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I 

Laboratório de Sistemas Computacionais para Projeto e 
Manufatura 

O Laboratório de Sistemas Computacionais para Projeto e Manufatura (SCPM) da 

Universidade Metodista de Piracicaba (Unimep) está localizado no campus Santa Bárbara da 

Universidade Metodista de Piracicaba, tendo sido criado em 1995 com foco na pesquisa, 

residindo aí o seu diferencial, ou seja, sua finalidade primeira é possibilitar o desenvolvimento 

científico, através de projetos a serem desenvolvidos pelos estudantes sob supervisão dos 

professores deste laboratório. Esse é o papel que vem desempenhando ao longo dos seus 

mais de 20 anos de existência, sem descuidar da preservação da indissociabilidade das duas 

outras colunas de sustentação de uma universidade: o ensino e a extensão. 

As primeiras atividades de pesquisa do SCPM foram apoiadas em dois projetos, o KIT #123 - 

FBaseDsgn, financiado pela Comissão Europeia, e o projeto para implantação de 

infraestrutura, financiado pelo Deutsche Ausgleichsbank. Em torno desse trabalho, aglutinou-

se um grupo de alunos de graduação e pós-graduação que ajudou no planejamento e 

organização da primeira versão do que se tornou o Seminário Internacional de Alta 

Tecnologia. O primeiro evento, em 1996, introduziu no Brasil a temática da “Usinagem com 

Altíssima Velocidade”, que hoje é aplicada em diversas empresas. 

Este grupo de pesquisa criou também o Núcleo para Projeto e Manufatura Integrados (NPMI), 

incluído no Cadastro Nacional de Grupos de Pesquisa do CNPq desde 1995, e que oferece a 

interface para integração de outros professores e pesquisadores aos trabalhos desenvolvidos 

no SCPM, além de participar ativamente de projetos de pesquisa em parceira com outras 

universidades brasileiras. 

O SCPM conta hoje com uma equipe de pesquisadores em tempo integral composta de um 

professor titular, um professor colaborador, doutorandos, mestrandos, alunos de iniciação 

científica e pessoal técnico de apoio. As atividades científicas desenvolvidas são financiadas 

na sua maioria com recursos gerados através de projetos de pesquisa nacionais e 

internacionais, além da prestação de serviços e projetos em parceria com diversas empresas. 

A estratégia de desenvolver seus projetos de pesquisa o mais próximo possível das indústrias 

viabiliza uma rápida implementação dos resultados tecnológicos obtidos. 

Reunir parceiros para desenvolver projetos mais arrojados tem sido a marca do trabalho do 

SCPM, o que resultou em parcerias estratégicas desde a sua criação, destacando o Institut 

für Produktionsmanagement, Technologie und Werkzeugmaschinen (PTW) e o Fachgebiet 

Datenverarbeitung in der Konstruktion (DiK), ambos da Technische Universität Darmstadt na 

Alemanha. Essas parcerias já resultaram em inúmeros projetos de pesquisa em conjunto e  
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em um contínuo intercâmbio de alunos de graduação, mestrado e doutorado, além de 

professores de ambos os lados. 

Desde 2005, o SCPM possui também uma parceria com o Institut für Werkzeugmaschinen 

und Fabrikbetrieb (IWF) da Technische Universität Berlin, Alemanha, e mais recentemente 

com a Hochschule RheinMain em Rüsselsheim, Alemanha. 

O SCPM dispõe de modernos recursos de hardware e software para o desenvolvimento dos 

trabalhos de pesquisa, atuando em quatro linhas de pesquisa: Manufatura Inteligente e 

Fábrica Digital; Desenvolvimento Integrado do Produto; Usinagem com Altíssima Velocidade; 

e Monitoramento do Processo de Usinagem; além de oferecer suporte a pequenas e médias 

empresas para especificação, escolha e implementação de sistemas CAD/CAPP/CAM/PDM. 

Adicionalmente, o SCPM possui uma Máquina de Medir por Coordenadas Tesa Micro-Hite 

DCC e um Sistema de Calibração Laser Renishaw, que possibilitam o desenvolvimento de 

projetos de pesquisa tanto com o foco na integração digital da cadeia CAD/CAM/CAQ, como 

também no desenvolvimento de métodos para comparação da representação de superfícies 

complexas nos sistemas CAD e do modelo real após a usinagem, permitindo a avaliação de 

estratégias de corte e métodos de interpolação da trajetória da ferramenta. 

Neste ano o SCPM adquiriu três equipamentos de Manufatura Aditiva (FDM) dddrop Evo Twin 

pelo Projeto BRAGECRIM – SCoPE com a finalidade de intensificar os trabalhos 

desenvolvidos dentro da linha de pesquisa Manufatura Inteligente e Fábrica Digital, ampliando 

assim os recursos para os trabalhos desenvolvidos dentro da grande área Indústria 4.0. 

Procurando atender às novas necessidades de empresas de pequeno e médio porte, o SCPM 

iniciou trabalhos de pesquisa voltados ao Gerenciamento do Ciclo de Vida do Produto 

(Product Data Management - PDM; Product Lifecycle Management - PLM). E hoje possui um 

ambiente de desenvolvimento do produto com as características de uma indústria, chamado 

de Fábrica para o Ensino do Processo de Desenvolvimento do Produto, atuando no projeto 

do produto e em simulações do processo de gerenciamento de dados do produto ao longo de 

todo o ciclo de desenvolvimento. 

Ainda dentro de seu objetivo de trabalhar com sistemas computacionais que representem o 

estado da arte, o SCPM criou um grupo de trabalho para atuar no Planejamento Digital de 

Processos, tendo como foco o desenvolvimento de competências para atuar na temática 

Fábrica Digital, e hoje já realiza projetos de pesquisa nesta área em parceria com renomadas 

empresas. 
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O material didático desenvolvido pela equipe do SCPM nas áreas de projeto e manufatura 

auxiliados por computador, bem como em gestão do produto, tem sido utilizado não só nos 

cursos de engenharia da Unimep, mas também por muitas outras universidades de diferentes 

lugares do Brasil. Esta atuação pautada pelo trinômio pesquisa-ensino-extensão tem sido um 

importante processo realimentador de todo o trabalho. 

Desta maneira, o SCPM, além de uma forte inserção na área de pesquisa, tem conseguido 

interagir de maneira positiva na definição das grades curriculares dos cursos de engenharia, 

trazendo o que existe de mais inovador em desenvolvimento integrado do produto, 

contemplando desde a concepção até a manufatura. 

Atualmente, o SCPM desenvolve projetos financiados pela CAPES, CNPq e pelo DFG, além 

de projetos em parceria com a Volkswagen do Brasil Ltda., Robert Bosch Ltda. e Caterpillar. 

Mesmo enfrentando as dificuldades e os desafios inerentes à conjuntura brasileira e à uma 

universidade particular, o projeto do SCPM visa uma formação ampla de seus pesquisadores 

e estudantes, enfatizando o aspecto da pesquisa e a inserção internacional de sua equipe 

através de intercâmbios, destacando-se assim dentro do projeto institucional como um 

moderno provedor de serviços, dedicado às necessidades dos alunos que atuam no 

laboratório, das indústrias com as quais tem desenvolvido projetos e da sociedade no seu 

todo. 
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Apresentação 

Os períodos de instabilidade trazem em si dois elementos que impactam diretamente as 

empresas. Por um lado, há redução da demanda impactando em redução da produção e 

investimentos. Por outro lado, a pressão competitiva de um mercado globalizado impõe 

grandes desafios para as empresas, cobradas a investir para reduzir custos e aumentar a 

competividade de seus produtos para se manterem à frente de seus concorrentes, exigindo 

para isso inclusive inovação em produtos e processos produtivos. 

Dentro deste cenário, temos os desafios globais que direcionam as fábricas a serem mais 

inteligentes, mais enxutas, mais ágeis e muito mais produtivas se apoiando nos avanços da 

tecnologia de manufatura, na automação e na conectividade digital. A tomada de decisão 

rápida e confiável e a gestão inteligente do fluxo de informações são pré-requisitos, uma vez 

que a produção passa a ser movida pela informação. 

Tendo esses desafios como perspectiva de ação, o Comitê Científico do 24º Seminário 

Internacional de Alta Tecnologia definiu como tema para o evento deste ano a Digitalização 

da Produção e Produção Digitalizada. É nosso objetivo discutir com os palestrantes 

convidados o processo e os desafios para a Digitalização da Produção, ao mesmo tempo que 

trazemos também especialistas que já possuem casos de sucesso de uma Produção 

Digitalizada para apresentar e discutir com nosso público seus resultados. 

A tecnologia de informação e comunicação, os modelos digitais do produto e da produção, 

em conjunto com a internet e algoritmos inteligentes para tratamento de dados, caracterizam 

a grande mudança de rumo que vem ocorrendo na manufatura e originam o processo de 

Digitalização da Produção com os chamados Gêmeos Digitais (Digital Twin). Os obstáculos a 

serem vencidos são muitos e exigem uma combinação das mais diversas soluções com 

destaque para tecnologias inovadoras que conduzem à transformação digital das empresas, 

um dos principais pilares da chamada 4ª Revolução Industrial, ou Industria 4.0. 

O movimento Indústria 4.0 não é um fim em si. Está intimamente ligado a objetivos 

econômicos claros e oferece potencial para uma diferenciação mais clara na concorrência 

global. 

A introdução da Indústria 4.0 impõe outros desafios e oportunidades também para os recursos 

humanos das empresas, pois um dos principais requisitos para sua introdução bem-sucedida 

são os profissionais bem qualificados. Deve também permear questões relacionadas à 

sustentabilidade e programas que consideram estratégias de eficiência energética que podem  
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ajudar a reduzir custos operacionais da empresa, permitindo que a economia resultante seja 

investida em outras áreas para promover o crescimento e a inovação. 

Considerando esse contexto, buscamos identificar as inovações que vêm sendo 

desenvolvidas em projetos de pesquisa ou que já estão sendo implantadas com sucesso em 

empresas de referência com o objetivo de gerar novas ideias e soluções que serão 

determinantes para o sucesso das empresas. Desta forma o Seminário aborda os seguintes 

subtemas: 

 Digitalização da Produção 

 Eficiência Energética e Sustentabilidade 

 Lean na Indústria 4.0 

 Inspeção e Metrologia 4.0 

 Fábrica Inteligente (Smart Factory) 

 Inteligência Artificial aplicada à Produção 

 Big Data X Predictive Intelligence 
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Industrial Data Science – From Raw Data to 

Useful Applications 

Abstract 

In the light of rapid technological enhancements and digitalization, complex process-

related, technical and organizational interdependencies and correlations in production and 

logistics can no longer be grasped and resolved by domain experts exclusively. Modern 

data science methods and technologies, e.g. advanced machine learning, are needed to 

overcome the increasing complexity, to identify new potentials and ultimately to drive 

business values. From theoretical perspective, huge amounts of data have to be 

transformed into concrete conclusions and recommendations for action and decisions. 

However, in contrast to other business sectors, such as financial services, production 

industries, especially SMEs, suffer the lack of data quality and availability, resources for 

extensive data mining processes as well as data science competencies. Therefore, 

industrial data science projects should necessarily focus on how to generate new data with 

the help of industrial IoT (IIoT) and how to build simple but usable and accurate data 

models in cooperation with domain experts e.g. for predictive maintenance, process time 

forecasting or real-time collision detection for human-robot-collaboration. Furthermore, 

SMEs gain benefits from new approaches such as text mining or reinforcement learning 

applied for prescriptive maintenance and advanced production planning and control. 

Finally, yet importantly, achieving intelligent functions in the industrial value chain is 

explored by identifying challenges and potential directions toward the integration of 

artificial intelligence (AI) and industrial processes. 
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1 Introduction to Industrial Data Science (IDS) 

The famous equation “Data is the new oil” is widely credited over the past decade. The google 

trends reveal its interest over time, where the peak popularity has been achieved in February 

2018. The most popularity has been indicated in New Zealand, India, United Kingdom, 

Australia, Canada, Germany, and the United States. The UK Mathematician Clive Humby 

coined the phrase in 2006 as “Data is the new oil. It is valuable, but if unrefined it cannot really 

be used. It has to be changed into gas, plastic, chemicals, etc. to create a valuable entity that 

drives profitable activity; so must data be broken down, analyzed for it to have value”. Data is 

the new commodity and in fact, a resource, which potentially enables individual and enterprises 

to achieve the highest level of perception and performance. The key question is, “How the 

enterprise’s potentials can be transformed into reality?” 

 

Figure 1: Google Trends for “Data is the new oil” – Accessed on July 14, 2019 

The increasing availability and variation of product, process, (physical, intellectual and 

relational) asset and business data in current industries has led to the need for generating 

actionable information and reliable knowledge towards innovative business models, connected 

products and disruptive process optimizations enhanced by data mining and machine learning 

(aka automated data mining). 

Many procedure models and attempts to standardize the data mining process have been 

under-taken during recent years. One especially widespread and widely credited approach is 

the cross-industry standard process for data mining (CRISP-DM) [1]. CRISP-DM describes 

several phases applied in parallel or sequentially to extract meaningful information (i.e., 

patterns, correlations, etc.) from data. Although some phases are defined and published in a 

standardized way [2], [3] and [4], the following detailed phases have been reasonably 

established in our Industrial Data Science (IDS) projects as exemplified by the use-cases (cf. 

Section 2). Figure 2 depicts the adopted version of CRISP-DM for IDS project, where ten 

phases are as follows: 

 Potential analysis covers the identification of challenges and problems that could be 

solved with the help of data as well as the definition of potential data-driven innovations. 
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 Business understanding defines project objectives and requirements based on, 

business strategies and goals, and is to derive data mining tasks and milestones. 

 Data acquisition focuses on gathering data from various and heterogeneous data 

sources, such as sensors, intelligent connectivity based on Internet of Things (IoT), 

machines and robotic controls, from multidimensional organizational levels (strategic, 

tactical and operational levels) and related industrial information systems, e.g. enterprise 

resource planning (ERP), manufacturing execution system (MES), Supervisory Control 

and Data Acquisition (SCADA). 

 Data understanding deals with an initial data collection and proceeds with activities to 

explore first insights into the data (e.g., trends, correlations, anomalies, outliers), to 

establish the ground truth (e.g., target values), and to systematically evaluate data quality 

and availability. 

 Data storage is required to govern real-time data streams and historical raw data as well 

as pre-processed and processed data during all CRISP-DM phases. Scalable data 

warehouses and cloud-based IoT platforms represent one option for data storage with a 

high degree of collaboration capability. 

 Data integration stands for transforming heterogeneous data from different data 

sources into a clean and usable dataset. 

 Data analysis and analytics deploys mathematical, statistical and simulation-based 

modeling tools and algorithms to learn patterns and correlations in the given training data 

set collected from industrial use-case, and accordingly estimate similar patterns and 

correlations precisely and accurately once exposing to a new data set. 

 Evaluation is required to review and select an appropriate model according to specific 

quality parameters, such as prediction accuracy. 

 Visualization helps to gain information out of data, such as trends, correlations, or 

anomalies and interpret them by measures and indicators. 

 Deployment ensures that developed models are systematically transferred into 

sustainable solutions in practice. 

The application of the CRISP-DM requires not only data mining expertise but also related 

domain knowledge (i.e., business and domain-specific understanding) in the industry context. 

In the use cases described in Section 2, the cross-disciplinary cooperation has been 

established among various domain experts, namely data scientists, production management 

experts as well as process and control engineers. 
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Figure 2: Adopted CRISP-DM for IDS Projects 

The rest of the paper is structured as follows. Section 2 provides two applied IDS use-case in 

semi-conductor manufacturing industry, dealing with predictive maintenance and lead time 

forecasting. Section 3 elaborates on two specific IDS areas, as research in progress, namely 

automated simulation modeling and industrial IoT in (intra-)logistic Systems. Finally, Section 4 

portrays the avenues for future research in IDS towards industrial artificial intelligence (AI), 

where challenges and directions for the integration of AI and industrial processes are 

discussed. 

2 Applied IDS Use Cases: Success Stories in Semi-Conductor 

Manufacturing Industry 

 Predictive Maintenance by Focusing on OEE 

In the use-case of predictive maintenance, the main has been set to combine expertise drawn 

from the fields of maintenance management and data science in order to monitor and predict 

maintenance relevant key performance indicators (KPIs) of a semi-automatic production line 

at an Austrian SME. The gained transparency of the KPIs facilitates the systematic and future-

oriented improvement, optimization and control of production processes. 

The key components within this use-case focus on i) the investigation on appropriate machine 

learning methods for efficient and effective prediction of maintenance relevant key 

performance indicators, in particular, overall equipment effectiveness (OEE), and ii) the 

development of a prototypical tool for the monitoring and visualization of results obtained by 

the established approach. The following hypotheses derived for the reference production line 

lay the ground for generating a machine learning model for predicting the OEE: 
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 The type of production order and its properties have a significant effect on the production 

time of the production order itself; 

 The operator has a significant effect on the production time of a production order; 

 The production time can be forecasted with a practically acceptable precision. 

As a first step, a basis data set has been prepared, which was split into a training (containing 

80 % of the records) and a validation data set (containing the other 20 % of the records). In 

order to compare different machine learning approaches and their precision, a variety of 

different models has been applied to the data set, namely: linear regression (LR), ridge 

regression (Ridge), lasso regression (Lasso) K-nearest neighbor regression (KNNR), decision 

tree regression (DER), random forest regression (RFR) and a boosted random forest (EXTR). 

The models have been trained and evaluated by using a cross-validation technique with ten 

splits and were compared by the metrics R², and the normalized root mean square error 

(nRMSE). 

As shown in Figure 3, the best results could be reached with the RFR forecast model in the 

second parametrization (with 50 estimators), which has a precision of 82.40 % and is by 96.37 

% better as a simple static mean (as the R² metric suggests) at forecasting the OEE. Based 

on these satisfying prediction results, a real-time capable data aggregation, streaming, and 

visualization IT-architecture was set up. Notably, the entire project and underlying 

methodology has been elaborated in [5] and [6]. 

    

Figure 3: LEFT: NRMSE, RIGHT: R² 

Predictive and prescriptive maintenance approaches (cf. [7]) mainly focus on the prediction of 

machine failures, wear conditions, or remaining useful lifetime and providing appropriate 

maintenance measures and strategies. The prediction of maintenance relevant KPIs is a 

relatively new research field, which can lead to multiple benefits in the area of maintenance 

and production: 

 Increased planning reliability and stability: A production planner may react actively 

to future fluctuations in the OEE by dispatching of production orders and allocation of 

delivery dates. 
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 Anticipation of the amount of impending machine failures: In case a lower OEE is 

predicted, the maintenance sector is likely to experience a higher number of failures. 

Accordingly, personnel capacities can be made available in order to reduce the reaction 

time to disruptions. Similarly, it applies to the machine operator during minor interruptions 

to the system. 

 Indirect positive influence on strategically relevant key figures: Key business 

indicators such as the delivery service level and total maintenance costs can be affected, 

especially by anticipating indirect and unplannable cost parameters. 

 Lead Time Forecasting for Improving Quality in Production Planning 

Lead time is, on the one hand, an important performance indicator of a production system and 

a target figure of production planning. On the other hand, lead time is used for calculation of 

delivery dates, material requirements planning, and production control. Therefore the accuracy 

of the lead times used to calculate the production plan have a high impact on the quality of the 

production plan in the sense of actual and plan deviations. In this context, Schuh et al. (2015) 

[8] revealed that the planning quality drops by 75% after three days. One of the reasons is that 

currently used planning systems do not reflect stochastic effects within the production system. 

One possibility to tackle this dilemma is to use machine learning algorithms to incorporate the 

individual stochastic effects on the lead time. The authors’ conducted literature survey revealed 

that most research of time-related data mining analysis (e.g., flow time, (lot) cycle time, lead 

time): i) have focused on the whole process flow, ii) have used a dataset generated by 

simulation and iii) have applied and compared just a few machine learning algorithms (cf. [9], 

[10],[11], [12]). The authors determine several challenges in frequently used approach of 

training machine learning models on simulation-based data as follows: 

 A simulation model should be created, that depicts the underlying production system. 

 A machine learning model must be trained on the basis of the data generated by the 

simulation model. 

 Small deviations from the simulation model to the production system as well as the 

accuracy from the machine learning model to the simulation model can influence the 

overall accuracy of the prediction to the actual system. 

