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Riding the wave of digitalisation 

We live, as they say, in exciting times. All around us we are 
witnessing societal changes driven by digitalisation. At 
Elomatic, digitalisation is something that allows us to cre-
ate better and more sustainable solutions for products and 
processes. Digitalisation is, as such, not a goal in itself but 
a means to achieve improvements and efficiency gains.

Many consider the vast changes brought by digitalisa-
tion as evidence that mankind is on the cusp of a fourth 
industrial revolution The Fourth Industrial Revolution is 
touted to be as significant as those that came before. It is 
set to build on and enhance the impact that digitalisation 
has brought to our society. A key feature of this revolution 
is the myriad ways that technology is becoming embed-
ded and interconnected in society, in the way we live, 
work, spend our free time, and the products we buy and 
services we use. 

We are seeing an equally significant impact on industry 
and business in general, where business models and value 
chains are being transformed. 

As engineers, we are particularly interested in how 
the Industrial Internet is evolving with the connection of 
machines and equipment to each other and the network. 
Our interest extends to how digitalisation is impacting 
automation data processing, cloud services, ERP systems, 
process optimisation with artificial intelligence, as well 
as the use of digital twins for process and equipment 
development and operational control. 

The area of digital twins is particularly fascinating. The 
definition of digital twins varies somewhat. To some it is 
the structural model of a product, or an operational and 
maintenance model, while to others it is a model that 
simulates the real-world behaviour of a facility or product. 
This magazine contains articles with examples of all these 
kinds of digital twins.

Elomatic’s daughter company, CADMATIC, has 
developed its eShare solution that serves as a 
platform for the creation of digital twins. 
In this solution, the facility or vessel 3D 
model acts as a central hub that can be 
integrated with all other operational 
systems. Elomatic has also developed 
its own information management 
system EloWise, which in many re-
spects acts as a digital twin.  

With the digital revolution, se-
curity concerns are becoming in-
creasingly prominent, something 
which we are keeping a close 

watch on. Despite the risks, digitalisation remains an op-
portunity above all else.

This digitalisation issue of the Top Engineer magazine is 
packed with interesting articles that ponder the impacts 
of digitalisation on how engineering and consulting ser-
vices are rendered, what new solutions it has enabled, and 
what the future holds.  

I hope that you will enjoy this special edition of our 
magazine and welcome your feedback.

Patrik Rautaheimo
Editor-in-Chief
CEO
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Society is currently undergoing a 
digital revolution which, in addi-
tion to changes in our environ-
ment, is creating and transform-
ing industrial business models and 
value chains. The Fourth Indus-
trial Revolution will transform the 
Industrial Internet (IIoT) by con-
necting real-world machines and 
equipment to each other and the 
network.

This article addresses the require-
ments of cloud services and au-

tomated data processing for future 
automation assignments in industrial 
applications to fully leverage the ben-
efits of digitalisation for the benefit of 
the customer.

As I drive to work in the morning, 
I notice people locating and renting 

electric scooters on their mobile de-
vices in light urban traffic. At the same 
time, the radio presenter reports on the 
latest digital breakthrough. On my way 
home, I pick up food in a pre-packaged 
bag at the supermarket with the food I 
selected the night before on my com-
puter. I notice that my hometown in 
Turku, Finland, is part of the technologi-
cal revolution that is changing corner-
stones of our environment that were 
considered constants.

The combination of external, cloud-
based artificial intelligence with smart 
mobile devices – even electric scoot-
ers – has created new business models 
and value chains in civilian life. Compa-
nies from all sectors are trying to get 
their share of the spoils. Industrial com-
panies have also seen the potential cre-
ated by digital technology develop-
ment to enhance, grow and improve 
their reliability and business operations.

Fourth Industrial Revolution

Traditional industrial automation is 
once again on the verge of a new rev-
olution, which will significantly expand 
the requirements for industrial automa-
tion supplier competence, tool compe-
tence and partner networks. The first 
three revolutions in the industrial sec-
tor have brought production processes 
under the control of industrial automa-
tion through the use of steam and the 
introduction of electrical power.

Conventional assignments in indus-
trial automation have so far included 
field automation design, process con-
trol system and user interface design, 
as well as software design. However, 
the scope of delivery of a data cluster 
is mostly limited for financial as well as 
traditional reasons, such as prejudice 
and cybersecurity, within the bound-
aries defined by the manufacturing 

Leveraging the benefits 
of digitalisation

Industrial Internet, automation data processing, and cloud services 
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facility or the group. The Fourth Digital 
Revolution will transform IIoT by con-
necting real-world machines and de-
vices to each other and the network. 

Due to the measurable business 
benefits of these developments, the 
traditional concept of the industry-
wide data cluster will be expanded, 
especially for cloud services. This will, 
of course, require rethinking, for exam-
ple, in relation to information and cy-
bersecurity. The IIoT and the Internet 
of Things (IoT) are basically the same 
thing, but IIoT needs to consider in-
dustry-specific requirements such as 
system reliability.

Industry 4.0

Launched in Germany in 2013, the term 
Industry 4.0 is used worldwide to de-
scribe an industrial internet revolution 
based on the integration of advanced 
automation solutions with cloud plat-
forms, advanced analytics, artificial intel-
ligence and augmented reality. 

Its mission is to develop flexible 
and customised future manufacturing 
systems, integrate different customer 
and subcontractor networks for added 
business value, and integrate products 
and services into hybrid products.

Requirements for automation 
assignments

In the future, industrial automation 
suppliers will, in addition to tradition-
al tooling skills, be required to have 

networking capabilities and a strate-
gic partner network to complete com-
missions. This is needed to fully lever-
age the benefits of digitalisation for the 
benefit of the customer. 

Digital cloud services provide a 
new way for third-party and fourth-
party providers to leverage applica-
tions and build powerful integration 
interfaces between parties. Simultane-
ously implemented database cluster 
options are growing exponentially. If 
a client’s data cluster is large or has 
multiple layers, it is necessary to imple-
ment higher-level platform solutions to 
combine information from subsystems 
before storing it in a local database or 
cloud service. In addition to traditional 
desktop applications, the information 
should be accessible through mobile 
applications, anytime, and anywhere.

At Elomatic, we are responding to 
this challenge with our partner net-
work by providing the tools and the 
required technology know-how un-
der one roof from concept to detail 
design. In many process and food in-
dustry plants, we can complete the 
package with process know-how. The 
EloWise product family is a good ex-
ample. It was developed specifically 
for the needs of data integration, data 
collection, reporting, proactive mainte-
nance and production control.

Commercial and open-source tools

In addition to in-house service prod-
ucts and applications, which can 
be published even through online 

application stores, automation solution 
providers will also be required to have 
knowledge of open-source tools devel-
oped by commercial and development 
teams. Only by mastering cross-tech-
nology in its entirety, can data inte-
gration, visualisation, analysis, and data 
reporting in a cloud service or local da-
tabase be designed and implemented 
in a competitive manner.

Diagram 1 illustrates the hierarchi-
cal levels of data processing and pro-
cessing needs. At industrial sites, data 
collected from the field via sensors or 
other data sources is read from an au-
tomation system such as the Siemens 
PCS7 / TIA Portal, Honeywell, DeltaV 
process control platforms via an OPC 
(Open Platform Communication) inter-
face. An extension of the OPC commu-
nications protocol is currently being 
planned that is independent of manu-
facturers and includes real-time field 
devices. This is possible with the new 
OPC UA (Unified Architecture) over TSN 
protocol. Experts consider OPC UA TSN 
technology as the means for future 
communication in Industry 4.0 and IIoT. 

Cloud Services

In cloud services, read data is trans-
ferred to a cloud database via a dedi-
cated router. AWS (Amazon Web Ser-
vices), Microsoft Azure, and Google 
Cloud are currently the most widely 
used cloud platforms worldwide. 

Automation system vendors also of-
fer their own cloud services that run 
on top of one of the global platform 

Picture copyright: Depositphotos/elenabs
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INDUSTRY 3.0

Automation, 
computers 
and electronics

INDUSTRY 2.0

Mass production, 
assembly line, 
electrical energy

INDUSTRY 1.0

Mechanization, 
steam power, 
weaving loom

INDUSTRY 4.0

Cyber Physical 
Systems, 
internet of things,  
networks

◄◄ A timeline of the four industrial revo-
lutions

◄◄ Diagram 1. The data science hierar-
chy of needs. 
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learning
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Experimentation, 

Simple ML algorithms

Analytics, Metrics, 
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Cleaning, Anomaly detection, Prep
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solutions. An example of this is the Sie-
mens Mindsphere cloud service, which 
runs on AWS. For security reasons, the 
database may also be located on the 
production site’s own server. In such 
cases, however, many benefits of a 
cloud-based solution are lost.

Function optimisation 
and data structuring

Stored information can be structured 
or unstructured. Data analysis experts 
structure data and remove irrelevant 
elements (so-called noise) from data 
in databases.

