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Industrie 4.0



Industrie 4.0 is an initiative of the German High Tech strategy. The main target is to 
improve the added value in product engineering and production processes. The 
fundamental approach is to equip future products and future production resources with so-
called cyber-physical systems. These cyber-physical systems are able to connect with 
each other and to communicate. Industrie 4.0 environments enable high flexibility, high 
adaptability and resilience. The contribution explains the fundamental principles of 
Industrie 4.0 and shows approaches how to apply these principles for the development of 
smart products and smart production environments. Furthermore a methodology is been 
presented explaining the implementation of Industrie 4.0 in industrial enterprises for both, 
for smart products and for smart production environments. 

Industrie 4.0; Smart Engineering; Smart Sensors; Smart Actuators; Safety and Security; 
Multidisciplinary Product Development; Mechatronics; Adaptronics.
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Plattform Industrie 4.0

Figure 1: Overview Competence Centers for Small and medium Sized Industries 



21º Seminário Internacional de Alta Tecnologia 

Industrie 4.0

Industrie 4.0

Industrie 4.0

Industrie 4.0

Industrie 4.0

Industrie 4.0
Industrie 4.0 Industrie 4.0

Figure 2: RAMI 4.0 – Reference Architecture Model Industrie 4.0  
[based on 5 and 9] 
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Figure 3: Approach of the Industrie 4.0 component [9] 
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Figure 4: Overview about the Efficient Factory 4.0 

Figure 5: Manufactured components as information carriers 
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Figure 6: Darmstadt Competence Centers for Small and medium Sized Industries 
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Figure 7: Toolboxes of the VDMA Industrie 4.0 Implementation Guideline for products and production 

Figure 8: Target profiles for products and for production 
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Otto-von-Guericke University in Magdeburg

Integrated Design Engineering

Autogenetic Design Theory

Dynamic Modelling and Naviga-

tion

Benefit Asset Pricing 

Model



Integrated Design Engineering (IDE) is a human-centred and multidisciplinary 
development approach that integrates stakeholders, products and their lifecycle phases, 
processes, organisations, knowledge, and information. One of the features of IDE is to 
describe both performance capability and performance behaviour of a product with 
different, but equivalent and equally important attributes. These are structured into product 
attributes, performance attributes, and economic attributes. Due to this diversity IDE 
attributes offer significantly more and better ways to describe and to develop a product 
exactly according to various requirements. They are based both on the needs and on 
desires of customers as well as on the different environments in which the product is to be 
used and to the respective conditions of which the product must comply. This paper 
describes the IDE attributes and gives an overview how to work with them. 

Multidisciplinary Development Approach; Product Performance; Product Behaviour; 
Product Life Cycle; Product Attributes; Fulfilment Attributes; Economic Attributes. 
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Figure 1: Different forms of requirements fulfilment 
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Figure 2: Context of attributes, fulfilment combinations, and economic attributes 

Figure 3: Left side: Different influences from and to attributes. Right side: Basic spider diagram  
(PD: Product Design, F: Functionality, H: Handleability, P: Producibility, A: Availability,  

M: Maintainability, S: Sustainability) 
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Figure 4: Spider diagrams with target profile (customer's view), as-is profile (provider's view), and the 
overlapped profiles (PD: Product Design, F: Functionality, H: Handleability, P: Producibility,  

A: Availability, M: Maintainability, S: Sustainability) 

customer's view

provider's view

overlapping of profiles
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Figure 5: Attribute profiles of a customer good (left) and a consumer good (right),  
both from provider's view (legend as in Figure 4) 
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Figure 6: Decision alternatives when buying a product 
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Aachen



Este artigo e palestra apresenta uma inflexão sobre os impactos da Indústria Avançada 
sobre recursos humanos, combinação tecnológica, desenvolvimento de cadeia 
suprimentos, aspectos de regulação e infraestrutura necessária. A Manufatura Avançada 
Verde e Amarela utiliza de tecnologias avançadas para gerar vantagem competitiva. Os 
principais fabricantes do século 21 têm convergido totalmente os mundos digital e físico 
(sistemas ciber-físicos) em que se espera um hardware avançado combinado com um 
software avançado, sensoreamento, grandes quantidades de dados (big data), robótica 
colaborativa, manufatura híbrida e análises que resultem em produtos mais inteligentes 
(inteligência artificial), além de processos, clientes, cadeia de suprimentos, infraestrutura 
e regulação mais estreitamente conectados. A análise preditiva, a Internet of Things 
(Internet das coisas), os produtos inteligentes e fábricas inteligentes via Indústria 4.0, bem 
como o desenvolvimento e uso de materiais avançados serão fundamentais para a 
competitividade futura. Somado a todos estes fatores o talento (recursos humanos) é 
considerado o motor da competitividade. 