 The effort for all aforementioned steps can be considered as reasonably high especially 

considering the fact that modern cyber-physical production systems generate a huge 

amount of data nowadays. 

Hence, the proposed approach does not need a simulation model to create a sufficient data 

source for training the models. The data comes directly from ERP and MES of a partner 
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company. The methodological approach orientates on the CRISP-DM (cf. Section 1) and is 

depicted in Figure 4. 

Furthermore, the proposed approach provides a set of standardized features that come from 

extensive literature research to support the practical user. As the system behavior may change 

over time, on the one hand, it is assumed that i) the train-test split must not be done randomly 

and ii) the model should be retrained from time to time on the other hand. This means that the 

training is done from a definable number of lots whereas these lots are selected from 

chronological order. The trained model can then be applied to the next defined number of lots, 

e.g., learn from 2000 lots and predict next 200 lots. 

 

Figure 4: CIRSP-DM inspired Methodology for Lead Time Forecasting – Reprinted from [11] 

The outcome of the approach will be demonstrated based on a project from the semiconductor 

industry. The product consists of several layers and is produced in cycles, running over the 

same machines for every layer. The prediction is done per layer and product, and the result is 

compared to the average value. Table 1 illustrates the normalized root mean squared error, 

the KPI that was chosen to evaluate the accuracy of the models for different product groups 

and the total number of lots. In most cases, machine learning algorithm gives a more accurate 

prediction for the lead time. Products with a low number of samples have a lower accuracy or 

in two cases time prediction with ML could be done at all. The more data is available; the 

accuracy of the prediction could be increased. 

Notably, that the presented data is an example taken from the 10 various layers of the 14 

different products. ML gives a far better cycle time prediction than the currently used static 

planned cycle times calculated with the average cycle times. This result shows the importance 

of ML-based methods and techniques in the production as well. 

As the accuracy of the ML algorithm is highly depended on the amount of data, this approach 

has some disadvantage for products with new releases (new products or prototypes) or too 

few samples. This can be compensated to some extent when the model is generated by certain 

features that group parts to part families, whereas by part number. 
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Table 1: nRMSE values for the different Lead Time Calculations 

Product Average ML Number of lots 

1 17.9 11.7 2228 

2 12.5 12.7 1103 

3 15.9 13.7 964 

4 11.8 18 237 

5 23.1 18.4 289 

6 20.6 18.8 345 

7 23.7 20.4 142 

8 27.4 25.1 118 

9 25.9 29 32 

10 56 41 11 

11 37.4 43.4 32 

12 19.4 66.3 145 

13 18.3 - 7 

14 117.8 - 9 

Figure 5 visualizes the overall result of the presented approach on lead time forecasting. The 

orange line shows the static average lead time used currently by the company for production 

planning. Dots displayed in black are the real times and in green are the predicted values. It 

can be seen that the difference between the real and predicted values are statistically smaller 

than between the average and real values for 85% of the products. 

 

Figure 5: Example of Comparing Real and Predicted Cycle Times within the Current Planned Times  
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3 IDS Research in Progress and Future-oriented Approaches 

 Automated Simulation Modelling 

An ideal, future-oriented and in fact challenging research area of IDS is to establish a realistic 

simulation model of a production system, with little effort, for every company, independent of 

technology, data quality, and employee qualifications, based on sensor data collections. 

There are different approaches for an automatic simulation model generation (ASMG) as 

discussed and compared by Reinhardt et al. (2019) in [13]. The following approaches could be 

noticed: 

 High-level modeling automation automated XML model building, 

 ERP-driven automated modeling; 

 Standards-based virtual factory modeling, and a digital twin for small and medium-sized 

enterprises, 

 Approaches that rely on an intermediary database, derive data from PLC code, develop 

applications for data conversion, utilize data interfaces and standards or were directly 

integrated in existing data infrastructure. 

Another more detailed classification scheme is based on case of application, type of 

production, unit of production, user group, degree of automation, approach to model 

generation, supported phase in simulation studies, required technical interfaces and model 

reusability (cf. [13] and [14]). 

From a different point of view, simulation models can be generated by parametrization and 

combination of simulation model building blocks, by interpreting structural data of 

manufacturing systems, such as layout data from CAD software or by a combination of 

methods of artificial intelligence (cf. [13]and [14]). The common way seems to be that input 

data is manually entered by the model-building user, manually collected and intermediately 

stored, automatically collected and intermediately stored or directly retrieved from corporate 

business systems (cf. [13] and [14]). 

The authors figured out that a considerable amount of reviewed approaches relies on an 

intermediate database or data exchange format, which is beneficial for separating data 

acquisition and transformation from model generation routines. These approaches often 

benefit from standardization efforts (cf. [13] and [14]). 

There are still challenges for ASMG in incomplete data and modelling dynamics. The approach 

of "discrete event simulation" and ASMG should be defined as an essential feature for creating 

the digital twin of an entire factory while also encouraging the utilization methods for processing 

big data (cf. [14] and [15]). Information for ASMG may be provided explicitly or implicitly and, 
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thus, has to be retrieved by more complex data processing (cf. [14] and [15]). In fact, most of 

the studied approaches rely on explicit input. However, in recent research, the usage of 

(automated) data mining (aka machine learning) techniques for additional knowledge 

extraction from data sources is brought up (cf. [14] and [15]). 

Our ongoing research in the area of IDS focuses on providing an ASMG with the use of sensors 

technologies. In the first step, the goal is to develop a process model as a basis for the 

simulation model. To reduce the interfaces and the complexity the positional sensors are used, 

which provides coordinates (x, y, z) and time stamps. The derivation of the model is generated 

by a heat map with focal points and the processing stations are defined by various rules. These 

rules are adaptive for diverse use-cases with the integration of a parametric function. The 

possibility of model parameterization is considered in order to adapt the model so that it can 

be applied to various use cases. 

Besides, an exact process model description should be provided in universal language of the 

production process with sensor technology; however, without the need of human analysis in 

the factory. Data for brown and green field (i.e., Reality vs. Ideal state) planning of factories is 

generated, which can be very useful in case of brownfield (Real state), to change and optimize 

a running factory system, or for greenfield (Idea) planning to build up a new optimized factory 

system based on historical data. The sensory systems also provide real-time data of the 

production, which can be used to build up a digital shadow for information control and 

production management. 

A great benefit of this approach is to speed up the realization of projects on the production 

process, is no need for onsite optimizer in the factory (be physically in the factory) during the 

data col-lection phase. 

The innovative character is related to transfer and consolidation of information collected from 

real-time production process data to a process model. The envisaged model is created by 

incorporating real-time data of the production process in the factory lays the ground for the 

automatically generated simulation model. Thus, the connection of the static process model 

with the dynamic simulation model is necessary to achieve the goal. Last but not least, 

provision of an agile solution independent of any in-house simulation know-how in partner 

companies, to get an overview of a production process is a great benefit and a step ahead 

towards the automation process of building a simulation model. 

 Industrial IoT in (Intra-) Logistic Systems: Duck Box, Drone and Digital 

Warehouse Management 

Intralogistics comprises all internal material storage and handling and transport costs as well 

as approximately 25% of the total personnel input, 55% of the space required and 87% of the 

actual throughput time (cf. [16], [17], [18] ,[19]). These percentages reveal the great potential 

of an efficient implementation. An essential component of intralogistics is the material flow 
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relationships that are required in the context of value creation. Despite increasing automation, 

these are usually carried out manually and are associated with high personnel and cost input. 

The distances covered by industrial trucks or forklift trucks vary, among other things, in terms 

of their distance, intensity, and relevance for the actual value-added process. These and other 

properties are investigated within the framework of a material flow analysis (cf. [16], [17], [18], 

[19]). 

The current basis for the analysis of intralogistics material and goods flows is a large number 

of visualization and modeling tools. For the underlying database, so-called Indoor Positioning 

Systems  

(IPS) or Real-Time Location Systems (RTLS) are used to locate transport vehicles and to draw 

conclusions about the existing traffic volume based on the positioning data (cf. [19], [20], [21], 

[22], [23]). By using such systems for further optimization, an efficiency increase of 15-20% 

can be achieved in the picking area of a warehouse (cf. [19], [20], [21], [22], [23]). 

The advancing digitalization with the seemingly infinite number of different computational 

technologies and sensors is currently used by companies inadequately or not at all. A lack of 

standardization, poor user-friendliness and a myriad of influencing factors do not permit a 

specific application for location-based material flow analyses in an industrial environment (cf. 

[24],[25],[26]). 

 

Figure 6: Isometric view of the Duck Box  

The research in progress in IDS is aimed at developing a measuring unit entitled “Duck Box” 

(cf. Figure 6). It essentially has a processor which is powered by a mobile battery and which 

connects and controls various modules and sensors. All components have been selected for 

the highest possible economic efficiency and can be obtained easily and inexpensively from 

independent retailers. An ultrasonic sensor is used to record the loading condition. 
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Depending on company requirements, the position data, the distance traveled and the 

associated dwell times are to be recorded alternately using an active RFID (Radio Frequency 

Identification) tag, UWB (Ultra-wideband), WLAN or Blue-tooth. Depending on the selected 

IPS and sensor technology, the generated data is recorded locally on a storage medium or 

alternatively transmitted via a wireless connection to a database positioned in the analysis 

area. All components are accommodated in a compact and at the same time robust housing 

suitable for industrial use. The housing is manufactured using the 3D printing process and has 

various mounting options for industrial forklifts. Figure 7 illustrates the corresponding circuit 

diagram. 

From IDS perspective, the innovative target is to link company-specific requirements and 

technological framework conditions, in order to make the use of modular, hybrid sensor 

technology possible and to create the basis for the analysis of material flows. Due to the 

different requirements resulting from the respective company conditions and processes, 

individualization is usually necessary. Different technologies and sensors have to be combined 

into a hybrid overall concept. The use of a modular, hybrid sensor technology enables the 

company to carry out a complete material flow analysis. 

 

Figure 7: Duck Box’s Circuit diagram of the components used  

4 Outlook: Towards Industrial Artificial Intelligence 

Taking the above-discussion on IDS and related use-cases as well as industrialization artificial 

intelligence (AI) [27], an undeniable question raise with respect to AI technologies (cf. Figure 

8) as “How to go beyond IDS by the integration of AI technologies into industrial processes 

and ultimately by intelligentization industrial value chain?” 
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Figure 8: AI Technologies for Intelligentization of Industrial Value Chain  

With no doubts, nowadays, AI enables a new generation of manufacturing machines, 

collaborative robots, transport systems, and vehicles to ideally “Think” and “Act” humanly. This 

has been relatively well accomplished in experimental lab settings and partially transferred into 

industrial systems. In real-world manufacturing and logistics systems, AI still has to deal with 

three major issues: 

 AI contributions into value-oriented KPIs is still not justifiable, especially in every 

section of lead industries, SMEs, and innovation-oriented enterprises. Key questions to 

be answered are:  

 Does deploying AI systems and technologies necessarily increase productivity? 

 Is the required technological and non-technological investments for AI systems 

affordable with regard to increasing of productivity? 

 AI is not a stand-alone enabling technology, i.e., applicability and affordability of AI 

should be assessed with regard to its interoperation and integration with state-of-the-art 

technologies and above that with respect to societal and ethical aspects, especially when 

AI interacts with human workforce or is supposed to substitute human resources. Key 

questions to be considered are: 

 What are the change management and leadership strategies with regard to AI 

implementations in lead industries and SMEs? 

 What is the “AI culture” (in terms of collaboration of the human workforce and AI 

agents)? 

 Does the ironies of AI neglect the value of human’s creativity and innovation (i.e., 

substitutability of the human workforce by AI agents)? 
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 AI success, especially on AI-supported decision-making approaches, depends on 

not only availability but also quality, consistency, validity, completeness, and 

comprehensiveness of data (cf. Figure 9). Key questions to be addressed are: 

 Do lead industries and SMEs achieve certain maturity and readiness level to 

overcome data quality management issues, especially with regard to sensor 

calibrations and processing unstructured data? 

 Do they establish in-house AI competences, implementation strategies, and 

roadmaps? 

 

Figure 9: AI-based Decision-Making and Data Quality Challenges 

Considering the challenges mentioned above, to the authors’ point of view, AI is an enabling 

technology for the manufacturing and logistics industry, when: 

 … its implementation contributes to productivity and is justifiable with respect to 

“economic factors”. For instance, do we need to robotize the entire assembly lines in the 

automotive industry alike body shops? In reality, the human workforce could provide 

required flexibility in mass product assembly, and convince quality, time, and cost 

criteria, when assisted by digital technologies. To tackle this challenge, economically 

justifiable application areas, in which AI generates extra values, should be still explored. 

Systematic approaches and instruments are required to deepen the insights into 

operational and strategic KPIs, so that one may identify the potentials and establish 

roadmaps for implementing AI. Hence, AI-based Productivity Index should be defined. 

This will be a tangible index for justifying AI applicability and value generation potentials. 

 … its potentials and applicability are further justified with regard to change management 

and leadership strategies required for creating effective implementation master plans. 
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The human workforce should not only be trained how to interact, e.g. with collaborative 

robots under safety conditions, but also the awareness about robotization and 

implementation of AI systems and technologies should be raised among personnel, 

including administrative, operators, engineers, and managers. It becomes more and 

more imperative that major part of “Today’s Tasks” will be automatized in the next 5-8 

years, where the division of labor will be changed from human to the machine workforce. 

However, “New Tasks” for “Human Workforce” (besides “Robot Tasks for Robots”) will 

be emerged. Therefore, more “Industrial Data Scientifics” and “Industrial AI experts” will 

be demanded. Not forgetting that, still human workforce is super-ordinated in “Creativity” 

and “Innovative Thinking” comparing to AI for industrial problem-solving. Hence, lead 

industries and SMEs should put efforts not only on defining their positions with regard to 

AI, but also should establish AI Culture, where productivity and economic factors meet 

human-specific value creation factors, especially out-of-the-box and critical thinking, 

innovating and acting. 

 … its computational and reasoning capabilities, especially in accomplishing complex 

physical and cognitive tasks and problems in industrial systems, are reinforced and 

sustained by providing quality data. Otherwise, AI integration in industrial processes, 

especially in decision-making is challenged by “misleadingness”, “validity” and 

“correctness” of causalities, decisions, and pertained actions. As mentioned earlier, data 

is the oil of the future. However, in real-world industrial projects, the undeniable obstacle 

is data quality. Data quality will remain as the main hurdle to the success of AI. Therefore, 

lead industries and SMEs should invest more on “Data Quality Management”, 

especially with regard to “Sensor Calibrations” and “Processing Unstructured 

Data”. The former helps to filter noises and errors, and the latter avoids the dilemma of 

“Storing and Forgetting”, where reports are written and stored in an archive forever and 

most probably will be forgotten after a while. AI itself may support increasing data quality 

by implementing “Intelligent Filters” and “Anomaly Detectors” on data streams and 

also to discover and visualize knowledge extracted from unstructured data, e.g., by 

means of “Automated Text-Mining”, “Text Summarization”, “Word Association 

Mapping” and “Sentiment Analysis”. 

To sum up, as the next step in IDS, Industrial AI should be considered as i) an enabling 

technology for manufacturing and logistics supply chain systems, and also as ii) a catalysis 

when it is combined with several other enabling technologies such as additive manufacturing, 

agile- and bio-based manufacturing, collaborative robotics, smart mobility and blockchain. In 

both cases, AI as an enabler or catalyst, production, and engineering management community 

should consider three aspects of “economically affordable value creation”, “cultural and change 

management” and “improving data quality”. 

The above listed directions define the pathways for further investigations on IDS and Industrial 

AI. 
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1 Introduction 

The desire to optimize production facilities and manufacturing processes by collecting and 

analyzing data is growing continuously. Key enabling technologies for efficient machine 

development, comprehensive process monitoring, robust control, and high system availability 

are accurate and precise models of a system’s behavior. In case of production processes, the 

modeled systems can either be whole production systems, production shop floor systems, 

machine tool systems, or even process control systems themselves (see Figure 1). 

Additionally, in order to account for time-varying system behavior, those models need to be 

updated continuously during the runtime of the system. 

In order to fulfill planning and control tasks for these systems, an adaptive virtual system 

emulation can support those tasks. These Digital Twins, as they are called, of real-world 

system entities close the gap between the physical and virtual world, forming virtual entities, 

which represent the physical behavior of plant network interactions, production scheduling 

scenarios as well as machine or process behavior. Additionally, concurrent adaptation and 

extension of these Digital Twins allow users as well as developers to rely on a precise, up-to-

date model of their entity of the physical world; either to improve the efficiency of production 

processes or to use the model for the design and development of the considered systems. 

 

Figure 1: Concept of Digital Twins  

In case of machining systems, e.g., considering milling machine tools or robot-based milling 

systems, the performance and operating accuracy of the milling system is mainly determined 

by the machine’s dynamic behavior. Unbalanced dynamic properties of the systems in 

interaction with process forces can result in unwanted vibrations whose consequences can be 

insufficient surface qualities, increased component, and tool wear as well as damages to the 

mechanical setup. To avoid these effects while improving the performance of the machining 

system, a comprehensive virtual model of the physical system is the key element to increase 

the overall productivity. Thus, the Digital Twin of a machine tool or robot needs to model all 
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relevant physical proper-ties of the real-world entity and adapt itself concurrently based on 

time-varying machine and process data. The necessity to provide the capabilities of a Digital 

Twin to the different stakeholders, such as users and developers, strongly encourages to 

implement the Digital Twin on a cloud platform. 

Thus, three use cases of a Digital Twin are addressed in the following three chapters: 

 Virtual Machining: How can advanced modeling techniques, either physically motivated 

or data-driven, lower the implementation burden and modeling effort of Digital Twins? 

 Model Adaptability: How can algorithms from the field of computational intelligence 

support to concurrently update Digital Twins? 

 Cloud-based Interoperability: How can stakeholders profit from cloud-based Digital 

Twins, and how can the data security and safety be properly addressed? 

2 Virtual Machining 

Growing competition forces among machine tool manufacturers to reduce their development 

times and costs. A major key enabler to reduce development times are modern simulation 

tools, such as virtual images of a physical model or prototype, preferably during the iterative 

design phase (see Figure 2). 

 

Figure 2: Iterative design process based on [1] 

According to the current state of the art, this is usually done with explicit, physically motivated 

models, e.g. [2, 3, 4]. These types of models are based on explicit descriptions of the governing 

physical relationships, such as analytical equations regarding the laws of physics. Typical 

examples are FEM models, multi-body systems, or parametrized mechanistic models. 

Physically motivated Digital Twins provide flexibility, adaptability, and reusability since they 

can be interpreted and re-parameterized easily. Furthermore, since physical system 

knowledge is incorporated explicitly into the model, the results are robust and foreseeable, 

since they are humanly interpretable. 

In the following, an advanced modeling approach to form a Digital Twin for machine tools is 

depicted. In particular, the presented, successive manner of building such a Digital Twin aims 
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to reduce the modeling burden of complex, nonlinear damping effects between substructures 

of machine tool structures. 

Following [1, 5], damping effects, in particular, have a significant influence on the dynamic 

behavior of machine tools. A correct and precise identification of the damping influences of the 

individual machine components is indispensable for a holistic digital image of machine 

structures. 

In the mechatronic machine tool structure, the damping effects can be categorized into local 

dissipation sources of energy by the materials and contact points used and the influence of the 

feed drive components [1, 5]. However, the exact physical interactions are not yet sufficiently 

known to be able to transfer them to complex structures such as machine tools. Thus, the 

simulation of the damping behavior of a machine tool is only possible locally and not globally 

for the entire machine tool structure. Especially in continuously adapted virtual models during 

the development process, no reliable statements about the machine behavior can be expected. 

Consequently, when optimizing the dynamic receptance behavior of a machine, mainly 

changes in the stiffness and mass distribution are used. 

In order to enable the continuous assembly of Digital Twins, accompanying the development 

process of their physical counterpart and in compliance with its precise dynamical properties 

such as damping, the dynamic properties can be calculated locally in each component and 

then coupled using modern dynamic sub structuring techniques [5]. Figure 3 illustrates such 

an approach. 

 

Figure 3: Sequential design of Digital Twins, based on [5] 

Nonetheless, Digital Twins based on physical models often fail to model highly nonlinear 

dynamics and properties, e.g., nonlinear stiffness and damping effects for systems like milling 

robots [6, 7]. Due to increasing computational power and resources, data-driven approaches 
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are gaining much popularity to identify and incorporate dynamical system properties solely 

based on data, e.g. [8, 9, 10]. Although data-driven approaches may handle highly nonlinear 

physical effects, two major disadvantages are the usually high amount of needed data and the 

non-interpretability of those “black-box”-models. 