Process or process support func-
tions such as maintenance are opti-
mised in collaboration with the cus-
tomer by monitoring sensor values ​​
(pressure, temperature, vibration, hu-
midity, etc.), iterating production con-
trol parameters, and measuring KPIs 
(Key Performance Indicators) based on 
the parameters analysed and the re-
sultant corrective measures taken. If 
a digital twin of the process control 
system with a real time production 
data connection is available, it can be 
used to test the proposed corrective 
measures. The goal is to create value 
for owners by streamlining process op-
erations, proactive maintenance and 
minimising production waste. 

The duration of this step varies from 
case to case, sometimes it can take sev-
eral years. This gives the automation 
supplier the opportunity to create mu-
tual business benefits for itself and the 
customer, for example, by integrating 
a lifecycle management service into 
its production development program.

Visualisation tools

There are many different options 
available on the market for visualis-
ing the results of analyses and process 

optimisations, such as Microsoft’s flag-
ship product MS PowerBI. Many auto-
mation system vendors also offer visu-
alisation packages with their system 
delivery and cloud service concept. Sie-
mens offers the Tableau visualisation 
tool, for example, with its Mindsphere 
cloud platform. Open source platform-
independent visualisation tools such as 
Grafana, however, also provide a com-
petitive alternative.

Machine learning and robotics

With an extensive partner network and 
university collaboration, industrial au-
tomation suppliers can finally rise to 
the top of the information needs pyr-
amid. Based on what is learned at the 
lower levels, advanced analytics and 
mathematical algorithms are devel-
oped that model and predict the pro-
cess. Based on this “intelligence”, the 
program suggests process improve-
ments and can also implement them 
– this is machine learning. 

Advanced robotics complements 
the whole system by pushing the de-
gree of production automation even 
higher, both in the production itself 
and its supporting functions.

Autonomous factory

With increasing computing power, the 
ever-evolving realm of application op-
tions adds another dimension to the 
digitalisation of industrial automation. 
For example, the integration capabil-
ities of proactive maintenance with 
augmented reality and machine learn-
ing production control systems inevita-
bly create the image of an autonomous 
factory. In addition to actual produc-
tion processes, an autonomous factory 
maintains and optimises itself, its mate-
rial inventories, and delivers production 
reports to its owners. 

Early warnings of technical malfunc-
tions are provided, after which the in-
staller can take remedial action by 
completing an inspection tour of the 
production facility’s digital twin with 
real-time information associated with 
each device.

Summary

Industrial automation and IIoT engi-
neers are pioneers in the Fourth In-
dustrial Revolution. It will be remem-
bered as one of the most significant 
periods in the history of industrialisa-
tion and society. The ongoing digital 
breakthrough in industrialisation will 
be the largest of its kind.

About the author

Markus Havupalo

M.Sc. (Automation Systems)

Markus Havupalo has extensive ex-
perience in managing, planning and 
implementing customer-oriented 
automation and IT projects from de-
tailed design to plant commission-
ing. His work is mainly focused on 
food/process industry and marine in-
dustry projects. He joined Elomatic 
in 2005 and currently works as De-
sign Manager for the Automation 
and IIOT & MES Team in Turku. He 
also manages strategic development 
projects to develop Elomatic’s design 
practices and tools.

markus.havupalo@elomatic.com

Industrial automation and IIoT engineers are 
pioneers in the Fourth Industrial Revolution.
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Vulnerabilities in industrial control systems

Digital security in industry
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Digital security in industry

With the digital revolution in soci-
ety, security concerns are becoming 
increasingly prominent. Digitalisa-
tion remains, however, an oppor-
tunity above all else. This article 
briefly introduces Digital Security 
Theory and presents SAFESCAN, a 
digital security vulnerability assess-
ment process that can identify vul-
nerabilities in industrial control sys-
tems (ICS).  

Digital security can increase the 
availability of industrial auto-

mation equipment. In addition, data 

integrity (data is unchanged) and con-
fidentiality are considered. In ICS sys-
tems, availability is paramount. Other 
security attributes include non-repudi-
ation (proven imprint) and authentica-
tion (identity verification). Other basic 
concepts are threats, risk and vulner-
ability. 

A threat can infiltrate a system with 
a particular risk. The threat can be an 
internal or external threat to the com-
pany and, for example, vandalism, 
crime, espionage, terrorism or war. The 
vulnerability could be caused by peo-
ple, company processes, or the tech-
nology used. In all cases, the risk re-
mains (residual risk), but the company 

should assess whether the residual risk 
is acceptable. The risk may be related, 
among others, to value or reputation. 
The risk can also be insured as needed 
to reduce the risk to value, but the re-
sidual risk to reputation is more difficult 
to deal with.

Differences between IT 
and ICS systems

There are many differences between 
information technology (IT) and ICS 
system security and how they are 
defined. For this reason, it is impor-
tant that ICS security is defined by a 
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Category IT Automation 
(ICS)

Performance Does not necessarily have 
to be a real-time response  

Response needs to be 
rapid

Availability Booting is possible System needs to be con-
stantly available

Risk Management
The correctness and reli-
ability of data is the most 
important 

Personal and environmen-
tal safety is the most im-
portant

“Man – Machine” inter-
action

Interaction between man 
and machine is less critical

Access to devices must be 
limited, but usability must 
be good

DATA

APPLICATION

HOST

NETWORK

PERIMETER

◄◄ Security layers in automation systems

◄◄ Table 1. Examples of differences be-
tween ICS and IT systems.
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specialist. The person should have 
know-how of electrical, instrumenta-
tion and automation equipment. 

Digital security also involves the re-
lationship of the digital device to the 
physical environment; among others, 
the location and locking of automation 
cabinets. However, it must be remem-
bered that the most important security 
attribute in ICS security is availability, i.e. 
usability. It may not be possible to lock 
lockers or devices with locks or pass-
words if the availability requirement is 
high. Table 1 lists some of the differenc-
es between IT and ICS systems.

Security layers of the 
automation system

Layering should be taken into account 
in system structure design as it reduc-
es the risk of a successful attack. The 
automation system is usually isolated 
from the IT network, for example, with 
the use of a firewall or demilitarised 
zone (DMZ). In this case, the connec-
tion to the automation network is limit-
ed. Systems can often also be accessed 
remotely via a virtual private network 
(VPN). 

Remote connectivity solutions are 
provided by various device vendors. 
In digital security, interfaces pose the 
greatest risk. Automation systems can 
be divided into different layers, the out-
ermost layer being the periphery of 
the network and the innermost level 
being the data in computers and in 
the network. The data may be in use, 

in motion, or stored (stationary). Digi-
tal security solutions can be created at 
these various levels, such as a DMZ or 
IDS (Intrusion Detection System).

Lifecycle solutions

Digital security must consider human, 
organisational process and technology 
aspects. Networking and cooperation 
between the various players, as well as 
ongoing developments must also be 
considered. Networking enables the 
transfer of data and thus the improve-
ment of situation awareness. Situation 
awareness is crucial in the event of an 
attack, or while preparing for an attack 
that is still preventable. Continuous de-
velopment is also important because 
digital security is a highly dynamic area 
and hackers always strive to stay one 
step ahead.

In its most comprehensive form, 
digital security creates a lifecycle mod-
el. The lifecycle solution proceeds in 
stages: definition, analysis, design, im-
plementation, review and continuous 
development. A lifecycle solution ena-
bles better resilience, whereby ICS se-
curity is maintained as a stand-alone 
process among other company pro-
cesses.

Progress of an attack

An attack can be divided into four phas-
es. The first phase is targeting, where the 
attacker develops situation awareness.  

Digital security can increase the availability 
of industrial automation equipment.

▲▲ Typical steps in a cyber attack

Planning

Intelligence

Penetration

Network monitoring

Resolving vulnerabilities

Selecting and installing malware

The attack and its maintenance

Perform the desired operation

Deception, blocking or destruction

Exit
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SAFESCAN in a nutshell
■■ Promotes digital security development projects, including admin-

istrative aspects

■■ Provides an outside perspective on security matters

■■ Provides expertise in ICS systems

■■ Provides control measures to reduce vulnerabilities

■■ Reduces the risk of a successful attack and subsequent environ-
mental losses, business losses or reputational losses

■■ Periodic repetition of the analysis allows for continuous improve-
ment 

■■ Scalable solution suitable also for SMEs

■■ Applicable standards: *FIPS-200-final-march (FIPS-PUB-199-final, 
NIST sp800-53-rev2-final), **NIST special publication 800-18r1

*) Federal Information Processing Standards
**) National Institute of Standards and Technology

People, Processes, Technology

Management Malfunctions Situation 
awareness Defence Recovery Maintenance 

reliability

■■ Management ■■ Training
■■ Protection
■■ Auditing
■■ Malfunction 

management
■■ Simulation, Red  

/ Blue Team
■■ Business 

continuation

■■ Detection
■■ Information 

sharing
■■ Situation 

awareness

■■ Restricting
■■ Defence
■■ Counter 

measures
■■ Communication

■■ Recovery
■■ Communication
■■ Learning

■■ Material
■■ Functional

Cooperation

Continuous development

▲▲ Table 2. Attack handling from the tar-
get’s perspective
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The next step is to perform a target 
analysis, which involves situational 
understanding. The third phase in-
volves selecting the target and the 
attack method. In the last phase, the 
attack is carried out. After the attack, 
one can return to step 1 and execute 
a new attack based on the new situa-
tion awareness. 

