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Motivations of this master’s thesis was to further develop Apros usability from the automation 

design aspect. The goal was to build a library to Apros that has standard automation 

components. Apros is a dynamic process simulator software developed by VTT and Fortum. 

The goal was that Apros would be more easily to approach for automation engineers by this 

new feature. First some general description about simulators is introduced and then a literature 

review about standards related to automation design software. On the basis of the review an 

automation standard IEC 61131-3 for the library was chosen to follow. As the standard to follow 

was chosen then the next thing was to sort out the different options for the implementation of 

the automation component library. Several options where investigated but only two different 

types of component implementation were needed in the end. The Apros User Component 

function and c-language coding with an external program from where the missing components 

could be imported from. Apros has an own automation component library and partly these 

components could be utilized as ready-made but many of the new components had to be 

composed and build up from existing components and then only a few components was made 

with c-language code in the end. An own part about simulators in general is presented  and 

some words about Loviisa Power Plant related simulators also. Loviisa NPP is a Fortum owned 

nuclear power plant that is located at the shore of the Finnish southern coast. Apros has been 

dealt with quite extensively in this master’s thesis as it is focused mainly around the simulation 

software. This master’s thesis was done as a qualitative research. As appendix was attached 

descriptions of the new built components and their functionalities. The descriptions are grouped 

in accordance with the standard IEC 61131-3 function and function block tables. Verification 

was done simply by  comparing the functionalities of the components against the descriptions 

presented in the standard. Most of the requirements was fulfilled taken into count the limitations 

that Apros has related to different data types as Apros recognize only analogy or binary signals.  
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Tämän diplomityön tavoite oli kehittää Aproksen käytettävyyttä edelleen automaatio-

suunnittelun näkökulmasta. Tavoitteena oli suunnitella ja implementoida Aprokseen standardin 

mukainen automaatiokomponenttikirjasto, mikä parantaisi ohjelman käytettävyyttä. Apros on 

VTT:n ja Fortumin kehittämä dynaaminen prosessisimulaattoriohjelmisto. Työn alussa 

esitetään yleiskuvaus prosessisimulaattoreista jota seuraa kirjallisuuskatsaus automaatio-

suunnitteluohjelmistoihin liittyvistä standardeista. Selvityksen perusteella valittiin kirjaston 

perustaksi standardi IEC 61131-3 ”Programmable controllers – Part 3: Programming 

languages”. Noudatettavan standardin valinnan jälkeen seuraa selvitys automaatiokompo-

nenttikirjaston eri toteutusvaihtoehdoista Aprokseen. Useita vaihtoehtoja tutkittiin, mutta 

lopuksi vain kahta erilaista toteutustapaa tarvittiin kirjaston luomiseksi. Käytetyt toteutustavat 

olivat Apros User Component -toiminto sekä C-kielellä ohjelmointi ulkoisella ohjelmalla, jolla 

puuttuvat komponentit voitiin tuoda Aprokseen. Aprosilla on oma automaatiokompo-

nenttikirjasto ja osittain näitä olemassa olevia komponentteja voitiin työssä myös hyödyntää 

suoraan, mutta suurin osa toteutettavista komponenteista piti koota ja rakentaa Aproksen 

olemassa olevista komponenteista ja vain muutamia komponentteja tehtiin C-koodilla. Työssä 

on esitetty oma osio simulaattoreista yleisesti ja Loviisan voimalaitokseen liittyvistä 

simulaattoreista on myös oma osio. Loviisan ydinvoimalaitos on Fortumin omistama 

ydinvoimalaitos, joka sijaitsee Suomenlahden pohjoisrannikolla. Aprosta on käsitelty tässä 

diplomi-työssä varsin laajasti, koska se on oleellinen osa työn sisältöä ja johon uusi kirjasto 

implementoitiin. Tämä diplomityö on tehty kvalitatiivisena tutkimuksena. Liitteenä on 

kuvaukset uusista standardin mukaisista komponenteista ja niiden toiminnoista. Kuvaukset on 

ryhmitelty standardin IEC 61131-3 funktio - ja toimilohkotaulukoiden mukaisesti. Validointi 

tehtiin vertaamalla komponenttien toimintoja standardissa esitettyihin kuvauksiin. Suurin osa 

vaatimuksista täyttyi ottaen huomioon Aproksen ominaisuus tunnistaa vain analogia- ja 

binäärisignaaleja. 
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1 INTRODUCTION 

 

From the learnings and experiences of previous engineering projects inside Fortum Engineering 

and Projects department (E&P), such as the Loviisa power plant automation renewal projects 

LARA and ELSA, an automation component library in accordance with a standard 

implemented in Apros would have been most useful. LARA-project started in 2005 and the 

purpose of the project was to renew the whole Loviisa NPP automation but the project was 

interrupted in 2014. ELSA-project started in 2014 and completed 2018 the refurbishment of the 

key safety automation systems at the plant. Apros is an advanced process simulation software 

program that Fortum use and have developed together with VTT (the national science research 

center in Finland). Large scale I&C renewal project was needed to guarantee good availability 

of Loviisa power plant until the end of the plants lifetime. It would have made communication 

and cooperation easier in the project between the automation system vendor Areva-Siemens 

Consortium in LARA-project, later with Rolls-Royce in ELSA-project and the client Fortum if 

both would have used in modeling same kind of standard automation components in the 

projects. The advantage would have been for example that adopting and inspection of new and 

old documents such as automation diagrams that are related to logic automation functionalities 

would have been easier and less laborious to deal with for engineers in both companies. 

Undoubtedly use of standard automation components would have benefit all participants in the 

project and would  have also generated cost savings of some degree if project partners would 

have so to say “spoken the same language” from the beginning. In the best case no translator 

would be needed and misunderstandings can easily be avoided. Loviisa Power Plant simulator 

LOKS2 is based on Apros and naturally in the automation renewal project the new parts of the 

automation system had to be implemented into to the existing plant model in steps. The original 

plan was that LOKS2 would have been the new training simulator in the end but those plans 

changed before the end of project as the vendor and the scope of the renewable automation 

system changed.  

At the moment Apros automation components are Apros own components and usually 

vendor components are partly vendor own components but more often now days most vendors 

use also standard components such as presented in the IEC 61131-3. Even if vendor components 

would not be made in accordance to the standard it is still often possible to transfer them for 

example with IEC 61131 PLCopen XML data format from one software platform to another.   
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The above presented experiences were reasons for why there was a need and curiosity 

to examine this subject of automation standard components more specifically. The goal of this 

master’s thesis is to construct and implement a standard automation component library to Apros 

so that the I&C planning would be more effective and straight-forward.  

After the introduction and the presented research questions follows a review section 

about process simulators, their operation principles, benefits and why they are in general 

needed. Some sections about regulatory requirements regarding simulators are also included 

because in this case Apros is used in a nuclear power plant simulator. Apros is suitable for other 

kind of plants as well and possible other usages are introduced in the section 3 that deals more 

with the Apros product. Apros based Loviisa power plant simulators of which one is situated 

in Loviisa and another in Espoo are also deal with in this same section. Then follows an 

introduction to Apros and its main functionalities. The literature review consists of comparison 

of automation standards and the first issue to be investigated in this master thesis is that in 

accordance to which automation software standard the new component library would be 

justified to be based on. After the selection of  the most suitable automation standard for this 

purpose follows the investigation and report on how the automation component library could 

be implemented in practice to Apros. This includes also a comparison between differences in 

Apros own components and the standard components. A section of what components are 

missing, what has to be modified or what has to be built by this master’s thesis from scratch is 

included. Following issues are the validation and verification part of the standard component 

library and its functionalities according to chosen standard. This follows by a section that 

present development and improvement suggestions and possible follow-up works. Last part is 

the conclusions and the evaluation of how successfully the goals of the master’s thesis was 

achieved.  

In addition to the above presented goals and contents there is a state of mind inside 

Fortum Engineering and Projects I&C and electrical department (ICE) to implement and take 

Apros in to a broader usage and take advantage of its versatile features in the daily work among 

automation designers. At the moment only the E&P Modelling and Simulation and the Heating 

& cooling department designers inside Fortum uses Apros on daily basis but there could be 

much more users for example the I&C designers in the ICE department. Now that external sales 

is also growing and with more Apros users there could be much potential to utilize this 

competence in future internal and external projects. One goal in this master’s thesis is to come 
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up with new ideas on how Apros could be used in the E&P organization by the I&C designers 

to facilitate their work in the future. The benefits of using such a automation simulation program 

as Apros should be utilized more broadly inside and outside of Fortum. Apros should be 

introduced and familiarize to E&P ICE designers who among others plan new functional 

automation diagrams and who are involved in implementing changes to existing automation. 

As the most important Loviisa power plant systems process, electrical and automation are 

modelled in Apros it would make sense to utilize Apros as much as possible to ease the work 

of the automation designers in the future.  

Based on what have been presented in the introduction part of this master’s thesis, answers 

to following research questions are searched: 

1. Which is the most suitable standard that the component library is going to lean on and 

motivations? 

2. What alternatives are there to implement the automation component library and which 

way would be the most sensible?  

3. How to maximize the usability of Apros and the new tool among automation design 

engineers? 

 

1.1 Motivation and goals of this master thesis 

This master’s thesis is based on Fortum Nuclear Research and Development portfolio Nuclear 

Business Growth development project and the goals to achieve are twofold. First of all Fortum 

Engineering and Project's ICE department would like to see different kind of solutions and 

present new suggestions on how to take Apros into a wider use inside ICE. This master’s thesis 

one goal is to find new ways for utilization of the Apros software among the automation 

designers. This could for example be in the design phase of new automation or if some existing 

automation functionalities needs to be modified and verified. Another goal and a research topic 

is to explore how the quality of the Apros product can be of even higher standard than today 

when it comes to automation symbols and functionalities. At the moment the automation 

symbols are to best of our knowledge not in accordance to any specific standard and they are 

more or less Apros own symbols. The symbols used in the software still resemble and have 

characteristics in many ways to standard function and function block symbols, but this has to 

be investigated more thoroughly. This master’s thesis investigate also to what extend the 

automation symbols used in Apros are corresponding to standard automation components and 
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map the symbols that are missing. Another research part related to this section is the 

clarification of whether in general there is a commonly used standard related to component 

symbols and functionalities in the automation domain. Could a standard with wide acceptance 

in the process industry be utilized also in Apros and which standard that would be? What are 

the motivations why especially that standard is the most suitable for this purpose? It should also 

be clarified what other solutions there could be for a usable automation component symbol 

library if there cannot be presented a single standard that would be reasonable. This would be 

for example if it turns out that automation vendors and system suppliers do not follow any 

specific international standard as a whole and instead would have their own libraries.   

After it has been chosen and motivated according to which standard the library will 

conform to the next goal is to design how it will be implemented to Apros. Technically the 

solution is pre-planned to be an Apros User Component Library if it is possible to implement 

one. The advantages with User Components would be that the implementation would take less 

effort and there would not be any need of coding or any need of more advanced coding skills 

neither. If for example the functionalities of the symbols has to be written in C code or other 

suitable language this task will be much more challenging. Still it seems that most probably at 

least a few components has to be anyway coded and can’t be bult of existing Apros components. 

Another much more comprehensive and possible solution could be direct changes to the source 

code, which would be done by VTT.  An external library or program that would be connected 

to Apros with OPC/ACL could also be a possible solution. OPC Library enables easy 

connectivity to third party software and is supported by automation software vendors. ACL 

Library  is an Apros specific communication interface and through the services of the library, 

the client program can remotely across a network give Apros commands, receive responses to 

them and exchange data with the Apros Simulation Engine either as individual values or in 

blocks (Apros, VTT and Fortum, 2018). However this is not advisable method to use in this 

master’s thesis according to Apros experts. Basically the main reason for this is that the goal is 

to implement a component library inside Fortum and without a co-partner for the simplicity of 

this feature addition to Apros.  

