changes. 

The research has delivery an API Gateway and Order Orchestrator in the 

Functional layer of RAMI 4.0, an explained swagger in the Business layer, and an 

interpretation of a Client Business Interface. The Order Orchestrator was able to 

maintain control from both factory and client side, intermediating all communications 

talking to DB, to return reliable and quick data. API GW delivered a safe, organize, 

scalable way to connect the factory to the world, using state-of-art technology, and the 

Swagger gave the Business layer structured comprehensive documentation to improve 

client speed for integration and help them get the most of the factory services.  

In this example for Proof of Concept, Order and Items were created, had their 

production Status searched, were deleted, and, most important, Items were converted 

from one PN to another, showing quick client-factory interaction and adaptation, 

allowing the client to respond quickly from market changes without the factory losing 

production governance, an important advantage to the client and a plus to the factory. 

In a market that is changing so fast, production has to be able to adapt, producing the 

items that the client needs very fast. Factory must not force the client to have orders 

requested in a different market time, that’s why this service is one of the biggest 

contributions of this research in relation to flexible manufactory where production line 

could be changes without affecting factory production. Side by side, the Order 

Orchestrator, Swagger, and API GW from top layers of RAMI 4.0 allows business-to-

business simple, adaptable and scalable connectivity to clients.  

This research is sited in a place of literature that does not have too many 

contributions. There are very few projects applied in the top layers of RAMI 4.0, so this 

project was able to delivery one of few implementations of RAMI 4.0. It also shows a 
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full case and adaptability to work on flexible manufacturing and full set of OPC UA 

orchestration to have the factory as a production platform that can be orchestrated on 

client desires to produce for one or uncountable clients, and one or uncountable items, 

using the microservices and APIs. 

 

 



80 
 

 

5. Referências 

ABBOTT, D. Applied predictive analytics: principles and techniques for the 

professional data analyst. 1. ed. [S.l.]: John Wiley & Sons, v. 1, 2014. 427 p. 

ADOLPHS, P. et al. Reference Architecture Model Industrie 4.0, 01 April 2015. 

Disponivel em: <https://www.zvei.org/en/press-media/publications/the-reference-

architectural-model-industrie-40-rami-40/>. Acesso em: 07 October 2020. 

ALMADA-LOBO, F. The Industry 4.0 revolution and the future of Manufacturing 

Execution Systems (MES). Journal of Innovation Management, v. 3, n. 4, p. 16-21, 

2016. 

ANNUNZIATA, M. Manufacturing-As-A-Service Platforms: The New Efficiency 

Revolution. Forbes Magazine, 13 may 2019. Disponivel em: 

<https://www.forbes.com/sites/marcoannunziata/2019/05/13/manufacturing-as-a-

service-platforms-the-new-efficiency-revolution/?sh=68f34dc357fd>. Acesso em: 17 

March 2021. 

AWS. Amazon API Gateway, 2021. Disponivel em: <https://aws.amazon.com/pt/api-

gateway/>. Acesso em: 18 March 2021. 

BALKA, E. et al. Production as a Service: A Digital Manufacturing Framework for 

Optimizing Utilization. IEEE Transactions on Automation Science and 

Engineering, v. 15, n. 4, p. 1483-1493, 27 jun. 2018. Disponivel em: 

<https://ieeexplore.ieee.org/document/8398543>. 

BASSI, L. Industry 4.0: hope, hype or revolution? Modena, Italy: IEEE. set. 2017. p. 

11-13. 

BAUR, C.; WEE, D. Manufacturing’s next act. Mckinsey Company, 1 June 2015. 

Disponivel em: <https://www.mckinsey.com/business-functions/operations/our-

insights/manufacturings-next-act#>. Acesso em: 07 October 2020. 

BBC. Will Robots Take Our Jobs? Youtube, 26 march 2018. Disponivel em: 

<https://www.youtube.com/watch?v=nSjLzte1_ps&feature=youtu.be&ab_channel=BB

CClick>. Acesso em: 7 October 2020. 



81 
 

 

BIGHETI, J. A. Arquitetura de Automação e Controle Orientada a Microserviços 

para a Indústria 4.0. Universidade Estadual Paulista "Julio de Mesquita Filho" 

Sorocaba, Brasil, Tese de Doutorado, Programa de Engenharia Elétrica (FEB), p. 146. 

2020. 

BRAJESH, D. API Management: An Architect's Guide to Developing and Managing 

APIs for Your Organization. 1. ed. Bangalore, India: Springer, 2017. 

CANTELON, M. et al. NodeJs Action Manning. 1. ed. Nova Iorque: Manning 

Publications Co, 2013. 

CGI. MES Product Survey. MESA International, v. 16, n. 1, p. 1-768, 2015. 