In order to circumvent such issues, it is an open research question on how information from 

physically motivated models and data-driven approaches from the field of computational 

intelligence can be fused to profit from both worlds. 

3 Model Adaptability 

Since Digital Twins aim to match the physical properties of their real counterpart, they form an 

ideal platform to monitor machine and tool conditions, predict machine and tool breakdown, 

and predict optimal maintenance intervals. 

A critical issue in order to provide reliable models with those capabilities is the concurrent 

system identification of the physical model, together with the model adaption of the virtual 

entity. To provide an adaptive virtual condition model of machine tool components, meaningful 

indicators for machine and tool wear need to be identified and tracked during runtime of the 

system, either continuously or in previously defined time intervals. 

In the following, an approach to identify and update the properties of a Digital Twin of a 

machine tool structure using defined test cycles is presented. 

For machine tools, the wear of feed drive components, e.g., ball screws or linear guides, is the 

main contributor to time-varying machine tool dynamics [13]. To track this behavior 

concurrently and adapt the virtual machine tool model, the preload of these components can 

be the main indicator (feature) to infer wear in these components. 

The preload condition decreases during runtime due to continuous abrasion, resulting in a 

time-varying receptance frequency response function (FRF) of the machine tool [11, 12]. 

Figure 4 shows such a shift in the dynamic response for time-varying preload conditions [13]. 

The simulation runs using a FEM based virtual image of the machine tool structure. 

 

Figure 4: Receptance FRF showing the significance of a stiffness change, considering ball screw and 

linear guides [13] 
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To update the underlying model of the Digital Twin, a regular test cycle is necessary, during 

which the modal parameters of the feed drive system are extracted. A mechanism to enable 

regular test cycles to identify feed drive modal parameters is presented in [13]. 

Nonetheless, this classification in predefined and standardized preload classes does not yet 

allow a continuous forecast of the component’s remaining service life. Therefore, the discrete 

classification problem of preload classes needs to be transformed into a continuous regression 

model of the feature. Such a transformation is presented in [14]. 

4 Cloud-based interoperability and data security 

Current developments aim to increase data interoperability between production sites and 

processes, for example using data frameworks such as OPC-UA (TSN), MT-CONNECT or 

even standardized data models for machine tools such as umati1 (which is still under 

development). Those data frameworks close the interoperability gap between the physical and 

the virtual world or even between different virtual entities. 

Real-time process monitoring and control algorithms of machine tools, such as chatter 

avoidance and tool wear detection mechanisms, can be integrated into Digital Twin 

architectures using external computing capabilities, based on a cloud-based infrastructure. For 

example, such a cloud-based architecture was published recently in [15]. 

These cloud-based Digital Twins provide major benefits in contrast to local instances: 

 The maintainer of the cloud platform can adapt and extend the existing code for a running 

Digital Twin and thus improve the current performance, ensuring data safety or initiate 

novel functionalities. 

 The machine tool manufacturer gets valuable insight into his delivered machines in the 

field. This data feedback can significantly contribute to discovering an open room for 

improvement. 

Exemplarily, the cloud-based Digital Twin is used to detect chatter. Such a scenario is depicted 

in Figure 5. The user profits directly from the novel and well-maintained algorithms for chatter 

detection, scalable computing power, and feedback for chatter avoidance strategies. Secondly, 

the user can also profit indirectly, since the machine manufacturer is able to identify critical 

process and system parameters, which can improve future machine developments. 

Nonetheless, the willingness of machine users to share the valuable machining data is little, 

since machine and process data may contain highly confidential and critical information, e.g., 

                                                 
1 VDW Consortium created umati (universal machine tool interface). It enables machine tools and peripherals to 
connect to customer-specific IT ecosystems – easy, secure, and seamless. umati is an open standard for machine 
tool users throughout the world. 
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information on the company’s production process know-how. Subsequently, new approaches 

to handle data integrity, data security, and data privacy are required. 

 

Figure 5: Cloud-based chatter detection approach 

The explicitly or implicitly included information can be categorized into three major classes, 

forming an extended privacy classification scheme based on [16]: 

 Information on sensitive data, incorporated in the data itself. Exemplarily, this is raw 

production data such as machining parameters, tool paths, or machine data such as 

motor currents. Indirectly, such data may also contain information, which is 

reconstructible from apparent noise and non-sensitive data, e.g., workpiece geometry by 

the integration of tool accelerations. 

 Personal user-related information, such as usage times, usage durations and user 

identification. With regard to national data protection and privacy laws, this data may 

contain highly sensitive or critical information as well. 

 Location-dependent information, which allows to identify or infer the location or even the 

identity of the client, based on tracking the data package routing. 

To enable cloud-based applications for Digital Twins without transferring confidential or 

sensitive data to the cloud, the transferred data is anonymized before being transferred, 

forming an edge-computing architecture. The differences between cloud- and edge-computing 

are depicted in Figure 6. [17] 

The concept of production data anonymization extends the usual data security interpretation 

that production data needs to be transferred in a secure and encrypted way within the network. 

By using those data anonymization techniques, data is modified using edge computing 

capabilities in such a way that other cloud users or the cloud operator do not receive any 
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sensitive or critical information. Nonetheless, machine and process monitoring algorithms need 

to be enabled to handle anonymized data as well. 

 

Figure 6: Differences between cloud- and edge-computing (based on [17]) 

Proper handling of anonymized data and the integrity of functions in the cloud and machine 

tools must be accompanied and certified by standard security techniques. 

It is an open research question, how the privacy of production data can be generally defined 

and classified, how different levels of production data anonymization can be categorized and 

how cloud applications are able to compensate for possibly fuzzy or blurred data due to the 

anonymization. 

5 Conclusion 

Digital Twins of real-world systems, such as production networks, production shop floor 

systems, machine tools, and machining processes, offer a wide variety of promising 

applications. Since the virtual counterparts inherit the governing properties of the real-world 

entity, they can be used to monitor, plan, and control running production systems. 

To design such powerful tools, special attention must be paid during the modeling process as 

well as during the continuous update process. The virtual counterpart must incorporate all 

relevant physical properties of the real-world system. Next, to state-of-the-art methods which 

are based on physically motivated models, advanced approaches from the field of 

computational intelligence can support this design and model update process. 

Nonetheless, when integrated into an existing, cloud-based service structure, data security, 

data safety, and data privacy issues arise and require innovative approaches such as data 

encryption and especially data anonymization techniques. 
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Abstract 

The value stream method is a common instrument for analysis and design of value 

streams. However, the classical value stream method is very strongly oriented towards 

the material flow and considers the information flow only from the point of view of 

production control. With the increasing digitalization of production, the information flows in 

the production context also increase. Therefore an extension of the classical value stream 

method to the value stream method (VSM) 4.0 is necessary. With its help, waste in 

information logistics can be analyzed and eliminated. This article focuses on the value 

stream design (VSD) 4.0 as part of the VSM 4.0 and shows its benefits on a practical 

example.  
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1 Introduction 

More than ever, digitalization is forcing companies to question their existing production 

systems and develop them further. Over the past three decades, many manufacturing 

companies have been inspired by TOYOTA and its principles of lean production. This 

production philosophy focuses on the principles of flow, takt time and pull, and its methods are 

strictly geared to achieving these goals. (Liker, 2004) A central method in this context is the 

VSM. In a first step, it can be used to analyze the current value stream, identify waste, and 

show potential for improvement. This is called Value Stream Analysis (VSA). In a second step, 

VSD is used to design a future target value stream. (Rother & Shook, 2009) 

Digitalization and Industrie 4.0 accentuate new target dimensions, some of which conflict with 

the principles of lean production. Industrie 4.0, for example, calls for the elimination of flow and 

takt, to make the production processes more flexible. The control of the product by the 

production is then carried out by intelligent algorithms, which are supposed to determine the 

most efficient way. Another difference is the improvement process in lean production, which is 

triggered by the deviation from defined standards and leads to further development of the 

existing production system through the implementation of an improved and more ambitious 

standard. In Industrie 4.0, fixed standards are abandoned in favor of self-optimizing systems 

and the prediction of future states. (Metternich, Müller, Meudt, & Schaede, 2017) 

Companies must, therefore, be given methodical instructions on how they can use the potential 

of digitalization to further develop their production systems, taking into account the standards 

achieved through the consistent introduction of lean production in recent years. One possibility 

is the here presented VSD 4.0. 

2 Literature Review 

The value stream is understood as the totality of all material and information flows of a product 

family. This value stream should "flow" through the company as waste-free as possible in order 

to deliver the ordered product to the customer as quickly as possible, in the right quality and 

with low costs. (Rother & Shook, 2009) In order to achieve this, the value stream method of 

rother and shook has become very widespread in industry. According to a study by the 

Fraunhofer Institute for Industrial Engineering IOA, the VSM is used by 60% of manufacturing 

companies (Hämmerle & Rally, 2010). The advantages of this method for the production 

system have already been proven in several studies (Forno, Pereira, Forcellini, & Kipper, 2014; 

Serrano, Ochoa, & Castro, 2008). 

However, the classic VSM reaches its limits when used in conjunction with Industrie 4.0. 

Information flows are only considered from the point of view of production control. The following 

example (Figure 1) shows the information flows in a classic value stream map. 
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Figure 1: A classical value stream map 

The digitalization of production leads to more and more complex information flows. Therefore 

their right design is of enormous importance to addition to the consideration of information 

flows, further aspects from the practical handling of VSM can be identified in connection with 

current challenges for companies, which should be taken into account when further developing 

the method: 

 The business model of a company must be taken into account when digitizing and 

designing the value stream. This can be used to define WHAT generates value for the 

customer and HOW it should be generated. 

 Information in the company and the processes should be used both to drive process 

improvements and to generate added value for the customer. 

 VSM's focus should not be limited to the production phase, as it usually only accounts 

for a small part of the order throughput time. Rather, the complete order throughput 

should be taken into account. 

set up efficient production processes. In The increasing complexity of value streams 

As described above, digitalization and Industrie 4.0 lead to an increasing importance of 

information flows. In order to realize the full potential for improving the scope of the value 

stream must be extended to the complete order throughput. These adaptions are shown in 

Figure 2. Here the value stream is not only divided into material and information flow, but a 

further differentiation takes place. The information flow is divided into a product information 

flow containing product-specific information and a process information flow containing product-

independent information. The material flow can be divided into a product and a resource flow. 

The product flow includes all product-specific material flows, such as raw materials, semi-

finished products, etc. The resource flow, on the other hand, comprises the material 

movements required by the processes to carry out their activities. This includes, for example, 

the transport of tools or the provision of fixtures. (Metternich, Meudt, & Hartmann, 2018) 
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Figure 2: Value streams within an enterprise (Metternich et al., 2018) 

In the indirect or administrative sections, the customer product is information. It starts at the 

customer and is further developed by the individual process steps. In the direct or production 

section, the product consists of the physical product and the product information. For an 

efficient and fast product flow, both parts of the value stream must, therefore, be designed 

synchronously and flow as waste-free as possible. (Metternich et al., 2018) 

The customer takt is the basis for the analysis and design of value streams in classic VSM. A 

broader understanding of the business model is necessary in order to make optimum use of 

the possibilities offered by digitalization. This reflects the value proposition to the customer and 

thus makes it possible to define what is added or wasted and how the added value is to be 

generated. Digitalization enables simplified information processing and information generation. 

Thus, in addition to the physical product, added value advantages can be achieved for the 

customer, e.g. through the possibility to configure individual products or to provide him 

information about parameters as well as status data from production (Hartmann, Meudt, 

Seifermann, & Metternich, 2018a; Metternich et al., 2018). The data can be used in the product 

lifecycle in a way that enables companies to offer hybrid products such as a combination of 

the asset with maintenance. 

In order to create efficient value streams with short processing times, only a lean material flow 

should be digitized; otherwise there is a risk that waste will be digitized and thus often 

standardized. Therefore, the classical methods for the analysis and design of value streams 

also form the basis for VSM 4.0. The approach is shown in Figure 3. 
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Figure 3: The Value Stream Method 4.0 (Metternich et al., 2018) 

3 Value stream design 4.0 

The analysis of classical wastes and such in information logistics within the VSA 4.0 forms the 

basis for the design of the target state. VSD 4.0 proceeds in three steps for this purpose: 

First, classical VSD is carried out in order to create a waste-free material flow with short 

throughput times. Rother and Shook have defined questions for guidance (Rother & Shook, 

2009): 

 What is the takt time? 

 Will you build to a finished goods supermarket, or directly to shipping? 

 Where can you use continuous flow processing? 

 Where will you need to use supermarket pull systems to control the production of 

upstream processes? 

 At what single point in the production chain (the “pacemaker process”) will you schedule 

production? 

 How will you level the production mix at the pacemaker process? 

 What increment of work will you consistently release and take at the pacemaker 

process? 

 What process improvements will be necessary for the value stream to flow as your future-

state design specifies? 
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In the following step, obstacles and waste in the material and information flow, which could not 

be eliminated with the possibilities of the classic VSD, can be eliminated with digital solutions. 

Digitalization thus offers new possibilities for streamlining the value stream and shortening 

throughput times. 

Once the digital methods have been selected, the last step is to synchronize and link the 

material and information flow. Both the information requirements of the individual process 

steps and those of the supporting functions, such as maintenance and quality management, 

must be taken into account. The individual steps are shown in the figure below. 

 

Figure 4: Steps to integrate and synchronize material and information flow 

For a detailed description of the method, reference is made to (Hartmann et al., 2018a, 2018b; 

Metternich et al., 2018). 

4 Application of the method at EventTender Solutions GmbH 

The VSD 4.0 was used by EventTender Solutions GmbH to redesign a value stream. In this 

section, the results and advantages of the method, as well as its effectiveness, are shown. 

EventTender Solutions GmbH is a start-up company that develops and manufactures mobile 

beverage solutions with autonomous power and water supply. The core element is the so-

called SkyTender - a smart mobile, automatic device which is built into a trolley. The system is 

a sustainable solution that significantly reduces waste and over catering. The beverage offer 

ranges from Coffee Specialties (SkyBarista Line) to general hot, cold and carbonated 

beverages (SkyBar Splash Line) which can be dispensed from an elevated dispenser head 

through a touch screen operation. The water supply is provided by a specially developed water 

treatment system and guarantees constant water quality. In addition, the built-in RFID 
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technology ensures transparency of consumption flows, provides a platform for data analysis 

and integrates ordering. 

The company EventTender Solutions GmbH, founded in 2009, has its headquarter in Herborn, 

Germany. EventTender Solutions GmbH is part of SkyTender Holding, which is based in 

Schindellegi, Switzerland. The company EventTender Solutions GmbH has about 30 

employees. 

 

Figure 5: Depiction of the VSA 4.0 (Kaizen opportunities listed below the information flows) 

The complete order processing process was analyzed. The result of the value stream analysis 

is shown in Figure 5, with the most important details discussed below. From the order by the 

customer over the completion in indirect areas with the order of purchased parts up to the 

assembly and the shipping of the trolley. Production orders are entered into logistics, the 

necessary components are picked, and then the order is pushed to the assembly. Production 

in the aviation industry is characterized by high quality and safety requirements. This is 

accompanied by a wide range of documentation obligations and standards. These, in turn, 

place special demands on the flow of information. It is noticeable that information is primarily 

stored on paper and is passed through the company. Due to a large number of documents and 

the time-consuming search for the required information, the processing of orders has a 

prolonged throughput time. In addition to waste through the handling of information, interfaces, 

and media breaks also lead to longer processing times. A total of 19 different storage media 

are in use in the value stream. There is no link between these media. Fourteen of the media 

are analog and five are digital. 

For a better understanding of the method, one process step is depicted in detail in Figure 6. 

The figure shows the extension of the process box as well as the swimlanes for storage media 

and information usage. For each process step (in this case assembly) major activities and KPIs 

are noted in the vertical columns. For every activity or KPI, their frequency of acquisition or 
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provision of information, type of the acquisition/provision and the actual value are given. 

Vertical lines connect the activity or KPI with the storage media and the usage swim lanes. 

The dot marks where the information is stored and for what purpose it is used. With this 

extension, the whole information flow of a value stream can be analyzed and designed. 

 

Figure 6: Exemplary depiction of a process step 

In the first step of VSD 4.0 at EventTender, a lean material flow and the control of production 

orders were designed. As described in the previous chapter, the guidelines of rother and shook 

were followed. As far as possible, all processes are arranged in a flow or linked by FIFO lines 

or supermarkets. The supplier is also connected via a supplier Kanban. Production orders are 

only entered in the last production step, and the complete assembly is controlled via a pull 

system. 

The next step of the VSD 4.0 is the selection of solutions for the digital improvement of the 

product flow. In this example, four solutions could be identified as being able to help eliminate 

waste in the information flow. An online platform is to be implemented for the connection and 

processing of customer orders. Previously defined product information can thus be queried, 

processed, and forwarded in a standardized way. Secondly, traceability was evaluated as a 

necessary solution for eliminating waste in the value stream. This enables products to be 

clearly identified and process information to be stored product-specifically. The integration of 
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a worker assistance system (WAS) is intended to provide process- and order-specific 

information for employees. This eliminates the search and handling effort. In addition, the 

combination of WAS and traceability documentation obligations can be fulfilled more easily, 

since the relevant process parameters and quality criteria, as well as the performing 

employees, are recorded for each product. 

A digital shop floor management system (dSFM) is to be introduced so that the process data 

can also be used purposefully for improvements and visualized to the employees. 

The resulting target value stream with integrated material and information flow is shown in the 

following figure. 

 

Figure 7: The Results of the VSD 4.0 

After the execution of VSD 4.0 the following achievements have been obtained: 

 A value stream for the complete order processing was designed with a continuous 

acquisition and provision of information. 

 Wastes in information logistics were reduced, especially with regards to searching and 

processing of information. 

 Reduction of storage media from 19 to 8. 

 Reduction of analog and unlinked storage media from 17 to 0 (except the delivery note 

of the customer). 

 All remaining storage media in the future state are linked to each other and exchange 

the relevant data. 

 Paper is no longer used as a storage medium in the value stream. 

 Information on the fulfillment of documentation obligations is stored product-specifically 

and can thus be easily further processed. 
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5 Conclusion 

In this paper, the VSD 4.0 was presented, and a practical example was given. The method 

solves the shortcoming of the classical VSD that information flows are only considered from 

the point of production control and that information from the processes is not used to increase 

customer value or to improve processes. In addition, the case study shows that the method is 

applicable for a complete order completion process. That means for administrative processes 

as well as for production processes. By using the method, it was possible to improve the value 

stream in various objectives like used storage media, the number of analog data flows, and 

the use of paper in the production. Although some digital technologies have been integrated 

to reduce waste in information logistic and speed up the throughput time. 
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1 Introduction 

Industrial production plays a key role in nations´ economic growth and competitive strength 

(Reis et al., 2016). In fact, research has shown that industrial production is directly linked to 

wealth and employment generation (Fingleton, 1999; Sirkin, 2011; Tolio et al., 2019). 

Consequently, several countries around the world (e.g., Germany, United States of America, 

South Korea) have established initiatives to support industrial competitiveness through the 

integration of cutting-edge technologies into their manufacturing industry (Kang et al., 2016). 

Despite the use of different catchwords to refer to this trend, namely Industry 4.0 (Kagermann 

et al., 2013), smart manufacturing (Kang et al., 2016), intelligent manufacturing (Zhong et al., 

2017), and digital manufacturing (Behrendt et al., 2017), factories around the world are 

changing at an increasingly fast pace due to the introduction of novel technologies into their 

production processes. Innovative technologies, such as Internet of Things (IoT), wireless 

sensor networks, big data, artificial intelligence, cloud computing, embedded systems, digital 

twins, additive manufacturing, virtual reality and augmented reality are no longer a distant 

reality (Tolio et al., 2019; Wang et al., 2016). As manufacturers learn how to integrate different 

production processes, their factories become smarter. This means that manufacturers move 

away from a myopic process optimization view towards a holistic approach that considers the 

complete factory performance optimization. 

It is well known that the advancement of scientific and technical knowledge in the fields of IoT, 

cloud computing, and artificial intelligence has been enabling the transformation of factories. 