Attacks can be carried out in par-
allel, quickly disrupting multiple tar-
gets at the same time. The goal is to 
strategically paralyse the target. In this 
case, it is difficult for the party being 
attacked to develop good situation 
awareness and to systematically de-
fend itself to avoid damage. Attacks 
sometimes only last a few minutes but 
can take years to prepare. In this case, it 
is important to detect potential recon-
naissance operations against the com-
pany before the attack.

SAFESCAN digital security 
vulnerability assessment process

SAFESCAN is a digital security vulnera-
bility assessment process developed by 
Elomatic, which looks for vulnerabilities 
in an ICS system and associated risks. 
The process is subject to standards de-
veloped by the NIST Agency. The out-
put of the process is a list of vulnera-
bilities and operations that should be 
performed to further improve the digi-
tal security of the system.

With SAFESCAN, one can easily and 
cost-effectively assess the vulnerabil-
ities of an industrial automation sys-
tem. At the beginning of the survey, 
the consultant becomes familiar with 
the customer’s automation system. 
The automation system is subdivided 

into parts, and these parts are exam-
ined from a digital security viewpoint 
by scoring the risk of each part by at-
tribute.

The SAFESCAN product divides the 
automation system into five different 
levels. Solutions have been defined 
at the different levels to enhance the 
digital security of the system. Each of 
these levels creates a barrier for hack-
ers and makes it harder to gain access. 
SAFESCAN is designed to prevent dis-
ruptions but is also prepared for disrup-
tions and the need to restore business 
operations.

When investigating vulnerabilities, 
the customer’s staff is consulted. The 
discussions are preceded by training 
on the basics of digital security. After 
the training, discussions are conducted 
separately in small groups or between 
two persons. The discussions aim to 
maximise interaction in order to detect 
vulnerabilities. 

At this stage, the discussions do 
not aim to identify solutions but to 
find out how digital security is dealt 
with in the company. Generally, the 
idea is to find out how the staff work 
and whether they have any sugges-
tions for improvement.

Following the discussions, a sum-
mary and table showing the current 
vulnerability profile of the ICS system 
is prepared. Based on the vulnerabil-
ity profile, control measures are pro-
posed to improve digital security. In 
addition, a vulnerability profile is cre-
ated after the control measures. This 
profile shows the impact on digital 
security (risk) if the proposed control 
measures are performed. Finally, a list 
of control measures that should be tak-
en is drawn up.

A SAFESCAN analysis can also be 
performed periodically to check for 
new vulnerabilities and to make cor-
rections to the risks identified in the 
previous inventory. This keeps the dig-
ital security of the target’s ICS system 
up to date.

About the author

Juhani Kääriäinen

M.Sc. Eng. (Process Automation)

Juhani Kääriäinen holds a graduate 
degree in process automation from 
the Oulu University. After graduating 
in 2000, he has worked in research 
and training as well as in consulting 
and engineering. He also has several 
years’ experience in sales and mar-
keting. Currently, Juhani works at the 
Elomatic Jyväskylä office as Consult-
ing & Sales Manager.

juhani.kaariainen@elomatic.com

SAFESCAN looks for vulnerabilities in ICS 
systems and associated risks.
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Computational Fluid Dynamics 
(CFD) is being increasingly used 
in safety engineering to simulate 
toxic gas dispersion, fires, and ex-
plosions. Experimental studies in 
this area are dangerous, difficult, 
and expensive. They are also often 
confined to a relatively small scale 
compared with practical situations 
such as fires in chemical plants and 
explosions in coal mine tunnels. 

Empirical approaches can also be 
found in different safety codes. 

They are used to assess the risk and 
the effects and consequences of acci-
dents. CFD numerically solves the gov-
erning equations of fluid flows, which 
can involve heat transfer and chemical 
reactions, to predict the flow field. It is 
a powerful tool which, in addition to 
the valuable experimental studies and 
the empirical approaches, can provide 
data for the effects and consequences 
of specific accident scenarios, enhance 

the understanding of possible scenari-
os, and provide insights into mitigation 
measures. 

Ensuring the adequacy of CFD 
simulation 

While the reliability and the accura-
cy of CFD simulations is still a signifi-
cant concern, CFD codes have been 
approved as a tool in the area of safety 
analysis. There have also been efforts in 
ensuring the adequacy of CFD simula-
tion in safety engineering. 

PHMSA (Pipeline and Hazardous 
Materials Safety Administration, U.S. 
Department of Transportation) has 
approved a software programme for 
radiant heat flux and four software pro-
grammes for atmospheric vapour dis-
persion for the purpose of determin-
ing the extent of LNG exclusion zones. 
Exclusion zones are established to pro-
tect the public from the potential con-
sequences of the unintentional release 
of LNG (PHMSA, 2017). In 2006, the Ida-
ho National Laboratory prepared “Pro-
cesses and Procedures for Application 
of CFD to Nuclear Reactor Safety Anal-
ysis” for the U.S. Department of Energy 
(Johnson, et al., 2006). 

In the EU SUSANA project (SUp-
port to SAfety aNAlysis of Hydrogen 
and Fuel Cell Technologies) (FCH, 2017), 
which concluded in 2016, a model 
evaluation protocol was developed 
to support the use of CFD analysis in 
safety engineering in relation to hydro-
gen and fuel cell technologies. It was 
emphasised that the following two as-
pects need to be addressed to apply 
CFD with a high level of confidence in 
the accuracy of the simulation results: 
1.	 the capability of the CFD models 

to accurately describe the relevant 
physical phenomena

2.	 the capability of the CFD users to 
follow the correct modelling strat-
egy.

Explosion risk in dual-fuel engine 
exhaust systems

A dual-fuel engine can run on both liq-
uid fuel (e.g., heavy fuel oil) and gase-
ous fuel (currently mainly natural gas). 
Since the combustion of gas leads to 
significantly lower emissions, the ap-
plication of dual-fuel engines for ma-
rine purposes has been driven by 
more stringent emission regulations. 
Dual-fuel engines can also reduce the 

Simulation of deflagration 
in exhaust systems 

An application of CFD in safety engineering

Text: Bingzhi Li

◄◄ Fire at a refinery outside Puerto Rico’s 
capital San Juan, Friday, 23 October 
2009 (BBC, 2009)
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◄◄ Simulation of the dispersion of LNG 
vapour released from the top of a 
storage tank under the effect of dif-
ferent atmospheric stratifications. Un-
stable, neutral and stable, 180 s from 
the start. The vertical concentration 
contours of LNG cloud at the down-
wind axis. (Guo, Zhao, Wang, Yao, & 
Hu, 2019).

◄◄ Cutaway illustration of an LNG carri-
er (Welleman, 2004). Boil off gas from 
the LNG tanks is used in the engine for 
propulsion.

◄◄ Pressure development during a defla-
gration simulation. 
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requirement for extra fuel storage on 
vessels and help improve efficiency, 
especially for LNG carriers.

On marine vessels, the exhaust sys-
tem of a dual-fuel engine typically con-
sists of an exhaust pipe, a ventilation 
system, and one or more silencers. It 
may also include a boiler for waste heat 
recovery and an SCR reactor for NOx re-
duction, as well as a by-pass line for this 
equipment. 

When an engine runs on gas, there 
is a risk of unburnt gas entering the 
exhaust system even though preven-
tive measures are taken. If the gas-air 
mixture ignites, deflagration will occur 
and lead to a rapid increase in temper-
ature and pressure inside the exhaust 
system. This would create an explosion 
hazard for the equipment and the per-
sonnel on board and mitigating meas-
ures would have to be taken. 

For example, the DNV GL classifi-
cation rules for ships with gas-fuelled 
engines require suitably designed and 
fitted explosion relief systems, unless 
the exhaust systems are designed to 
withstand the worst-case overpressure 
resulting from ignited gas leaks (DNV-
GL, 2017). Both one-off rupture discs 
and reclosable spring-loaded valves 
can be used. 

The arrangement of the pressure re-
lief system, i.e., the number, size, and 
position of the pressure relief devices, 
should already be considered in the 
design of the exhaust system. CFD sim-
ulation is a cost-efficient way of eval-
uating the arrangement of pressure 
relief devices and to ensure class ap-
proval.

Simulation of deflagration in 
exhaust systems

In order to evaluate the arrangement 
of pressure relief devices, simulations of 
deflagration in exhaust systems must be 
carried out in reasonable gas leak sce-
narios. In a conservative approach, the 
worst-case scenario could be included, 
in which none of the engine cylinders 
is firing but gas is still being supplied to 
the engine. In such a case, the gas-air 
mixture would enter and fill a large part 
of or the whole exhaust system. 

The worst-case scenario is some-
what theoretical, and the probability of 
it occurring is low. However, if the sim-
ulation shows that the pressure relief 
arrangement can help prevent excess 
pressure in the worst-case scenario, 
the arrangement should be sufficient 
in normal conditions. Less severe but 
more plausible scenarios could also be 
included.