Another motivation for this work and if we achieve the desired result, the implementation 

of the standard component library to Apros is that more licenses would most probably be sold 

over time. Hopefully after the standard automation component library feature is implemented 

Apros will be more easily approachable for Fortum ICE I&C designers and therefore this would 
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benefit external service sales too. Succeeding in the goal set, the new automation components 

would be fully compatible with the standard(s) which would be a clear reference for external 

partners of Apros automation tools high quality and this could also be used in marketing 

purposes. Both Fortum and automation system vendors will benefit of this new improvement 

in the Apros software. Several benefits are identified and the most significant would be the cost 

and time savings achieved in the design phase in a automation project. The savings would be 

generated from that all partners in a project including the client and the vendors uses the same 

standard symbols and that operate in the exact same way. The specified functionality of each 

automation component symbol in the Apros implemented library can then be found from a 

commonly used international standard. This would be a clear benefit because there would not 

be any need for an external manual inside Apros regarding the component functionalities. The 

ideal solution would be that the user could check functionality of the symbol directly from an 

international standard and there would not be any room for interpretation about it. Naturally a 

disadvantage would be that Apros development team always have to be wise to the appointed 

international standard updates so that they can keep the component library up-to-date instead. 

On the other hand standards do not update that often, so this should not be a problem on a 

practical level. This update part is to be investigated more closely and how it will be done in 

the future so that Apros standard component library is always up to date. There is a doubt at 

this stage of this work that probably it will not be possible to implement all the components 

exact according to the standard(s) and a separate guide for Apros will be needed anyway. 

 

1.2 Research methodologies 

The approach to this research was to first learn about Apros software by tutorials to understand 

the usage and possibilities of the product, especially the automation part of it. The purpose of 

this was mainly to find out what possibilities there is to expand the component library and how 

it could be done in practice. The idea was that after being familiar first with Apros then to map 

the current automation blocks that are in the software component library and find out about 

their properties. After recognizing the functionalities that are necessary and important and 

having enough skills for smooth use of the Apros program the next step is to start to research 

and amass a literature review of used standards in the automation software domain. The 

literature review  hopefully would reveal and justify the selected standard or combination of 

standards that meets requirements that are set. An important thing that would give a lot of added 
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value in relation to the chosen standard would be that the standard would be in practice  well 

received and in wide use among the biggest automation system vendors and the industry. The 

chosen standard or standards are then closely inspected and compared in what extent they can 

be used in the practical part of this master’s thesis. Apros uses functions and function blocks 

(FB) for logical function diagrams so the chosen standard should preferably use some kind of 

FBs as well. The goal would be to somehow try to build and fit to Apros library the new FBs if 

everything goes well.   

This master thesis is done as a qualitative research based on the nature of the research 

problems to be solved that were introduced also in the end of the ‘Introduction’- part. The 

research can be classified as a form of development research and it is part of Fortum Generation 

division Nuclear Business Growth department R&D program. The funding of this research is 

also done by Fortum. The development task is a clear problem that this master’s thesis is trying 

to find a solution to. There could be a small part of the master’s thesis that could be separated 

and done as a quantitative research but for practical reasons that are explained later, this will 

not be the case. For example one alternative way to measure the result and goals achieved, the 

outcome of the study, could be that to what extent standard components was successful 

managed to build, how many had to be built from scratch, how many was Apros ready- made 

components or was even possible to adapt in Apros and evaluate the result of this for example 

in percentages. From the master’s thesis author point of view it would perhaps not be a good or 

fair meter of the success of the research. The end result could become out weak for reasons that 

is beyond the author control. To clarify this argument, if Apros in principle won’t be able to 

carry out a specific activity without a fundamental change to the program, there is not that much 

to do about it on the basis of this master’s thesis. That type of changes would be more of a 

further development issue. For example one restrictive feature could be, and most probably is, 

that in Apros the data types are limited to type Boolean which can be expressed also as bits ‘1’ 

or ‘0’, true or false or integers that can be interpreted as analog values. If there would arise in 

addition to this work a need to do some fundamental changes to Apros it would be outside of 

this master’s thesis scope. Fundamental modifications to Apros are in practice done only by the 

Technical Research Center of Finland (VTT) who would have to make changes in the Apros 

source code, and it is not intended to be changed of any kind during this research.  

If we look at the research questions it is justified to claim that they are very difficult to 

measure as quantitative data which leads to that it makes sense that the whole master thesis is 
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implemented as a qualitative research. There are many different ways to measure the quality of 

the outcome of this research, but mainly it will be done as interviews and collecting feedback 

from local Apros users.  

Choosing between different research methods is basically a question of choosing 

“between different ways of describing reality” (Niiniluoto, 1980). Next there is a summary 

about some fundamental differences between qualitative and quantitative researches which are 

also known as hermeneutic and positivism. When approaching this from a research perspective 

and take into account the goals for different kinds of researches positivism tries to forecast, 

clarify and control a phenomena when hermeneutic  tries to specify, understand and be involved 

in the phenomena. This would take the research more to the hermeneutic direction that to 

positivism. Some more differences between hermeneutic and positivism that are worth 

mentioning are when looking  what kind of results are expected. In positivism researchers search 

more of universally applicable laws while in hermeneutic it’s concentrated more about case 

descriptions (Tuomivaara, 1988). 

 An important thing to keep in mind about theorization, and this applies to all research, 

that it is an error to force the observations to categories set in advantage by the researcher. The 

right way to approach theorization is that the research (the material) should guide the formation 

of concepts and theories and therefore evidence- based theory is needed. Evidence- based theory 

leans on emergent that are concepts and arguments arising from the material. Also partly related 

to this topic and especially in case of qualitative research, data are collected without prior 

structuring or theorizing and material or data is collected until it becomes saturated (Glaser & 

Strauss, 1967). The literature review part is going the be implemented as explained above. As 

soon as the data becomes saturated then the next step is to deal with the evaluation of the data 

collected. The main sources to be used are peer-reviewed scientific articles, books and 

international standards, publications from automation associations and Apros guides. 

 What kind of components the most common or largest vendors on the market use is also 

intended to sort out during the research. For this research part that needs to be investigated, 

probably internet and automation vendor companies www-sites should reveal the essential 

information. If not, then it is always possible to be in contact directly with company 

representatives. The less of different kind of symbols or components there are in use between 

vendors the easier it is to make decisions on what the library is going to be like. The worst case 

scenario would be that all large vendors use their own components and then there would be 
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need to implement multiple vendor component based libraries to Apros. This would also kind 

a scrap the whole idea of a one standard component library. It would not be a library according 

to an international standard, it would be more like multiple libraries leaning on multiple vendors 

symbols or components, and that is not what was desired. The less there are variations to choose 

from the easier decision making will be and easier to build it. To keep the library up to date 

would also be much more complicated than if we could simply rely for example on just one 

international standard and possibly have a own manual of deviations between Apros and 

standard library.  

After the data collection phase, that is the literature review, then the next step is to collect 

a summary of the results and present a proposal to this master’s thesis supervisors of the 

standard component library and suggest how it could be implemented to Apros. Then, if the 

suggestions gets approved the next task will be to plan in more detail how to create and 

implement the proposed library in to Apros. At this stage it seems that the best solution for 

implementation would be to use Apros “User component” functionality in those cases that it is 

possible and in the rest we could possibly rely on for example C code but this remains to see 

and however, in each case need further more investigation. The “User component” structure 

and functionality is built from Apros ready-made components either direct, if there is a ready 

one or by combining components and if needed make changes to object properties. To the user 

the symbol looks like one function block with inputs and outputs. There is a functionality in 

Apros that opens with the mouse right button the substructure (“Navigate to substructure”) 

when cursor is pointing at a function block. With this tool the user can see “inside” the user 

component structure.       

A good thing to keep in mind when doing a research is that by implementing and being 

a part of it there is existing an important requirement: the researcher should always have a 

critical attitude (Tuomivaara, 1988). Especially critical and close-eyed the researcher should be 

when it comes to sources used in the research material. It is important to understand why an 

article is written and who have been publishing it when it is used as a source information in a 

research. One should always understand whether there are some marketing purposes behind the 

statements or are the motivations purely scientific ones. If an article is written in marketing 

purposes one should study it extra closely and evaluate can it be used as a source in general. 

Usually that kind of material are not to prefer. 
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Unfortunately when it comes to study how well the master thesis achieved its goals, it is in 

this time frame impossible to implement a large scale and comprehensive quantitative research. 

The meters would also be quite difficult to set in this case. The result would be more or less 

inaccurate and this would be against the general known benefits that quantitative research 

should have, so it would not be wort the effort. Quantitative researches should have as wide 

sample as possible to give accurate results, and that is bit of a challenge in this case. Also to 

first advertise and distribute the new Apros feature, the automation component library to 

customers and let them test it, preferably not in a hurry to evaluate it properly is just too big 

effort at this point. First of all the basic work should be ready and presented to customers and 

give them enough time to get familiar with the new library and then give time to answer a set 

of opinion questions. This would mean in practice a several months period. The master’s thesis 

will be evaluated at LUT by the professors as soon as the work that was assigned to do by 

Fortum is done including feedback from Apros users in Fortum. It is needless to say that 

feedback and development ideas from customers related to this new feature is information that 

Apros development team in the near future are very interested about. It helps to further develop 

Apros, but to implement a large survey is time consuming and needs more planning, funding 

and time that is not possible to execute in this context. One very interesting perspective would 

be the usability of the library from the customers point of view. 

The evaluation at this point is going to be more of small scale immediate feedback from 

Fortum current Apros current users and notes will be taken and transferred to the Results and 

conclusion part (section 8) of this master’s thesis. If possible also feedback from the in-house 

automation designers, that have not been working with Apros before but is by this study going 

to be presented and get familiarize with it, would be desired too. This could be done as soon as 

the library is in that stage that it has been tested properly and when it is approved by Fortum’s 

Nuclear Business Growth department who are the commissioners of this work. As this research 

is going to be a qualitative research it also means that the evaluation is going to be verbal, not 

in a numeric scale. Through the whole research process there is going to be continually dialog 

open with the master’s thesis supervisors to keep the research on the right track and to get 

feedback from them to correct faults in an early stage. So far the guidance from the supervisors 

has been most useful. Naturally the co-operation is going to continue through the whole process 

of writing this master thesis.  
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2 PROCESS SIMULATORS 

2.1 Why simulators are needed 

There are many advantages of using process simulators but probably the greatest is that with a 

simulator it is possible to avoid danger and loss of life. Process simulators allow for example  

manufacturers to safely mimic highly hazardous systems. Different kind of facility status and 

even different kind of unlikely accidents in a power plant can be simulated and consequent 

events accurate when there is a model and a simulator of the power plant in use. With a 

simulator like Apros it is possible to simulate process, electric and automation system design.  

It enables to run stress and transient tests already in the design stage when plant modifications 

are planned. The simulation brings out the need of improvements in the design. Designed 

improvements can then be tested and iteration rounds can be done before the actual 

implementation to get the best possible outcome and solutions. For example during Loviisa 

automation renewal, besides safety matters the simulators aimed to ensure that economically 

unnecessary power plant interruptions are avoided. Another recent project DAUT (renewal of 

diesel automation at Loviisa 1) which is a Fortum and ABB project ongoing until year 2023 at 

Loviisa NPP used a plant model from Apros based full scope simulator LOKS2 as a starting 

point that included emergency diesel generators, auxiliary equipment and electrical systems. 

Functional diagrams provided by supplier were modelled and connected to existing model. New 

automation systems were validated against the simulated plant. This also enables early plant 

operation personnel involvement which makes it easier for the users to comment the 

documentation (automation functionality, displays and events). Several modifications were 

done based on simulator findings before practical implementation was finally done. 