In particular, the increased connection of manufacturing equipment to the cloud has led to the 

collection of new data and advance analytics analysis from the manufacturing processes. The 

insights resulting from these analyses are then being fed back into the production processes, 

creating a more predictive and agile environment and promoting a continuous improvement 

cycle. Given the rising complexity of smart factory technological developments, it is not 

surprising that the ability to integrate them into production remains the main challenge for many 

firms. Indeed, this transformation places additional competitive pressure on incumbents, while 

at the same time generates new opportunities for emerging companies. 

Regardless of the sector in which companies operate, it is no longer appropriate to look into 

isolated business silos. A company only earns money if the system as a whole works efficiently. 

Optimizing subsystems (silos) is not effective. A full holistic approach is required to continue 

to morph and adapt to new game-changing events that define successful smart positioning. 

Understanding how companies can benefit from the integration of these technologies into their 

production environments implies assessing which conditions may accelerate their industrial 

transformation.  

Therefore, in this paper, the main technologies that enable a smart production are examined 

in Section 2. Section 3 provides the innovative multidisciplinary approach put forward by EDAG 
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PS to address the increasing demand for digital, flexible, and agile solutions. Then, six use 

cases applications into an industrial production environment are presented in Section 4. 

Finally, Section 5, highlights the main conclusions and possible pathways for future research 

on smart production. 

2 The Era of Digitalization 

The German government coined the term “Industrie 4.0” back in 2011 to stimulate industry 

digitalization (Kagermann et al., 2013). Following the German lead, several other governments 

have launched digital initiatives with the ultimate aim of promoting economic growth and 

competitive strength. Some examples include the Foresight-project that describes the UK 

vision for the manufacturing future (Foresight, 2013), the Smart Manufacturing Operations 

Planning and Control Program established by the National Institute of Standards and 

Technology (NIST) in the US (Feeney and Weiss, 2014), “Made in China 2025” launched to 

enhance Chinese industrial capacity (Li, 2018), and the New Industrial French program 

designed to promote the movement of French companies towards high value-added activities 

(NFI, 2016). The worldwide interest in these topics is presented in Figure 1. 

 

Figure 1: Regional breakdown of interest on digitalization topics: Industry 4.0, Smart Manufacturing, 

Intelligent Manufacturing, Digital Manufacturing, and Smart Factory. Source: Google Trends. 

From the regional breakdown presented in Figure 1, it becomes apparent that “Industry 4.0” is 

more used in Europe and Asia, whereas “Smart Factory” is more used in North America. It is 

also interesting to notice that Germany and Brazil appear together, ranking 39th and 40th 

respectively, amongst the regions that show more interest in these topics. 

Scientific research and technological innovation are of critical importance to the development 

of nations. In fact, research has shown that nations require an initial level of scientific and 

technological capabilities in order to take advantage of external knowledge, and technology 

developments (Cohen and Levinthal, 1990; Narula, 2004). Therefore, Figure 2 presents the 

evolution of published articles on the smart factory topic. 

Figure 2 shows that the number of published articles on the smart factory and Industry 4.0 

topics increased expressively since 2011, which is consistent with the general increased 
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interest in these topics after the German government initiative in 2011. Once more, Industry 

4.0 topics lead to more publications than the Smart Factory topic. One possible explanation is 

that Industry 4.0 can have a more generic focus. In fact, while most articles concerning Industry 

4.0 focus on the factory environment, in others, the emphasis is no other application areas, 

such as smart products or smart cities (Lu, 2017). 

 

Figure 2: Evolution of published articles by topic. Data Source: Scopus. 

Given the industrial production emphasis of this article, the paper focusses on the smart factory 

topic to analyze what are the most important concepts that appear in published articles. 

Therefore, Figure 10 presents the most common words in the articles´ keywords after removing 

contextual words (e.g., industry, smart, digital, transformation, and manufacturing, amongst 

others). 

 

Figure 3: Top 15 words in articles’ keywords after removing contextual words. Data Source: Scopus  

3 EDAG-PS Conceptual Approach  

Reviewing the smart factory underlying technologies has been a strategic focus of EDAG PS 

in recent years. More specifically, EDAG PS has focused its attention on understanding how a 

traditional engineering services company can transition towards a digital production solutions 

provider. Therefore, this section introduces EDAG PS and offers an overview of our innovative 

multidisciplinary approach towards the implementation of the smart factory concept. 
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 Company Overview 

The EDAG Group is one of the largest independent engineering partners to the global 

automotive industry and specializes in the development of vehicles, derivatives, modules, and 

production facilities. Founded in 1969, the company business is organized in the segments: 

Vehicle Engineering, Production Solutions, and Electrics/electronics. This extensive 

competence enables EDAG to provide its customers with all-round support, from the original 

idea for the design, through product development and prototype construction, to turn-key 

production systems. As an innovative technological leader, the company also has competence 

centers for ground-breaking future technologies for the automotive industry: lightweight design, 

eMobility, car IT, integral safety, and new production technologies. The Vehicle Engineering 

segment consists of services along the vehicle development process as well as responsibility 

for derivative and complete vehicles. The range of services offered by the Electrics/Electronics 

segment covers the development of electrical and electronic systems for the complete vehicle. 

This includes, in particular, the growth domains eMobility, autonomous driving, and digital 

networking both inside and outside of the car. Also included in the range of services are 

developments relating to comfort and safety systems. 

The Production Solutions segment, operating through the independent company EDAG PS, is 

an all-round engineering partner, which accepts responsibility for the development and 

implementation of production processes at 30 sites around the world. In addition, EDAG PS 

relies on its 45 years of engineering experience and a workforce of 1582 employees to handle 

the individual stages in the product creation process and all factory and production systems-

related services, EDAG PS is also able to optimally plan complete factories over all fields, 

including cross processes, and to provide realization support. The Industry 4.0 methods and 

tools serve as the basis for the networked engineering between the product development and 

plant construction processes. From an economic point of view, EDAG PS closed 2018 with a 

revenue of 159,2 million Euros (EDAG, 2019). 

In the field of concept engineering, EDAG PS provides its customers with an integrated 

approach to process planning. This means that EDAG PS provides companies with factory 

and production planning support – with both the implementation of new plans and with the 

conversion, expansion or optimization of existing systems while the operation is in progress. 

By offering support from concept engineering to the preparation of detailed product 

specifications, it is possible to cover all the steps required for the production process and to 

design interfaces with other media, buildings, and logistics. In the context of simultaneous 

engineering, concept engineering favors an integrative approach, with the Product 

Development, Systems Planning and Production Simulation departments all working together 

to design project interfaces. 

In the implementation engineering department, digital factory methods are used in all 

production lines (digital, virtual, and real-life) to guarantee that the functional requirements of 

body in white (BIW) facilities are met. To meet customers' requirements, the engineers develop 
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realistic 3D simulation cells in which the planning, design, and technological concepts are 

implemented and validated in line with process requirements. Early involvement during the 

engineering process makes it possible to improve production processes systematically. This 

enables the department to develop ideal production concepts for customers. 

Productions Solutions' portfolio is also complemented by Feynsinn, a process consulting and 

CAx development department. IT-supported sequences and methods are developed here, as 

is software for product design, development, production, and marketing. Feynsinn also offers 

consulting, conceptual, and realization services in the field of visualization technologies. Our 

range of training opportunities completes the portfolio. 

 Towards the Smart Factory Implementation 

The digital transformation has been playing a prominent role in EDAG PS. Consequently, 

EDAG PS has been positioning itself as a key provider of the following competencies for the 

smart factory implementation (see Figure 4): intelligent and flexible logistics, smart 

maintenance, individualized automation, paperless factory, smart building, proactive 

production monitoring and control, big data analytics, flexible and modularized production, and 

digital order processes. 

 

Figure 4: EDAG PS Key Competences for Enabling a Smart Factory Implementation. 

Intelligent and Flexible Logistics Systems 

Achieving an optimized logistic process constitutes a central aspect of smart manufacturing as 

material, components, and products handling as well as transportation can have significant 

impacts on production costs (Kusiak, 2018). As connectivity between systems improves, it 

becomes possible to introduce more and more reliable network-based structures that rely on 
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real-time architectures. Real-time architectures are essential for the implementation of 

intelligent and flexible logistics systems, such as driverless transportation systems, location 

detection applications for inventory, as well as guided commissioning solutions. However, the 

optimal logistics solution is dependent on the individual smart factory’s requirements. 

Smart Maintenance 

Succeeding at increasing systems´ availability is one of the main goals of manufacturing 

companies, given this yields major economic benefits (Lao et al., 2014). Smart maintenance 

approaches, such as predictive maintenance, remote maintenance, and knowledge 

management through augmented reality applications, can contribute to attaining this goal. 

These approaches entail detecting that there are anomalies in the behavior of the monitored 

systems, diagnose the type of problem occurring, identify the affected components, and predict 

the time frame or remaining useful life of the system through the probability of failure. To this 

end, advanced cognitive capabilities are used to analyze data collected from the sensors 

installed in the manufacturing equipment, which is in turn, used to provide customized 

maintenance solutions. 

Individualized Automation 

Boosting production productivity plays a critical role in every manufacturing facility (Thoben et 

al., 2017). In the automotive industry, for example, car bodies are produced almost without any 

human intervention. Nevertheless, a lot of manual work is still required to assemble a complete 

car. Applying automated process solutions that led to improved human-robot collaboration or 

even unmanned production creates new opportunities for running factories seamlessly and 

without interruptions. Robots endurance and ability to perform repetitive tasks complement the 

human´s rationality and experience. However, achieving successful human-machine 

cooperation, special safety requirements must be met and implemented. 

Paperless Factory 

Although digital technologies hold great promises to revolutionize the manufacturing shop 

floor, paper still prevails in many factories. Heinrich et al. (2018) advanced four reasons for 

this: paper´s flexible nature and robustness allow to create and adapt individual information 

into the manufacturing environment, reinterpreting information through annotations, combining 

information handover with social interaction, and leverage on visual cues. On the other hand, 

paper documentation is not only more prone to human errors but also wastes resources and 

reduces efficiency. Therefore, the challenge is to retain the benefits of paper while providing 

real-time support through digital technologies, such as augmented and virtual reality, Andon 

E-ink displays. 
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Smart Building 

The green factory topic has attracted significant attention from both academia and industry in 

recent years (Herrmann et al., 2014; Kreitlein et al., 2015). One important reason for this trend 

has been the need to protect the environment while saving costs and resources. Thus, 

analyzing existing production procedures and standards, optimize factory and process 

planning for energy efficiency, simulate energy consumption and replace energy-intensive 

production machines (e.g., with compressed-air free production) have become increasingly 

more important. Building information modeling (BIM), factory digital mock-ups (DMUs), and 

energy consumption optimization techniques promote sustainable factory infrastructures. 

However, the implementation of such a green perspective and technologies is only possible 

through a holistic understanding of the manufacturing processes. 

Proactive Production Monitoring and Control 

The machines and tools used in the factories change-over time, which affects the quality of 

products and production. In order to improve quality control and performance, it is crucial to 

enable the connection of cyber-physical production systems in which the connected machines 

can, for example, make automatic small corrections between production steps within certain 

specified tolerance areas (“self-regulating systems”) to compensate for quality fluctuations. 

This can only be achieved if one first simulates the process and its individual steps virtually 

during the planning phase, then check the drift of the measured values and run an analysis to 

establish which parameters can be changed and how this affects the quality of the product. 

Actions that only result in low “side effects” can, therefore, be specified for different scenarios. 

This horizontal networking in the planning phase provides improved quality in long production 

periods by means of automatic corrections. 

Big Data Analytics 

Despite the hype of big data analytics, only a small number of companies is able to benefit 

from its potentials and profit from their operationalization (Pearson et al., 2014). Companies 

understand that business intelligence, data mining, and artificial intelligence can play an 

important role in boosting the quality and efficiency of production. However, they want to be 

sure about the return on investment before they commit resources to it. This is especially true 

for small and medium-sized suppliers, which rely on limited resources and therefore have a 

reduced investment capacity. In order to efficiently use big data in production, it is important to 

understand not only how to set up the right infrastructure to collect the manufacturing data from 

the programmable logic controllers (PLCs) and embedded sensors, but also which data needs 

to be collected and processed to address the problem at hands. 

Flexible and Modularized Production 

Flexibility and modularization play an increasingly important role in the context of 

manufacturing as manufacturing systems transition from mass-produced products towards 
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product customization, adapted to the customer requirements (Friedrich et al., 2015). Smart 

systems that are able to sense the changing operation conditions and take corrective actions 

are vital for implementing flexible cell production units in a manufacturing facility. Additive 

manufacturing (commonly known as 3D printing) is also a key enabler of customized 

production. However, to implement this approach into production, companies need to be able 

to overcome the complexity of combining different functions and modules. 

Digital Order Process 

As products become more complex and tailored made for customers´ specific needs and 

requests, it becomes increasingly more important to provide manufacturing customers with 

solutions that satisfy their individual requirements and expectations. Digital order processing 

tools, such as product configurators, integrated order planning, progress confirmation, allows 

customers to simply and quickly visualize their orders according to their individual 

requirements. Therefore, the challenge is to be able to capture the increasing number of 

interdependencies and regulations that must be considered through digital order processing 

tools. 

Overall, to achieve a successful integration of such solutions into an industrial manufacturing 

environment, it is of special importance to implement an intelligent approach making use of 

best-practice processes, cutting-edge technologies and a full understanding of the overall 

factory. In the next section, six use cases that exemplify how EDAG PS has been able to pave 

the way forward as a digital production solutions provider are provided. 

4 EDAG PS Continuously Connected Engineering 

This section discusses six use case applications that illustrate EDAG PS experience in 

integrating connected engineering solutions into industrial manufacturing environments, 

namely: predictive maintenance in automotive production, production control systems, media 

free lightweight gripper, couch engineering, smart fleet analytics, and efficient intralogistics. 

 Predictive Maintenance in Automotive Production 

Predicting operation breakdowns before they occur aids automotive manufacturers to save 

money by improving industrial equipment´s availability. To achieve this goal, our customer 

needed to be able to plan maintenance activities for BIW construction in advance. Therefore, 

collecting real-time raw performance data from sensors embedded in their industrial hardware 

equipment was a fundamental step to implement a predictive maintenance solution. New IoT 

concepts were needed to collect the raw data from the embedded sensors. 

Our solution first pinpointed the production stoppages that grasped the best cost-benefit for 

our client based on the Pareto´s principle. According to this principle, roughly 80% of the 

breakdown effects come from 20% of the cases. Thus, to begin with, our team focused on this 
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20% to derive malfunction hypotheses based on its long-standing experience in developing 

solutions for the production environment. 

Industrial robots comprise several servos that are used for positioning and speed control 

functions. Typically, these exhibit irregularities in their power consumption before a breakdown 

occurs. Therefore, a relevant hypothesis for our customer was whether a preventive action 

could be taken to prevent the occurrence of a breakdown by monitoring the power consumption 

of the servo under observation. To verify the proposed hypothesis, it was implemented a cloud 

computing solution that allowed us to store the data collected from the servos and other 

sensors. The collected information was analyzed through data mining techniques, real-time 

analytics, and machine learning algorithms that detect patterns in the behavior of the 

equipment. This process enabled us to build models that predict failures before they occur and 

roll them out into production. In this way, we helped our customer to increase the productivity 

and availability of its BIW construction. 

 Production control system 

Manufacturing execution system (MES) has been the core platform of industrial manufacturing 

and is likely to remain so in the upcoming years. Implementing fully integrated MES solutions 

that meet the real-time changing demands and conditions of the factory, supply network, and 

customer needs are becoming increasingly more important. Achieving better operational 

performance continues to be a critical issue amongst our customers. In the automotive 

industry, modular MES solutions that rely heavily on real-time data are now the norm. 

In this context, EDAG PS has been responsible for designing and developing modern MES 

solutions for shell, paint, assembly, logistics, and conveyor technology. These solutions entail 

the acquisition and reporting of large amounts of data that need to be processed for a regulated 

order management and control process. Using the orders data, EDAG PS MES ensures 

constant monitoring and control of production targets, the supply of material and operating 

resources to plants and machines, personnel management, which in turn, contributes to the 

control and optimization of manufacturing processes. In fact, based on an optimized production 

of the different vehicle alternatives, the developed MES guides production work procedures 

(e.g., Pick2Light, screwing data, test stands, filling stations, etc.). 

Our modern and reactive MES also includes energy management, as well as storage and 

buffer control (“sequence healing”), which maximizes plant productivity and improves operation 

efficiency and flexibility. EDAG PS´ MES solutions leverage on the influx of data to deliver end-

to-end, real-time process visibility and traceability, along with the seamless integration, 

management, and synchronization of all the systems involved in our clients´ production 

processes. 
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 Media Free Lightweight Gripper 

Additive manufacturing has several advantages over traditional manufacturing techniques, 

namely: faster development cycles, lightweight applications, part consolidation, and increased 

design freedom that allows to exploit the results of topology optimization algorithms. This is 

especially relevant in the context of smart manufacturing. 

This is the reason why EDAG developed a revolutionary lightweight, modular gripping system 

for car body construction using additive manufacturing (3D printing). Our robot-assisted gripper 

concept can be integrated into the vehicle assembly process without its own actuators or 

pneumatics. In fact, by using the energy available from the robot movement and dispensing 

additional motors and sensors, weight savings of up to 75 percent are possible, compared to 

conventional systems. Another advantage is the high sustainability that this solution offers due 

to energy-free operation, other media, or their components like directional control valves, 

initiators, or cables are no longer necessary. Further advantages are simple assembly and 

easy-to-change components, should repairs be needed. Standardized assemblies mean that 

warehousing space can be significantly minimized. Moreover, all parts required as spares or 

for modifications can simply be re-printed using the additive manufacturing method. 

The media free lightweight gripper concept constitutes a significant milestone on our Smart 

Factory vision and provides an impulse towards the development of complementary solutions 

that consistently save media (e.g., electricity, air) and reduce the space required in the 

production network. The potential value of this concept was also recognized at the Automotive 

Engineering Expo, where EDAG PS received the AEE Innovation Award 2017. 

 Couch Engineering 

Virtual reality (VR) and augmented reality (AR) technologies are enabling companies to step 

forward into a new design era. While VR technologies immerse users in a digital environment, 

totally shutting them off from the rest of the world, AR technologies extend users reality by 

presenting digital images on top of their real-time view of objects, people, or spaces in the 

physical world. Companies are now leveraging on both these technologies to craft immersive 

experiences, which allow users to experience products and spaces in unique ways. 

In the era of virtual realities and reproductions of entire factory landscapes, work has become 

independent of a fixed location and, at the same time, independent of fixed working hours and 

time zones. In this context, EDAG PS developed a pioneering concept for product engineering 

that combines VR and AR collaborations and can be implemented from the planning stage 

right up to maintenance operations. Using photorealistic 3D scans, the work environment is 

integrated into reality. The coupling of real control engineering with digital twinning with the cell 

can be carried out in real-time. By using this concept from collaborative engineering projects, 

on-site meetings can be minimized, saving time and resources. 
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Being able to carry out networked tasks in automotive engineering projects from the couch 

establishes the foundations for a better work-life balance with no loss of efficiency. EDAG PS’ 

sustainable and efficient concept brings together particular staff or the whole team to work 

simultaneously or staggered as a community towards a new manufacturing world. 

 Smart Fleet Analytics 

Smart fleet management contributes to achieve higher fleet efficiency. On-board sensors 

installed in forklifts and other vehicles used to transport goods in a manufacturing facility collect 

real-time data, which enable the production of detailed fleet analyses and reports. With these 

insights, our customers are able to examine operation trends, such as material delivery across 

equipment types, areas, and even facilities, which ultimately allow them to make informed 

decisions to maximize productivity, reduce inventory faults, and lower operation costs. 

Even though onboard telematics has provided much transparency to the warehouse decision-

making process, fleet operations in production facilities can still be taken one step further with 

the application of machine learning algorithms. As a result of machine learning developments, 

EDAG PS is now able to find relevant, statistically significant relations hidden in the captured 

data. Furthermore, EDAG PS has established a methodology for smart fleet analytics that 

increases the value of data by bringing different datasets together. In particular, fleet location 

combined with warehouse orders data is used to derive optimized fleet management and 

material delivery solutions tailored to the customer particular needs. 

Our innovative data science approach allows to forecast the fastest delivery routes using 

machine learning algorithms, which provides our customers with vital information that they can 

use to optimize material delivery and vehicle usage. This, in turn, frees up resources (vehicles 

and operators) that can be used to transport additional orders. In addition, the use of fleet 

location-based data in combination with warehouse orders data contributes to uncover hidden 

patterns within the data and recognize the best demand patterns across groups of products 

and production areas. 