Adequate details of the equipment, 
e.g., silencer, should be included in 
the simulation model to represent the 
equipment characteristics. In the simu-
lation, a rupture disc should open and 
release pressure when its burst thresh-
old has been reached, while the size of 
the opening of a spring-loaded valve 
depends on the loaded pressure and 
its design properties. 

Transient 3D simulation should be 
performed so that the propagation of 
the reaction zones of the gas-air mix-
ture and the pressure waves can be 
investigated. During the simulation, 
the pressure history in any part of the 
exhaust system can be recorded, and 

the maximum pressures obtained. The 
maximum pressure can be compared 
with the pressure limit of the equip-
ment. 

A simulation of deflagration in ex-
haust systems should provide a valida-
tion of the arrangement of the pressure 
relief devices or produce results that 
can be used to improve the arrange-
ment, e.g., to suggest new positions for 
the pressure relief devices. 

CFD is increasingly used in safety engineering 
to simulate toxic gas dispersion,  

fires, and explosions.
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(2018), there are more details inside each 
wave as it can be split more accurately 
into approximately 50-year cycles. An 
interesting result can be observed if this 
theory is applied to changes in ship-
building. Figure 2 illustrates the main 
technological changes and innovations 
concerning deep transitions. 

The era of IT in shipbuilding aligns 
with the beginning of commercialised 
use of CAD systems. Triggered by IT ad-
vancements, CAD evolved in the early 
1970s from an innovation into some-
thing that became a common and es-
sential part of shipbuilding projects. It 
took about 50 years for the technol-
ogy to mature, for the newest hard-
ware to be taken into use and for it to 
be fully accepted practice. In turn, the 
increased accuracy of design allowed 
even larger and more complex pro-
jects to be handled, a development 
that took shipbuilding to an entirely 
new level. The innovation served the 
industry and changed it. It was, how-
ever, not an isolated phenomenon. It 
was made possible by societal devel-
opments that required a large number 
of cargo ships and other types of ves-
sels for global trade. As such, the con-
text of innovation plays an essential 
role in the transition.

Multi-level perspective – 
innovations in context

The Multi-Level Perspective (MLP) 
framework is useful in understand-
ing how a transition occurs and what 
makes it possible for an innovation to 
become viable and widely used.

The multi-level perspective approach 
was originally developed by Frank 
Geels to explain socio-technological 

achievement: it is something that so-
ciety was able to adapt and use profit-
ably. Technological breakthroughs are 
tightly linked to societal development 
in terms of adaptation and acceptance.

According to Kondratieff’s theory, 
the next and sixth wave of creative de-
struction will be fueled by intelligent 
technologies. There are many ongoing 
discussions in industry about digitalisa-
tion, digital transformation and digital 
manufacturing, industry 4.0 and smart 
factories, as well as AI and the use of 
digital twins in production. 

Intelligence is a key aspect of the 
sixth wave and differentiates it from its 
predecessor, which was based on infor-
mation technology. One can speculate 
whether intelligence means actual AI 
or the possibility to be not only digital, 
but also data-driven. 

One practical example of this 
change is the ongoing development 
of digital twins. As elaborated by Ca-
bos and Rostok (2018), a digital twin 
is a digital representation of an object, 
enriched with behavioral models and 
configurations or conditions. As Hafver, 
Eldevik and Pedersen (2018) point out, 
the novelty of digital twins is not the 
existence and use of 3D models as as-
sets, but how these models are bun-
dled.

In other words, it is not about IT an-
ymore; it is not about the possibility 
to digitalise all data and the 3D mod-
el, but about the intelligence behind 
this data.

Deep transitions theory and 
evolution of CAD as innovation

According to the theory of deep transi-
tions developed by Schot and Kanger 

Drawingless production in digital 
data-driven shipbuilding

Text: Ludmila Seppälä

Can 3D models replace tradition-
al design drawings? If the ques-
tion were formulated like this, most 
people would answer in the af-
firmative. Several would question 
whether it has not already been 
achieved and, if not, that it was 
only a matter of time. 

If the answer to this question is that 
straightforward and such an obvious 
direction for the development, one 
can only wonder why this change has 
not happened already. 3D models have 
been around in shipbuilding for almost 
50 years. Has this not been enough 
time to polish the technology and re-
place old artefacts, such as 2D draw-
ings?

This article shows that the answer is 
not that simple and does not depend 
exclusively on technological aspects.

The power of creative destruction 
and Kondratieff’s waves theory

Kondratieff’s waves theory provides a 
broad structured view of the history 
of technological development. Based 
on the financial data from rolling 10-
year returns of Standard & Poor’s top 
500 companies, spikes or waves can 
be observed that match technologi-
cal changes. Figure 1 presents these 
waves along a timeline. Behind every 
significant upswing in financial returns, 
which moved societal development 
forward, there is a considerable step 
in the use of new technology: steam 
engines, railways, electricity, automo-
biles and petrochemicals, and infor-
mation technology. None of the tech-
nologies is an isolated innovation or 
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Second Deep 

Transition

First Deep Transition

1950: 
welded 
hull

1900: 
use of steel, 
rivets, propulsion 
engines

1970: 
beginning of 
commercial 
use of CAD

2000: 
CAD and 
automation

2010: 
Digital twins
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1st Kondratieff 
1780–1830
Steam engine, 
textile industry

2nd Kondratieff 
1830–1880
Railway, steel

3rd Kondratieff 
1880–1930
Electrical 
engineering, 
chemicals

4th Kondratieff 
1930–1970
Automobiles, 
petrochemicals

5th Kondratieff 
1970–2010
Information 
technology

6th Kondratieff 
2010–20XX
Renewable 
energies, smart 
grids

Panic of 1837 
1837–1843

Founders’ crisis 
1873–1879

1st & 2nd oil crises 
1974–1980

Financial/debt crisis 
2008–2011

Figure 1. Kondratieff (1935) waves: linking 
rolling 10-year returns on the S&P top 500 
and technological disruptions.

Figure 2. Deep transition transformation and historical ship-
building milestones, including CAD development. 

•	 Deep transition – Kondratieff’s wave 
of change

•	 Surges – smaller transitions inside 
each wave

•	 Niches – limited effect of technological 
innovations

Global economic crisis 
1929–1939

Time

transitions, with a focus on sustainabil-
ity. It presents a transition process in the 
context of three main layers: landscape, 
regime, and niche. 

The landscape layer represents the 
most stable structure – the existing 

state of things; it is a mixture of the 
political and economic landscape, the 
historically and socially stable way of 
doing things, and time-proofed tech-
nology that has been in use for a long 
time. The regime layer is more dynamic 

and consists of existing practices and 
the ways of process organisation. Nich-
es are the most dynamic places for in-
cubation of new ideas and practices. 
Presumably, niches appear and fre-
quently disappear, often having little 



impact on the system. However, when 
there is pressure from the landscape, 
the regime level has cracks and open-
ings, creating space for the niche to 
enter the regime level and reshape it. 
“Niche-innovations may break through 
more widely if external landscape de-
velopments create pressures on the re-
gime that lead to cracks, tensions and 
windows of opportunity” (Geels, 2010).

The tension, caused by globalisa-
tion and the development of IT tech-
nologies, such as increased comput-
ing power and graphics cards, created 
a “window of opportunity” and allowed 
CAD to progress to regime and land-
scape levels. A side effect of the tran-
sition was that CAD providers became 
significant players in the maritime in-
dustry.

Next wave of intelligent 
technologies 

The intelligence of IT allows the pro-
vision of data in digital format that 
is suitable for production. For exam-
ple, based on the data collected by 

CADMATIC, when the first 3D viewer, 
eBrowser, was introduced on the mar-
ket in 2000, the direct estimation from 
shipyards was that they were able to 
reduce the number of drawings need-
ed for production by 30%. The 3D mod-
el became accessible not only to CAD 
users – typically designers in the of-
fice – but also to production staff. It 
also did not require any special skills 
or training to use. It provided a pow-
erful push to reduce the number of 
drawings. However, there are still cas-
es when the amount and types of pro-
duction drawings are justified by tradi-
tion and processes at a shipyard, and 
less by the practical need for these 
drawings in production.

Following this development, after 
introducing CADMATIC’s eShare as a 
central portal for all interlinked pro-
ject information, a further reduction of 
70% of drawings was achieved. This is 
only one example where increased in-
telligence in IT technology significant-
ly affected the number and types of 
drawings involved in production but 
was capped by societal readiness to 
change the existing regime. Pioneering 

yards, focused on innovation and ef-
fectiveness, were more ready to make 
the change than yards where tradition 
and maintaining the status quo were 
stronger driving forces. The human and 
societal factors conflict with technolog-
ical possibilities in this case.

The level of automation is a key di-
mension in the discussion about au-
tomated production. There are many 
possibilities to automate production: 
steel cutting and bending, welding ro-
botics, 3D printing, and automatic ad-
justments for workshop flows based on 
data analysis. Together with develop-
ments in robotics, this has become an 
essential factor for ship manufacturing. 
The cost of machinery and implemen-
tation has been a holding element in 
this regard.