The training of main control room operators regarding modifications to become could 

also be done in advance at the training simulator. Dynamic simulation is also one part of 

ensuring smooth commissioning during tightly scheduled outage at Loviisa NPP that is carried 

out once a year during the reactor refueling cycle. The common practice is that during annual 

refueling of the reactor the other annual maintenance work that can’t be done when the NPP is 

at power drive is carried out and planned plant modifications are implemented at this short 

period of time, usually just a few weeks, but this varies between years depending on the outage 

type and what kind of service and maintenance work is planned to be done. Combining refueling 

and plant maintenance programs the loss of energy production and income at the NPP is 

minimized. 
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The simulation reveal plant dynamic behavior and gives valuable information for 

engineers who design a new power plant or are designing plant modifications at an existing 

NPP. Test results can then be utilized for automation and HMI (Human-Machine Interface) 

development or for example in FAT (Factory Acceptance Test) and SAT (Site Acceptance Test) 

planning.  In addition the conditions can be varied and outcomes closely investigated. Critical 

situations can be investigated without risk of damage and a great advantage is that there is not 

any possibility of breaking any components, material or some part of the facility.  

Simulation can be speed up so that behavior of a certain phenomenon can be studied 

easily over a long period of time. Simulations can of course also be slowed down to study a 

certain behavior more closely and get better understanding of a specific phenomenon which is 

monitored. Simulation-assisted automation testing allows discovering errors earlier and speed 

up the testing process. Use of simulator is also cost effective, it contribute to faster and efficient 

commissioning and reduce costs by avoiding problems of the process during operation.  

Naturally there are cost of building a plant model but they are minor in the big picture 

when we compare the costs of possible production losses or damage of production equipment 

that can be avoided by simulation. When the plant model is built with a simulator software it is 

also cost effective to make changes in the ready-made model afterwards and simulate the 

change effects. Simulation can greatly reduce development costs by allowing alternative design 

to be compared without the expense of building the units (Storey, 1996).  A plant model also 

promote a life cycle model implementation.  

 

2.2 Simulators and automation systems 

Automation systems have a significant role on how a power plant operate. It steers, controls 

and operate a massive amount of safety and production systems that are needed or are necessary 

for the process. Such equipment are for example pumps, fans, actuators, heaters, heat 

exchangers, valves, control valves, circuit breakers, switches, measurements from the field, 

control rods, turbine automation, pressure valves, pressurizer, among others. The automation 

system operates based on measurement signals that come from the field instruments and 

commands from control room. The measurement information and the state of the system and 

different process equipment is feedback to main control room panels, screens and to the process 

computer that is more of an data information collecting system of the current plant state and 

collects data from the field measurements. The plant automation is an essential part of the whole 
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operating system and it is needed for safe and efficient energy production. Most of the process 

automation is designed and implemented in the plant model that is implemented to the 

simulator, especially all the critical parts. Depending on the use of a simulator in some cases 

they have to be validated, verified and approved by authorities like the  NPP training simulators.  

 

2.3 Operation principle of a NPP 

A nuclear reactor is made of fuel, moderator, control rods, coolant, pressure vessel or pressure 

tubes, steam generator and the containment. A nuclear reactor produces and controls the release 

of energy from splitting the atoms of certain elements. In a nuclear power reactor, the energy 

released is used as heat to make steam to generate electricity. The principles for using nuclear 

power to produce electricity are the same for most types of rectors. The energy released from 

continuous fission of the atoms of the fuel is harnessed as heat in either a gas or water, and is 

used to produce steam. The steam is used to drive the turbines which produce electricity. 

 

  

Figure 1. A very much simplified outlines of a nuclear power plant process when energy from the 

pressure vessel is transformed to electricity (Toppr, 2020).  
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2.4 NPP simulator regulatory requirements 

In Finland Radiation and Nuclear Safety Authority (STUK) operation is to ensure radiation 

safety of people and the environment. STUK is responsible as an authority of regulation on 

safety of a nuclear power plants in Finland. Regulations issued by the Radiation and Nuclear 

Safety Authority in Finland are done in accordance with the Radiation Act (859/2018) and the 

Nuclear Energy Act (990/1987).  

 As part of the role as an authority STUK has presented the Regulatory Guides (YVL) 

on nuclear safety and security. The YVL give instructions of the need of simulators that shall 

be used at a NPP to make operation as safe as possible. There are several points in the 

regulations that takes stand to in what purposes and when a full scale simulator shall be used. 

Next is presented the guidelines that are related to the use of NPP simulator. 

YVL Guide group A 

Group A guides consist of "Safety management of a nuclear facility". In the YVL Guide A.4 

"Organization and personnel of a nuclear facility" and under the section 3.5 "Competence 

development resources" there are several points that require a training simulator at a NPP.  

Point 342.: 

“A full-scale replica training simulator covering normal operation, anticipated operational 

occurrences, and design basis accidents including, where possible, design extension 

conditions and severe accidents, shall be available for training of control room operators. 

[2019-12-15]” 

Point 342a.: 

"The planning of simulator training for control room operators shall ensure that the most 

important accident sequences and risk-significant operator actions are covered by the 

training."   

Point 343.: 

"The licensee of a nuclear power plant shall demonstrate the adequacy of the training 

simulator for its intended purpose by means of a description of its technical implementation, 

a testing programme and its result report including an analysis of the effects of the deviations 

on the training. Industry standards shall be taken into consideration when preparing the 

documents. [2019-12-15]" 

Point 344.: 

"A training simulator modelling a new nuclear power plant shall be made available for 

training no later than one year prior to the loading of fuel into the reactor so as to allow a 

sufficient simulator training period for the prospective operators. [2013-11-15]" 
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Point 345.: 

"The replica accuracy of the training simulator of the nuclear power plant and any 

deviations from the actual plant shall be monitored by means of systematic procedures and 

regular assessments. In the event of more extensive changes to the training simulator, the 

adequacy of the simulator for its intended purpose shall be demonstrated by means of a 

testing programme. [2013-11-15]" 

 and point 346.: 

"The description, testing programme and result report of the full-scale replica training 

simulator shall be submitted to STUK for information before the simulator is used for actual 

training. [2019-12-15]." 

In YVL Guide A.4  and "Annex E Control room operators" paragraph "9.2 Competence 

requirements" give following instructions on training, point E06.:  

“The initial training of control room operators shall include at least eight weeks’ simulator-

based training covering the normal operation of the plant and its systems as well as 

operational occurrences and accidents, including severe accidents and include written 

examination, demonstration of professional skills with a full-scale replica training 

simulator, and an oral examination.”  

In the same YVL guide paragraph 9.6 "demonstrations of training work skills for control room 

operators in a simulator" point E14.: 

"The licensee shall ensure that the nuclear power plant operators and operator trainees 

have the necessary competence and that they master ways of working that take due account 

of nuclear and radiation safety. The demonstration of professional skills shall be given in a 

training simulator in which different operating conditions are simulated in order for the 

candidate to demonstrate his or her readiness to work in normal conditions and anticipated 

operational occurrences and accidents. [2019-12-15]" 

YVL guide A.4 paragraph 9.9 " Maintaining the validity of the qualification" point E30.: 

"A precondition for maintaining the validity of the approval decision is that shift supervisors 

and other operators regularly attend the annual refresher training that includes at least five 

days of simulator training. The shift supervisor shall maintain his or her preparedness to 

operate both the reactor and the turbine by means of annual simulator training. [2013-11-

15]" 

Point E31.: 

"The licensee shall have systematic procedures in place for providing shift supervisors and 

other operators with training regarding plant modifications and their significance. If a plant 

modification is of material significance in terms of control room work, it shall be first 

modelled and practiced in a simulator. A test for the demonstration of professional skills 
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shall be taken whenever extensive modifications with implications for control room work are 

made. [2013-11-15]" 

, and point E33.: 

"The preconditions for the continuation of the validity of the approval decision shall be 

reassessed if it is determined that the amount of simulator training or control room work 

falls clearly short of the requirements;" 

YVL Guide A.6 "Conduct of operations at a nuclear power plant, 15.6.2019", paragraph 7.2 

"Emergency operating procedures, abnormal operating procedures and severe accident 

management guidelines" point 717.: 

"The procedures and guidelines shall be systematically validated and verified. Validation 

shall also address the role of human factors in the procedures. The validation of the 

procedures and guidelines shall be based on simulations or other suitable methods, 

primarily by using a training simulator. [2013-11-15]" 

YVL Guide group B 

Group B guides consist of "Plant and system design".  In the YVL Guide B.1 " Safety design 

of a nuclear power plant, 15.6.2019 " in the paragraph 5.3 "Control rooms" point 5303 that 

refers also to plant simulators: 

"The control room operations, the procedures required for the control of the nuclear power 

plant and competence of the operators shall form an ensemble, whose appropriateness shall 

be ensured using the plant simulator. Similarly, the appropriateness of any modifications to 

the control room procedures and significant ergonomic changes shall be ensured in advance 

by means of tests carried out in the plant simulator. [2019-06-15]" 

These STUK requirements presented above clearly points out the importance of simulators and 

operator training with simulators at nuclear power plants.  

 

2.5 Operation principle of a simulator 

A simulator is based on a computer program and all the needed factors, inputs that for example 

gives data of the field devices states or transfers measurement data for the automation systems, 

display devices and indicating and pointer apparatus for example in the MCR (Main Control 

Room) are needed. Outputs that execute device operations on the bases of the input values or 

commands from control room operators has to be included in the software. Data about 

dimensions and specifications of pipelines, tanks, valves and pumps must be given in to the 

program when building the plant model and all important parameters of the process, the 
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behavior of different material for example under pressure or heat and material thermal 

conductivity. Critical measurement and automation systems need to be separated from non-

critical, HMI functionalities should operate and look as much as possible like the MCR 

functions and panels and the functionality of the automation including the logic and electrical 

system has to be programmed in to the plant model for the simulator to be comprehensive and 

reliable. 

  When a full scale NPP model is developed each subsystem of the process is tested 

separately. The basic tests are done always after changes are made to the process model to 

ensure that the dynamics of the whole process model remain the same during the development 

process (Näveri, et al., 2010). 

The speed of simulation is important both in design and training simulators. In design 

simulators, the simulation speed should be clearly faster than real time while still maintaining 

the necessary accuracy level. In training simulators, large plant wide models must be simulated 

at least at real time. In some cases it may be advantageous to simulate faster than real time if 

the training session includes slow phenomena and few operator actions are needed. For the 

analysis simulators the speed requirement is not as strict. An even more important feature is the 

accuracy of simulation in the extreme values of process parameters encountered during start-

up and emergency conditions, and as consequences of process failures. The analysis simulator 

can be used for the design of start-up and emergency procedures for the operators. 

(Fortum and VTT, 2020). 

Reaching real time simulation speed with a full scale training simulator equipped with 

six-equation models and 3-Dimensional model of the reactor is found out to be a challenging 

task. In practice the process model is divided into four different applications. Primary side, 

secondary side, containment and reactor core are all implemented in separate Apros models that 

run in different computers. In Primary side model and in secondary side model all the main 

loops and safety systems are modelled. (Näveri, et al., 2010). In the primary side, one-

dimensional two-phase flow model (six-equation model) is used. Six-equation model simulates 

the behavior of a system containing gas and liquid phases. The six-equation model is based on 

the one-dimensional conservation equations of mass, momentum and energy. From these 

equations are solved pressures, void fractions, phase velocities and phase enthalpies. When the 

equations are applied to both the liquid and gas phases, a total of six partial differential 

equations are used. The phases are coupled to each other with empirical friction and heat 
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transfer terms that affect the solution strongly. The partial differential equations are discretized 

with respect to time and space, and the resulting linear equation groups are solved by the Apros 

matrix equation-solving system. The secondary side process is modelled with homogenous 

three-equation model but it cannot solve gas and liquid phases separately. The benefit of this is 

that it calculates faster than six-equation model. Sufficient accuracy for the secondary side is 

achieved with three-equation model despite this (Näveri, et al., 2010). 

Apros thermal hydraulic model library contains several different thermal hydraulic 

models e.g. one dimensional water/steam/gas flow, single phase flow, containment and one for 

the steady-state flow with tank dynamics. It is also possible to mix different thermal hydraulic 

models to the same Apros model. Apros for example can be connected to I&C systems and 

human machine interfaces with standard OPC DA and OPC XML DA communication interface 

and also lower level Apros Communication Library (ACL) for fast communication is provided 

(Näveri, et al., 2010). 