 Efficient Intralogistics 

The design of an efficient logistic system is a key factor to improve productivity and reduce 

costs within a manufacturing site. The use of automated guided vehicles (AGVs) as a transport 

system has now reached a maturity level that enables their integration into existing 

manufacturing systems. Despite the high capital investment cost, AVGs provide significant 

economic benefits due to their lower maintenance requirements, ability to function on a 24/7 

basis with minimum human intervention, and reduction of accidents resultant from improved 

safety. 

As part of a greenfield site planning, EDAG PS was awarded a contract to develop a holistic, 

end-to-end optimized, and competitive intralogistics concept. The material and information flow 
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scope included the supply of battery manufacturing lines and handling of finished products up 

to shipping. EDAG PS has investigated several logistic concepts and supported the automated 

logistics solution as the most competitive one. The use of AGVs as a transport system is an 

integral part of the solution for fully-automated intralogistics systems, and helps to achieve that 

purpose. The use of specifically synchronized and make-to-order AVGs have several benefits, 

namely higher productivity and flexibility, increased inventory efficiency and accuracy, less 

expensive than fixed automation systems, and increased safety. 

With those advantages in mind, EDAG PS has developed an automated transport system to 

build up the operational excellence, and therefore ensure the implementation of a competitive 

and robust logistic system. With experience, methodical competence, and interdisciplinary 

expertise from many different fields (e.g., logistics, material flow simulation, production IT, and 

safety engineering), EDAG PS accompanied the customer on its way to achieve the overall 

optimum. 

5  Conclusions 

The digital transformation process in the automotive sector continues at an enormous rate. 

Automotive companies around the world are massively invested in the development and 

application of novel sophisticated technologies, such as IoT, artificial intelligence, and cloud 

computing. In this new digitalization age, where the information volume and complexity has 

tremendously grown, it is no longer possible to rely solely on the human ability to sporadically 

analyze that information. New digital business models, where the information is automatically 

analyzed, and actions are taken without human intervention, are needed to enhance the 

performance and competitiveness of complex industrial ecosystems. 

EDAG has been no exception to this trend, and in the course of the last 50 years, the company 

has succeeded in reinventing itself again and again. From a small design office focused on 

vehicle bodies and production equipment to an engineering multinational responsible for the 

development of vehicles and production facilities around the world, the company has 

established its position as a proactive engineering services specialist. 

To take full advantage of the smart factory potentials, manufacturing companies need to be 

able to bring all the different aspects of the business together. It is no longer adequate to strive 

to achieve the peak performance of an isolated unit (e.g., assembly, painting, logistics, etc.), 

but instead, the challenge is to bring all the business units together to achieve the peak 

performance of the overall factory. Therefore, the challenge going forward is to be able to grasp 

all the dependencies between the units of the factory in order to consider the complete system. 

In this case, the complete factory. 

Grounded in its engineering experience, EDAG PS has been breaking business silos in the 

productive environment and paving the way for a fully holistic view of the smart factory. The 
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six different use case applications presented in this paper are an example of that. They show 

that the interoperability and knowledge integration aspects of EDAG PS´ approach to 

digitalization. Industrial engineering experience is decisive for implementing successful digital 

transformations as it provides the contextual information required to understand what 

production firms should be considering, what information is appropriate, and what 

modifications in the operations, processes or analytics may be desirable. In this respect, EDAG 

PS will continue to expand its range of digitalization services towards a continuously connected 

engineering world. 
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production factors in a value-adding process. 
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processes as efficiently as possible: 

 from the control of individual process steps to 
the Enterprise Resource Planning (ERP) system

 from data acquisition and evaluation to 
AI applications.
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New planning of the welding production line

■ Customer: System supplier for building services equipment

■ Product: Fans / ventilation components

■ Location: Germany

Planning of a new welding line

■ Investigation of the entire product portfolio of the production site

■ Determination of the processing times of the components taking into account set-
up times, tacking times and welding times

■ Intelligent allocation and assignment of product groups.

■ Determination of the required number of welding cells

■ Consideration of manual stapling processes and devices

■ Optimization concepts for reducing set-up times

■ Development of cost-optimized clamping concepts considering time savings and 
ergonomics

REFERENCE – FLEXIBLE, MODULARIZED PRODUCTION
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Increase in productivity
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Concept planning for possibilities of human-robot collaboration 

in the assembly process

■ Customer: Automotive suppliers

■ Product: Passenger car interior fittings

■ Location: Germany

Activities

■ Identification of potential HRC-Applications and demonstration of HRC-Potentials

■ Development of concept alternatives for 3 HRC-Applications

■ Comparison of concept alternatives incl. costing and decision recommendation

■ Detailing of the selected concept planning incl. safety assessment, component 

selection and supplier recommendation

Increase in productivity
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Predictive maintenance in automobile production

■ Customer: OEM automotive industry

■ Product: Passenger car

■ Location: Germany

Implementation of a predictive maintenance solution for bodyshell construction

■ Derivation of hypotheses from malfunction analysis

■ Preparation of business case incl. value stream simulation

■ Implementation of data connection to the cloud

■ Programming and verification of hypotheses

■ Optimization of hypotheses using machine learning algorithms

■ Potential confirmation by pilot operation

■ Rollout

REFERENCE – SMART MAINTENANCE

Page 32

Increased productivity and availability
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CONCLUSIONS

July 29th, 2019

 Our challenge as an engineering partner is to be 
able to provide 
 the right expertise 

 at the right time 

 in the right place 

 at all times 

and to take responsibility for it.

 In times of digital transformation, it is essential to 
take a holistic view of production systems:
 from the assembly step to the business process

 from logistics via manufacturing to production IT

 from the building via the plant to the storage box.

 Digitization is an essential part of modern 
production systems
 for increasing efficiency and quality

 for sustainable production

 ... and for a balanced work-life balance.

Page 48
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Artificial Intelligence improves Complex 

Production + Operation: Project examples 

from the shop floor  

Abstract 

More and more industry data is recorded. Data lakes are substantially growing. But, just 

having (Big) data does not yet realize a significant improvement in industrial processes. 

Thus, companies are increasingly focusing on getting insight out of their (large) data pools 

– with the help of Predictive Intelligence, the Self-Learning Artificial Intelligence Solution. 

Part I of the paper covers predictive maintenance in production: Reliable machinery is 

critical for production and operation processes. Failure leads to downtime of production 

lines. Un-supervised, self-learning algorithms analyzed data from critical processes and 

information on future failure, in machinery, allows for action before it actually occurs. 

Unplanned downtime is avoided. Part two covers predictive quality. The AI solution was 

used to get reliable fast results on root cause discovery for poor quality. Speed is essential 

as production runs 24/7. Complex root-cause findings were reduced from several days to 

hours, with transparency on disturbing factors. 
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1 Introduction 

Worldwide, businesses are increasingly exposed to cost pressures, quality requirements, 

unpredictability, and new processes complexities. Albeit the availability of data from their 

processes, machines and resource operation has also been on an increasing pattern, this 

availability of (Big) data does not easily, or readily, materializes into the hoped for improved 

efficiencies. Only turning Big Data into Smart Data, companies will be able to discover 

inefficiencies and disturbing factors in both the business and the technical processes. 

Predictive Intelligence is an un-supervised self-learning analysis, prediction, and control 

solution. Even in a complex process and dynamic data structures, it is possible to get 

foresighted recommendations for daily operations. Machine to machine communication allows 

direct process and machinery control – with proven efficiency increase. Dynamic simulation 

methods discover hidden optimization potentials. Disturbing factors are discovered early. In 

this way, inefficiencies can be avoided before they even occur. 

These self-learning solutions count with cognitive robotic process automation (cRPA). A large 

number of complex processes cannot be described by rules because the influencing factors 

are constantly changing. These processes show high dynamics or the required knowledge for 

decision making is very complex. In these cases, the usual RPA BOTs do not suffice. Self-

learning, cRPA BOTs are required, which are able to discover hidden and complex data 

patterns, even in Big Data or in, hardly, any data. A cognitive RPA BOT learns from executed 

processes, understands which steps lead to success (and when) and derives complex 

networks which allow for highly accurate predictions (predictive analytics) and for controlling 

processes in a predictive way (prescriptive analytics). Therefore, complex processes are 

automated in a dynamic and predictive manner. 

These Predictive Intelligence solutions can be applied, successfully, in several areas, such as: 

 Industry 4.0 / Smart Production: 

 Predictive maintenance; 

 Predictive quality and quality optimization; 

 Waste reduction, energy dispatching, and trading; 

 Logistics optimization, capacity planning; 

 Machinery control; 

 Process efficiency. 

 Smart Services: 

 Demand-oriented planning, optimal resource utilization; 
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 Communication analysis; 

 Optimized sales and service processes. 

 Smart Grid: 

 Realizing the full potential of renewable energy usage; 

 More precise energy purchase and sale; 

 Predictive automated energy trading. 

 Smart Buildings: 

 Predictive and adaptive building control. 

This paper presents cases of Predictive Maintenance and Quality. Section 2 presents an 

overview of the solution. Section 3 presents the case on predictive maintenance, in production 

an operation (Part 1) and Section 4 the case on predictive quality in production (Part 2). 

2 Solution Overview 

The Self-Learning algorithms of the Artificial Intelligence Solution, Predictive Intelligence, 

represent the core of IS Predict standard software. In contrast with other AI approaches (i.e., 

Deep Learning), Predictive Intelligence gives transparency over which factors influence the 

processes in a positive or negative way. Thus, processes can be improved sustainably. 

Due to its Self-Learning algorithms, the effort required on Data Scientists is kept to a minimum, 

basically in the project early phases. When the processes change, the software understands 

the future consequences of those changes, automatically. Therefore, no Data Scientist has to 

modify the Artificial Intelligence solution, any longer. This allows for reduced follow-up costs 

that usually are incurred while adapting an AI solution to changed processes. The Predictive 

Intelligence solution automates some time-consuming tasks which are normally executed by 

Data Scientists. Thus, it reduces not only the implementation costs for your AI solution but also 

the operating costs. In this way, the implemented AI solution gets scalable and can be used 

over the years, without hidden follow up costs. 

The solution delivers highly accurate prediction even in complex processes and discovers 

hidden anomalies in the machine and human behavior. In addition, recommendations are 

given to avoid future inefficiencies. These recommendations are given to humans, i.e., 

machine operators in production or control is done without human interaction, thanks to 

“machine-to-machine” communication. 

Depending on the analytical tasks and particular implementation, relevant solution modules 

are available and can be made of use. These modules encompass the following features: 
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 Dynamic pattern discovery 

In highly complex and dynamic data, hidden and multifaceted data patterns are 

discovered. High complexity can mean big data or data lake, but also hardly any data, 

i.e., gaps in data. Benchmarks have proven that Predictive Intelligence reaches 

significant, more accurate predictions in complex and dynamic data than state-of-the-art 

methods like Deep Learning, Neuronal Networks, Support Vector Machines, 

Regressions, etc. In addition, often, these said methods deliver satisfying results on 

learned data but are not reliable on unlearned data. Predictive Intelligence allows for 

equally good results on untrained data. 

 Anomaly detection 

Complex data patterns are found, which happen in similar or changed ways before 

machinery runs inefficiently/fails or a poor quality item is produced. Those changing 

patterns can develop over weeks, months, or just within seconds or minutes. Predictive 

Intelligence detects anomalies and assesses them for criticality. 

 Influencing factor discovery 

The available data is analyzed to assess their influence in causing machine 

inefficiency/failure or reduced quality. In this way – even out of data lakes – significant 

factors are discovered. Transparency leads to optimized process re-design. In addition, 

sensors are optimized, as attention is paid to relevant sensors, only, instead of gathering 

as much data as possible. 

 Failure prediction 

For each machinery/equipment/installation, an inefficient operation or failure can be 

predicted with high accuracy. Downtime is minimized, and maintenance activities can be 

planned and managed in an optimized way. In addition, service technicians can be 

informed about which data causes future inefficiencies. Therefore, service technicians 

are guided to a particular component that will cause trouble in the future. Also, reduction 

in quality can be detected in advance. 

 Predictive maintenance 

Having future machinery problems discovered, machinery is always meeting quality 

requirements, and products can consistently meet the quality requirements. 

 Predictive machinery control 

Complex algorithms simulate variants in machine settings and control machinery in a 

predictive way, to allow for optimal quality. Alternatively, recommendations can be 

given to machine operators. 

 Root cause analysis 

Disturbing factors can be discovered, early. This transparency enables sustainable 

process improvements. 
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 Self-learning 

 Manage changes over time 

Production processes are not static. Changes happen, again and again, e.g., 

production lines` utilization is changed, production items are changed, etc. This leads 

to different machinery usage, like heavier or lighter machine assignments, etc. Self-

learning algorithms understand the dynamics of those changes and adopt the 

analyzed data patterns automatically. Thus, there is no need to engage Data 

Scientists, regularly, to adjust the mathematical models to the changed reality. 

Predictive Intelligence implements these adjustments, automatically. 

 Enable scalability 

In state-of-the-art methods, Data Scientists might be required to modify mathematical 

models for each individual machinery instance. However, Predictive Intelligence 

learns the individual context of each instance automatically. Thus, no Data Scientist 

has to adjust mathematical models for individual machinery instances. 

3 Predictive Maintenance – production/operation (Part 1) 

 General 

The Predictive Maintenance feature of the solution aims at reducing machinery downtime and 

optimizing technical services. High-class products require high-class production line 

management. Maintaining machinery based on pre-defined cycles and condition monitoring 

belongs to the past, see Figure 1.  

 

Figure 1: Future generation maintenance scenario 
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Next generation of maintenance is future-oriented: Predictive machine service and adaptive 

plant analytics. Only predictive and demand-oriented maintenance saves time and money. 

New self-learning algorithms can inject “predictive intelligence” in all relevant components. 

Both machinery operators and machinery producers can benefit from next-generation 

maintenance. New business models are created to offer added value services for predictive 

maintenance analytics, i.e., via the cloud. 

 Key Benefits 

With Predictive Intelligence solution, for Predictive Maintenance, you can: 

 Discover anomalies in machine behavior; 

 Get transparency, which factors influence machine inefficiencies. In this way, you can 

optimize machine operation and sensor usage; 

 Predict accurate machine failure and inefficiencies; 

 Automatically adjust algorithms to understand changes in machine behavior (i.e., 

changed production and machinery utilization); 

 Automatically roll out customized algorithms to your machinery instances. 

 Siemens Case– Predictive Maintenance in production 

In car building, failure of critical machinery leads to the downtime of entire production lines. 

One minute of unplanned stand stills sums up to ca. 18,000 € in losses. To prevent a Car Body 

Press (Figure 2) from starting giving problems, Siemens introduced the utilization of the 

Predictive Intelligence solution in the shop-floor. 

 

Figure 2: Car body press (pictorial) 
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Objectives: 

 Change the presses maintenance scenario from Reactive/Break Fix and 

Proactive/Preventive to Proactive/Predictive; 

 Early discovery of future quality problems, caused by tear and wear; 

 Staying competitive in the future from a maintenance perspective, by: 

 Optimizing plant availability (24/7); 

 Reducing total cost of ownership; 

 Taking advantage of Digitalization. 

Issues: 

 Gears (Drive train) tear and wear and tooling misalignment (Orientation Station), see 

Figure 3; 

 With the former procedure, it was not possible to understand how data can be used to 

predict press shutdowns, although metal press has been analyzed by both the data 

scientist and machine experts. 

 

Figure 3: Schematic - Car body press line 

Challenge: 

 6 Orientation stations with 42 toolsets each; 

 Total of 252 individual contexts. 

Approach: 

 Learn, see Figure 4: 

 Offline data; 

 Discover data patterns that lead to problems. 
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Figure 4: Approach - Car body press line 

 Prove: 

 Analyze unknown, offline data; 

 Predict; 

 Discover influencing factors and calibrate algorithms. 

 Apply: 

 Apply proven algorithm in the online field test; 

 Fine tune algorithms. 

 Roll-out: 

 Operative usage for selected devices; 

 Connect additional devices of the same type, i.e., press 

Solution: 

 The Predictive Intelligence Solution allows for the discovery of disturbing factors that 

cause tear and wear and analyses the “health” of the machinery, making use of complex 

anomaly KPIs, Figure 5; 

 

Figure 5: Solution - Car body press line 
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 Information on future press malfunction, also causing bad quality is obtained. 

Outcome: 

 Tear and wear can be assessed in a dashboard and failure predicted, see Figure 6; 

 Prediction accuracy: verified models on unknown data > 99%. 

 

Figure 6: Dashboard – Car body press line 

 NTT Case– Predictive Maintenance in operation 

Failure Prediction for critical air-conditioning system, for the NTT Facilities Company. NTT 

Facilities is the “Building & Energy” professional company in the NTT Group; see Figure 7. In 

IT centers, the climate is critical for the well-functioning of servers and, thus, for all business 

processes. 

 

Figure 7: NTT Facilities – Business Segments 
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Objective: 

 Failure Prediction for Air-Conditioning; 

 Target: Critical Infrastructure inside Telecom, Figure 8; 

 

Figure 8: Target Infrastructure 

 Target Component: Compressor, Figure 9. 

 

Figure 9: Target Component 

Issues: 

 Replacing compressors before the actual end of a lifetime; 

 Requiring installation of backup air-conditioning system (N+1); 

 Sending in engineers, during the night, for emergency maintenance. 

Outcome: 

 Maximized compressors run time and decreased compressor replacement; 

 Decreased CAPEX. 
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 Backup unit avoided (N+0); 

 Decreased CAPEX. 

 Sending in engineers, during the daytime, in a regular and organized manner; 

 Decreased OPEX. 

4 Predictive Quality Improvements in production (Part 2) 

 General 

Excellent production quality is paramount in any company. Time-consuming testing methods 

are usually executed for critical production steps and production batches. This normally covers 

only a few random samples to limit the involved time and inspection costs. Due to the small 

percentage of inspection samples, the possibility of having undetected low-quality products is 

considerable and may lead to further processing or recalling of products. 

 Key Benefits 

By making use of the Self-learning Predictive Intelligence solution, it is possible to attain 100% 

quality inspection coverage, due to intelligent data analytics. Complex causes for reduced 

quality can be detected early in advance and, therefore, production processes can be improved 

sustainably. Machine operators can receive a recommendation for optimal quality results, or 

machinery can be controlled automatically without manual user interaction for the same token. 

Table 1 presents the four levels that are considered for predictive quality optimization. Although 

those levels show a hierarchy, each optimization level is independent and capable of adding 

value. 

Table 1: Quality Optimization Levels 

Optimization Level Objective Problem Added Value 

# 1 

Quality Prediction 

Discover the quality of 
each relevant production 
process, e.g., executed 
by robots 

Checks are time-
consuming (e.g., 
ultrasonic inspection). 
Thus, only a fraction is 
randomly tested. 

Quality checks for 100% 
of the production steps of 
relevant robots 

Manual inspection is only 
executed on those quality 
assessments which are 
near the borderline. 

Significant cost reduction 
of quality tests and at the 
same time, 100% test 
coverage 

#2 
Discover reasons for bad 
quality, e.g., an 

Although production is 
exactly the same 

Discovering complex 
disturbing factors 
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Root Cause Discovery 
automotive supplier (machinery, calibration, 

supplier material, etc.), 
sometimes, some 
machines deliver bad 
quality. 

combinations 

Sustainable adjustment of 
the production process to 
avoid low quality 

#3 

Predictive Maintenance 

Take early 
countermeasures, before 
batches of product are 
produced with low quality 

Wear and tear causes low 
quality. Often, wear and 
tear are noticed when 
produced quality is bad. 
Then, ad hoc 
maintenance activities 
are required to stop low 
quality production 

Discover wear and tear 
before it actually happens 

Recommend 
maintenance activities 
early in advance 

Execute maintenance 
when it best fits, in the 
production process 

High-quality production 

#4 

Predictive Machinery 
Control 

Calibrate machinery 
automatically, in such a 
way that the required 
quality is produced, 
consistently 

In particular, for 
production batch 
changes, it takes time to 
input correct machinery 
settings 

Hardly any poor quality is 
produced due to 
automated machinery 
setting 

Note: Instead of 
automation, 
recommendation to the 
operator can be given 

 ZF Case – Predictive Quality 

ZF plant in Saarbrücken, Germany, manufactures ca. 11,000 transmissions/day in 700 

variants. Every transmission consists of up to 600 part numbers; see Figure 10. ZF introduced 

the Predictive Intelligence solution, and an AI project was started to get reliable + fast results 

on root cause discovery for poor quality. Speed is important as production runs 24/7. Complex 

root-cause findings can be reduced from several days to hours, using the self-learning 

Predictive Intelligence solution. Masses of complex data are analyzed to find reliable data 

patterns, giving transparency on disturbing factors. 

