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Industrial revolutions



Industry 4.0

The underlying concept of Industry 4.0 is to connect 
embedded systems and smart production facilities to 

generate a digital convergence between industry, 
business and internal functions and processes.

It includes many technologies and concepts such as 
Internet of Things, Big Data, Cloud, Cyber-physical 

systems, Augmented reality, Integration… 
(Gartner 2015)



Main components



Industry 4.0



Industry 4.0



Vision of Industry 4.0 
implementation
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Data growth

 Every day, we create 2.5 quintillion (1018) bytes of data —
so much that 90% of the data in the world today has been 
created in the last two years alone. 

(IBM)

 Data production will be 44 times greater in 2020 than in 
2009.

(Wikibon Blog)

 The volume of business data worldwide is expected to 
double every 14 months.

(eBay)



Data growth



Data types

Structured data

 Relational databases, tables, ...

Semi structured data

 XML, JSON, ...

Unstructured data

 Word, PDF, Text, Logs, ...



Big Data

Big Data are high-volume, high-velocity, and/or 

high-variety information assets that require new 

forms of processing to enable enhanced decision 

making, insight discovery and process 

optimization.

(Gartner 2012)



Big Data – 3V 

 Volume – machine generated data is produced in 

larger quantities than non traditional data.

 Velocity – refers to the speed of data processing.

 Variety – refers to large variety of input data 

which in turn generates large amount of data as 

output.



Big Data – 3, 4, 5, 7V 



Big Data



Big Data Analytics



From ERP/CRM to Big Data

Data Complexity: Variety and Velocity

Terabytes

Gigabytes

Megabytes

Petabytes Big Data

Log files

Spatial and

GPS coordinates

Data market feeds

eGov feeds

Weather 

Text/image

Click stream

Wikis/blogs

Sensors

RFID

Devices

Social sentiment

Audio/video



Data processing in the industrial 
area

Data mart 

for 

marketing

Data mart 

for 

production

Data mart 

for ...

MES ERPSCADA DB

Analytics 

tools

ETL ETL

E
L
Load&StreamDevices

Autonomous 

systems

Shop floor

Data warehouseHadoop



Technologies in Big Data

Predictive analysis

Data security

Data mining

Data streams analysis

In-memory computing

Distributed file system

Data virtualization

Data integration

Data preparation and processing

Data quality



Technologies in Big Data

Operational Big Data

 Real-time data processing and storage

 Interactive data processing

 NoSQL technology

Analytical Big Data

 Parallel data processing

 Comprehensive analysis of all data

 MPP and MapReduce technologies



Technologies in Big Data

Operational Analytical

Response 1ms – 100ms 1min – 100min

Parallel processing 1000 – 100 000 1 – 10

Access Write and read Read

Query Selective Unselective

Data Operational Historical

Users Customers Data analysts

Technologies NoSQL MPP and 

MapReduce



Analytic technologies in Big Data

Hadoop

 Uses the MapReduce algorithm

Apache Spark

 In-memory data streams processing

Cluster Map Reduce

 Uses Gluster file system

High Performance Computing Cluster

 Platform for parallel data processing using ECL language

Hydra

 Enables more efficient data search, uses a modified 
MapReduce algorithm



Current State in Manufacturing

Business Challenges:

 Complexity and rapid growth of machine data.

 Difficult to capture small fraction of machine 

for better decision.

 In-ability to analyze machine data and 

combine it with enterprise data for a full view 

analysis.



Big Data in Manufacturing

Benefits:

 Gain real-time visibility into operations, 

customer experience, transactions and 

behavior.

 Proactively plan to increase operational 

efficiency.

 Identify and investigate anomalies.

 Monitor end-to-end infrastructure to proactively 

avoid service degradation or outages.



Using Big Data in practice

 Predictive maintenance planning

 Analysis and planning of warehousing

 Proactive plan to increase operational efficiency

 Identification of anomalies in the production system

 Overview of the current state of the production system, 

customer segment and transactions

 Data analysis to prevent outage and planning of 

predictive controls of compressors and turbines for 

aircraft engines of Boeing B777, B747, Airbus A380 ......