Operator training is one of the primary applications of dynamic simulation. Apros 

reference list includes several training simulators. Apros has a few advanced features to aid the 

development of training simulators. For a training simulator, reduced snapshots may be used 

that only handle the dynamic variables of the model. These are also cyclically stored in memory, 

allowing backtrack. When used in combination with a time-stamped operator command log, it 

is possible replaying a scenario. For launching and controlling training sessions, a specific 

product Apros Instructor Station is available.  

Many of the process component models have predefined sets of malfunctions that can 

be triggered very simply by modifying the corresponding attribute value at simulation time. In 

addition, the developer of the training session can create new malfunctions independent from 

the predefined ones, by using the generic malfunction features. 

The OPC interfaces of Apros enable rapid development of operator interfaces using any 

OPC or OPC UA compliant control room emulation package in the Windows environment, e.g. 

ProcSee. Alternatively, the TCP/IP-based low-level Apros Communication Library ACL can 

be used. Similar kind of scenarios are interesting in operator training and automation testing. 

For planning and executing automation tests, a specific product Apros Testing Station is 

available (Fortum and VTT, 2020).  
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2.6 Loviisa power plant 

The Loviisa NPP is located in southern Finland at the northern coast of Gulf of Finland. It 

comprises of two VVER-440 type reactors commissioned in 1977 (Loviisa 1) & 1980 (Loviisa 

2). The total electric output power from these two reactors to the grid is around 1000 MW. 

Loviisa NPP produced about 7,8 TWh electricity in year 2020 which is about 10 % of the 

electricity consumed in Finland. The operating licenses are valid until 2027 & 2030 respectively 

at the moment. Some decisions regarding an application for continuation permit after these 

years is at the time of writing this master’s thesis unknown. The plant is owned and operated 

completely by Fortum.  

 

2.7 Loviisa power plant simulators and the E&D simulator 

The Loviisa NPP related simulators LOKS2 and KESI are based on Apros simulation software 

and this is the reason why they are presented in this context. Two of the Loviisa NPP simulators 

are situated at Hästholmen on site and they are called LOKS and LOKS2 and in addition to 

these two there is KESI, the E&D (Engineering and Design) simulator that is situated at Fortum 

headquarters in Espoo Keilalahti. The differences between these three simulators are explained 

more closely in sections 2.7.1 - 2.7.3.  

Alongside the plant changes over the years all the three simulators has been updated in 

stages. LOKS has been updated so that it is similar to the existing power plant LO1 MCR (Main 

Control Room). A full scale NPP training simulator consists of several components from 

different suppliers. Starting from year 2005 when the Loviisa automaton I&C renewal project 

started many updates have been made to all of these three simulators, latest by Rolls-Royce in 

the ELSA project where MS (Monitoring System) control room user interface was added to 

LOKS simulation environment. The I&C renewal updates included new reactor trip system, a 

neutron flux measurement system, and a reactor power limitation and control systems 

(Tahvonen & Tikkala, 2015).  

 

2.7.1 Loviisa training simulator LOKS 

Loviisa training simulator LOKS was originally built and put into operation in year 1980. It is 

approved by the STUK and therefore it is used for MCR operators mandatory training. It is a 

copy of  LO1 MCR and differences between LO1 and LO2 and LOKS and LO1 are taken into 

account when planning of training. The function and appearance of the devices  are one-to-one 
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analogous with the function of the real devices. During few last years the equipment base has 

been modernized of a some essential parts and all the ELSA automation renewal parts are 

implemented to the simulator. In addition to the Loviisa NPP MCR features there are a separate 

instructor station that is used for design, monitor and analyze the course of the training session. 

Testing station can be used to control simulation and execute predefined test runs automatically 

and it also collect and analyze test results. The tool developed is also used for validating the 

simulation model after the changes and executing regression analysis cases (Näveri & Laakso, 

2008).  LOKS simulator is not based on Apros software. In terms of simulation scope it is a full 

scale training simulator. SA (Severe Accidents) simulation is not included in the simulation 

scope but it can be and has been used also in preparedness exercises because a standby 

connection has been founded. 

 

  

Figure 2. LOKS training simulator at Loviisa NPP situated at Hästholmen. 

 

2.7.2 Loviisa new training simulator LOKS2 

LOKS2 simulator was built in the same context with the Loviisa automation renewal project 

LARA that ended in 2014 and that later was changed to ELSA-project as the vendor changed 

to another and the scope of the project was also reduced. The simulator model of LOKS2 

simulator was already from the beginning selected to be Apros - software, which had a long 

good experience on the analysis side. It is now days a full scale simulator equivalent to main 

control room but the difference compared to LOKS is that it is implemented with virtual panels 

and desks. In practice this means that compared to LOKS training simulator there are touch 
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screens instead of real physical push buttons. LOKS2 is not at the moment STUK approved for  

operator licensing training but can be used for other simulation purposes or training. 

 

Figure 3. LOKS2 simulator, located at Loviisa NPP at Hästholmen. 

 

The LOKS2 training simulator has include process models implemented with Apros and virtual 

I&C provided by Areva-Siemens Consortium and Rolls-Royce that were the suppliers of the 

I&C renewal project. As the I&C renewal was implemented in stages, also training simulator 

renewal had to adopt to it. The idea was that having two separate training simulators during the 

I&C renewal made it easier for the renewal project to organize the simulator updates. When the 

old simulator with the old configuration is still used for training for the operators the new 

simulator could be updated to next stage of the I&C renewal. In this way it could be ensured 

that there is always an almost plant identical training simulator and adequate training can be 

provided to plant operators. There is also a spacious and sound proof instructor station from 

where there is camera and sound connection to simulator control room facilities. In addition to 

this there is a simulated SAM (Severe Accidents Management) control room that has touch 

screens that are in connection to simulator Apros model. This makes it possible to also simulate 

severe accidents. 

 

2.7.3 The Engineering and Development (E&D) simulator KESI 

The KESI simulator is situated in Espoo at Fortum head office in Keilalahti, in the E&P nuclear 

department premises. There are several different intended use of KESI. It is among others used 

as MCR screen design tool and for simulation model, operating procedure and software testing. 

MCR operators and simulator development team use it for training and it has also been used for 

screen validation purposes.  
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Figure 4. KESI the Engineering and Development simulator in Keilalahti Espoo at Fortum old premises. 

 

The E&D simulator had several tasks in the Loviisa automation renewal project and had an 

essential role in testing the new Loviisa NPP training simulator LOKS2. The heart of this 

simulator is the Apros models and most parts of the I&C systems are implemented in the 

models. Loviisa NPP uses for monitoring the plant PMS (Process Monitoring System) by ABB 

and it has been modified to the E&D simulator so that it can be used for operating the process 

model. I&C auxiliary processes are also implemented with virtual copy of Siemens T2000. 

E&D simulator contains tools for controlling and managing the Apros models and I&C systems.  

A Training Station is used for managing and controlling the simulator. The overall status of the 

simulator can be monitored from the Training Station and simulation control commands can be 

given concurrently from the Training Station to all components in the simulator.  

 

2.8 Simulators implemented elsewhere 

The applications of simulators cover all technology areas like power plants, processes, and 

vehicles. This study concentrate only on NPP simulators. The nuclear community has been one 

of the pioneers in developing the models for plant analyses and operator training. Institutions 

all over the world have training simulators and their impact on plant safety and productivity is 

undeniable. Already in 1980’ies the full scope simulators became common, which were capable 

for the real time process simulation. One of the reasons was the TMI-2 (Three Mile Island 2) 

accident in 1979 that activated development of safety codes and more extensively accidents 

conditions and naturally the Chernobyl NPP accident even boosted this development trend. The 

model development has been rapid ever sense the 1990’ies due to rapid increased of computer 
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capability and interest towards severe transients and full 3D core neutronic simulation. Earlier 

the simulators were only seen as training tools for operators but nowadays the scope is wider. 

Especially in 1980’ies and 1990’ies the training might be given country wide for a single 

organization. For example  in Germany 1992 there existed five FSS (Full Scope Simulator) for 

fourteen German PWR (Pressure Water Reactor) plants and two FSS for BWR (Boiler Water 

Reactor) plants. Five of the FSS was in Essen, one in Karstein and one in Brazil. Plant specific 

full scope simulators were not seen absolutely necessary due to the high degree of automation 

in German NPPs. More FSS were built and in 1997 already fourteen FSS were concentrated 

into Essen for 21 different plants. Centralized training by a separate company is applied also 

for example in Sweden (Miettinen, 2008). In Finland the FSS simulators are situated at the plant 

facilities both in Loviisa and Olkiluoto NPP’s. There is a summary in table form of simulator 

concepts globally and their different types below (table 1). Abbreviations in the table: PSS’s 

are Partial Scope Simulators and NPA’s are Nuclear Plant Analyzer. 

 

Table 1. List of simulator concepts (Miettinen, 2008).  

Simulator Type Comment 

German LWR FSS, PSS Training for 20 plants with 7 FSS. PSS complements. 

U.S LWR FSS, PSS Simulators important for maintaining expertise for 

normal operation, and rare severe accidents. 

Tihange FSS New features in the FSS realized with soft panels. 

SIZEWELL PWR FSS Marconi concept with 43 parallel microprocessors. 

SIPA NPA with 

CATHARE 

Used for training, plant studies and analyses. 

Advanced visualization. Containment and SA. 

Ikata-3 PWR FSS PWR with advanced control board. 

Generic PSS Real time engineering simulator. 

Monju FBR FSS Simulator for the fast breeder reactor. 

RELAP_NPA NPA RELAP5 with graphical interface, MELCOR, 

SCDAP/RELAP, FRAP-T6 may be linked as well. 

ATLAS NPA ATHLET based NPA with graphical visualization 

and control facilities. Multipurpose tool. 

TEPCO FSS, PSS Combination of FSS and PSS training courses. 

TECNATOM FSS support High resolution display from FSS results. 

EPG-ICAI Orientation ICAI system for BWR plant operator EPG. 

Apros NPA NPA with advanced user interface. 
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Simulator Type Comment 

IAE-project Super-NPA 

IMPACT 

A super-simulator plant for a 15 years period. 

Swedish FSS Authority role with respect to simulators 

RELAP-NPA NPA PAKS plant model created with user interface 

RELAP-NPA NPA Krsko plant model created with user interface 

  

3 APROS 

Apros (Advanced Process Simulator) is a general -purpose dynamic process simulation 

software suitable for simulation of industrial process such as in Combustion Power and NPP 

but also suitable for Pulp and power mills, Desalination models, Solid Oxide Fuel Cells and 

District Heating (Apros, 2021). Applications are training, personnel training simulators, design, 

safety analysis, tuning controllers and automation testing against the simulator (Näveri & 

Laakso, 2008). Apros has been used successfully in many different solutions for example for 

safety analysis, training simulators and simulator assisted automation testing (Näveri, et al., 

2010). To avoid that this master thesis would fragment too much it is limited to focus mainly 

on NPP domain Apros features in I&C design and less on process design and features. The 

newest version of Apros at the moment is version 6.  

 

3.1 General about Apros 

Apros has been developed in cooperation by Fortum Nuclear Service Ltd. and VTT Technical 

Research Center of Finland since the late 1980's. The principal features of Apros include one-

dimensional two-phase solution of thermal hydraulics, one- or three-dimensional core 

neutronics solution and simulation of automation and electric systems. In addition, an extensive 

nuclear reactor containment model is included for safety analysis purposes (Kurki, 2008).  It is 

possible to model an entire nuclear power plant including process, automation system and 

electrical power system with the same tool. Apros provides physical and validated system code 

which is able to fulfill the nuclear regulatory demands. 