 

Figure 10: Transmission assembly line 
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Objectives: 

 Improve production quality in complex variant processing; 

 The target is to reduce waste in certain manufacturing domains by 20%. 

Issues: 

 Rejections and root cause findings have to be done with a huge effort over different 

manufacturing areas; 

 Complexity is increased through the high mix of variants, variants of components and 

machining tool handling; 

 Poor quality parts are still produced while the root cause analysis is running; 

 Speed is important because production runs 24 hours / 7 days a week. 

Challenges: 

 Product Complexity, see Figure 11: 

 Every transmission consists of up to 600 parts; 

 17 basic transmission types; 

 700 variants. 

 Process Complexity: 

 Various production lines; 

 Up to 50 machines for the same process step. 

 

Figure 11: Assembly line complexity 
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Solution: 

 Data to be processed for analytics: 

 Test bench: 

 Noise level measurements; 

 Acoustic test limit data; 

 Setups per test bench. 

 Pre-assembly and final assembly lines: 

 Genealogy data and its adjustment values; 

 Traceability data from suppliers; 

 Traceability data from in-house machines. 

 Manufacturing: 

 Same data type information than in assembly. 

 Self-learning AI in the background: Continuous Learning. 

Outcome: 

 Interwoven data is continuously processed, see Figure 12; 

 

Figure 12: Future with Predictive Intelligence (AI) 

 AI engine considers Engineers’ feedback/input: 

 AI engine recommends / Engineering gives feedback; 

 Engineering give input / AI engine notifies 

 Algorithms have been “told” how Data Scientist adapts models; 
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 Self-Learning learns 24/7 and adapts to changed processes for each individual instance; 

 Nm changes nm are understood; 

 Scalable solution for wide roll out. 
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Founded 80 years ago, innovative Sabó has 

sites in São Paulo capital and Mogi Mirim. 
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minor participation in Germany KACO. In 

Brazil, has 1.100 employees. From 1939, 

produces oil seals, gaskets and sealing 

systems for the automotive industry as global 

strategic supplier of GM, VW, among others. 

Received more than 200 awards and 

certifications as world technologies leader in 

engine sealing. Yet in 2012 speed up 

competitiveness through leverage methods 

and resources with its European plants. 

Modernization drivers include sustaining the 

production capacity (machinery and people 

reachness) over the road map plan while 

reducing labor, machines and lay-out 

occupation, by improving first time quality, 

and tooling solutions. Latest years Brazilian 

strong economic crisis and recession have 

directly affected the business working capital. 

Efforts on Lean and Industry 4.0 are key to 
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Advanced Manufacturing: Enabling Industry 

4.0 Solutions in Lean Operation Design and 

Management  

Abstract 

The fourth Industrial Revolution has promoted relevant impact on operations of Sabó - 

Brazilian multinational manufacturer. In this article we will explore the path that followed 

Sabó while crossing innovation borders in data management, about its processes and 

product portfolio, when yet mature, multinational and already 70 years of existence, it 

realized itself with the Brazilian operations technologically lagged and just a few enjoying 

cycles of installing methods and tools of management: lacked a true north and a road map. 

There was a basic deficiency to win – modernize in an environment in which the return on 

investment was slower, in competition with other units of the group. In the evolution of the 

text, it will be noted that the Brazilian units absorbed with adequate intensity the concepts 

of return on employed capital and accelerated strategies in the gemba (where the value is 

generated) to stimulate consensus and validate alternatives to maximize and anticipating 

success. We will conclude with the understanding of the importance of positioning the 

company as an user empowering 4.0 technology, not as an alternative explorer and / or 

solution provider, aligning its choices with the business and the evolution of the markets 

in which operate. This clear perception has been key to offering the best solutions to Sabó 

customers, ensuring business sustainability and respect for people, evolving in the facility 

that drives its plan to transform the Brazilian operation. 
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1 Introduction – Sabó History and Highlights 

Sabó was founded approximately 80 years ago, by José Sabó. Since its beginning, the 

company has stood out as an innovative enterprise always investing in research activities.  

In the state of São Paulo it has an industrial park with a constructed area of 52,000 m2. In 

2005, inaugurated a modern factory in the town of Mogi Mirim also state of São Paulo. It has 

a subsidiary in Argentina and holds a currently minor participation in the company KACO, 

based in Germany. In our country, it has approximately 1,100 employees. 

   

 

Figure 1: Sabó São Paulo production site 

Sabó produces oil seals, gaskets and sealing systems for the automobile industry. The 

company has widened its activities to different countries and has conquered different awards 

and certifications. Currently, besides supplying to large carmakers and the spare parts market, 

it is the Brazilian representative acknowledged as the global strategic supplier of companies 

such as GM, VW, among others. 

 

Figure 2: Sabó products and markets 
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It is already producing components related to hybrid vehicles and is prepared to supply 

products for the future electric cars, thus contributing to the environment sustainability. 

The company history begins in 1939 when José Sabó begins to produce chains for carriages. 

In 1944, with the difficulties caused by World War II, the company starts to produce oil seals 

demanded by the truck engines. 

In the decade of 1950, the company made the movement of importing modern machinery and 

sponsored the first one thousand miles of Brazil, the traditional motor car race on the Interlagos 

race track in São Paulo-SP. 

At the beginning of the ‘60s, always attending events of the automobile industry, it participates 

as exhibitor in the First Automobile Trade Show. In 1965, launched laboratories for product 

testing, focusing on oil seals. 

From 1970 and on, the company becomes an international enterprise producing oil seals for 

the German brand Opel (company which belonged to the General Motors Group) and delivered 

technology to an important German auto parts Company. 

Later on in the decade of 1980, the company received an award for being one of the best 

suppliers of the Opel Group. It began the ‘90s receiving the “Quality Excellence Award” of 

Isuzu Motors from Japan. 

International consolidation was remarkably achieved through incorporating, in 1992, “Todaro” 

and ”Wol”, oil seals manufacturers in Buenos Aires, Argentina, and in 1993 the German 

company “Kaco”. The latter, invigorated by Sabó, became the “Premium” supplier of 

Volkswagen, Daimler, BMW, GM, Bosch, ZF, among others. In 1997, it inaugurated its 

subsidiary in Hungary. 

The company accessed the new century enlarging its installations in Hungary and in Argentina. 

In 2005, it inaugurated its modern plant in Mogi Mirim. To crown its international growth it 

inaugurates, in 2007, a plant in the United States (North Carolina) in order to directly supply to 

the American carmakers and inaugurates, in 2009, a plant in the Chinese market (Wuxi). 

 

Figure 3: Sabó Mogi Mirim production site 
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The company has always stood out by its advanced technology having received more than 

200 awards and quality certifications. It is world leader in vehicles dynamic-sealing 

technologies. 

In 2008, due to having been assessed as Level 4 in Governance by the IFC-International 

Finance Corporation (financial branch of the World Bank), it obtained important financing in 

US dollars. This loan, which allowed entering into the Chinese and North American markets, 

made it possible for the company to achieve one billion reais worth of annual turnover. Indeed, 

the net revenues which in 2002 amounted to US$ 150 million increased in 2008 to US$ 400 

million. 

 

Figure 4: SABÓ and KACO Global Presence 

In the last quarter of 2008, with the worldwide financial crisis, revenues dropped by 

approximately 35%. The consequence was the need of reducing costs and face higher 

obstacles to comply with the amortization of the debt. In 2014, Sabó sold 80% of its Kaco 

shares to the Chinese company Zhongding Europe GMBH; thus, the company substantially 

reduced its indebtedness.  

The latest years have also been marked by the strong economic crisis and the recession which 

have ravaged the country directly affecting the company’s business activities with a reduction 

in the turnover in the Brazilian automobile market and a decrease in profit margins. Due to this 

scenario, the company stressed its working capital and competitive efforts on Lean and 

Industry 4.0 have been a big focus and the way to increase inventory turns while reducing the 

needed cash flow to the business. 

Yet in 2012 Sabó took its way to speed up the competitive efforts at Mogi Mirim plant in order 

to leverage the methods and resources in comparison to its European plants. Was noticed 

high potential related to the load and unload components at the rubber vulcanization main 

processes plus the need of quality improvements and best service supplies on maintenance. 
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Started to design the Modernization of Mogi Mirim plant keeping in mind the drivers of 

sustaining the vulcanization capacity over the road map plan (machinery and people) while 

reducing the job stations and the absolute number of employees: strategy involves automation 

and first time quality in general plus quick answers to any turbulences. Sabó’s CEO and 

Industrial Director stablished a goal in terms of the amount of old equipment which could be 

de-activated each week. Sabó cumulated 18 years working with Lean Technology and started 

arguing, studying and implementing its pillars and some proof of concepts on Industry 4.0 from 

2013 on. The modernization is currently on track through elimination of old equipment and 

through adding smart devices, tools and machinery which can really innovate and disrupt the 

regular processes. 

 

Figure 5: Sabó Mogi Mirim internal facilities 

2 Advanced Manufacturing Commitment – Enabling Industry 4.0 

Solutions on the Design and Management of the Lean Operation 

for the Sealing Industry 

Currently attending the major automotive global players locally and worldwide plus the 

aftermarket demands, Sabó exports from its Brazilian sites more than 20% from 7 million parts 

produced per year. The supply chain basis is considered as important as its internal operations 

to reach the high quality level of the hard- technological products on static and dynamic sealing 

Sabó produces. Some of the involved suppliers depend on running leased tooling developed 

and owned by Sabó. Special tooling are designed and built through the collected competences 

of its engineering team and have maturely being used in internal core activities and processes.  

The vulcanization of rubber is the principal core competence but is yet very important the 

dominium of special receipts and formulas applied to prepare the rubber batches from powder 

as it is so well focused the termination of the products while including automatic trimming, 

inspection, handling, assembling and packaging. From packaging to the distribution, 

competitive solutions are also required: providing services to customers – meaning original 

equipment suppliers or Tiers (OEs), and aftermarket distributors (AM). The complex tributary 

business environment moved Sabó and the AM customers to structure the business in a way 

that Sabó reaches the deliveries to each subsidiary from the distributors in different Brazilian 

states so far performing more than 500 diverse points of sales. 
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Digitalization and advanced manufacturing tools have proved key resources to boost 

competitiveness to both high volume and low volume parts to several applications in the 

dynamic oil seals and the static sealing gaskets. In Sabó large portfolio experience there are 

manufacturing lines and cells driven production to attend light and heavy vehicles, four or two 

wheels, off-road vehicles, truck and buses, considering engines, gears and rub wheels, for 

instance. Also Sabó plants have been delivering solutions to the white goods appliances, 

agricultural machines and to the small mechanical tools important markets. 

 Competitiveness Approach and Profitability Focus Considering Industry 

4.0 and Smart Manufacturing Technologies Availability 

Industry 4.0 has been presented as a recent big world wave and introduced in each nation with 

different nicknames – in Germany it is named as Industrie 4.0; in United States it is the Smart 

Manufacturing; in China is the Made in China 2025; in Japan the big governmental program is 

the Industrial Value Chain Initiative; in India the Make in India; in French the program is the 

Industrie du Futur; In Brazil we have some movements from the Industries National 

Confederation (CNI) and Evaldo Loti Institute (IEL) and the Entrepreneurs Movement to the 

Innovation (MEI) whose approach has raised the flag of Brazil 2027. The Brazilian Industrial 

Development Agency (ABDI) on the other hand prefers to adopt and stimulate the Industry 4.0 

already so known in the world. The last has its strategy very closely connected to the 

Commercial and Industrial Development Ministry (MDIC) which have mainly worked on 

stimulate the industry movement in a route to a “more productive Brazil”.  

In this way it is understood by the Ministry the need to better organize the production sites 

considering basic stability and lean techniques plus basic automation to command individual 

workstations and machines as well and which matches the boundaries of the previous 

generation of technology (Industry 3.0) in the same way as the basic robots application 

approaches. Sure such an approach is seeding the land to open space to more advanced 

technologies from the Industry 4.0 – so far connecting several and different work stations, 

command those through an unique smart system and collecting data in real time performing 

analytics with some complex mathematics algorithmic and providing auto-correction and auto-

supervising to the work cell. 

The complete framework of the Industry 4.0 up to the moment should include the application 

of system integration, industrial internet of things (IIoT), engineering simulations, additive 

manufacturing, cloud computing, augmented and virtual reality, big data, cyber security, and 

autonomous and collaborative robots (named as cobots). 

Sabó has been evolving the lean techniques application through its processes for the last 18 

years. From the more recent years, the maturity of its Supply Chain has increased and is 

continually focusing the goal of an Autonomous Supply Chain really making use of the system 

integration, big data, cloud computing, IIoT among others, always to boost “agility”. Agile is the 

name of the game! This is the big substantive to keep in mind when arguing about the Industry 
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4.0 as defend the VDI 4000 guidelines (richtlinie in Germany) – VDI is the German Association 

of Engineers (or the Verein Deutscher Ingenieure). Connecting Industry 4.0 initiatives and 

smart work stations to the ERP (Enterprise Resource Planning system) is key. Sabó has been 

working with the German R3/ SAP system since 1999 and has it as an important solution to 

deal with its portfolio. 

Sabó has in Brazil more than 4000 part numbers in production. Some like 40% of them work 

every month but yearly all of those have inventory turns. The reality of Sabó Mogi Mirim plant 

includes 800 distinct part numbers. 

One of the R3/ SAP modules in rich application at the Sabó manufacturing sites is the COPA 

module to better manage the Cost Profits Analyses in several different clusters like per account 

manager, per region, per customer, per cost center, and others. From excellence in managing 

the portfolio profitability and competitiveness Sabó has been driving its priorities and project 

management on implementing Industry 4.0 resources. The bright is on considering itself as an 

important user not as a developer, as well as to exercise several proof of concepts in line with 

its competitive demands, not running to the technology only because of its disruptive nature. 

Dexterity on the use and outstanding skills on applying the Industry 4.0 resources and pillars 

is an important choice Sabó made. 

Presented the Sabó portfolio the reader can access the footprint with large volumes and low 

volumes demands. The transition to move the large volumes cells to the newest technologies 

is hard working in terms of risks and commitments, but the kind of transition to deal with the 

low volumes cells is not so different – must take advantage of customizing techniques and new 

resources. Mass customizing is still very new in this automotive marketing sales – Sabó has 

faced lower and lower volumes to attend special needs to very old vehicles (Sabó Classics) 

and to imported vehicles in low scale which still have not local manufactured parts (Sabó 

Imports). Low volumes techniques can remember us handicraftsmen so capable to produce 

single parts batches, but imagine digitalization additive manufacturing and others connecting 

the processes to speed-up the process and drive the line to connect the customer, the 

manufacturer,  the raw material and , why not, to guarantee the circular economy through 

recycling. 

The nomination Industry 4.0 so far is a choice that justifies itself from understanding the very 

initially known manufacturing processes. Industry 1.0 now is understood as the work of the 

isolated handicraftsmen working to attend the neighborhood. Industry 2.0 is understood as the 

Taylorism which splits standardized work in small stations and drives repetitive tasks through 

a manufacturing chain. Industry 3.0 is finally understood as robotization and automation of the 

work stations spread in a factory, plus the adding of numeric control commands (CNC) or 

programmable logic controller (PLC) to the same stations. From that point, the connection, 

digitalization and next generation resources are conceived as Industry 4.0. 
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 Creating a Long Term Approach to the Industry 4.0 Strategies and 

Providing Identity to the Internal Program: The A3 Project 

In 2012 Sabó set a new competitive agenda at its facilities in Mogi Mirim. There were several 

opportunities to leverage the technologies available in the manufacturing process in 

comparison to the European plants of the group. A big amount of benchmarking visits were 

made since the 90s among Sabó and Kaco, but all of those were concentrated in specific 

research and development (R&D) projects- an holistic approach was in lack. Up to the moment 

Sabó Mogi Mirim plant had 712 employees and the productiveness was set very lower than its 

potential. So Sabó sent the Industrial Director and a Technology Manager to execute a new 

two weeks benchmarking in five different industrial sites – spread in Germany, Austria and 

Hungary. 

The visits raised lots of important points which were organized in a complete book later shared 

with Sabó shareholders, directors, managers, coordinators and supervisor. Important items 

worked in the backstage to guarantee quick reaction and support to the operation plus well 

succeed implementation of new technologies in the factory but one from those took special 

attention: there was not segregate structure to deal with process design and development in 

contrast with the structure encharged for maintenance of the current processes. In Brazil, Sabó 

often faced arguing regarding the trouble the maintenance structure had to maintain the “not 

robust enough” solutions from the R&D team, on the other hand the last complained about 

how disturbing were the repetitive efforts to teach the maintenance people and providing their 

absorbing of the new techs due to “lower competences” or “lack of commitment”. 

Tackling the scenario, Sabó’s choice was build a frame where it emphasized the timeline to 

paste the learned technologies from Europe (from the beginning the initiative was going to 

copy and paste) in a way to take care about internal knowledge and commitment. Questions 

to answer while in the road were: “how to manage the human talents in the long term?”; “how 

to perpetuate the learning process?”; “how to obtain external support from the government and 

sector skilled entities to review Sabó’s internal people soft and hard skills?”; “which would be 

the new required professional certifications standards?”. From the start the board of directors 

understood the competence of Project Management as an outstanding resource to reach its 

goals. 

As premises were spotted developments of Proof of Concepts (PoC) and initiatives that could 

impact and create enthusiasm to stimulate commitment and people engagement. The intention 

was to answer a general question about from where to start: Sabó chose to organize that non-

dependent of the customer or the contribution margin or the age of the processes and 

machines, but instead of it was considered the potential to overcome obstacles and engage 

creating rebounding waves effects. Different points a little bit far from one another were 

selected as well as 10 different strategic programs to deal with the Industry 4.0 scope. Among 

the strategic programs there were 47 lines of action and initiatives. 
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The strategic programs were: 

 Collaborative robots (cobots); 

 Innovations over the rubber compound preparation; 

 Energetic efficiency; 

 Internal supply routes modernization; 

 Manufacturing  Execution System (MES) and real-time management; 

 Mobile devices; 

 Big-data and cloud computing applications over the Product Lifecycle Management 

(PLM); 

 Flexibility to prototype and/ or attending low volumes; 

 Product portfolio innovations; 

 Other processes innovations 

In 2016 was built an A3 Project (as recommended by Lean experts and considering the shape 

and size of a paper sheet) where Sabó drew a road-map with the prioritized items to reach a 

2024 scenario. Important partnerships were raised and closed to perform required research 

and development plus supporting the implementation – government agencies, scientific and 

academic institutes, service suppliers, small and micro businesses companies complete the 

innovation ecosystem for Sabó. 

 Understanding the Overall Industry 4.0 – A3 Plan to Boost Rhythmic and 

Sequence on the Competitiveness Efforts 

Since its foundation Sabó had an innovative soul over the processes and was in the 90’s that 

took the decision of stop internally developing new machines and devices. Before that, had 

even had a business unit whose name was SAMAPRE (Sabó Máquinas de Precisão or Sabó 

Precision Machines). Competences as Project Management came from there and when 

closing the business unit Sabó moved to keep the main specialists in machines design, laser 

inspections, electronic engineers and others. In the very beginning of the subsequent decade, 

Sabó stablished a team to rethink and organize new protocols, work instructions and standards 

over the Integrated Supply Chain Management. Digitalization started to be focused. 

Decentralized systems were buried while growing up the R3/ SAP reach. Also the Integrated 

Development Flow to deliver high technology and quality over new products and processes 

was rethought and drawn with new protocols and standards. Simultaneous engineering and 

fast decision making was stimulated leaning the indirect structure and eliminating barriers 

previously noticed in the company organization chart. Those topics were dealt with while 
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advancing with the Total Predictive Maintenance (TPM) and the Lean Management pillars 

implementation. Too many troubles were faced on the way: mainly was the challenge of 

diverse processes and product lines considering a so vertically integrated process flow. Then 

Sabó made some important choices, set and reinforced its core business and core 

competences. Processes not considered among the core were outsourced or discontinued and 

eliminated their competition in terms of investments and management attention. It took around 

10 years to prepare the business frame. Meanwhile people got prepared and used to Change 

Management and frantically working on lean principles – making mistakes, fast learning and 

correcting. 