The future of drawingless 
production

Figure 3 illustrates four main possi-
ble scenarios for the future of draw-
ingless production. They are based on 
a division of high to low levels of IT 

Intelligent IT: transformation

•	 Sophisticated IT design solutions and low level of auto-
mation. Boom of highly customizable designs with high 
range reuse

•	 Design can adapt to any production and provide data 
for manufacturing in any required format. 

•	 Boost of independent design providers while shipyards 
slowly get to higher levels of automation.

•	 AI-ruled factories, similar to the automobile or airplane 
industry. 

•	 State of the art IT with a high level of automation and 
low level of customisation.

•	 Standardised main types of ships and centralised pro-
duction in mega yards.

Business as usual 

Continuous growth 

Robotics: disruptions

•	 Slow development similar to the current regime without 
significant disruptions. 

•	 Slow pace of IT intelligence development
•	 No considerable adaptation to data-driven shipbuilding 

and low level of automation in manufacturing.

•	 Intensified automation with varieties of custom-made 
designs. 

•	 Shipyards take a leading role in automation driven by 
economic reasons

•	 Shipyards create pressure for development of intelli-
gence in IT.

Figure 3. Future scenarios of drawingless production in 
digital and data-driven shipbuilding towards 2050.
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intelligence and automation. Two ste-
reotypical scenarios present “business 
as usual” and “high hopes for change” 
possibilities. The other two illustrate 
conflicting trends and tensions in the 
landscape that provide opportunities 
for innovations to grow.

While all four scenarios are possi-
ble, the continuous growth scenario is 
perhaps preferable, if one wants to be 
optimistic and disregard natural devel-
opmental limitations. A combination of 
scenarios for transformation and robot-
ics would present a somewhat realistic 
picture in the medium-long perspec-
tive. In both cases, the gradual elimi-
nation of drawings in the production 
process is a likely outcome.

Considering the main driver of in-
telligent IT, drawings are already being 
gradually substituted with 3D viewers 
and with direct data transfer to produc-
tion or manufacturing control systems. 
CAD plays a key role in the substitu-
tion process by providing interactivity 
with data and faster access to it within 
change management.

Originally, input to CAD was pro-
vided by users. This is slowly changing, 
however, towards the use of embed-
ded design rules and the substitution 
of direct parameter inputs with inputs 
based on analysis or AI.

Interaction with data distinctively 
differentiates the digital era. The first at-
tempts to standardise drawings aimed 
to improve readability and production 
quality. For the data-native generation, 
this poses unnatural limitations. Instead 
of a static snapshot, people prefer to 
obtain data on demand, and then ma-
nipulate it.

The following use case illustrates 
this process. Traditionally, many draw-
ings in shipbuilding come from piping 
production data or spool drawings. Es-
timations are that a big cruise liner, of 
about 350 m, has about 10,000 spools. 

With current practices, these drawings 
are automatically generated and an-
notated. However, about 5% (with ef-
fective use of CAD and settings match-
ing production needs) require manual 
work. 

The process itself is quite laborious 
and time-consuming. However, the 
main culprit is the use of these draw-
ings in production. Every drawing must 
be manually examined and used as an 
instruction to manufacture a piece of 
pipe and often the data provided on 
the drawing is not sufficient or out-
dated due to changes in design by the 
time it reaches the workshop. The pos-
sibility to generate and visualise pro-
duction data at any time would re-
move the disconnect between design 
and manufacturing.

As a practical example of such de-
velopments, some CADMATIC cus-
tomers already use provide an online 
connection to design data in the pro-
duction workshop and display the data 
in 3D viewers with annotated models. 
Alternatively, they use AR with Holo-
Lens or VR interfaces directly with the 
3D model. 

The foundational technologies for 
drawingless production are set and the 
direction is well-defined. The question 
remains whether the window of ten-
sion is enough for the innovations to 
progress, spread and become part of 
the regime.

This article is a shortened version of a pa-
per presented at COMPIT2019.
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It is not about the IT anymore, but 
about the intelligence behind the data.



Enterprise Production 

Text: Jussi Soininen

Management 
and 

digitalisation 
of upper level 

automation
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With the industrial Internet of Things 
(IoT), the management of production 
and related production infrastruc-
ture are moving to a new level. Digital 
service products are becoming more 
common and will provide owners and 
users with a higher degree of control 
and more accurate product develop-
ment information.

Picture copyright © Depositphotos/artitcom
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Nowadays, it is technically quite 
easy to gather information from 

production processes. In some cases, 
information bloating has even stopped 
development. Sometimes, it is neces-
sary to ask to what and how the infor-
mation should be applied. Knowledge 
should not be added for the sake of 
knowledge, but to benefit the owners 
and users of the knowledge.

Standardised and well-established 
content and functionalities make pro-
duction easier. There is no need to re-
invent the wheel. Traditionally, system 
and software vendors have sought to 
standardise data processing.  Copying 
previously developed data processing 

systems is profitable for the vendor, be-
cause high-volume products are inex-
pensive for end-users and the system 
has good lifecycle control.

However, well-established solu-
tions are not enough in the long run. 
To produce a competitive advantage 
in industrial production, Manufacturing 
Execution System (MES) applications 
must also have unique features. MES 
applications must also take the spe-
cific characteristics of the enterprise’s 
production into account. 

Knowledge is not enough, under-
standing is not enough – progress 
and success require greater levels of 
intelligence and wisdom. Therefore, 

MES-level applications that utilise 
standardised modularity must be flex-
ible and upgradeable to meet future 
change needs. 

Traditionally, IT departments in in-
dustry have kept systems for 10 or even 
more than 20 years, until it becomes 
necessary to switch to a new one, often 
for purely technological reasons. For 
example, due to cost reasons, the sys-
tem may not have been better adapted 
to changing circumstances and operat-
ing practices.

Figure 1. Development of service products.
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Figure 2. Cooperation with the customer.

The focus is now shifting to computing and visualising 
smarter statistics, event correlations and predictions.

Service product development

An example of good service product 
realisation is the optimal embedding of 
system engineering and IT technology 
that meets the customer’s needs (See 
Figure 1). Modular solutions produced 
for today’s application platform can be 
customised and developed by con-
figuring new data sources, data struc-
tures, cross-structure relationships, and 
user interface components. The typical 
characteristics are:

■■ Openness to the owner
■■ High availability
■■ Agile adaptability
■■ Easy controllability

Service product production is mov-
ing towards closer cooperation with 
the customer. This is essential for agile 
configuration of application solutions 
and application templates to meet the 
needs of the customer. It is impera-
tive to listen to and understand the 
customer’s user requirements, see po-
tential future changes, and know the 
reality of the application, both at a con-
ceptual level and in practice.

Service collaboration with the cus-
tomer also means providing applica-
tion solutions with greater openness 
so that the customer has a real op-
portunity to choose how much and 
how deeply he wants to manage the 

application development across its 
life cycle, including at the executive 
level. This means, for example, that 
the customer can choose whether to 
make changes to the application’s in-
terface or get help from the applica-
tion vendor. 

It is the supplier’s responsibility in 
this collaboration to bring new, modu-
lar technological solutions for a heter-
ogeneous field of data sources, for in-
telligent production control, for deep 
data analytics, and for virtual visuali-
sation.



Figure 3. IOT – The connector of IT multiculturalism.

Case EloWise
EloWise is an example of an application plat-
form that is an agile and adaptable MES lev-
el solution. With the help of well-established 
connection technologies, the system can con-
nect field data sources to a data acquisition 
interface, structure, and further process data 
for use at higher levels. Various analysis tools 
and calculation routines can be integrated 
into the system. The UI structures are fully con-
figurable.

In addition to integrating the entire ex-
isting production field and the existing data 
processing platforms, it is necessary to en-
sure that the need to add field sensors and 
technical computing tools can be easily in-
tegrated into the system. Implemented with 
EloWise principles, the system integrates 

field interfaces into an application-specific 
relational database which provides the fur-
ther-processed information with associated 
computing components. The configuration 
database also serves to provide an optimal 
user interface for the user experience.

When creating a digital twin of an indus-
trial process, it is not enough to only collect a 
huge amount of information. The structural, 
relational, and functional simulation model 
must be able not only to serve maintenance 
and product development, but also to func-
tion as a real twin’s assistant and supervisor. 
Therefore, it is imperative to develop innova-
tive, efficient, and agile AI-assisted tool com-
ponents for the model to gradually become 
a closer reflection of reality.

Cloud 
processing Platform P3

Platform P1

Platform P2

Data 
analysis

Data 
processing

Field F2Field F1
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Impact of industrial IOT on 
MES application production

Today’s industrial production units 
have dozens of separate systems linked 
to production infrastructure that pro-
duce information for a specific task and 
use. The systems may be very discrete 
and independent, at least in terms of 
information utilisation, due to different 
vendor interests. 