 

3.2 Main customers and users 

Apros main customers are nuclear power plants either in operation or newbuild, technology 

suppliers, engineering companies, authorities and institutional organizations and universities. 
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The power plants use Apros in operational period for testing, training and educational use. In 

case of newbuilt the plant supplier could test the design and make safety analysis and try to find 

weaknesses in the system and make corrective action in the model and repair faults before 

building and construction phase. Engineering companies are using simulation for solving 

engineering tasks. Authorities use Apros mainly for safety analysis. 

 

3.3 Modelling in Apros 

Next is an overview about modelling in Apros that does not go too deep in to details. More 

detailed information is possibility to download from https://www.apros.fi site that includes 

Apros tutorials. The information in this section is basically compiled from the Apros 6 software 

Help-menu. 

The User can model gas and liquid flow networks, automation and electrical systems with 

each of Apros product that are: Apros Thermal and Apros Nuclear. The Apros simulation engine 

contains versatile solvers and model libraries. The design user interface, Apros Modeler 

Interface is built on the Simantics platform, and it provides an easy on-line access for 

configuring and running simulation models. 

Apros supports the use of dynamic simulation in all phases during the life span of the 

process, avoiding unnecessary data transfer and reconfiguration of the simulation model.  Apros 

simulation environment enables the use of engineering simulator as a basis for a training 

simulator. Once the simulation model is completed in the design phase it can be re-used with 

DCS (Distributed Control System) as a checkout and training tool with little additional expense. 

Process libraries include models of pumps, valves, tanks etc. and hide all solution 

algorithms. Normally the user operates on the component level using predefined process 

components such as pipes, valves, heat exchangers, vessels, etc., which automatically generate 

the calculation level objects (nodes and branches). The simulation model is configured 

graphically with a CAD-resembling Apros Modeler Interface. This include  comprehensive set 

of plant components: pipes, valves, heat exchangers, adders, measurements, generators, 

transformers etc. A diagram editor is included and for simulation control there is another view. 

The model can be divided into several diagrams which number is not limited. 

The complete model, or parts of a model, can be exported or imported which enables the 

re-use of models between projects or to store models in libraries for future use. The simulation 

experiments and monitoring of the dynamic behavior can be done as numerical values 

https://www.apros.fi/
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(monitors, according to profiles) or as trend graphs. At simulation time set point values, 

controller parameters and even process component dimensions can be changed. One great 

advantage is that the user needs not to be familiar with solution of differential equations nor 

any programming language. This makes Apros a tool that is easy to use for process and control 

engineers not specialized in dynamic modelling. 

There are several alternatives for connecting external software to the simulation engine. 

All Apros module attributes are accessible through OPC interfaces. Apros supports both the 

COM and XML bindings of the classic OPC specification as well as the newer OPC UA 

standard. The Apros Communication Library ACL is a low-level C language library that 

enables any client software to give Apros commands and exchange data. Alternatively the 

external model mechanism can be used for embedding third-party code as DLL-functions. 

The thermo hydraulics package of Apros is based on dynamic conservation equations of 

mass, energy, momentum and component mass fractions. It provides means for solving of flows 

of furnish mixture, heat conduction in solid structures and heat conduction between fluids and 

structures. In the solution of the conservation equations the model is considered as a network 

of nodes (control volumes), and branches that are connections between nodes. This network is 

managed automatically by the process component models, which generate the calculation level 

components and deduce their attributes from the properties of the process components in other 

words branch loss coefficients are solved by valve models. The primary state variables of the 

thermohydraulic nodes are pressure, enthalpy, and component mass fractions, and for branches 

flow velocity. Material property functions are used in calculating various quantities, such as 

density and viscosity, according to pressure, enthalpy and component mass fractions. The 

solution of the node and branch state variables is reduced to solving matrix equations. The 

equation solver provides tools for solving large systems of linear equations arising from 

discretisation of partial differential equations with respect to space and time. The modules and 

thermo hydraulics in Apros have been validated to a number of physical experiments to assure 

the accuracy also when used for design studies of not yet existing plants. 

 

3.4 Apros automation design tools 

Next follows some basic concepts of using the Apros Automation system. The contents is 

basically compiled from “Apros Automation Building Guide” that is found in the Apros 6 help 
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menu. https://www.apros.fi/product-information/white-papers/ -> Component libraries-> 

Apros Datasheet: Automation Systems. 

 

3.4.1 Automation system overview 

Apros Automation System is divided into three different parts: Measurement, Control and logic 

system and Interface to the controlled device. 

Measurements are used to get information from process to control system or user. It’s 

practical to place measurements near the measured component. If related automation is in 

another diagram it is not a problem, reference flag of the measurement module is taken into that 

diagram. Control and logic system concerning particular process part is recommended to place 

in their own diagram. 

Control and logic systems are built up with elementary components that can be found 

from component library and they are then connected with each other with either analog or 

binary signals. Only cases, when signals are not used to connect automation components, is the 

connection between Sequence control and Step modules, and between two Step modules. The 

Name Reference connection is then used, but signals also use Name Reference in connection 

with their I/O modules. Correct connection is always created automatically. 

The Interface to the controlled devices consists of device controllers of five different types: 

continuously controlled devices, shutoff valves, on/off -devices with state feedback, on/off-

devices without state feedback and actuator. 

The components are divided to three groups: analog part, logic part and miscellaneous. 

The analog part of the automation system consists of measurements, components in control 

circuits and a device controller. The logic (binary) part of the automation system consists of a 

binary measurement, components in logical circuits, sequence controls, change-over 

automatics, alarms and device controllers (Fortum; VTT, 2020).  

Calculating frequency of automation system is determined by Apros general time step. 

In principle, if thermohydraulic solution reduces calculating step for example during some 

transient then also the automation system calculation frequency change to more frequently. 

However, the automation system calculation order can also be directly determined by the user. 

Calculation order for components is in practice the direction from measurements to the device 

controllers. Calculation order can be seen under command SHOW CALC_ORDER. It shows 

https://www.apros.fi/product-information/white-papers/
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first all sorted analog components in the attribute C_ANALOG_ORDER. The attribute 

C_BINARY_ORDER contains all sorted binary components. 

 

 

Figure 5. Automation system is one part of the whole model. 

 

3.4.2 Basics about Automation Components 

The different type of component terminals are: 

  Light green terminals are input places for binary signals 

  Light red terminals are output places for binary signals 

 Dark green terminals are input places for analog signals 

 Dark red terminals output places for analog signals 

 Violet terminals are places for Name Reference connection 

 Orange terminals are places for Object or Quartet connections 

A connection is always drawn between one input and one output terminal. 

Signals carry information from one automation component to another. when connecting 

two analog components an analog signal is generated and when connecting two binary 

component a binary signal is created. Making a connection between an analog output terminal 

and a binary input terminal and vice versa is not possible. Analog signals are drawn as blue 
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lines. Binary signals have two different colors depending of the state of the signal: red stands 

for false and green is for true, that is if “binary signal coloring” is selected from profile options. 

  

Figure 6. Example of signal and terminal coloring and branching. Analog signals are blue, green binary 

signal stand for true and red for false.  

 

3.4.3 Naming 

The names of the components are either generated automatically or freely determined by the 

user. No automation component should have a name longer than 16 characters even if there is 

actually a maximum limit of  24 characters. This is because in some special cases the signals 

are named component name + variable name where the signal value is transmitted (typically 6 

characters) + index (typically 2 characters). 

 

3.4.4 Interfacing automation and process 

The calculations carried out using automation components are usually interfaced to the process 

model. The recommended way to do this is by using Actuator, but also device controllers and 

Boundary Condition can be used for this purpose.  Device controllers are connected graphically 

with the controlled process component. Properties window of the Device Control module is 

opened when connected. Correct attribute is usually found in the calculation level of the 

component, like for valves and pumps. 
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Figure 7. The Device Controller is connected with the calculation component of the corresponding 

process device with one or several Name Reference connections. The connections of DC Shut and Shut-

off Valve needs four connections. 

Actuator is used as an interface from control and logic circuits to process devices. Compared 

to Device Controller Actuator is easier to connect. Actuator automatically searches the 

appropriate variable to be controlled, that is the calculation level component and the attribute. 

It is designed to take inputs from remote sources too. For example, the commands may come 

from a DCS (Distributed Control System) that is linked with Apros using OPC interface and X-

Connector. 

 

Figure 8. Actuator is connected with Control Valve using Name Reference connection. The controlled 

variable is searched automatically. 

Actuator is a single module type in the Apros database, but it is functionally divided to several 

types. This depends on the type of the controlled process device. Each of these actuator types 

has at least one symbol in Grades. Symbols have terminals for input and output signals, and a 

name reference terminal which is connected with the process device. 
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Figure 9. process devices that can be used with actuators: Control_valve, Shut_off_valve, Basic_valve, 

Common_valve, Heat_structure_X, Axial_fan Common_pump and Basic_pump. 

There are two categories of Actuators in the automation component library: AUT Actuator S 

and AUT Actuators. From the calculation point of view actuators with a certain type are 

identical regardless of the library. AUT Actuator S are smaller and they do not have signal 

terminals for binary limit measurements. 

 

Figure 10. Actuator libraries AUT Actuator and AUT Actuator S.  

3.4.5 Using Measurement 

When measurement are desired first the measurement has to be connected (orange circle) and 

the measured object (orange square or centre of a module) with a connection line. If the process 
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and automation systems are modelled in different diagrams then the user has to make a copy of 

the reference flag.  

 

Figure 11. Connecting measurements. In the figure it is a control valve that measurement is connected 

to. 

 

3.4.6 External Automation 

External modules can be used but it is done outside Apros using some programming 

environment the user has and must be written in C-language or Fortran. Apros user manual has 

examples included of these and one Visual Studio example. First the file is compiled, then a 

shared library is created that has the routine. After this it is moved to either the working 

directory of Apros or to the directory of Apros binaries.  

 

3.4.7 PLCopen XML 

Apros supports exporting automation data into PLCopen XML format. By automation data is 

meant automation diagrams, typical diagrams and user components. The PLCopen XML 

functionality is used as a part of the integrated simulation-based process and automation 

engineering workflow. In the workflow, the functionality is used to transfer automation design 

data from Apros to an automation design tool when shifting from basic to detailed design. There 

is in Apros Help under Apros 6>Modelling guides>Automation a separate part that deals with 

PLCopen XML features for example: Mapping, Diagrams to PLCopen and User components 

to PLCopen.  

 

4 CLARIFICATION OF STANDARDS 

Next to investigate is the comparison of automation related standards and the task is to find a 

standard that meets requirements and demands which are set and would be the most suitable to 

lean on. From Fortum's Nuclear Business Growth department point of view the standard should 
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be well accepted among the industry, automation vendors and in wide use among them. Apros 

automation diagrams are made with function block diagrams so naturally it would be a clear 

advantage if the standard and automation components would also be presented as function 

blocks in the standard. The standard should include at least all the basic automation blocks and 

some guidelines about user specific components and restrictions related to them. User 

components means in this context such components that are made by the Apros user component 

functionality for some specific purpose. The user components perhaps needs to be presented or 

used only once but usually the reason for constructing one is that there is a repeatedly use for 

it. This could be for example in some I&C project and the standard(s) or the program developers 

haven’t recognized the need of presenting and defining it.  

User components can for example be made of different combinations of Apros ready-

made components or functions. The user component appear in the library to the user like a 

‘black box’ with name, inputs and outputs but by pointing on the symbol and opening the 

symbol “Navigate to Substructure” or “Navigate to Configuration” the inside, the block 

operation principles are discovered. If the symbol structure is one-to-one Apros ready-made 

component there is the Apros program help menu that the explanations and  the operating 

principles of functionality of the component can be found from.  

Coding in C-language is another alternative to build a new user component to the Apros 

symbol library and in the section 6.3.5 and appendix 4 there is more detailed information about 

this type of building components. The user gives a suitable name for the component and a 

description what it does and how it works, inputs, outputs and other necessary information. The 

symbol library is built up of different symbol categories: 

 

   

Figure 12. Apros automation symbol library cathegories. 