 

Manufatura Avançada Verde Amarela; Ciber-físicos; Cadeia de Suprimentos; 
Infraestrutura e Regulação; Recursos Humanos. 
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Industrie 4.0

Industrie 4.0 is currently a hype topic not only in Germany, but also all over the World. The 
goal is the integration of the real world of production with the virtual world of IT to realize 
smart products and smart production. Research institutes, consultancies, vendors and 
politics announce the great perspective and possibilities of Industrie 4.0. Current surveys 
claim that more and more companies are on the way to digital transformation. The big 
challenge for the industry is however, how to develop, implement and test these new 
products, systems and/or business models in real practice. On one hand, worldwide efforts 
have been established to solve basis questions in the area of standardization, security, 
education and working environment. On the other hand, initiatives have been started to 
show practical experience via testbeds, pilot implementations or adapted use cases. 
VDMA concentrates the efforts to the support of small and medium sized companies. 
Concrete examples are two very successful practical guidelines or so-called “Lab-Tours” 
to universities. Besides the growing number of supporting activities – each company has 
to find his own way to Industrie 4.0. 

Industrie 4.0; Revolution; Platform; Germany; Smart Factories; Industry; High-Tech-
Strategy; Guidelines; Readiness; Implementation; Standardization; Security; SME; 
Association; VDMA. 
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Industrie 4.0

Figure 1: High-Tech-Strategie: Forward-looking projects and fields of action 
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Figure 3: The working groups of the Plattform Industrie 4.0 
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Figure 4: Industrie 4.0 in international competition 
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Figure 5: Growth possibilities with Industrie 4.0 
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Figure 6: Challenges depend on the degree of maturity 
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Figure 7: Virtual Map Industrie 4.0 
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Figure 8: VDMA-Forum Industrie 4.0 - Spheres of action 
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Figure 9: Toolboxes: One for the Products, one for the Production 
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Award-winning success: in less than one year, Bosch improved its productivity in the 
manufacture of ABS/ESP braking systems by nearly one-quarter by deploying Industrie 
4.0 solutions throughout its international manufacturing network. In recognition of this 
achievement, the Blaichach plant, which spearheaded the initiative, received the 
prestigious Industrie 4.0 Award in 2015. One reason for this productivity increase is that 
Bosch collects data from the thousands of sensors that are installed along the plant’s 
production lines. Sensors record the movement of cylinders, the cycle times of grippers, 
and the temperature and pressure levels in the manufacturing process. This wealth of 
information is entered into massive databases, with a clear structure. Thanks to RFID 
(radio frequency identification) technology, Blaichach can also digitally map its internal 
flows of goods. The result is a computer-generated virtual representation, or “digital twin,” 
of the actual factory. This digital representation facilitates transparency across the entire 
value stream. In turn, this transparency makes many more I4.0 solutions possible. Bosch 
is making its manufacturing connected, with more than 100 projects already successfully 
running worldwide. Among other benefits, this increases the availability of its machinery – 
and hence also its productivity and competitiveness. Connected industry is now becoming 
an international reality at Bosch! 

Innovative; Lead Provider; Worldwide Connected. 
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A “Indústria 4.0” ou “Manufatura Avançada”, como intitulam os americanos, está 
influenciando as indústrias a pesquisar formas de auto-gestão e interligação plena de 
informações, a procurar flexibilidade e rapidez nos processos, que viabilize a máxima 
customização e competitividade de seus produtos, bem como levar a indústria a total 
conectividade das informações de produção e logística. O que era antes apenas uma 
iniciativa pontual de automação, passou agora a ter uma visão muito mais abrangente e 
sistematizada da gestão da produção e fornecimento de indicadores de forma plena e 
automática. Um dos pilares importantes dessa nova era da Industria é a “Fábrica Digital”, 
que compõe um conjunto de tecnologias de softwares que integram diversas informações 
em um ambiente virtual. A Digitalização visa dominar a complexidade de processos e 
sistemas em rede para uma tomada de decisão rápida, transparente e sistemática no 
processo operacional oferecendo economias em custos para o empreendimento, tais 
como, redução do desenvolvimento do Produto e processo, Comissionamento antecipado 
das instalações, aumento da disponibilidade do processo, redução de retrabalhos, 
antecipação da identificação das interferências do Produto no processo. Por esse motivo 
temos cada vez mais a necessidade de cooperação e intercambio com Universidades e 
parceria com fornecedores de máquinas e equipamentos para o desenvolvimento da 
auto-gestão. 