As the industrial IoT field becomes 
more diverse, a lot of information will 
become available from a variety of 
sources. This opens new opportunities 

for more refined information about 
production statuses, efficiency and 
productivity. There is a growing need 
to make all useful information accessi-
ble to data processing, both locally and 
in the cloud. 

The prevailing trend has led to a 
situation where there are many the-
matic applications and system solu-
tions on the market. Therefore, an in-
creasing amount of aggregating and 
virtual platforms will be needed to 
structure data masses into real-world 
comparable models, to describe inter-
relationships of data structures, and to 

determine the dynamics of data and 
data relationships. The key dimensions 
of the system are structures, relations, 
and functionality.

There are 4 levels of information 
processing. The knowledge layer in-
cludes the collection and storing of 
information. Understanding includes 
data analytics and the intelligence level 
can apply understanding. The wisdom 
level produces creative solutions and 
sustainable innovations.

The actual data collection and 
storing of data into databases is al-
ready well advanced. The focus is now 

Table 1. Levels of information processing in 
data processing. Wisdom  

level
The system has the ability to support 
creativity

■■ by supporting the emergence of 
innovation

■■ by supporting the implementation 
of measures resulting from 
innovation

Intelligence 
level

The system has the ability to produce 
■■ derived information from the 

information content and its 
interdependencies 

■■ meaningful and appropriate 
solutions

Understanding 
level 

The system is capable of compressing 
information into a more concise form 
and recognizing the meaning of infor-
mation and information relationships

Knowledge 
level

The system is capable of collecting 
and compiling data into a usable form 
and state
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shifting from traditional data acquisi-
tion, data processing and reporting 
functions to computing and visualis-
ing smarter statistics, event correlations 
and predictions. The purpose of the in-
dicators is to help in quickly identifying 
critical situations and change dynamics 
that are critical to achieving the goals. 
They are a summary of the knowledge 
level. 

Analysing the interdependencies 
between events and property (attrib-
ute) values ​​allows a better understand-
ing of processes. The digital model en-
ables intelligent operations that can 
be performed autonomously by the 
systems within given limits. The top-
level mission is to help the develop-
er and the decision-maker to develop 
wisdom. 

All intelligence itself is not wis-
dom. Intelligence is the ability to do 
the right things. Wisdom is the abil-
ity to do something well. At the high-
est level, the optimisation task entails 
developing, managing and steering 
production and business operations 
with consideration for external influ-
encing factors.

The digital twin of a highly ad-
vanced production unit enables the 
system structure at all levels to include 
self-steering features. This means, for 
example, that alongside traditional pro-
duction control, there is a meta-control 
level of production automation con-
trol that tunes the automation itself to 
work better with technologies such as 
Advanced Process Control or Multivari-
able Model Predictive Control. 

Figure 4. Levels of production management and control on MES level.

Production development

Production control

Automation level control

Field level control

Value of property A
Event X

Value of property B
Event Y
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The amount of software in devices 
and equipment has grown signifi-
cantly in the last decade. Features 
implemented through software 
enable personalisation of equip-
ment to the customer’s individual 
needs and the addition of features 
that are difficult or impossible to 
achieve otherwise. The increasing 
number of software features, how-
ever, comes with its own set of chal-
lenges for production.

Simply put, in devices that consist 
of both mechanical properties and 

software, one element always affects 
many others. Consider a car, for ex-
ample: If a customer decides to have 
an electric handbrake feature, this im-
mediately affects ten parameters that 
must be combined in production. 
There are many such features and even 
more related parameters.

These combinations are currently 
handled manually, which is slow, prone 
to error, and consumes human resourc-
es. This is exacerbated by the fact that 

the number of combinations is con-
stantly increasing.

Creeping risk, hidden problem

When software was added to purely 
mechanical devices in the past, the 
number of software features was ini-
tially rather modest. The number of pa-
rameters that needed to be combined 
was also small and, therefore, it was 
natural to manually manage the com-
binations in production.

Device software explosion posing 
production problems

Text: Petri Mähönen / Devecto Oy
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▲▲ The features chosen by buyers of mod-
ern cars are largely software-imple-
mented or assisted.

Copyright © Depositphotos/Imaginechina-Editorial

With the explosion in the amount 
of software, the number of combina-
tions that need to be manually built 
has grown exponentially.

Thus far, parameter management 
has remained under control, mainly be-
cause of configuration specialists that 
are able to handle all the variations. 
An increasing number of manufactur-
ers are nevertheless reaching a critical 
point. The situation may not have got-
ten out of hand yet, but it is not far off.  

Changing role of software in devices

Device manufacturing has changed 
with the increased use of software. Pre-
viously, devices and their mechanical 
features were the core components of 
products, to which software was added 

for differentiation. Nowadays, software 
is an integral part of all products and 
devices with complex functions. 

A passenger car is a good exam-
ple in this case too. In earlier times, 
the buyer’s choices were based on the 
mechanical features, whereas features 
brought by software were somewhat 
of a luxury. Today, the features the buy-
er chooses are largely software-imple-
mented or assisted.

The amount of software is constant-
ly increasing. From a production point 
of view, this translates into a vast num-
ber of additional parameters that need 
to be set. 

To illustrate this point, the analogy 
of baking gingerbread can be used. 
The software data mass can be seen 
as the dough ball from which produc-
tion bakes the finished gingerbread. 

Because the parameters are set manu-
ally in this analogy, the gingerbread is 
shaped by hand without a mould. This 
kind of manual work is time consum-
ing, contains errors and results in vary-
ing production quality. It also leads to 
production scaling difficulties if order 
volumes increase.

Configuration management 
is the solution

In order to automate the manual com-
bination of parameters, connections 
between the systems in use must be 
established. This means implement-
ing connections between the differ-
ent systems responsible for product 
data management, order handling, and 
production.
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Currently, all software features and 
their related parameters are contained 
in the product data management sys-
tem. The order handling system lists 
the features that the customer wants 
for the ordered device, while in pro-
duction, everything is manually com-
bined into the finished product.

The automation of these processes 
can be accomplished with configura-
tion management, which is an impor-
tant part of broader product lifecycle 
management. In the gingerbread anal-
ogy, the configuration management 
solution is the mould used to shape 
the gingerbread. It can be used to re-
trieve the desired features for the prod-
uct defined in order handling. At the 
same time, feature-related parameters 
are automatically retrieved from prod-
uct data management, from where 
they are redirected to production as 
work orders.

Configuration management can be 
implemented either by integrating it 
into the product data management 
system, or by creating a completely 
separate solution.

Benefits of configuration and 
lifecycle management

As manual labour decreases, the abil-
ity of production processes to pro-
duce consistent quality improves. At 
the same time, the capacity of produc-
tion to respond to increasing volumes 
is also enhanced.

Another significant benefit is the 
traceability of devices. When param-
eters are combined manually, there 
is usually no clear documentation of 
the final device, its software, and pa-
rameters. With the help of automa-
tion, every completed device comes 
with an electronic “birth certificate”. 
This documentation also contains lat-
er software updates, which means 
that it can be used in troubleshoot-
ing, warranty-related matters and for 
after-sales service.

The solution furthermore enables 
the generation of a digital twin, or vir-
tual version of the device. The digital 
twin can be generated before actual 
production, which creates opportuni-
ties for versatile testing of the device 
before production.

Adapting to changing  
environment

Past production processes were justifi-
able due to the operating conditions 
of the time. A changing world means 
that such practices have become inad-
equate. This has driven the adoption of 
new approaches and practices.  

The silver lining to this latent prob-
lem is the business opportunities it 
creates. In some way or another, all 
device manufacturers will have to take 
a stand on the matter. The ability to 
turn challenges into opportunities will 
separate the best manufacturers from 
the rest.  

As manual labour decreases, 
production processes are able to 
produce more consistent quality.

Elomatic and Devecto 
collaboration:  
Broader digitalisation 
solutions for industry
In early 2019, Elomatic and De-
vecto started collaborating in 
developing industrial digitalisa-
tion solutions. The aim of the co-
operation is to further strength-
en the competitiveness of 
Finnish industry and to ensure 
the success of customers in on-
going technological and busi-
ness model changes. 

The partners combine Elo-
matic’s long experience in in-
dustrial design and consulting 
with Devecto’s strong expertise 
in technology industry product 
development and software so-
lutions.

The cooperation has created 
a new comprehensive partner, 
especially for the development 
of large-scale industrial solu-
tions. The collaboration covers 
business and service design, in-
telligent automation and system 
solutions, embedded solutions, 
testing and software robotics, 
analytics, and knowledge man-
agement.
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In recent years, much noise has been made about 
digitalisation in the marine sector. The related devel-
opment areas include, among others, autonomous 
navigation and steering for ships, as well as more ad-
vanced ship automation systems that ease the lives of 
crew and owners. In leveraging the benefits of digitali-
sation, data collection and analysis have become key 
focus areas.  

Today’s ship automation systems have been able to cap-
ture all possible operational environment and ship sta-

tus data for several years already. This has made a massive 
amount of data available for fleet owners. Generally, this 
data is not collected for deeper analyses. 