CNET NEWS -. Meet the robots making Amazon even faster. Youtube, 30 November 

2014. Disponivel em: 

<https://www.youtube.com/watch?v=UtBa9yVZBJM&feature=youtu.be&ab_channel=

CNET>. Acesso em: 07 October 2020. 

CONTRENAS, J. D.; GARCIA, J. I.; PASTRANA, J. D. Developing of Industry 4.0 

Applications. International Journal of Online Engineering (iJOE), 13, n. 10, 07 nov. 

2017. 30-47. Disponivel em: <https://online-journals.org/index.php/i-

joe/article/view/7331>. Acesso em: 29 set. 2022. 

DELSING, J. Local Cloud Internet of Things Automation: Technology and Business 

Model Features of Distributed Internet of Things Automation Solutions. IEEE 

Industrial Electronics Magazine, Institute of Electrical and Electronics Engineers 

Inc, v. 11, n. 4, p. 8-21, 2017. 

DOCKER WEBSITE. Develop faster. Run anywhere., 2022. Disponivel em: 

<https://www.docker.com/>. Acesso em: 22 set. 2022. 

DUSTDAR, S.; PAPAZOGLOU, M. P. Services and Service Composition – An 

Introduction (Services und Service Komposition – Eine Einführung). it - Information 

Technology, 50, n. 2, 2008. 86-92. Disponivel em: 

<https://www.degruyter.com/document/doi/10.1524/itit.2008.0468/html>. 

ERL, T. SOA: Princípios de Design de Serviços. São Paulo: Pearson, 2009. 



82 
 

 

FATTORI, C. et al. Modeling of manufacturing execution in disperse productive 

systems using service oriented technique. IFAC Proceedings Volumes, 44, n. 1, jan. 

2011. 6413–6418. 

HARD, E. D. The OAuth 2.0 Authorization Framework, October 2012. Disponivel em: 

<https://tools.ietf.org/html/rfc6749>. Acesso em: 18 March 2021. 

ISA-95.00.03 STANDARD. ANSI/ISA-95.00.03-2013. Enterprise-control system 

integration - Part 3: Activity models of manufacturing operations management. 

International Society of Automation, 2013. 

JAZDI, N. Cyber physical systems in the context of Industry 4.0. IEEE International 

Conference on Automation, Quality and Testing, Robotics (AQTR). Cluj-Napoca, 

Romania: IEEE. 2014. p. 1-4. 

KAGERMANN, H.; RIEMENSPERGER, F. Recommendations for the Strategic 

Initiative Web-based Services for Business, 2014. Disponivel em: 

<http://www.acatech.de>. Acesso em: 12 October 2020. 

KAGGERMANN, H.; WAHLSTER, W.; HELBIG, J. Recommendations for 

implementing the strategic initiative INDUSTRIE 4.0. acatech, 2013. Disponivel em: 

<https://en.acatech.de/publication/recommendations-for-implementing-the-strategic-

initiative-industrie-4-0-final-report-of-the-industrie-4-0-working-group/>. Acesso em: 

26 nov. 2020. 

KANNAN, S. et al. Towards Industry 4.0: Gap Analysis between Current Automotive 

MES and Industry Standards using Model-Based Requirement Engineering. IEEE 

International Conference on Software Architecture Workshops. Gothenburg, Sweden: 

[s.n.]. 2017. 

KOTA, A. K.; PRABHU, D. M. Node.js: Lightweight, Event driven I/O web development. 

Informatics, 2014. Disponivel em: <https://informatics.nic.in/article/287>. Acesso em: 

29 set. 2022. 

KUK, S. H. et al. An e-Engineering framework based on service-oriented architecture 

and agent technologies. Computers in Technology, v. 59, n. 9, p. 923-935, 2008. 



83 
 

 

KUMAR, B. V.; P., N.; NG, T. Implementando SOA Usando Java EE. Rio de Janeiro: 

Alta Books, 2012. 

LEITÃO, P.; COLOMBO, A. W.; KARNOUSKOS, S. Industrial automation based on 

cyber-physical systems technologies: Prototype implementations and challenges. 

Computers in Industry, Bragança, Portugal, 81, 04 jun. 2016. 11-25. Disponivel em: 

<https://www.sciencedirect.com/journal/computers-in-industry/vol/81/suppl/C>. 

LI, W.; MITCHELL, C. J. Security Issues in OAuth 2.0 SSO Implementations. 

Information Security Group, p. 529-541, 2014. ISSN doi:10.1007/978-3-319-13257-

0_34. 

LINS, T.; OLIVEIRA, R. A. R. Cyber-physical production systems retrofitting in context 

of industry 4.0. Computers & Industrial Engineering, Ouro Preto, Brazil, 03 dez. 

2019. Disponivel em: <https://www.researchgate.net/publication/337449226_Cyber-

Physical_Production_Systems_Retrofitting_in_Context_of_Industry_40>. Acesso em: 

29 set. 2022. 