Indústria 4.0; Manufatura Avançada; Flexibilidade; Conectividade; Fábrica Digital. 
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Figura 2 - Integração horizontal e vertical 

bits bytes
Radio-Frequency Identification

Figura 3 - Etapas do processo 
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transponders

Data Matrix skids

Figura 4 - Etiquetas de marcação utilizadas na indústria automobilística 

mobile

Figura 5 - Tecnologia RFID 
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Manufaturing Execution 
System

Figura 6 – Relatórios de medição 
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Figura 7 - Robôs de Medição 

Figura 8 - Desafio de conectividade para Volkswagen do Brasil 
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Figura 9 - Quantificação de fixações golf e Categorias de parafusamento 

Data Tag

Figura 10 - Fluxo de informações 
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Data Tag

Figura 11 - Parafusadeira eletrônica e Leitor de tag 
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The Boston Consulting Group

Big data Analytics

setup

Figura 12 - Ilha de Solda: ambiente físico e ambiente virtual 
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Figura 13 - Futuro da Fábrica Digital com a Industria 4.0 
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Primer
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Primer

Figura 14 - Exemplo Robôs executando medição de camadas sem contato 
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Figura 15 - Simulação virtual de Processo de Pintura 

start up

Figura 16 - Comissionamento Virtual – Processo 
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Figura 17 - Ganho de tempo de planejamento e instalação 

Figura 18 - Processo de Estampagem 
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Figura 19 - Malha de elementos finitos na estampagem 

Figura 20 - Análise de peças antes da estampagem 
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Big Data Monitor

Figura 21 - Visão da Fábrica Inteligente 

Figura 22 - Atuado inteligente no Processo de estampagem 
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Figura 23 - Robôs colaborativos 
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Industrie 4.0

This Delphi Study analyses the current progress of manufacturing companies in terms of 
Industrie 4.0. The study aims to evaluate the maturity of manufacturing companies in the 
context of Industrie 4.0, to compare their performance levels and to show their fu-ture 
orientation as well as their technology development based on scenarios. For this study a 
dedicated maturity model has been developed which combines the two dimen-sions 
“manufacturing attributes” and “Industrie 4.0 attributes”. It was verified by means of 
literature research and expert interviews previous to the elaboration of the study. For the 
final evaluation four out of nine fields of action have been prioritized and analyzed. The 
four main fields of action are: “Connectivity through horizontal and ver-tical integration”, 
“Production & Logistics”, “Marketing, Sale & Services” and “Man & Organization.” As a 
result the current progress of the analyzed companies in terms of Industrie 4.0 varies 
strongly within all four fields of action. On the basis of 49 evalua-tion criteria a significant 
correlation between progress of Industrie 4.0 and progress in process management as 
well as progress in information technology in production can be proved. A correlation 
between the product portfolio of a company (customized products vs. standardized 
products) and the maturity in Industrie 4.0 has been falsified. In addi-tion to this there is 
no correlation of strategic focus of a company (differentiation strate-gy vs. cost leadership) 
and Industrie 4.0 maturity. For the applied Industrie 4.0 maturity model the structure and 
the classification of the Process and Enterprise Maturity Model (PEMM) of HAMMER has 
been used. Content and fields of action can be derived from the elaborated Industrie 4.0 
maturity model and from the identified study results. Preliminary results of the referenced 
study were pub-lished at the 28th annual conference of the “Arbeitskreis 
Wirtschaftsinformatik” (AKWI), September 2015 [PSM15] in Luzern. The study has been 
expanded for the “International High-Tech Symposium in Brazil.” 