Many manufacturers also send data from devices to their 
own cloud storage. They are naturally not interested in shar-
ing this data with competitors. This, in turn, leaves shipown-
ers with the headache of monitoring relevant data and 
alerts from many different sources and systems.

This time 1+1 = 3

Analysing the combined data from several systems as a 
whole expands knowledge of the entire fleet operation and 
maintenance cost structures. One can improve a ship’s op-
erational awareness and react to related incidents or perfor-
mance issues faster by capturing ship parameters such as 
location, speed, heading, wind, systems statuses.

However, by using a much greater amount of com-
bined information for concurrent analysis (big data), far 
better results can be achieved than by following individual 

Data collection and analyses 
in the marine environment

Text: Juhani Kankare
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Analysing combined data from several systems 
expands knowledge of the entire fleet operation.

measures of individual ship systems. 
It is, for example, possible to compare 
current and historical data to inform 
the crew of more optimal driving pa-
rameters. One can also estimate the 
need for possible upcoming services, 
maintenance or docking schedules. 

When an online data connection 
between the ship and the shore is add-
ed, a live MIMIC-view can be achieved 
with all the statuses and video con-
nections from the ship to the owner’s 
remote observation centre. Opera-
tors in the remote observation centre 
can support the crew fleetwide when 
needed.

Improving operational fleet costs 

Data collection systems allow the moni-
toring of individual indicators via a dash-
board. More advanced functionalities 
can, however, be set up so that the anal-
ysis of large amounts of data can gen-
erate more information. This includes:

■■ The most effective way of running 
a ship in certain conditions

■■ Service needs
■■ Docking planning
■■ Consumption in different condi-

tions and routes
■■ Benchmarking different ships (or 

crews) with particular routes

■■ Service management such as inven-
tory and purchasing of spare parts

Autonomous ships

Autonomous ship technology is a big 
development area in the marine indus-
try that has been driven by digitalisa-
tion. Several companies are investigat-
ing and investing in technologies to 
enable unmanned ship operation. 

The ultimate goal is cargo ships that 
can operate fully autonomously be-
tween continents. The reality is, howev-
er, that the current technology can only 
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The Finnish Border Guard vessels Turva, 
Louhi, and Tursas run the EloWise infor-
mation management system. 
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manage small ferries that have simple 
operations on short routes. Even this 
achievement would have been con-
sidered science fiction a few years ago. 

The technology is set to develop 
even faster over the next 10 years and 
has created a new group of start-up 
companies, also in Finland. At the mo-
ment, several companies are research-
ing and developing devices like sen-
sors, as well as AI software applications 
for image recognition and navigation 
for the next generation of autonomous 
ship systems. 

This technology will not immediate-
ly enable fully autonomous ships. Fu-
ture innovations will be taken into use 
incrementally according to technolo-
gy availability and price levels. In the 
first phase, a computer will alert crew 
members about issues it recognises in 
the environment. The next step will be 
computers that can advise the crew 
and guide decision-making, i.e. com-
puters that execute actions only once 
the crew approves.  After several small 
steps, the ultimate goal will be fully au-
tonomous actions without the need of 
crew participation. 

This final milestone will significantly 
affect the exterior of cargo ships as well 
as the interior arrangements, due to 
the decreasing number of crew mem-
bers on board. There will be no need 
for accommodation areas on cargo 
ships as no crew members will work 

permanently on the ship. Much of the 
technology and many spaces can be 
removed once there are no humans 
on board.

Autonomous ships are observed 
and controlled remotely. It is essential 
to develop online data collection and 
analysis to enable advanced remote 
control of ships.

In addition to the real-life ship, there 
is need to create a digital twin to allow 
the ship crew and remote workers to 
have the relevant statuses of the ship 
at the same time.

EloWise data collection and 
management system

Elomatic has developed a first-genera-
tion data collection and management 
system called EloWise. The system has 
been used both in marine and shore-
side industrial environments. 

EloWise can be tailored for use in 
the digitalisation of fleets. It is simple to 
build up a digital twin with the EloWise 
system with the use of original ship de-
sign information such as the 3D model 
and other design documentation. 

Later on, more information can be 
added such as 360° photos or even live 
video streams, if needed.  EloWise can 
be used for handling ship automation 
data collection, service management 
tasks such as inventory control and 

purchasing of spare parts and a digi-
tal twin approach both onboard and 
onshore. Currently, EloWise is used on-
board the Finnish Border Guard vessels 
Louhi, Turva and Tursas. 
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The simulation of reality has developed vastly in the 
last decade, and the pace of the development is in-
creasing. Virtual and augmented reality have become 
buzzwords and artificial intelligence (AI) is shaping 
up to change mankind for better or worse. Applica-
tions can be found in industry as well as in the gam-
ing world. Where is simulation going and how will it 
shape our world? 

Faster, better, and simpler are words that drive industry. 
Instant gratification and consumption are the order of 

the day. The more one knows about the world, the more 
one becomes aware of experiences that are missing. But 
what is an experience? What makes a trip more real than a 
simulation of the same trip? What is missing?

The birth of different realities

X Reality (cross reality / XR) encompasses multiple forms of 
artificial realities such as augmented reality, virtual reality 
and mixed reality.

Augmented reality, as the name implies, seeks to add ar-
tificial entities such as data, text, and objects to a physical 
environment. The entities are visible through a camera that 
recognises physical trackers and places the entities accord-
ing to the location of these trackers.

Virtual reality is an artificial environment created with 
the intention to simulate self-presence in an environment 
with the use of a head-mounted display (HMD) that tracks 
head movements and position thanks to cameras or light-
house boxes.

XR Technologies
Bold steps to new realities

Text: Felipe Madiedo
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Mixed reality is a combination of 
both technologies. In mixed reality us-
ers experience a virtual environment, 
yet some of its components are an-
chored to real-life physical objects.

A collective interest

Communication is incredibly impor-
tant for all living beings; visual inputs, 
sounds, smells, tastes and sensations 
are ways of gathering information from 
the environment, thereby increasing 
human chances of adapting and sur-
viving. There is, naturally, no longer the 
need to survive in the wild. Humans 
are, nevertheless, highly dependent on 
information. It is not always important 
how the information is obtained, but 
rather how easily it is understood.

Information has become much 
more readily available to everyone 

– from gossip to messengers, newspa-
pers, news channels, and the Internet. 
Basic knowledge is no longer a luxury 
and even academic diplomas are no 
longer an advantage in many fields in 
the same way that experience is. 

Simulators have long been used 
as tools to gauge performance. The 
line between simulation and reality 
is shrinking quickly as new tools and 
software are developed. If simulations 
are combined with AI, completely dif-
ferent scenarios to test users can be 
developed. This allows learning in a 
more involved manner than with a 
textbook.

Room for both the old and the new

It always takes some time for new tech-
nologies to be adopted. The number 
of detractors usually peaks when the 

technology is new and untested; many 
fear the consequences and are blinded 
from the benefits. History has shown, 
however, that it is always a matter of 
time: vehicles did not make human 
legs redundant, emails are extremely 
convenient, but people can still write 
letters if they wish. Cell phones re-
placed many technologies, but spe-
cialised tools are still sold.

Standards are difficult to predict, be-
fore the Internet was invented, it was 
difficult to imagine it. VR and AI togeth-
er will not replace the cinema or drivers 
and it will take time to reach conclusive 
opinions about it. Perhaps it is the fear 
of no longer needing human imagina-
tion or of losing more control to tech-
nology that makes some people reluc-
tant to adapt.

Some doubt the viability of VR mov-
ies, claiming that it is impossible to 
keep an audience focused with such 

It is currently 
possible to simulate 

images, sounds, 
smells, and tastes. 
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freedom. The theory is that they will 
likely miss important details of the sto-
ry if they are easily distracted. However, 
these kinds of movies are possibly not 
meant to be seen once, or in a room 
with many people.

More than a game

There is still a stigma attached to 
games and the people who enjoy 
them. The biggest concerns are the in-
ability to separate fiction and reality 
and the normalisation or celebration 
of actions that are not deemed accept-
able in society.  

The debate will probably rage for 
several more years, but attitudes are 
changing gradually. Games are not 
only the means to live a fantasy, but a 
means to engage with others, to test 
skills or develop them. 

A game is a structured form of play: 
rules and boundaries are set, and an 
objective is explained. A well-crafted 
videogame easily relays these rules and 
objectives to the user: how high one 
can jump, what can be interacted with, 
what rules end the game, and what is 
the objective. 

Similarly, a well-crafted application 
that monitors health not only keeps 
track of numbers but can also chal-
lenge the user to reach an objective. It 
can provide an environment with rules 
to follow as well as visually appealing 
functionalities to help the user focus 
on the objective.

When considering realities, it is im-
portant to talk about immersion. Af-
ter all, if one wants to build a machine, 
many factors such as the scale, parts, and 
procedure are important, but moving a 
machine is not always a cheap option, 
neither is having it maintained on site. 

Nowadays, a virtual copy or digital 
twin of a machine can be created with 
the use of surrounding data to predict 
behaviours, or at the very least to gain 
a realistic and updated status of the 
machine. 