LYDON, B. RAMI 4.0 Reference Architectural Model for Industrie 4.0. ISA, 2019. 

Disponivel em: <https://www.isa.org/intech-home/2019/march-april/features/rami-4-0-

reference-architectural-model-for-industr>. Acesso em: 7 October 2020. 

MARR, B. What is Industry 4.0? Here's A Super Easy Explanation For Anyone. Forbes 

Magazine, 02 September 2018. Disponivel em: 

<https://www.forbes.com/sites/bernardmarr/2018/09/02/what-is-industry-4-0-heres-a-

super-easy-explanation-for-anyone/#4922bf469788>. Acesso em: 2020 September 

2020. 

MEISSNER, S. et al. Internet of Things Architecture IoT-A Project Deliverable, 2012. 

Disponivel em: <http://www.meet-

iot.eu/caf/?ses=Y3JlPTE2MDI1MjIyMTgmdGNpZD13d3cubWVldC1pb3QuZXU1Zjg0

OGM2YTc1MTQ3NS44NTU4NDUyOSZ0YXNrPXNlYXJjaCZkb21haW49bWVldC1pb

3QuZXUmbGFuZ3VhZ2U9ZW4mYV9pZD0zJnNlc3Npb249UUFlM2F4QjZYZGlKeXV

OM3hSZjY=&query=IOt%20Solution&afdToken=3B1gqTay>. Acesso em: 12 October 

2020. 

MELO, J. et al. A systematical approach to expose manufacturing system as a 



84 
 

 

service. 9th IEEE/IAS International Conference on Industry Applications - 

INDUSCON. Sao Paulo, Brazil: IEEE. 2010. p. 1-6. 

MELO, J. I. G.; JUQUEIRA, F.; MIYAGI, P. E. Towards Modular and Coordinated 

Manufacturing Systems Oriented To Services. Dyna-Colombia, Medellin, Colombia, 

v. 77, n. 163, p. 201-210, 2010. Disponivel em: 

<https://repositorio.usp.br/item/002691840>. Acesso em: 29 set. 2022. 

MELO, P. Open Source Control Device for Industry 4.0 Based on RAMI 4.0. IEEE 

International Workshop on Metrology for Industry 4.0 and IoT, 10, n. 7, 01 jun. 

2019. 229-234. Disponivel em: <https://repositorio.unesp.br/handle/11449/190616>. 

Acesso em: 29 set. 2022. 

MELO, P. Dispositivo de Controle para a Indústria 4.0 baseado no RAMI 4.0 e 

OPC UA. Faculdade de Engenharia - São João da Boa Vista, Brasil, Tese de 

Mestrado, Programa de Engenharia Elétrica São João da Boa Vista,  p. 127. 2020. 

MOLECULER JS. What is Moleculer?, 17 March 2021. Disponivel em: 

<https://moleculer.services/docs/0.13/index.html>. Acesso em: 17 March 2021. 

MONGODB. MongoDB Atlas. Fully managed MongoDB in the cloud, 2022. Disponivel 

em: <https://www.mongodb.com/>. Acesso em: 22 set. 2022. 

PEREIRA, C. Aplicações web real-time com Node.js. 1. ed. São Paulo: Casa do 

Código, v. 1, 2014. 

PISCHING, M. Arquitetura para descoberta de equipamentos em processos de 

manufatura com foco em Industria 4.0. Universidade de São Paulo. São Paulo, 

Brasil, p. 189. 2018. 

PONTAROLLI, R. et al. Microservice Orchestration for Process Control in 

Industry 4.0. Metrology for Industry 4.0 & IoT 2020 IEEE International Workshop. 

Roma, Italia: IEEE. 2020. p. 245-249. 

RAVELLI, J. Arquitetura de Dados baseada no RAMI 4.0 para Manufatura Flexível 

na Indústria 4.0. Universidade Estadual Paulista "Julio de Mesquita Filho".Tese de 

Mestrado, Programa de Engenharia Elétrica interunidades São João da Boa Vista e 



85 
 

 

Sorocaba, p. . 2022. 

RED HAT. APIS, 18 March 2021. Disponivel em: <https://www.redhat.com/pt-

br/topics/api/what-does-an-api-gateway-

do#:~:text=O%20gateway%20de%20API%20%C3%A9,de%20servi%C3%A7os%20

de%20back%2Dend.&text=Esses%20gateways%20normalmente%20gerenciam%20

tarefas,limita%C3%A7%C3%A3o%20de%20taxa%20e%20estat%C3%ADst>. 

Acesso em: 18 march 2021. 

ROBO3T - ROBOMONG. Robo 3T is now Studio 3T Free, 2022. Disponivel em: 

<https://robomongo.org/>. Acesso em: 22 set. 2022. 