When joining this current decade, Sabó Brazil representatives were in Germany, Austria and 

Hungary as stated before. New resources were demanded to be absorbed in South America 

facilities and to finance was challenging. The cheapest and most reachable financial resources 

were committed with the operational cash flow in the shape of materials inventory. In the 

defense of agility and improving the lean management, Sabó team tackled the speeding up of 

inventory turns to reduce the amount of capital locked in the cash flow. Implementing new 

assets while and from improving the productivity of employed capital was key. 

Value stream mapping, A3 management, one piece flow, heijunka box, kanban system, 

standardized work, lean leadership, “go & see” approach and strategies like those become 

commonplace. Mentoring managers, supervisors, engineers and technicians through the 

production chain in daily basic routines is part of the picture. Technology availability put lights 

on first time quality and turn easier conquered new certifications. Laser inspections, the 

warehouse management system, fast response, and IIoT devices among others open space 

to new business opportunities and to dream further. Being predictive in quality includes treating 

data through analytics and machine learning. All the Brazilian plants Sabó has were prepared 

to offer robust Wi-Fi spread in the plant layout, facing potential interferences from the running 

assets. Cloud computing is present for more than five years. 

Always thinking two different mainstreams and respecting the reality from each one of the 

markets Sabó plays, meaning Aftermarket or Original Equipment, currently there are activities 

and PoCs on: 

 Mobile APP to people management; 

 Energetic efficiency; 

 Shared economy; 

 E-Commerce; 

 Mobility; 

 Electronic kanban; 
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 QR Codes; 

 Paperless factory; 

 Profitability management; 

 Algorithmic applications; 

 Big data; 

 Commissioning; 

 3D Scanning; 

 Laser manufacturing; 

 Additive manufacturing; 

 Mass customizing; 

 Biometrics and Traceability; 

…those organized among the strategic programs. 

3 Obtained Results – Smart Solutions in Practice, Quantifying or 

Qualifying the Deliveries 

More than a half of the Mogi Mirim plant layout was turned free after redrawing and executing 

the new designs of manufacturing cells in leaner value stream maps enriched with fast 

response sensors and smart devices. Now there is open space to grow up. More than 40 old 

technology machines were deactivated and only six new ones were bought, keeping the same 

net installed capacity. Quality scrap rate improved 60% and OEE (overall equipment efficiency) 

improved 45% in five years. Electric power consumption to run the net installed capacity 

decreased nearly 40% in the same timeframe. Medium time to repair (MTTR) the machines 

moved from nine to five hours and are still improving. Medium time between failures moved 

from 300,5 hours to 590 hours.  

The unavailability of the equipment when scheduled to work moved from 8% to less than 3%. 

Job stations were reduced to a half from the original and more than 30% of the balance are 

still working in the plant due to new business conquering from a more competitive position. 

New businesses are being reached increasing the market share to current developed product 

and also by speeding-up the development process to new products and services, offering new 

and special solutions to the customers in both attended markets. 
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 High Volume Oil Seal Manufacturing Cell as the Initial Proof of Concept 

By changing the main vulcanization concept process from compress molding to the injection 

molding and from single injection nozzle to multiple injection nozzles, Sabó implemented 

regular and repetitive good results and stabilized the tasks to finish the work in process 

components. Celebrating results, the number of cavities to vulcanize at the same cycle were 

incremented step by step till fulfill the machine main plate, adding technologies over the cold 

runner blocks. Was reachable and executed full automation to load and unload the 

components while connecting post processes till the packaging in a single line, without 

overflow transferring from a transportation box to another.  

One can realize step solutions in the middle of the process flow, connecting conveyor belts, 

adding sensors, empowering the integrated systems to qualify the produced goods and make 

decisions from previous set conditions. Real-time data is collected and offered. Previous 

scenario was a manufacture line with 15 job stations per shift. Now it is a manufacturing cell 

with a half employee per shift (sharing the new workstation concept with a different cell which 

crosses the flow). The new workstation concept is focusing not a single machine but instead a 

small ecosystem of connected machines that “talk to each other” creating and exchanging 

data, making decisions – next step is on track and one of the non-disclosure agreements, 

which matches different partnerships, is preparing the system to learn, predict and self-adjust. 

Optimism is related to the fact that this manufacturing cell is quite similar to the great majority 

of the others dispersed around the factory. Multiplying the solutions is an in progress activity. 

The load and unload process considers automated feeders and a cobot plus conveyor belts. 

Cobots were implemented taking into consideration new labor safety resources as well area 

scanners and track designs plus programming the cobots itself. Cobots are friendly but the 

finger grips can injure depending on what they collide. 

    

Figure 6: Manufacturing cell with cobots 



24º Seminário Internacional de Alta Tecnologia 
Digitalização da Produção e Produção Digitalizada 

157 

 Virtual Simulation and Digital Twins in Parallel to Augmented Reality – 

Exposing the Team to Learn and Deeply Understand When to Consider 

Each 

Productiveness advances are often requiring new designs of manufacturing cells and 

reviewing the layouts to reorganize transformed processes. Flexible workstations and quick 

connectors to supply compressed air, vacuum, energy and water as examples are always 

suggested best practices, but well developing a plan and deeply studying alternative solutions 

can drive to better and quick results. Digitalization of the process flows is an important new 

trend. After managing the digital construction of mirrored resources one can promote small 

and sensitive changes to evaluate the impacts in a free from risk environment and while the 

real manufacturing cell is generating value to the stakeholders, so far without causing 

turbulences under the manufacturing. Sabó has been using the virtual simulation or the digital 

twin mainly to develop new products and processes manufacturing cells. Even during the 

acquisition of assets we can exercise and predict the effects and opportunities of alternative 

layouts. 

A complete work cell was drawn to simulate an important crankshaft output flange sealing 

system. From it we could make synchronic movements searching for the better speed to set 

as takt. We could confirm the best solution to guarantee quality and lean costs plus simulate 

turning shifts strategies to the employees. Also the connection to the feeding supply routes: 

when and how often to deliver package cartons? When and how often to take and to move 

finished goods away from the cell? When and how often to bring raw material to the cell? 

(Virtual simulation experiences can explore the senses without connections to the real world). 

Those are specific questions not so tightly connected to the use of the second focused 

resource: augmented reality. This last technological opportunity explore digital data, media or 

sensors extracting data in connection to the real world – a person can point a device to 

recognize special signs or plug-ins over images taken in real-time from the real available 

manufacturing site. In this case Sabó is taking advantage from augmented reality to train 

people who are driven to new or changed job stations. Several times only written standardized 

process flow and work instructions cannot be considered enough to train people. Through 

repetition and discipline, with slow movements to be followed, focus people can speed-up their 

learning curve. This is the case Sabó has: pointing a mobile to a standardized work sheet an 

employee can access a small media with the standard process being performed by a colleague 

or an actor having narratives to explain it step by step and including why not doing it in different 

sequence. 

Other uses are not experienced yet in the plant but have been explored with specialists and 

through benchmarking, turning possible to an auditor or inspector, for instance, capture data 

metrics from the process, just pointing the mobile – such a technology adds virtual information 

to the real world. Sabó is evaluating the use of that. 
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Figure 7:Sabó virtual reality simulation and augmented reality initiatives 

 Other Smart Solutions in Practice Including but Non-Limited to Additive 

Manufacturing, Laser Manufacturing and Biometrics Traceability 

A collection of new technologies has been spotted as “smart” due to add disruptive potential 

and/or the analytics matching artificial intelligence when connected to the PLM, MES systems 

or the ERP itself. The additive manufacturing already in large use at Sabó is mainly focusing 

three different workflows: rapid prototyping, complex devices constructions in line with 

designing review for robustness, and maintenance spare parts construction. Moreover, printers 

are giving space to creativity and permitting Sabó people to exceed their regular stream tasks 

to reach completely out of box solutions to daily commercial and industry challenges in an 

environment and spirit of a start-up. In the same root IIoT and IoT (internet of things spread 

applied), new sensors, and some handcraft tools are stimulating the spirit. 

It’s already common place to hear people sharing experiences like reaching robust solutions 

or amplifying medium time between failures in equipment due to the shift from steel 

components to plastic printed alternatives – meaning some still high frequency calls to 

substitute components are pointed to designs in need to be improved. When making in steel 

and the original design the parts use to receive some subtractive adjustments at the most, and 

maybe that’s not enough. Sometimes the correct approach demanded complex previous 

design changes, scalable approving before formalize an order to buy and ask a different 

designed part to an external supplier – non comparable with the flexibility reach when one can 

print, test and proof, reprint and perform data final adjustment in the end of the process with 

the production cell in rhythm. Finishing parts machines and devices, like trimming, “go/no go” 

devices, manipulators, closing and calibration stations among others have taken advantages 

from printing solutions at Sabó. 
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Recently Sabó people have studied coupling components and eliminating them from the spare 

parts warehouse. Several machined steel coupling can be substituted by printed plastic 

solutions and can even reach longer life in use. 

Product Engineering considers to design and deliver prototypes in plastic to get easier and 

quick communication with customers. Promoting co-engineering between the original 

equipment manufacturer teams and Sabó’s one can realize that even mature engineers are 

not so fast to evaluate 2D drawings, or even 3D exposed on a screen in applications different 

from daily practices. Sabó’s solutions are very technical demanding and to guarantee target 

results engineers from both sides took too many meetings cross-evaluating designing changes 

– now it’s different. 

By receiving new demands in 3D, Sabó team can immediately print. In some minutes or hours 

at the most, meetings can be set and both sides people can better connect the ideas while 

touching and easily moving the part. During the last three years 40% of the new businesses 

were got by boosting time to market with printed prototypes – some are part of Sabó portfolio 

because of the speed to present its ideas and the way to argue about the solutions. Not only 

the product prototype but also the manufacturing tool prototype can be printed and it was a 

differential in design for manufacturing demonstrated capabilities to get the business. 

Single products have been changed to complex and with great value added systems from 

some years but it is already noticed the accelerated movement now available with the printers. 

 

Figure 8: Sabó 3D printers and printed prototypes 

Laser manufacturing is another advanced manufacturing important solution and Sabó is 

developing two disruptive initiatives matching the new resource. Those will increase the 

portfolio which for some years had only laser to perform the inspections. The flexible current 

capabilities and knowledge on laser manufacturing can deliver alternative potency gun and 

peripheral resources to adjust and provide the real need in a very repetitive and robust process. 

Traceability is one of the applications, but there are lots. Finishing the parts with laser 

manufacturing can offer a free from debris process. Additive manufacturing or subtractive 

manufacturing can be combined with 5 axles or more axles special CNCs machines and permit 

to build a part or a tool in a single bench assembling, so far eliminating set-up loses or work-

in-process. 
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Direct labor has been stimulated to commit and make use of creativeness to support the 

manufacturing flow. It’s challenging to do that while keeping updated standardized work and 

parts or components designs in the engineering system. Also the company has to take care 

about the labor capabilities matrix and provide training and safety instructions. Sabó has some 

PoCs on biometrics to guarantee skilled people performing activities. 

Fast response is an important pillar and fast communication, help chain and escalation is also 

a frequent improved process. Data science, analytics and IoT have been explored at Sabó. 

Technicians and engineers have developed small wireless boxes to perform calling leaders to 

action and improve spot verification workstations and regular control plan inspections. 

Portfolio profitability has been managed by unit, account manager, cost center and other 

clusterization alternatives through the R3/SAP system and specifically by COPA (Cost Profit 

Analyses) resource. Very few companies in the world have maturely implemented such tool 

and have discipline to manage – what Sabó chooses to perform in weekly bases. Easily its 

managers can point what products, processes, customer’s account are matching 80% of the 

contribution margin and results. From that Sabó has a strategy of open and manage activities 

in deeply approach to the 20% of products and processes that match those 80% of results. It’s 

there where a visitor can see real time OEE management, TPM running, laser inspections, 

real-time Pareto suspect parts analyses, and more complete predictive maintenance approach 

management through the ERP. 

Yet, digitalization is applied to manage headcount demands, to follow power and water 

consumption in real time, to follow any legislation, law publications, adjusted government 

regulations, connected to Sabó business, as is applied to ask and generate reimburse activities 

to support out of the company expenses faced by Sabó employees. Internal people are getting 

involved to daily activities through smartphones applicatives to communicate their demands to 

the social security, to organize their fuel expenses when traveling and others. 

Moreover LPPD meetings, product development innovations, testing lab facilities are 

supervised and supported through digitalization. Sabó made a decision from 2017 to start a 

new Lean Project which was the Lean Product and Processes Development (LPPD) – is 

understood as an important trend to impact the simultaneous engineering workflows, 

responsiveness of the process, agile methods practices and trade-off curves to guarantee 

robust design and stimulate innovation while shortening next developments cycles and time-

to-market. 

Focus is on developing knowledge modules instead of single and completely isolated product 

solutions. Knowledge modules can be accessed repetitive times on a virtual shelf and stand-

up meetings are practical, concrete and conducted in lean environment – the Obeyas to deliver 

expected results. Modernization, at the end, includes manufacturing, project designs, methods 

and management demands and the Industry 4.0 and lean administration practices are key. 
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4 Sabó Sharing of Its Experienced Journey 

Notwithstanding only passing through installing some initiatives from the Industry 4.0 and 

adding updated technologies to its in maturation lean system, Sabó recognizes in good faith 

some potential contribution to benchmarking as it emerges like concernment to other 

companies – especially those still managed under a familiar structure of shareholders, closed 

companies, maybe small and medium businesses. Sabó is stimulating their suppliers and 

some similar businesses, institutes and academic partnerships in an easygoing but persistent 

manner. 

From where to start? What are the main attention points? What are the main obstacles under 

the digital manufacture scope? What are the main lessons learned? What is new regarding the 

4.0 programs? Which challenges are predicted to be tackled in the near future? 

 From Where to Start? What are the Main Attention Points? 

Think about your own business challenges and problems. Think about them individually. 

Perform a deep evaluation over the value chain of your business priorities and put your focus 

on be lean. Develop project management skills and competences. Afterwards take some time 

to perform a self-assessment through the VDMA model, which is spotted by VDI 4000 

(Readiness Model) (available at: https://www.industrie40-readiness.de/?lang=en). Taking this 

mainstream, connect your business and collaborate! 

VDMA is an entity with presence in Brazil since 2013. There are four main themes that define 

their approach: “Creating the entrepreneurship future”; “Net thinking, net actions”; 

“Technologies to the associates and customers”; “Europe and the world” – that is one possible 

and rich connection to experience. 

Engaging to an innovative ecosystem is very important to not start from a blank sheet of paper. 

Several low cost or cost free seminars, webinars, papers and communities can be accessed 

to better align industrial businesses with the main trends. Local leadership can review the 

“Manifesto ABDI 4.0” through Youtube (https://www.youtube.com/?gl=BR&hl=PT). 

Choose to enlarge your thoughts, starting from tiny while going fast!  

Yet in Brazil evaluate to engage VDI Seminars and Roadshows, SAE Brazil Advanced 

Manufacturing Congress – Connected Industrial Operations panel, Businesses mobilization for 

the innovation - MEI Programs, Inova Sindipeças Seminars, and to follow CNI and ABDI 

initiatives.  

Federal and State Governments calls also are working to organize and create a positive wave 

to transform the industry perspective. Industry intellectual property institute INPI, the “S” 

system (Senai, Sebrae), FINEP and EMBRAPII are working to add synergy on this sense.  
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Disruptive businesses are blowing up. The A.I. report (Artificial Intelligence report) and Aachen 

University I4.0 Maturity Index shall be downloaded to stimulate your thoughts.  

In Portuguese and from Brazil is already available the Connectivity Diagnoses to be reach 

surfing the internet. The “Programa Brasil mais Produtivo (B+P)” is also important to be known 

and evaluated. Access http://www.industria40.gov.br/ 

In summary, be attentive to several innovation publishing and calls and develop your own 

strategic plan to implement digital technologies. Once again, choose to enlarge your thoughts, 

starting from tiny while going fast. Harvest results and speed-up. 

 What are the Main Obstacles Under the Digital Manufacture Scope? 

Sabó has realized the obstacles related to education and technical training of its crew. 

Somehow understands it in need to be plural and flexible and is running to seed that. 

Tools and technologies availability are under challenging also, and the often question is the 

crossroad which guides the team to research and develop or just research to buy and adopt.  

Once speed and agile are part of the drivers, the decision making and authority verges must 

be studied and sometimes reviewed to not intimidate group or individuals work. 

Credibility, sponsorship and support can boost the process while on the other hand “complex 

of inferiority” – so common in Brazilian industrial sites nowadays – can retreat. Human 

resilience is required when failing to take the opportunity of fast learning and succeed in a near 

future. 

Communication protocols and information technologies are key and step by step every 

company will face the deal of thinking the workstations through the value chain and demand 

internet protocols to increment the data access and analyses. What and how to integrate the 

production flow? Future seems to include autonomous supply chain and vertical and horizontal 

integrations are and will be more and more required, connecting even further away than each 

company borders. 

Lots have been presented about User eXperience (UX as globally referenced) but mainly the 

approach is dedicating studies over customer experiences. Industrial companies moving their 

businesses to be digital have to put attention on their employees acceptation to newest tools 

and resources. Friendly environments over the applicative tools, nice and quick answers, pre-

filled fields and system guessing to start fulfill reports are enjoyable, like it is a well-designed 

size of screen, size of fonts, color and shape of graphics for instance. Those suggest proof of 

concepts and pilots tasks before going massive and that is the better alternative. 

Still Sabó’s experience recommend to take care about digital security. A robust Wi-Fi system 

will be demanded even available at the shop facilities where it can face machinery 

interferences and signal shadows. Risks of malware and data stealing is truth recognizable. 
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As basics a very fine backup program over the CLPs and CNCs is mandatory to take care of 

software protection. Moreover it is recommended to segregate portals and level of access with 

frequent risk review. If a company does not have full or enough competences on that should 

firm a partnership with a service providers who will be charged about it and following the trends 

(like blockchain which is spreading up). 

 What are the Main Sabó’s Lessons Learned? 

 Simplicity and robustness can be present in the same side of the coin and lean practices 

drive your business to be enriched on the road. Each individual business has its 

particular factors with potential to move the process to an agile perspective. 

 Integration and collaboration development, working in nets are important fuels to the 

Industry 4.0 strategy and should include the supply chain, the training centers and the 

technology competence centers (academic institutions and others). 

 Starting small, fast harvesting and going further can mean resources multiplying. 

 Analytic intelligence is a true north and each single company needs to recognize the 

relevance of the data it produces. Running the production, empowering data analytics 

and crossing variables and results can move the company to produce just golden 

batches. 

 When arguing about modernization, an enterprise still need to accept considering to 

abandon old methods, practices and assets. It’s more regarding deactivating old 

resources than to bring new machines and assets with heavy financial commitments. 

Experiences bring up situations of newest equipment and resources showing even lower 

productiveness results due to neighboring than to the olds in which the labor is 

accustomed to operate. Sometimes the newest equipment concentrates the 

overcapacity while the older are fully occupied. 

 Small devices can be connected to robust machinery to boost their capabilities mainly 

related to collecting data and interface connections. So, communication and interfaces 

aren’t strong arguments to justify new assets investments. 

 To eliminate process stations goods or work-in-process transshipments is the 

preferential movement. It can amplify the inventory turns and improve the capital 

expenditure productiveness with lower cash flow demand.  

 Traceability, product safeness and customer protection are all empowered through the 

current available technologies on advanced manufacturing. 



24º Seminário Internacional de Alta Tecnologia 
Digitalização da Produção e Produção Digitalizada 

164 

 What is New Regarding the 4.0 Programs? 

There will be published a collection of drivers to the Industry 4.0 conceived as VDI 4000 

(Richtlinie 4.0) in Germany at the end of 2019. Recommendation is to pay attention in this 

movement. 

Sustainability, ecology and social inclusion have been stimulated and can receive different and 

better resources through current available solutions. Advanced manufacturing thinkers have 

been provoked with green patents stimulus and Circular Economy is advancing to stimulate 

companies to recover their consumed goods in order to reprocess those and get them as raw 

materials to the same or different nature of products. 

The brightness under analytics and artificial intelligence is the power of current system to treat 

non-structured data. Considering this, a company can be surprised about the richness their 

own data can provide when correctly organized and supported. 