35 

 

 

 

The ideal situation and outcome of this master thesis would be that in Apros there would not be 

any need to separately explain how a specific function or function block operates. The function 

blocks would visually look the same and work exact in the same way that is described in the 

chosen standard or standards. This way separate manual for the users about the standard 

components in Apros would not be needed, only a reference to the standard from where the 

specifications can be verified. 

 

4.1 What is an international standard and why are they needed 

A standard can mean different things and can be defined in many ways, however from the IEC 

www-site (IEC, 2021) a definition of what an IEC International Standards stand for can be read:  

"They provide instructions, guidelines, rules or definitions that are then used to design, 

manufacture, install, test & certify, maintain and repair electrical and electronic devices 

and systems".  

One important thing is that standards ensure safety of devices and systems for people and 

environment. Standards also form the basis for testing and certification to verify that 

manufacturer promises are kept, products are safe and perform as expected. Standardization is 

the development of common good practices, solutions and requirements.  

IEC International Standards are voluntary and often adopted by countries to become 

national standards. The Standardization Management Board is responsible for the management 

and supervision of IEC standardization work and they report to the Council Board. Technical 

regulations, that are maintained by national authority often refer to international standards. This 

is because standards help avoid that law becomes too detailed. One benefit in addition is that 

the need for updating laws becomes less because standards are regularly reviewed and updated.  

A clear benefit for the industry is that it can demonstrate by using IEC Standards that it 

meets national requirements and can rapidly enter most markets in the world (IEC, 2021). 

Standards are also an important instrument for global trade and economic development. 

Important thing is also that International Standards help to harmonize technical specifications 

of products and services and in that way they help breaking down barriers to international trade.  

IEC founded in 1906 is not the only international standardization organization in the 

world. Other leading organizations are for example ISO International Organization for 

Standardization founded in 1947 and ITU International Telecommunication Union.  
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4.2 Standards for industrial automation control and software 

From the survey Design and Implementation of Industrial Automation Control systems it can 

be understood that the problems engineers have to face is the fracture existing between the 

design phase activities and outcomes, and their transposition and implementation to physical 

automation control systems. This has been investigated a lot in the academics and industrial 

domain and efforts have been made, but still the problem exists. Unfortunately no such solutions 

have been found acceptance or are mature enough. Manual translation is probably still the most 

widespread habit (Colla, et al., 2009).   

EU funded previously an interesting project called  MEDEIA (Model-driven Embedded 

System Design Environment for the Industrial Automation Sector). The main ambition of the 

project was to "automatically link the specification and the implementation activities adopting 

a model-driven, component based approach". The framework was built around the concept of 

Automation Components (AC). The AC element combines descriptions about hardware, 

algorithms, interaction semantic and non-functional properties in a modular way. The result of 

the project was among others publication of nine scientific research papers that try to tackle the 

problem at the beginning of the title (European Comission, 2010). Next follows a review of 

standards related to industrial control software. 

 

4.2.1 IEC 61131 Programmable controllers 

IEC 61131 standard was published for the first time in year 1992 and has been widely accepted 

in the industrial automation domain and is widely supported for a wide range of automation and 

control applications. It is independent of any single company which makes it a specially 

interesting from this master’s thesis point of view. It seems that nearly all major PLC 

manufacturer provides support for the programming languages defined by the standard (Sunder, 

et al., 2008). It is also claimed that the standard does not address today the new requirements 

of complex industrial systems that include portability, interoperability, increased reusability 

and distribution that are the high-level demands and requirements for the future automation 

systems (Thramboulidis, 2013).  

The IEC 61131 provides a set of ten parts including PLCs and their associated 

peripherals. The latest part IEC 61131-10 was published in year 2019 and its content defined 

an XML-based format to provide portability also for IEC 61131-3 engineering systems. 

Configurability and interoperability are still missing from the standard and that is a clear 
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disadvantage for users of the IEC 61131 part three. The most significant part of the IEC 61131 

standard in general and from this master’s thesis point of view is the part three which defines 

syntax and semantics of programming languages and the data types and software architecture 

for PLCs.   

A conventional PLC contains one resource, running one task, controlling one program, 

running in a closed loop. IEC 61131-3 adds to this multi-processing and event driven programs. 

IEC 61131-3 is suitable for a broad range of applications, without having to learn additional 

programming languages (PLCopen, 2016). 

The standard can be divided into two parts: Common Elements and Programming 

Language. The main elements of the software architecture defined in IEC 61131-3 are presented 

in figure 13. 

 

Figure 13. Software model of IEC 61131-3 (PLCopen, 2016). 

The configuration represents a programmable controller (PLC) and it consists of resources that 

are signal processing functions. Resources can be seen as a processing facility that is able to 

execute IEC programs. Resources consists of tasks and programs and there can be one or more 

of them. Tasks are execution control elements that provides periodic or triggered executions of 

associated program organization units (POUs) that may be programs, function blocks (FBs) or 

functions. Difference between functions and FBs is that functions shall contain no internal state 

information (Sunder, et al., 2008). Tasks can either be executed periodically or upon the 

occurrence of a trigger, such as the change of a variable.     

The elementary data types are such as boolean, integers, strings, word and also date or 

real numbers and so-called derived data types that are user-defined data types for instance an 
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enumeration or structure. In this way one can define an analog input channel as data type and 

re-use this over and over again (PLCopen, 2016).  

Variables are data objects associated with the inputs, outputs, or memory of PLC in 

configurations, resources or programs. A variable can be declared to be one of the elementary 

or derived data types. The scope of  the variables are normally limited to the organization unit 

in which they are declared, also called local. This makes it possible to reuse the names in other 

parts without any conflict. Global variables are also possible to use declared as such but they 

should be used with caution. Parameters can be assigned an initial value at startup in order to 

have the right settings. Variables exist in several variants and a detailed list is given in the 

standard IEC 61131-3 table 10 (IEC, 2013).  

A POU is considered as a single action that is executed under control of invoking entity. 

Standard functions are for instance ADD(addition), ABS(absolute), SQRT(square root), 

SIN(sine) and COS(cosine). User defined functions can be used over and over again once 

defined. Function Blocks (FB) are the equivalent to Integrated Circuits (ICs) representing a 

specialized control function. Functions and function blocks are the basic building blocks and 

they contain data as well as the algorithm. FBs can keep track of the past which make them 

different from the functions. A temperature control loop, PID, F-TRIG, Counter or SR-latch is 

an good example of a typical FB. Completely new customized FBs are also possible within the 

standard. Programs are networks of functions and function blocks and a program can be written 

in any of in the standard defined programming languages. In most cases even in C-language 

and in this way they can be defined by user (PLCopen, 2016).  

IEC 61131-3 defines two textual programming languages which are Instruction List 

(IL), Structured Text (ST) and two graphical languages that are Ladder Diagram (LD) and 

Function Block Diagram (FBD) (Colla, et al., 2009). An additional set of graphical and 

equivalent textual elements named Sequential Function Chart (SFC) is defined for structuring 

the internal organization of programmable controller programs and function blocks (PLCopen, 

2016). 
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Figure 14. The same simple program part in all four IEC languages (PLCopen, 2016). 

LD is based on presentation of relay ladder logic. IL is the European counterpart and that 

resemble Assembler. Function block diagram FBD is commonly used in process industry. 

Functions, function blocks and programs are expressed as interconnected graphical blocks. 

FBDs looks at a system in terms of the flow of signals between processing elements (PLCopen, 

2016). This presentation type and logic resembles very much the Apros presentation. Structured 

text ST is a very powerful high-level language that contains all the essential elements of a 

modern programming language and iteration loops. 

 

4.2.2 IEC 61512 Batch control 

One definition of batch process is: “Any process on which operations are carried out on a 

limited number of articles, as opposed to continuous process.” (Hawkins & G, 2006). A Batch 

Process produces a finite quantity of free flowing product, typically a liquid or powder. 

 

Figure 15. Differences between batch, continuous and discrete process (Moffatt & Skovira, 2004). 

 

IEC 61512 respectively known as ANSI/ISA-88 standard constitutes a framework 

comprehensive a set of reference models, structures and definitions for the specification of 
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concepts and requirements in batch automation and the corresponding control software. An 

implementation called BatchML is used that implements models and terminology using XML 

Schema Language in an XML set (Lepuschitz, et al., 2018). 

The current parts of the standard are part one that is about models and terminology. It 

includes the terminology and models that apply to all types of control systems. It presents a 

modular structure that promotes reuse and a structure that applies to both automated and 

manually-controlled batches. It separates the recipe that describes how the batch is to be made 

from the equipment used to make the batch. Part two of the standard deals with data structures 

and guidelines for languages. This part of the standard defines data models that describe batch 

controls as applied in the process industries, data structures for facilitating communications 

within and between batch control implementations and language guidelines for presenting the 

recipes. Part three deals with general and site recipe models and representation within a 

company and across companies. Part four is about batch production records containing 

information about production of batches or elements of batch production (IEC, 2009). 

The standard provides terminology and a consistent set of concepts and models for batch 

manufacturing plants and to all types of batch control systems. It can be applied regardless of 

the degree of automation and provides a consistent vocabulary, design process, and 

representations for Process Control and Logical Control. While the standard was originally 

intended for batch processes only, it can be used also for process control, and procedural control 

and reporting of continuous processes (Hollender, 2010).  

The IEC 61512 also defines the data models that describe batch control as applied in the 

process industries, data structures for facilitating communications within and between batch 

control implementations and language guidelines for representing recipes. The recipe is the 

necessary set of information that uniquely defines the production requirements for a specific 

product. The standard include terminology and models for chemical plants including process 

equipment and control instrumentation as well as procedures and recipes for batch control. The 

process model describes for example chemical processes as a hierarchy of sections, operations 

and steps. The standard does not aim to propose an architecture for batch control systems. 

Entities, aggregations and attributes  are defined without any specification for internal data 

types. It only defines structures and formats for tables to exchange data between different 

systems. Most frequency used data types are extensible EnumerationSets, Date and Time, 

Coordinates, and Strings. Attributes of parameters may follow IEC 61131-3. IEC 61512 defines 
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data model with predefined entities, attributes and relations. The exchange model may be 

extended by user-defined values for EnumerationSets (Mahnke, et al., 2011).  

 

4.2.3 IEC 61499 Function blocks 

The IEC 61499 standard was introduced as a possible successor of the IEC 61131-3 standard 

for industrial control systems. It is in practice dedicated to the field and control systems. The 

FB (Function Block) architecture is considered as the next generation of programmable control 

technology promoting distributed control automation (Dai & Vyatkin, 2012). The standard was 

presented in year 2005 but despite several architectural advantages and even if some key-words 

associated with this standard is among others flexibility, reconfigurability, portability, 

interoperability and distribution it has not been widely accepted by the industry so far (Prenzel 

& Provost, 2018). These issues are related basically to vendor software tools. The portability 

means in this context that applications compliant to IEC 61499 can be exchange between 

software tools of different vendors considering requirements described within IEC 61499-2. 

Interoperable in turn refers to that devices can work together to provide the functionality 

specified by a system configuration and reconfigurability means that devices from any vendor 

have to be configurable by any IEC 61499 compliant software tool.  

Compared to IEC 61131 this standard is better suited to program decentralized control 

with highly-coupled applications distributed on several devices for example in mechatronics or 

in distributed control architecture of elevators for example. If the process and the controller has 

multiple operation modes and operating states it is still adequate (Molina, et al., 2007).  

The IEC 61499 standard consists of four parts. Part one includes all definitions and 

models in order to describe the architecture of the distributed system and the standard. Part two 

is about software tool requirements compliant to IEC 61499 and the portability of elements with 

another software tools. Part three was a tutorial information but it was withdrawn in 2008 as 

outdated. It among others answered FAQs related to the standard and described the use of 

elements and included examples on how user can solve problems and challenges. Part four 

describes the rules that a device, system or software tool must follow to be compliant with the 

standard. This is related to the portability and interoperability that was previously mentioned.  