Industrie 4.0; Maturity Model; Delphi Study. 
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Significant time and cost advantages can be derived from the use of additive 
manufacturing processes. These advantages result from the fact that within additive 
manufacturing processes neither costly tools nor time-consuming preparations are needed 
for the manufacturing of prototypes and components. The characteristic of the process 
chain enables additional time and cost advantages for each of its use cases. The 
expression of the process chain is particularly suitable for the manufacturing of small lots 
to batch size 1. The additive manufacturing process chain starts with the creation and use 
of 3D CAD data. Further essential steps within the process chain include pre-processing, 
manufacturing, post-processing, and component use. Particularly the progress towards 
the digitalization of the manufacturing process chain requires a comprehensive concept 
and implementation of the process chain 3D CAD for Additive Manufacturing. The process 
steps modelling, nesting, and slicing as well as the universal usage of a uniform data 
format require extensive research activities to enable the utilization of the aforementioned 
advantages. To achieve optimal and high-quality results through additive manufacturing, 
the process- and technology-specific orientation and positioning of components within the 
virtual space, the so-called nesting, is essential. Today, the process chain is expressed 
strongly manually. The goal is to automate the process chain. This results in an enormous 
competitive advantage for a company.In this paper, the process chain for additive 
manufacturing is discussed, especially addressing the digital process steps. It provides an 
overview on the basics, restrictions, state of readiness and examples of impacts on 
components. Further approaches for different goals for the automation of the process 
chain are identified. The presentation is thus an insight into the process chain for additive 
manufacturing and shows challenges and opportunities for businesses, which lead to a 
profitable customized manufacturing. 

Additive Manufacturing; 3D Printing; Process Chain; 3D CAD; Mass Customization; Virtual 
Product Creation. 
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Bundesministeriums für Wirtschaft und Energie

Figure 1: Current Developments in Additive Manufacturing. 
Source: 1 Wohlers (2014)² Fraunhofer IGD (2013) 
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Figure 2: Effects of Lot Size and Complexity to the Cost per Component - Additive Manufacturing 
Processes against Conventional Manufacturing Processes 
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Figure 3: Process Chain for customized Additive Manufacturing - State of the Art. Based on [7] 
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Pre Virtual Process Steps 

)

Figure 4: left: STL File Structure; middle: Occurring errors types; right: Example for incorrect file 
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Figure 5: Transformation from Native 3D Model Data to STL File 

3D Geometry Processing 

Pre-Processing Additive Manufacturing 
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Figure 6: Overview of Process Steps of the pre-processing additive Manufacturing 

Post Virtual Process Steps 
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Physical Process Steps 
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Figure 7: Process Chain for customized Additive Manufacturing – Redefinition 
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Figure 8: 3D Geometry Processing; Detail checking and healing - left; Example of Identification – right 
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Figure 9: Influence of the orientation on the process and components [15] 
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Figure 10: Customer orders in the knowledge data base – structure 
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3D-Druck/Rapid Prototyping. Eine Zukunftstechnologie - Kompakt 
erklärt.

Generative Fertigungsverfahren. Rapid prototyping - rapid tooling - 
rapid manufacturing.
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Design house spin 

off

indoors



Um grande desafio da indústria brasileira para se modernizar são os altos custos e 
dificuldade de integração de novos equipamentos mais modernos e a coexistência com 
bens de capital antigos que ainda estão operacionais. Tendo em vista este cenário, a DEV 
Tecnologia, empresa de base tecnológica incubada na Universidade de São Paulo spin 
off da Escola Politécnica da USP desenvolveu uma tecnologia que permite a baixo custo 
e fácil instalação o retrofit de máquinas existentes tornando-as conectadas à Internet, 
habilitando seu monitoramento e controle remotos em tempo real. 

Internet das Coisas; Indústria 4.0; Retrofit; Eficiência operacional. 
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Internet of Things

Internet of Things

Internet of Things
business-to-consumer business-to-business
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Business 
Process Modeling

Figura 1: Níveis de evolução de soluções de IoT 
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Figura 2 :Cadeia de valor de Internet das Coisas 
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failure mode and effect analysis

Tabela 1: Análise FMEA para avaliação de alavancas de valor da solução de IoT 

in 
loco

in 
loco
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Tabela 2: Possíveis soluções para modos de falha utilizando IoT 
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Figura 3: Arquitetura da solução de IoT 
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dashboard

Figura 4: DEV FieldConnect (Concentrador) e CLP da máquina recicladora de solventes 
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Figura 5: Dashboard IoT da máquina recicladora de solventes 

Figura 6: Análise de estados viabilizada pela solução de IoT 

George 
Washington University
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Tabela 3: Perfil dos atores da indústria de manufatura entrevistados. 

core
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Figura 7: DEV FieldConnect 

Figura 8: DEV FieldConnect 
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