Miniaturization is yet expanding without known limits. Every business is and will be hardly 

affected. 

Additive manufacturing and laser manufacturing are improving fast and more applications blow 

up every day. Adding micro-layers of polymers or even steel materials printers and similar 

resources are reaching very complex shapes and offering solutions that are moving to 

eliminate any kind of rework after printing as they have improved to have alternative materials 

prepared to offer same physical and chemical properties obtained through conventional 

manufacturing processes. Though laser techniques we are accessing very special techniques 

non limited to metallic powder deposition and additive manufacturing as well, and special 

finishing and cutting techniques without debris and without the need of special tools to be kept 

with sharped faces. 

Mass customization as the process of delivering wide-market goods and services which are 

modified to satisfy a specific customer's need is getting its arena. Mass customization is a 

marketing and manufacturing technique which combines the flexibility and personalization of 

custom-made products with the low unit costs associated with mass production. Other names 

for mass customization include made-to-order or built-to-order. It allows a customer to design 

certain features of a product while still keeping costs closer to that of mass-produced products. 

In some cases, the components of the product are modular. This flexibility allows the client to 

mix-and-match options to create a semi-custom final product. Reducing more and more the 

manufacturing processes batches is a big trend and the process tools and methods should be 

reviewed often and in very short term. 

Start-up companies and new businesses acceleration centers ecosystems are contributing and 

performing a great positive impact on researching and bringing to market all of these and 

others technologies. A regular company can offer its structure and business field plus real 

problems and difficulties to be a test bed – a real environment to develop and refine their 
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solutions. Fastness on it can guarantee cheaper access and/or even business partnership to 

create larger visibility and business opportunities. 

 Which Challenges are Predicted to be Tackled in the Near Future? 

The quality of a company product tends to be strictly connected to data protection and 

solutions. Risks can move to be more demanding on information, maybe hackers invasion, 

than to the product performance while in regular regime. 

Natural resources consuming optimization and energetic efficiency are polarizing diverse 

initiatives and called smart solutions. Smart equipment, smart factories, smart communities, 

smart cities, smart countries and a smart gear can be thought – everything running under 

supervising and with self corrective actions in need. Smart grids are collecting data, performing 

analytics, suggesting interferences and optimizing everywhere. Competitive balances will be 

more and more exposed and the trend is equalizing. Social impact will suggest consortium 

even among competitors. 

The autonomous supply-chain will strongly impact the indirect labor supervising the production 

flows. Electronic Data Interchanging will be shot straight from the point of use and without 

human interference as well as the correspondent bill of landing and other fiscal and physical 

controls, connecting business chains. In such an environment the survivor of some small and 

micro-businesses is challenging – even more than it was until the moment. They need to 

reinvent their business as well. 

In the auto-industry the openness to the deconstruction and construction of current and pretty 

new products and services is already required. One needs to answer what is the real vocation 

it has. How to deal with the digital marketing? Deeply know your business, your market and 

your customer, and make it with proximity – evaluate and make choices regarding Business-

to-Business (B2B) practices or Business-to-Consumer (B2C) practices. 

A company will be facing larger problems to retain or to attract human talents. Called digital-

native talents are biased to leap from a current responsibility to others more often. How to keep 

their spirit alive but still satisfying and keeping them? 

Internal communication, endo-marketing, social media conviviality are part of the business and 

will lead the companies to diverse attitudes and programs. 

In order to guarantee access to the best funding alternatives, your business depends on having 

some connections to investors and special agencies. Integration is the way and to be kept as 

the preferred choice is also challenging. 

Problems will remain present and the speed of each business to solve them is what 

differentiates and highlights an enterprise among the others. Being a fast learner is a goal. 

Precise diagnoses, clear and concrete action plans are recommended practices. 
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Knowledge expansion and acquiring new knowledge modules which could be combined in 

some future know-how gaps is a trend. In Brazil there are CT&Is (Innovation and Technology 

Centers) where are concentrated external modules of knowledge and the potential to speed-

up ones journey. The Lean Enterprises Institute (LEI) and the Lean Institute Brasil (LIB) are 

spreading up the Obeya good practices to stimulate innovation, trade-off curves, design 

thinking and innovation shops (garage). The “Inova” Programs are a source of good practices 

as well (Sindipeças and MEI). 

Integrative patents registering and due dates in Brazil have to change and leverage with good 

practices around the world. In Brazil scientific discovers aren’t prized and protected as they 

are in different countries. 

Servicefication is another trend, which means that manufacturing industries buy, produce and 

sell more and more services. Some equipment manufacturers for instance can sell a product 

and also deliver a 24 hours service desk on it, adding electronic data room of the usual 

problems and best solutions and even an easy access to a spare parts center. Parts 

manufactures are selling technical assistance and traceability as examples. Adding services 

can gain access to better contribution margins. 

Global insertion and internationalization are also important. “Globalization, considered by 

many to be the inevitable wave of the future, is frequently confused with internationalization, 

but is in fact something totally different. Internationalization refers to the increasing importance 

of international trade, international relations, treaties, alliances, etc. International, of course, 

means between or among nations. The basic unit remains the nation, even as relations among 

nations become increasingly necessary and important. Globalization refers to global economic 

integration of many formerly national economies into one global economy, mainly by free trade 

and free capital mobility, but also by easy or uncontrolled migration. It is the effective erasure 

of national boundaries for economic purposes.” As refers 

https://www.globalpolicy.org/component/content/article/162/27995.html in the GPF - Global 

Policy Forum. 

In the end, a Company needs to keep and sustain an agenda to the future, reviewing it in 

regular basis. 

5 Conclusion 

The extreme rhythm of the 4th industrial revolution has suggested agile methods to manage 

Sabó operations as it has been demanded over all the global industries. Lean concept and 

tools can seed the ground to prepare the administrator to better understanding their 

businesses value chain and to make robust solutions available to their customers. 

Production digitalization can speed-up data mining, boost analytics and provide the 

advantages of the artificial intelligence. The transition to Digital Production is a big journey and 



24º Seminário Internacional de Alta Tecnologia 
Digitalização da Produção e Produção Digitalizada 

167 

a company needs to make important choices along the way. Even the nature of the business 

can be changed. Flexible solutions connected to the manufacturing lines can guarantee 

multiple alternatives are easily accepted by the crew and developing people keeps being a 

huge effort – now matching the digital native generation. 

Preparing people, exploring vocational boundaries and getting access to diverse market, 

customers and tools without losing a true north and growing up the business. Sabó made this 

choice. As an important user not a developer, Sabó is getting advantages from the new 

advanced manufacturing tools to increase its contribution margin, market share and getting 

additional relevance in the global market while revising its financial structure to face the new 

era. 

Sharing resources and efforts is mandatory and Sabó is integrating vertically and horizontally 

with others businesses and institutions to reduce the weight of its business: being light and 

slim on assets but robust in solutions offerings is demanded. 

In this article was presented some important points taken at the Industrial Strategy from Sabó 

as well as some results, experiences and insights. As a Brazilian company, familiar structured 

business, the case can demonstrate how possible it is to similar businesses perform a growing 

business moving to professional management and accessing important markets while facing 

disruptive technologies access challenges in contrast with other major companies resources 

and capabilities. 
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1 O papel da logística em nossas vidas 

Comprar frutas na feira mais próxima de sua casa, poder escolher as que possuem a melhor 

aparência e em seguida pagar por estas em dinheiro ou cartão é trivial, já em outro cenário 

você pode realizar uma compra on-line de um par de sapatos utilizando seu cartão de crédito 

por meios seguros, com um prazo de entrega aceitável e no endereço que você escolher e 

isso pode parecer mais um exemplo óbvio e até banal de nosso cotidiano. Mas não se engane, 

não existe nada óbvio ou banal na cadeia de suprimentos que garante que esses produtos 

cheguem até você, muitos elementos precisam estar alinhados através de uma rede eficiente 

para que as situações exemplificadas aconteçam. 

Na indústria esses exemplos não são diferentes, as empresas de manufatura com frequência 

precisam ter acesso a um número de suprimentos específico, com características muito 

específicas, em quantidades precisas, dentro de um prazo e qualidade também muito 

restritos. Erros na garantia de atendimento de qualquer um destes itens levam a problemas 

em alguma etapa da cadeia podendo ser, por exemplo, na etapa de produção, operações, 

marketing, vendas ou até mesmo entrega. 

O gerenciamento da rede de suprimentos envolve um espectro maior e mais abrangente do 

que a cadeia de suprimentos, pois pode estar relacionado a atividades adicionais como 

desenvolvimento de produtos, rastreabilidade em rede, marketing e muito mais. O propósito 

final da integração horizontal é fornecer ao cliente, de maneira eficiente, o produto adquirido. 

Um sistema logístico não consiste apenas do fluxo de materiais, componentes e produtos que 

são processados e distribuídos aos clientes, mas também inclui fluxos de suprimentos em 

cadeia de peças de reposição para produtos que já foram entregues. 

O sistema deve contemplar fluxos de retorno de produtos excedentes, defeituosos e até 

mesmo embalagens. É cada vez mais importante que o sistema de logística atue como uma 

rede de fornecimento e não esteja confinado somente aos limites da própria organização. As 

empresas em geral não fazem parte de uma única cadeia de suprimentos, ao contrário, elas 

fazem parte de várias cadeias de suprimento, uma rede de cadeia de suprimentos. 

É importante que as organizações cultivem interfaces e interações contínuas com seus 

stakeholders, objetivando maior integração e velocidade de resposta para expandir sua 

compreensão quanto a mudanças no ambiente negocial além de proatividade para atender e 

gerar demanda no mercado. É imprescindível buscar ou manter um posicionamento 

competitivo no mercado visando melhoria da marca e satisfação de clientes, colaboradores e 

acionistas. 

Buscar inovação relevante a toda cadeia de valor da organização através de ferramentas de 

gestão e tecnologias habilitadoras da transformação digital / Indústria 4.0, que permitam a 
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rápida experimentação e otimização de processos. É de extrema importância para a empresa 

se tornar perene. 

Uma estratégia promissora de transformação digital ou Indústria 4.0 deve levar em 

consideração fatores tecnológicos, culturais, organizacionais e um profundo entendimento da 

cadeia de valor. Empresas que estão dedicando seu tempo para compreender e implementar 

estratégias digitais vem sendo extremamente bem-sucedidas como é o caso da Domino’s 

Pizzaria. 

 

Figura 1: Valor presente dos investimentos em janeiro de 2010  

2 Oportunidades da Integração Horizontal 4.0 

A Indústria 4.0 se fundamenta especificamente em fábricas inteligentes que serão capazes 

de não apenas agendar a produção e manutenção de máquinas, como também serão 

capazes de realizar ajustes autônomos, garantindo assim alta disponibilidade e adequação 

da linha de produção à demanda do mercado, desta forma tornando as organizações mais 

competitivas, lucrativas e o ambiente de trabalho menos exaustivo. 
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Figura 2: Linha de produção Renault, utilização de tecnologia de realidade aumentada para garantia 

de qualidade 

Para garantir ganhos reais de produtividade, disponibilidade e qualidade é imprescindível que 

não somente conceitos de verticalização sejam implementados, mas também conceitos 

relacionados a horizontalização da cadeia de valor. O fluxo de informações deve fluir 

naturalmente, sem perdas, ao longo de toda cadeia de valor, envolvendo fornecedores, 

parceiros e clientes, com o intuito de disponibilizar uma grande massa de informações. Em 

conjunto com o uso de tecnologias como Machine Learning, Analytics e KPIs bem definidos, 

as informações geradas auxiliam de maneira inteligente no processo de tomada de decisão. 

Em linhas gerais, as organizações já possuem grande quantidade de informação ou dados, o 

grande desafio está no formato em que estes são usualmente armazenados. Os meios de 

armazenamento com frequência são planilhas e fisicamente em papel, desta forma 

fornecendo muito pouca ou nenhuma informação que auxilie no processo de tomada de 

decisão. Estamos falando de uma enorme massa de dados que é subutilizada, e quando 

utilizada, alimenta somente ao ciclo vicioso da retroatividade e da burocracia do papel. 

A Indústria 4.0 faz uso intensivo de dados e tecnologias de forma estratégica e busca a 

eliminação de meios que dificultam ou inibem o uso de dados como o já citado anteriormente, 

papel. A abordagem horizontal foca na integração de sistemas, desenvolvimento ou utilização 

de tecnologias que proporcionam visibilidade em tempo real, integração entre áreas de 

negócio e possibilita que dados gerados por clientes, fornecedores ou parceiros sejam 

utilizados para melhorar a proposta de valor do produto ou serviço ofertado e pode ser vista 

como uma grande oportunidade para utilizar informações de maneira inteligente como 

auxiliando no processo de compreensão de dores e/ou oportunidades latentes em toda cadeia 

de valor bem como gerando inteligência analítica para aumentar a assertividade no processo 

de tomada de decisão. 

As empresas inteligentes farão uso de tecnologias que proporcionem integração em tempo 

real de colaboradores, fornecedores, máquinas, equipamentos, clientes, pós-venda e 

inclusive integração vertical entre as áreas de manutenção, segurança da saúde, treinamento, 

qualidade, entre outras. 
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Figura 3: Integração horizontal e vertical 

3 Plataforma GoEPIK aplicada ao fluxo de pós-venda 

A Plataforma GoEPIK é simples, flexível e hiper customizável. Atende a desafios em diferentes 

indústrias e tamanhos de negócio – tudo em um único lugar, em tempo real, com autonomia 

e flexibilidade. As empresas conseguem de maneira autônoma criar soluções para Indústria 

4.0 ou transformação digital sem a necessidade de programação ou infraestrutura de TI 

possibilitando assim que tecnologias de ponta sejam aplicadas instantaneamente pelas mais 

diversas áreas como por exemplo, manutenção, qualidade, montagem, treinamento, 

segurança do trabalho, pós-venda, entre outras, e que os processos que fazem uso destas 

tecnologias estejam prontamente disponíveis para execução através de smartphone, tablet, 

óculos de realidade aumentada, smartband ou Web. 

Nosso cliente, que atua no setor de remanufatura, tinha o grande desafio de ampliar sua base 

de parceiros, distribuidores e oficinas em todo Brasil de maneira escalável garantindo que a 

qualidade das avaliações de caixa de câmbio para remanufatura fossem realizadas com alta 

qualidade e que todos os interessados (caminhoneiros, oficinas, distribuidores, pós-venda, 

engenheiros e logística) recebessem prontamente informações customizadas sobre cada 

etapa do processo.  
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O processo de avaliação das caixas de câmbio avariadas era realizado via formulário 

impresso abrindo espaço para erros frequentes na validação de qualidade das caixas o que 

em seguida levava a perdas financeiras expressivas. Alguns dos fatores que contribuem para 

que essas perdas aconteçam são estimativas erradas para recuperação das caixas com base 

no preenchimento de formulário impresso enviado pelo distribuidor ou oficina, tempo 

dispendido entre o distribuidor informar sobre a disponibilidade de uma caixa de câmbio em 

bom estado e a coleta desta, além do custo com logística reversa nos casos em que as caixas 

eram avaliadas erroneamente. 

Para solucionar este desafio o cliente escolheu a Plataforma GoEPIK. Esta plataforma permite 

criar workflows que enviam notificações em tempo real via Push, E-mail ou SMS. Os 

processos suportam o uso de tecnologias como Realidade Aumentada, Captura de Imagens 

e Vídeos, Captura de Áudio para reconhecimento de ruídos, que são enviados para auditoria. 

O cálculo e avaliação da caixa de câmbio são executados por diferentes interessados a 

medida que as etapas avançam dentro do workflow. Exemplificando o cenário, a oficina é 

agora orientada através de processos disponibilizados em aplicativo a como proceder e 

avaliar corretamente a caixa de câmbio, a inteligência contida no aplicativo avalia se o nível 

da caixa é A, B ou C e essa avaliação é enviada em seguida para a distribuidora.  

A distribuidora por sua vez, através de um clique, encaminha a avaliação a empresa de 

remanufatura que decide por aceitar ou não a caixa, em caso de aceite uma notificação é 

enviada à distribuidora para que insira o número da nota fiscal da caixa e tão logo isso 

aconteça o processo de logística para coleta da caixa é iniciado. Antes de iniciar de fato o 

processo de remanufatura, um engenheiro utilizando a mesma tecnologia de processos 

realiza uma nova avaliação e o sistema imediatamente confere se existem divergências entre 

as avaliações e reajusta o nível da caixa e seu valor de venda, ao final da remanufatura o 

ciclo de vida da caixa de câmbio passa a ser monitorado via identificação única através de 

QR Code. Todos são informados assim que o processo de remanufatura é encerrado e em 

seguida o processo de logística para entrega da nova caixa de câmbio é realizado. 

 

Figura 4: Exemplo de aplicação da Plataforma GoEPIK 
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4 Conclusão 

Os ganhos relacionados a integração horizontal por meio de tecnologia são inúmeros e 

permitem a organização ter acesso a dados em tempo real e acelerar seu processo de 

compreensão da cadeia e tomada de decisão. Escalar rapidamente a solução e realizar 

ajustes no fluxo de trabalho ou processo e poder replicar estes ajustes instantaneamente aos 

parceiros traz flexibilidade, confiabilidade de dados e diminui o tempo de resposta a 

mudanças. A expectativa de aumento nas vendas neste caso de sucesso é de 700% para o 

ano de 2020. 
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Energy efficiency and flexibility in Production 

Abstract 

Climate change has brought along a variety of changes in the global energy landscape. 

Population growth and development are resulting in a steady increase in energy needs 

with consumption more than doubling since 1980. The German energy transition 

“Energiewende”, in which renewable energy sources play a central role, requires 

disruptive transformations of the energy grid. With the industry sector remaining one of the 

most significant energy consumers in Germany, it is inevitable to bring big industrial 

changes in order to reach climate goals set in the Paris Agreement and German climate 

policy through energy efficiency and waste heat reduction measures. Moving towards a 

greener energy mix with large shares of wind and solar power means more decentralized 

and volatile energy systems. This poses challenges to the current energy infrastructure 

and urgently calls for an increase in energy flexibility in addition to energy efficiency. The 

ETA Factory (Energy Technologies and Applications in Production) is one of six research 

groups under the Institute of Production Management, Technology and Machine Tools at 

TU Darmstadt. With over 20 interdisciplinary research associates, the ETA Factory is 

involved in research projects striving towards energy and resource efficiency as well as 

energy flexibility in production. For a practical edge, the ETA Factory participates in 

transferring know-how and technologies into the industry through workshops, factory tours 

and university courses. In regards to energy efficiency, ETA sets itself apart from 

traditional approaches by aiming towards factory optimization in a more holistic sense. 

This incorporates all the factory sub-systems such as production machines, process 

chains, infrastructure and the factory building as opposed to an isolated optimization of 

each sub-system. Efforts towards energy flexibility in cooperation with other research 

institutions and industrial partners have so far brought along successes in large-scale 

energy flexibilization (e.g. in aluminium electrolysis) in addition to insights into further 

energy flexibility potentials in other energy intensive industries. 
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Metrology and Instrumentation in the Age of 

Industry 4.0 – Opportunities and Challenges 

Abstract 

A relevant characteristic of Industry 4.0 is the extensive use of internet of things (IoT), 

sensors and actuators to connect physical assets with their digital twins, creating 

collaborative entities known as cyber-physical systems (CPS). In this context, the role of 

production metrology goes beyond to the traditional application of measuring product 

characteristics to evaluate their conformity with specifications or to decide on process 

adjustments. It becomes a key enabling technology. The presentation will explore the two-

way relationship that production metrology has with the Industry 4.0 paradigm. On the one 

hand, as a key provider of data to support descriptions, diagnostics, predictions and 

prescriptions on the fly. On the other hand, as a process that can benefit by the cyber-

physical approach to reach higher levels of performance and reliability at an affordable 

cost. Two examples will be provided to illustrate the delivered concepts, one from the 

aircraft manufacturing industry and other from offshore oil & gas production. 
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Two examples of the cyber‐physical approach

Example 1 ‐ Aircraft production

3D inspection of non‐rigid parts

Optical scanning technology

Goals: ↑ measuring capability, ↑ informaƟon 

density, ↓ need of physical fixtures

Example 2 ‐ Oil & Gas production

Gas flow measurements

Cone type flowmeter

Goals: ↑instrument reliability, ↑ informaƟon 

density, ↓ calibraƟon frequency
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