The cyclic execution model of IEC 61131 is replaced by an event driven execution 

model. It is also possible to implement periodically executed applications for periodic events if 

necessary by using E_CYCLE function block. Compared to IEC 61131-3 function blocks IEC 
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61499 has in addition two data inputs and outputs so-called event inputs and outputs that makes 

FB's more versatile. Events and data inputs or outputs can be associated. 

The models can be considered as a basic architecture of the IEC 61499 standard. A 

system consists of devices and applications. Devices are interrelated by communication 

network. The resource is the element that executes FB's independently. Application consists of 

a FB network, which is composed of FB instances, parameters and connections between FB's. 

The execution of application is determined by the event and data flow within the FB network. 

An application can be distributed to different resources and they can be located on different 

devices (Sunder, et al., 2008). 

 

Figure 16.  IEC 61499 models (Sunder, et al., 2008). 

 

The most important element of the standard is the function block. It is defined by variables like 

in IEC 61131-3 but also by events that not exist in the IEC 61131-3 standard. There are three 

different types of FB's: Basic FB (BFB), Composite FB (CFB) and Service Interface FB (SIFB). 

The BFB behavior are defined as event driven state machine a so-called Execution Control 

Chart (ECC). One transition fires and the active state of the ECC changes. When a new state is 

entered a new action that consists of  an algorithm or output event is executed.  

Composite function block CFB behavior is defined by a FB network. The FB's inside 

CFB are called component function blocks. The execution of a CFB is defined according to the 

event and data connections of the component FB network. Service interface function block is a 

concept for interaction with external elements witch are not in the scope of the definitions of 

the standard itself (Sunder, et al., 2008).    
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Figure 17. Comparison between Function blocks in the a) IEC 61131-3 and b) IEC 61499 standards. c) An example 

of the graphical representation of the Execution Control Chart associated with the IEC 61499 FB (Ochoa-Ruiz, 

2020)  

 

4.2.4 IEC 61804 Function blocks for process control 

IEC 61804 is an automation standard and it originates from power plant industrial sector. It 

aims to use IEC 61499 based FBs during the whole lifecycle. Design starts from piping & 

instrumentation -diagrams which give requirements from the P&I (process and instrumentation) 

view. FRDs (functional requirement diagrams) are used for presenting the desired behavior of 

the plant using a vendor independent FB language.  FRDs are constructed of ABs (application 

block) and EFBs (elementary function blocks). These blocks present the data and the algorithms 

during design phase. FRDs are the specifications of the control functions required to the 

process. The required control functions are then structured  as a set of folios and presented in 

CHDs (Control Hierarchy diagrams). The details of the control functions can then be specified 

for each folio to achieve the FRDs (Malm, et al., 2011). 
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Figure 18. Lifecycle from process flow diagrams to functional requirement diagrams (modified from IEC 2003) 

 

The standard allows detailed presentation of logic and algorithms related to the required 

functionality, including safety functions.  IEC 61804 standard consist of four different parts.  

Part one "Overview of system aspect" published year 2003 defines requirements and 

provides a system level overview of process control Function Blocks (FB's) and guidelines for 

evolving processes in digital requirements for control systems. This is to ensure that justified 

products ensure that the devices selected have the necessary compatibility, interoperability, 

interconnectivity and interoperability features. The FB's requirements are for control, 

maintenance and technical management applications that interact with measurement and 

actuators such as control functions, data collection for maintenance and state of the automation 

system or its change descriptive data collecting and data collecting for technical management 

for process optimalization. The economics of the process and system reliability of various 

vendors are also dealt with. A prerequisite for policy using  FB's is that components follow the 

same architecture that is based on common requirements. Architecture is needed to define 

system components like FB's, devices data and data connections. Architecture and selected FB's 

in this part are needed to manage processes for example control circuits and Boolean functions 

required to describe certain functions.  

The functional requirements diagrams (FRD) for the process control system that consist 

of application blocks (AB's) are drawn up on basis of the P&I diagrams (figure 18, 4. Functional 
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requirements diagram). AB's represent the data and algorithms produced at the design stage. 

The concept and description of FRD's are not in wide use among industry specially at more 

simple processes where FB's are possible to derive directly from P&ID's.  

This technical data specifies the system when industrial process measurement and 

control system is based on a distributed function block application.  The system is described 

step by step in terms of architecture, designs and life cycle. Architecture is a "road map" where 

to name the components and present the structure of the system (Sundqvist & Pyyskänen, 2013).  

Part two "Specification of FB concept" was presented in 2006 and it provides conceptual 

Function Block specifications, that can be  mapped to specific communication systems, and 

their accompanying definitions by industrial groups (IEC, 2006). This part specifies FB's based 

on requirements established by part one. A device model is used to define the components of 

an  IEC 61804 conformant device. Specifications are defined for measurement, actuation and 

processing FB's. General rules to support control are presented and they are avoiding details 

that could stop innovation and specialization for different industrial sectors (Diedrich, et al., 

2004). FB standardization  has been done by harmonizing with the existing technology related 

descriptive concepts. This lead to an abstract level that made it possible to define common 

features in a unique way and that is called conceptual FB definition. It is related to 

communication systems accompanying definitions for different industries. This part of the 

standard is based on abstract definitions presented in IEC 61499-1 and some similarities to ISO 

115745-1 (Sundqvist & Pyyskänen, 2013). 

Part three "Function blocks (FB) for process control: Electronic Device Description 

Language (EDDL)" the last edition was published in 2010 and it defines Electronic Device 

Description Language (EDDL) technology which enables true product data integration using 

tools throughout the design life cycle. The standard defines EDDL as a general language for 

automation systems different parts features. With EDDL it is possible to describe device 

parameters and their dependencies, their functions in simulation or calibration, graphical 

equivalents, interaction of control devices and saving of permanent data. The use of EDDL 

requires the preparation of electronic device description (EDD) that is applied in industrial 

automation and appropriate tools are used to produce interpretable code for processing 

parameters, the use of them and to keep track of different parts of the automation system like 

I/O, controllers, sensors and PLC. The conceptual and vocabulary structure is defined 

(Sundqvist & Pyyskänen, 2013).  
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Figure 19. Implementation of function blocks with different devices (Sundqvist & Pyyskänen, 2013)  

 

Part four "EDD interoperability guideline" edition one from 2006 is a technical report that 

provides guidance on how to promote EDD compatibility. Purpose of the report is to ensure 

that EDDL is used consistently by industry developers and that EDD applications are the same 

interpretations of EDD (Sundqvist & Pyyskänen, 2013). 

The strengths of the standard is the familiarity for automation developers because of the 

function block (logic diagram)-based approach. A downside of the approach is that it can be 

seen as specifying how the functionality should be implemented instead of only specifying what 

is required. Specifying only the required functionality and not suggesting any kind of solution 

for the implementation would probably be more difficult and the question would probably also 

depend of the FB-libraries used during the specification. A detailed specification of the logic 

during the requirements specification phase may be a necessity in some cases (Malm, et al., 

2011). 

 

4.2.5 Summary of investigated standards 

Four different standards were investigated more closely. In the beginning there was two more 

standards on the list, IEC 61850 standard of substation automation and IEC 61508 standard of 

functional safety. When examining the IEC 61850 in general it seem to be so far away from 

this master’s thesis topic that it was dropped out from the scope. IEC 61508 is very much related 

to safety automation but could not be directly utilized because its principles are general and 
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form a framework for addressing all aspects of the safety of all systems (MTL Instruments 

Group plc, 2002). 

Probably the most disadvantage of the standard IEC 61499 is that it still is not in wide 

use among the industry. The standard was not accepted by the industry even though it is highly 

promoted by the academic community (Thramboulidis, 2013). Compared to IEC 61131 this 

standard is better suited to program decentralized control with highly-coupled applications 

distributed on several devices for example in mechatronics, for precise motion control or in 

distributed control architecture. Inconsistently this master’s thesis is specifically searching for 

a standard that would be most popular and is in wide use among the industry and that resembles 

Apros components. Apros do not recognize these event driven control that IEC 61499 presents. 

Even if IEC 61499 standard would be the newest and most versatile there is to use there is no 

point to use a standard that vendors and engineers don’t really want to use. Another reason for 

not choosing this standard is that if we compare to NPP built in the late 70's or in the  80's like 

Loviisa NPP safety automation is still mostly hard wired and based on analog technic. These 

sophisticated features the standard has to offer and compared to the features needed at this point 

do not match that well together. This standard is more suitable for modern distributed 

automation that communicate through communication networks and for complicated large 

embedded automation systems than for example robust safety automation. The standard is also 

more complex and more difficult to embrace compared to for example IEC 61131-3 in that 

aspect that we hope the outcome would be easy approachable. One goal for the master’s thesis 

is to implement Apros among engineers that are not that familiar with simulating tools from 

previously and this should also be taken into count. In that sense the less complex function 

blocks are the more added value it will give. It is easier to embrace the program and easier to 

take over it at low threshold and faster to learn to use it. 

The batch control standard IEC 61512 is not a software standard in the first place. It 

refers on software level to IEC 61131-3 programming languages which make IEC 61131-3 even 

more interesting choice than any of the other standards. Function blocks for process control 

IEC 61804 actually aims to use IEC 61499 based FBs through the whole lifecycle and IEC 

61499 does not meet the expectations for the chosen standard. The conclusion is that this 

standard is not going to be selected either to this work.  

After examining the different standards it seems IEC 61131-3 would be the most 

appropriate standard for this purpose. Even if it originally was planned for PLC industry it today 
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serves distributed systems and PC based control systems and there are areas still growing 

including safety and communication. For example CODESYS Group offers integrated SIL2 

and SIL3 safety solutions in the standard IEC 61131-3 development tool CODESYS for safety 

automation solutions which is also useful addition (Niestroj, 2013). SIL is an abbreviation for 

Safety Integrity Level and there exists levels from one to four. The higher the level of safety 

integrity, the lower the probability that the safety-related system will fail to carry out the 

required safety functions.  

There are several points that speaks for the IEC 61131-3 standard. First of all the wide 

acceptance of the process industry and system vendors and even if it is said to be a bit outdated 

it is still versatile. Second thing is that FB’s and functions presented in the standard do resemble 

a lot the ones that Apros has in its own component library both for appearance and 

functionalities. Adopting IEC 61131-3 creates a focus to problem solving via a high level of 

software reusability and it reduces misunderstanding and errors. The programming techniques 

are usable in a broad environment: general industrial control. It also offers the possibility to 

combine different components from different programs, projects, locations and companies. To 

build the library according to IEC 61131-3 would be the most sensible way to implement the 

standard components to Apros. This standard would  serve the best possible way compared to 

the other presented standards that was chosen to be investigated.   

 

4.3 Alternatives between standard or vendor specific library  

Two different alternatives was seen as possible solutions for the component library at the pre 

planning stage of this master’s thesis. Alternatives were a vendor specific library or a library in 

accordance with a standard. 

 

4.3.1 Vendor specific component library 

A vendor-specific library could be useful for practical projects but this alternative would had 

have in its implementation a lot of difficult challenges. First of all the vendors had to be 

examined and screened somehow and limited how many vendor specific component libraries 

would be reasonable to be build up in Apros and which components would have added value 

to the users in projects. One easy way to solve the problem to choose the vendors could be to 

simply list the largest PLC manufacturers by market share. The five largest PLC manufacturers 

in order in 2017 was Siemens, Rockwell Automation, Mitsubishi Electric, Schneider Electric 
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and Omron (Vyatkin & Atmojo, 2021). Next task would be to get familiar with all the five 

vendors software and then to pick and select the components that are not standard components 

but which would be reasonable to add to Apros from the vendor component libraries. Then to 

plan how the selected components could be implemented to Apros and how to validated them. 

After that there would be the challenge on how to keep all the different vendor component 

libraries updated. How this would be in practice solved would need some complicated 

arrangements, probably with the selected Vendors to stay up to date. All this would be a massive 

effort and too time consuming in this master’s thesis framework if it would be done in addition 

to the standard component library that is going to be implemented because a common standard 

was found.   