RÜTTIMANN, B. SPQR, The Central Importance of Quality. ALUMINIUM Int. Journal, 

p. 7-8, 2001. 

RÜTTIMANN, B. Von Lean zu Industrie 4.0—Eine Evolution? Von einer visionären 

Idee zum realen Verständnis. Fertigungstechnisches Kolloquium. Zurich/IWF, 

Switzerland.: [s.n.]. 2015. 

RÜTTIMANN, B.; STÖCKLI, M. Lean and Industry 4.0 - Twins, Partners, or 

Contenders? A Due Clarification Regarding the Supposed Clash of Two Production 

Systems. Journal of Service Science and Management, Inspire AG, Zurich, 

Switzerland., 09, n. 06, dez. 2016. 485-500. 

SCHMIDT, R. et al. Industry 4.0 -Potentials for Creating Smart Products: Empirical 

Research Results. 18th International Conference on Business Information 

Systems, Lecture Notes in Business Information Processing (LNBIP), Poznań, 

Poland, v. 208, p. 16-27, June 2015. 

SCHROTH, C.; JANNER, T. Web 2.0 and SOA: Converging Concepts Enabling the 

Internet of Services. IT Professional, 3, n. 9, 05-06 2007. 36-41. Disponivel em: 

<https://ieeexplore.ieee.org/document/4216107>. Acesso em: 29 set. 2022. 

SHENG, Q. Z. et al. Web services composition: A decade’s overview. Information 

Sciences, v. 280, n. 1, p. 218-238, 2014. 

SHENG, Q. Z. et al. Web services composition: A decade’s overview. [S.l.]: [s.n.]. 



86 
 

 

2014. p. 218-238. 

SURI, K. et al. Modeling business motivation and underlying processes for RAMI 4.0-

aligned cyber-physical production systems. 2017 22nd IEEE International 

Conference on Emerging Technologies and Factory Automation (ETFA), 

Limassol, Cyprus, 12-15 set. 2017. 1-6. Disponivel em: 

<https://ieeexplore.ieee.org/abstract/document/8247702>. 

TEODORA, S.; LIVIU, M. Cyber-physical systems - Concept, challenges and research 

areas. Control Engineering and Applied Informatics, Romania, 14, 2012. 28-33. 

Disponivel em: <https://www.researchgate.net/publication/280228151_Cyber-

Physical_Systems_-_Concept_Challenges_and_Research_Areas>. Acesso em: 29 

set. 2022. 

VEIGA, G.; PIRES, J. N.; NILSSON, K. Experiments with service-oriented 

architectures for industrial robotic cells programming. Robotics and Computer-

Integrated Manufacturing, 25, n. 4-5, 08-09 2009. 746-755. 

WANG, V.; XU, X. An interoperable solution for Cloud manufacturing. Robotics and 

Computer-Integrated Manufacturing, v. 29, n. 4, p. 232-247, jan. 2013. 

WANG, Y.; TOWARA, T.; ANDERL, R. Topological Approach for Mapping 

Technologies in Reference Architectural Model Industrie 4.0 (RAMI 4.0). World 

Congress on Engineering and Computer Science. San Francisco, USA: [s.n.]. 2017. p. 

25-27. 

WEIß, P.; KOELMEL, B.; BULANDER, R. Reference architecture model for the 

Industrie 4.0 approach in Germany (RAMI4.0) adapted from (VDI, 2015, 7)., Sep 2016. 

Disponivel em: <https://www.researchgate.net/figure/Reference-architecture-model-

for-the-Industrie-40-approach-in-Germany-RAMI40-adapted_fig3_309807447>. 

Acesso em: 02 Oct 2021. 

WORKSHOP “PLATFORMS FOR CONNECTED FACTORIES OF THE FUTURE”. 

LOGISTICS 4.0 AND THE INTERNET OF THINGS, 5 ago. 2015. Disponivel em: 

<https://ec.europa.eu/information_society/newsroom/image/document/2015-

44/8_huelsmann_11945.pdf>. Acesso em: 06 out. 2020. 



87 
 

 

ZEZULKA, F. et al. Communication Systems for Industry 4.0 and the IIoT, Czech 

Republic, 2018. 23-25. Disponivel em: 

<https://www.sciencedirect.com/science/article/pii/S2405896318308899?via%3Dihub

>. Acesso em: 05 set. 2022. 

ZEZULKA, F.; MARCON, P.; VESELY, I. S. O. Industry 4.0 – An Introduction in the 

phenomenon. Brno-střed, Czech Republic: ELSEVIER. 5-7 out. 2016. p. 8-12. 

ZUEHLKE, D. Smart Factory — Towards a factory-of-things. Annual Reviews in 

Control, Kaiserslautern, Germany, v. 34, n. 1, p. 129-138, mar. 2010. 

 

 

 

 