Top 5 Myth About Big Data

 Big Data is only about massive data volume

 Big Data means Hadoop

 Big Data means unstructured data

 Big Data is for social media feeds and sentiment analysis

 NoSQL means No SQL



Hadoop
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Hadoop

 Hadoop is a software framework for storing, 

processing and analyzing Big Data

 Parallel processing

 Scalability

 Resistance to failures

 Open source

 It allows to store huge amounts of data very 

efficiently

 It covers the distributed file system and allows 

developers to focus on tools



Why Hadoop is needed

 The amount of data sources

 Internet of Things

 Sensor data

 Data streams

 More data means more questions

 More data means better answers

 Hadoop enables simple scalability

 The price for TB is usually lower than for traditional 

enterprise systems

 Hadoop can be integrated with existing components in data 

centers



Hadoop ecosystem



Hadoop Distributed File System

 HDFS is a storage for Hadoop

 File system that can hold any data types

 Provides cheap and robust storage for large volumes of 

data

 Data is replicated across multiple computers

 HDFS performance is optimal with a “fairly small” amount of 

large files

 Better are millions, like trillions of files

 A typical file size is 100MB or more

 Files in HDFS are write only once

 It is not possible to add additional data to the files

 Random writing is not possible



HDFS and file storing

File

Master

Node 1 Node 2 Node 3

Node 4 Node 5 Node 6

1, 4, 6

2, 5, 3

3, 2, 6



Application of Big Data in 
manufacturing
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Application of Big Data in 
manufacturing

 Assembly process – data collecting, 

integration and predictive maintenance

 Paint shop – data  collecting, integration and 

predictions

 Screwing robots – data collecting, integration 

and monitoring



Assembly process
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Assembly process

 The assembly process is one of the most important 

processes in car production.

 Assembly conveyor consists of 59 carriers that move along 

a closed track with a length of approximately 1250m.

 Each carrier, that is used to transport car bodies during the 

entire assembly process, consists 6 wheels with the 

bearings.

 From time to time, the bearing of one of the carrier wheels 

seize and thus the conveyor and, of course, whole 

assembly process is stopped.



Stationary temperature and sound 
measurement infrastructure



Data collection and integration 
archit. for IIoT measurement



Carrier bearing temp. before 
and after predictive maintenance



Frequency spectrum of healthy 
and fault bearing



Assembly process – results

 Implementation of IIoT sensors for temperature and sound 

measurement.

 Big data collection and integration architecture for the 

whole assembly process.

 Implementation of trigger-based anomaly detection.

 Implementation of bearing failure detection using the 

artificial intelligence.

 Implementation of sound measurement system for the 

bearing condition detection.



Paint shop
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Paint shop

 Paint process is one of the most complex process from the 

manufacturing point of view.

 The system collects data from approximately 700 process 

tags, i.e. sensors, in intervals between 100 milliseconds 

and up to 10 minutes, based on the process value 

requirements.

 Multiple identified correlations between the paint shop 

process parameters, weather and paint structure errors, but 

there were no clear relationships.



Measurement principle



Data collection and integration 
architecture



Results of the paint structure 
evaluation



Process parameter disproportion 
between cold and hot months



Paint shop – results

 Big data collection and integration architecture for 

bodyworks paint process.

 Identified process parameters with the most significant 

impact on paint structure quality confirmed by experts and 

operators from practice. 

 Identified disproportions between several process 

parameters during the summer and winter operation of the 

paint shop.



Screwing robots
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Screwing robots

 Screwing process affects the quality and durability of the 

bodywork.

 Screwing process performed using more than 90 screwing 

robots.

 Data from the screwing process are stored only temporarily 

– depending on the size of the screwing robot memory.



Screwing process



Number of errors in screwing 
programs



Number of errors based on the 
screw torque



Screwing robots – results

 Big data collection and integration architecture for screwing  

process.

 Identified the most critical screwing programs.

 Identified the most common screw program errors.

 Monitoring and identification of the impact of changes in 

predefined values of screwing process parameters.

 Monitoring the influence of the screwing point and the robot 

on the life of the screwing robot.
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