A digital twin can bring many ben-
efits to many industries; it is not always 
necessary to add artificial components 
to a machine as the data obtained is 

▲▲ An illustration of the similarities and 
differences between VR, AR, and MR.

VIRTUAL REALITY (VR) AUGMENTED REALITY (AR) MIXED REALITY (MR)

Fully immersive environment with 
only virtual elements involved.  
A separate experience from the real 
world. Controllers are used as refer-
ence and button interaction. 

Augmented real-world environment 
with information and data repre-
sented by a device that uses refer-
ences such as trackers, location, 
time, etc. 

A combination of both AR and VR. 
Virtual objects that react to the real 
environment. Glasses allow seeing 
the real environment and device 
might allow interaction with both 
real and virtual objects. 



valuable itself. However, there is a 
branch that takes digital twins further: 
artificial Intelligence (AI), or more pre-
cisely neural networking, which can 
assist in troubleshooting machine be-
haviour by understanding patterns and 
suggesting solutions.

Patterns everywhere

The term artificial intelligence was 
coined back in 1950, but the idea of 
artificial beings developing intelli-
gence has been around for centuries. 
But even with the immeasurable ad-
vantage machines have over humans, 
in some fields the biggest disadvan-
tage they have is the lack of pattern 
recognition.

Neural networking algorithms seek 
to emulate human brain-pattern rec-
ognition based on the comparison of 
data. How does a human recognise 1 
as 1? What about if it was written as I? 
Effective algorithms do not provide a 
single answer to the above-mentioned 
questions, but a set of answers with a 
conclusion.

Everyone is an architect

Game engines have come a long way. 
Not only are there multiple options to 
create applications, but there is a vast 
number of sources to learn and im-
prove the game skillset as well as tools 
to ease development. 

Anyone can engage in creating 
their own environments or team up 

to tackle larger projects. It takes a few 
hours to grasp the basics, and minutes 
to publish even an empty space with a 
cube on multiple platforms, from a cell 
phone to a PC as standalone or virtual 
reality enabled.

The biggest players right now are 
Unity3D and Unreal Engine. They are 
constantly pushing their respective en-
gines to appeal to different kinds of de-
velopers, including VR-focused ones.

As technology keeps evolving, it 
may no longer require hours to gener-
ate content. Taking a trip to an exotic 
island with fantastical creatures may 
be as simple as ticking a few param-
eters. In such a world, education will 
be both academic and empirical with-
out costs and risks. In short, it will be a 
world where simulations can provide 
all the answers.

Universal simulation

Will perfect simulation be possible in 
the future? It is currently possible to 
simulate images, sounds, smells, and 
tastes. Haptic feedback is slowly ad-
vancing, but why would one want to 
feel pain from a virtual source?

All available senses are important 
to humans and the joint perception 
makes experiences “real”. The fear of 
pain from haptic technology is un-
derstandable, but not much different 
to the fear of hearing a deafening or 
screeching sound or that of food that 
is met with immediate rejection. It is 
natural to try to avoid these sensations, 
but musicians and chefs need to be 

exposed to both good and bad music 
and food.

AI that learns from human feedback 
can provide unexpected, yet enjoyable 
or challenging scenarios that allows all 
senses to take part in experiences.
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Taking a trip to an exotic island 
with fantastical creatures may be as 

simple as ticking a few parameters.
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Running an industrial manufactur-
ing operation is a massive under-
taking consisting of complicated 
and intertwined processes. Manag-
ing each area well is crucial in run-
ning a successful business. One of 
these processes is data collection 
and management, which is boost-
ed by the application of artificial in-
telligence.  

Process automation systems produce 
heaps of measurement data, and the 
means of tackling this flood of informa-
tion is through data analysis. Modern 
data analysis tools make it fast and ef-
ficient to search for deviations and bot-
tlenecks in processes. With the addi-
tion of artificial intelligence technology 

to process data utilisation, more effi-
cient process control parameters can 
be found

Process knowhow is still needed

Besides modern tools and comprehen-
sive measurement data, another re-
quirement for meaningful data analysis 
is expertise. This is where an engineer’s 
know-how comes in. In order to find, 
for example, ways to make production 
lines use energy more efficiently, an 
understanding of the inner workings 
of the underlying processes is needed. 
Therefore, it is usually bestowed upon 
an engineer to find the right control 
parameters and technical solutions to 
improve process efficiency.

Data utilisation can also be har-
nessed at the process operator level. 
This is achieved in the form of, for ex-
ample, efficiency indices and the visu-
alisation of process parameters which 
makes it easier to interpret the state of 
the process. The choice of which pa-
rameters and indices are monitored is 
also crucial and affects the way pro-
cesses are operated.

The causality between adjusting 
process parameters and changes in ef-
ficiency/quality can be discovered with 
explanatory data analytics. Identifying 
these relationships helps in running a 
process close to its optimum in terms 
of efficiency, quality and costs. Usually, 
these dependencies can be found with 
traditional data analysis, but when no 
clear relationships are found or when 

Data analytics and AI technologies 
Tools for technical consultancy 

Text: Jussi Jääskeläinen and Jussi Parvianen
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the dependencies are multi-dimen-
sional, the use of artificial intelligence 
can be considered.

Artificial intelligence – next 
step for process optimisation

Artificial intelligence can take data utili-
sation and its benefits to the next level. 
The use of AI to predict certain prod-
uct quality features, for example, can 
generate remarkable efficiency and 
productivity improvements. The point 
is that product quality is quite often 
measured after it has been produced 
and possible deviation can be detected 
afterwards. If quality deviation occurs, 
production losses are incurred. This 

may be tackled by using AI to model 
the effect of the process parameters 
on the quality features. In the best-case 
scenario, the tools to avoid quality vari-
ations are in our hands. 

Another area where artificial intel-
ligence can be utilised is improving 
energy efficiency. For example, heat 
energy utilisation mostly depends on 
weather conditions. By analysing data 
from heat production and heat use 
and combining this with weather in-
formation, energy use can be predicted 
and preparations for forthcoming heat 
peaks can be processed accordingly. 
This may, for example, entail increasing 
the network temperature in advance 
or the heat content of separate ther-
mal energy storage. On the other hand, 

consumption can be adjusted in con-
sumption networks to optimise total 
consumption. This may avoid the use 
of fossil fuels in reserve boilers. A simi-
lar process can be utilised in the opti-
misation of electricity use in an electric-
ity network, even though the means of 
optimisation may differ.

Digital twin for process/
equipment development

Process efficiency and product quality 
can also be improved by investing in 
new equipment. In order to find suita-
ble technical solutions, deeper knowl-
edge of each solution’s applicability is 
indispensable. Through data analysis, 
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the viability of each solution can be 
assessed reliably and in detail. This pro-
vides engineers with more important 
data to design solutions that are more 
productive. Once enough data is avail-
able to create a digital model / dig-
ital twin of a process or equipment, 
process optimisation, development 
work and test runs can be done digi-
tally. This minimises the risks of devel-
opment work.

Digital transformation taking place

The industrial sector is somehow facing 
digital transformation in every func-
tion, starting from raw material supply 
and logistics, customer management, 

financial management and production 
planning, up to execution and control. 

This may cause confusion and dif-
ficulties in selecting new digital solu-
tions that are the most suitable. Re-
liable co-operation between service 
providers and users are vital here. New 
solutions must provide clear benefits 
for users and introduce new solutions. 
Training users is also very important in 
implementing new methods.
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joring in process engineering with 
a focus on process automation. He 
has gained experience in process ef-
ficiency monitoring and data analy-
sis since he joined Elomatic in 2017. 
Jussi currently works as a Senior De-
sign Engineer at Elomatic’s Jyväsky-
lä office. 

jussi.parviainen@elomatic.com

Artificial intelligence can take data utilisation 
and its benefits to the next level. 
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Scientia vires est
At Elomatic we believe that our human capital is our most precious asset.  
With knowledge comes the power to shape the future. 

We continuously develop our employees’ know-how and strive to be leaders in 
our respective technical fields. We focus on packaging and delivering this know-
how to ensure that our customers stay ahead of their competition. 

The Top Engineer magazine offers our experts the opportunity to share their ex-
pertise and knowledge and to engage other technical experts with their writing. 
It is a publication by engineers, for engineers, and other technically-minded readers. 

www.elomatic.com

Elomatic has donated its funds 
earmarked for 2019 Christmas gifts 
to the WWF’s Christmas campaign 
to fight climate change. 

By the end of July 2019, the world 
had exhausted its calculated re-

newable natural resources. By giving 
staff or customers an intangible cor-
porate gift, we can reduce overcon-
sumption, one of the biggest causes 
of climate change and environmental 
degradation.

Elomatic is committed to design-
ing solutions that increase the well-
being of the environment and peo-
ple. We support our customers in their 
struggle against the most significant 
challenges of our time. The greatest 
of these are environmental well-being, 
resource sufficiency and questions re-
lated to technology upheaval.

Elomatic fighting climate change

Elisabeth Kruger / WWF-US