As the most of the major vendors, around 80% (Vyatkin & Atmojo, 2021) nowadays 

support IEC 61131-3 and all new development is based on it, it’s much more practical to rely 

on the common standard, even if it is not comprehensive and several studies show that the 

languages and the execution model is incomplete (Molina, et al., 2007). To import to Apros 

some of the basic most used vendor specific components like for example tuners or PID-

controllers could be one possible future research and development project for the Fortum 

Nuclear Business Growth department or VTT. From the start vendor specific libraries was more 

of an option in that case that no common standard would have been found. As it was not a 

desired solution in the first place the conclusion is that as this option could be avoided it will 

not be implemented to Apros at this point. However, if in the future Apros library could be 

supplemented with the major vendors specific common basic components beyond IEC 61131-

3 standard components, it would give added value and versatility to Apros.  

 

4.3.2 Common library that is based on one standard  

A common library that is based on one standard was from the beginning the ideal solution and 

outcome of this master’s thesis. In the part 4.2 the different standards that were associated with 

automation software was identified and investigated. The result of that investigation was that 

IEC 61131-3 is the most sensible choice for several reasons for example because it resemble 

Apros own automation components, it is in general use among vendors and the effort to adapt 

such a library to Apros would be reasonable taking into account the time devoted to this work. 

The IEC 61449 was another possible alternative but it has some downsizes. It is not well 

received among vendors and to adapt it to Apros would be very difficult and could probably 
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not had been done in-house. The benefits of implementing to Apros or to the NPP domain IEC-

61449 standard policies, that is mainly planned for the manufacturing industry for controlling 

production lines, logistics or in elevator control among others, are not clear. In addition to this 

it is confusing that  the standard has got a lot of criticism by the industry even if it has been 

highly promoted by the academic community (Thramboulidis, 2013). Compared to the effort to 

implement such a library would not simply be wort it as it is not widely accepted by the vendors. 

It will thus be interesting to see if it in the future will be the successor of IEC 61131 as it was 

intended to be in the first place.  

 

5 COMPARISON OF APROS AND STANDARD  COMPONENTS 

Some of the Apros automation components resemble partly or a lot the IEC 61131-3 presented 

components, but most of them are still very much Apros own design. Next there will be an 

comparison about the Apros Components and the IEC 61131-3 presented components on how 

they differ in appearance and in functionalities. There are components that would otherwise be 

almost the same but the standard uses more data types and variables than Apros has to offer. 

This means that it will be impossible to fulfill exactly all the requirements of all the components 

presented in the standard. This leads to that some of the components are going to be presented 

with some necessarily limitations compared to the ones in standard IEC 61131-3 or cannot be 

implemented at all. This limitation of implementation is necessary because Apros has only two 

kind of signal types available: binary or analogue type. This leads to that many of the different 

variable data type are limited or missing. Apros analogue signals are presented in the double 

precision floating point number format and binary signals are true or false. Some more data 

types are available in Apros attributes, but since they are not usable in signals they cannot be 

mapped to IEC 61131-3 data types directly. (Paganus, 2015) 

 

5.1 Variables and data types 

In table 2 are presented Apros data types mapped and compared to IEC 61131-3 data types.  
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Table 2. IEC 61131-3 Apros data type mapping (Paganus, 2015). 

IEC 61131-3 data type  Available 

in Apros  

Apros name  

 

Comment  

 

BOOL  

 

Yes Binary signal Also available in Apros attributes as 

Boolean. 

SINT, INT, DINT, 

LINT, USINT, UINT, 

UDINT, ULINT  

 

Limited Integer Only available in Apros attributes as 

Integer data type, no corresponding 

signal data type available. 

REAL, LREAL  

 

Yes Analog signal Apros analogue signal is double 

precision floating point number. 

Also available in Apros attributes. 

TIME, LTIME, DATE, 

TIME_OF_DAY, 

LTIME_OF_DAY, 

DATE_AND_TIME, 

L_DATE_AND_TIME  

Limited Time Available in Apros attributes, no 

corresponding signal data type 

available. Time format requires 

conversion. 

STRING, WSTRING  

 

Limited String Only available in Apros attributes as 

String data type, no corresponding 

signal data type available. 

CHAR, WCHAR, 

BYTE, WORD, 

DWORD, LWORD  

 

No - No corresponding Apros data types 

available.  
 

Generic data types  

 

No - Apros always uses specific data 

types. 
 

In table 3 is presented Apros variable mapping compared to variables presented in IEC 61131-

3. 

Table 3. IEC 61131-3 Apros variable type mapping (Paganus, 2015). The table continues on next page. 

IEC 61131-3 vari-

able 

Available 

in Apros 

Apros name Comment 

VAR No - Not used since the internal functionality 

of Apros blocks is not represented. 

VAR_INPUT Yes Input signal Input signals of Apros diagrams. 

VAR_OUTPUT Yes Output signal Output signals of Apros diagrams. 

VAR_IN_OUT No - Apros input signals are not modified and 

then supplied as output signals as the 

same signal. 

VAR_EXTERNAL Yes Any signal Could be presented, but this is excluded 

because it is not crucial for functionality 

of Apros diagrams. 
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IEC 61131-3 vari-

able 

Available 

in Apros 

Apros name Comment 

VAR_GLOBAL Yes Any signal Could be presented, but this is excluded 

because it is not crucial for functionality 

of Apros diagrams. 

VAR_ACCESS No - Access path declarations are not used in 

Apros. 

VAR_TEMP No - Not used since the internal functionality 

of Apros blocks are not represented. 

VAR_CONFIG No  Apros automation data is not mapped to 

instances and therefore this variable type 

is not used. 
 

5.2 Automation components that exist in Apros  

The components in table 4 and their functionality can already be found in Apros with just a bit 

different semblance compared to standard. The limitations in Apros concerning variables and 

data types has to be taken into account  which are presented in tables above, tables 1 & 2. Some 

of  the Apros component properties has to be set to a specific value to meet the standard and 

this is discussed in more detail in the section 6.    

Table 4. The Apros components that have the same functionalities than IEC 61131-3 with limitations 

taken into account. 

IEC 61131-3 name Explanation Apros name 

Standard function 

blocks 

  

SR Set dominant bistable Flip-flop 

RS Reset dominant bistable Flip-flop 

R_TRIG Rising edge detector Pulse 

TP Pulse timer Pulse 

TON On delay timer Binary delay 

TOF Off delay timer Binary delay 

Standard functions   

AND Logical AND AND 

OR Logical OR OR 

NOT Logical NOT NOT 

SEL Binary selection Binary switch 

MAX Extensible maximum function Maximum selector 
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MIN Extensible minimum function Minimum selector 

LIMIT Limiter Limiter 

GT Greater than Limit value checker 

LT Less than Limit value 

SQRT Square root Square root 

ADD Addition Adder 

MUL Multiplication Multiplier 

SUB Subtraction Adder 

DIV Division Divider 

EXPT Exponentiation Boundary condition-  

power function 

LN Natural logarithm Boundary condition-  

general function 

LOG Logarithm base 10 Boundary condition-  

general function 

EXP Natural exponential Boundary condition-  

general function 

SIN Sine Boundary condition-  

general function 

COS Cosine Boundary condition-  

general function 

TAN Tangent Boundary condition-  

general function 

ASIN Arcsine Boundary condition-  

general function 

ACOS Arccosine Boundary condition-  

general function 

ATAN Arctan Boundary condition-  

general function 

 

5.3 Standard components that are missing from Apros 

There is IEC 61131-3 basic standard components that in Apros existing libraries has no 

equivalence and because of that has to be built to the Apros new standard component library. 

These components are presented below in table 5. They could be implemented for example with 

User Component functionality in to Apros or by coding in C-language with Microsoft Visual 

Studio for example. The implementation of the components is studied closer in section 6.  
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Table 5. Standard automation components that in Apros existing libraries has no equivalence to IEC 

61131-3 components and has to implemented to the new library to meet the standard. 

 

IEC 61131-3 name Explanation 

Standard function blocks  

F_TRIG Falling edge detector 

CTU Up-Counter 

CTD Down-counter 

CTUD UP-down counters 

Standard functions  

XOR Logical XOR 

MUX Extensible multiplexer 

GE Greater than or equal to 

EQ Equal 

LE Less than or equal 

NE Not equal to 

ABS Absolute value 

MOD Modulo 

MOVE Move 

ATAN2 Arc tangent of two num-

bers 

String functions (LEN, 

LEFT,RIGHT, CONCAT..) 

Different types of func-

tions to analyze data str-

ings 

Bit shift functions (SHL, 

SHR, ROL, ROR..) 

Functions to perform bit 

shift and rotation to diff-

erent directions 

 

6 IMPLEMENTATION OF THE NEW LIBRARY  

6.1 Intellectual property rights 

The first thing to investigate before clarifying how the library is going to be implemented was 

the IPR (Intellectual Property Rights) issue. There was a need to ensure that the use of a standard 

library is not against any IPR laws or if there is a fee or some kind of charge that needs to be 

taken into account as we are creating symbols that are from an international standard and 

implemented to Apros. IPR laws protect immaterial rights and can be for example patent, 

trademark or copyright. It would be contradictory if there were a fee for following and utilize a 
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standard as a standards are intended to be used as widely as possible. Standards are created to 

help users, make work easier and for quality reasons, so it is to all our best interest that standards 

are followed and complied with. In addition it is also notable that a master’s thesis is a public 

document so it was important to make clear what context can be published related to the 

standard and what type of restrictions there are for example to publish tables, citations or other 

content from the standard IEC 61131-3.   

Different sources related to IPR was investigated such as SFS online (SFS, 2021) who 

are the distributers and publisher of standards in Finland, FINLEX the Finish law (FINLEX, 

2015), IEC 61131-3 Programmable controllers-Part 3: Programming languages (IEC, 2013), 

and University of Helsinki course material about IPR (Pitkänen, 2002). The conclusion was that 

the standard is a document that is protected by copyright law, but the content is free for to 

follow and to implement the standardized components to Apros. This master’s thesis is not 

violating any IPR laws by implementing this library to Apros. Besides it is totally built up with 

Fortum own product to imitate the functionality of the standard blocks. Fortum is not copying 

the IEC 61131-3 standard or publishing anything from it, the objective is just to adapt 

recommendations and requirements that are presented in the standard to Apros in the best way. 

Secondly it is in the common interest in the automation domain that as many corporations as 

possible are committed to follow a common standards which also this master’s thesis is 

promoting.  

As mentioned before copyrights had to be clarified and how to proceed if we refer to IEC 

61131-3 standard text or tables when describing how the standard component should function, 

how they should appear visually, how to name the blocks, inputs and outputs and their data 

types and variables.  

There can be found at SFS www-site a guidance regarding the rights to use the standards in 

student projects (SFS, 2021). SFS recommendations and rules are as following: 

• SFS recommend that the student use the standard as a source, draw own diagrams or 

tables and cite the standard instead of copying content from the standard. 

• A citation or a reference must be marked with the complete designation, title and year 

of publication of the standard. 

• If the thesis or final project is commissioned by a business organization, the student is 

not permitted to give the commissioner any standards copied or downloaded using the 

SFS Online license of the educational institution in question. 
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• Standards may not be included in a thesis or final project as an appendix.  

These guidelines presented by SFS are clear and was followed in these master’s thesis. For this 

research IEC 61131-3 was purchased by Fortum from SFS-online. LUT students have not 

access to the IEC standards via the university library. 

6.2 What are the options for implementation 

There are four different options for implementing the automation components, the function 

blocks to Apros. None of the options exclude another, a mix of them is also a possible solution. 

The most preferable option is to implement to Apros all the presented function blocks without 

any outside help, but probably this option can’t be fully utilized. The different options for 

implementations are presented in sections 6.2.1 - 6.2.4. 

6.2.1 Import - function 

In this option a DLL (dynamically linkable library) file that includes a function is first made 

with an external program. Any programming tool can be used that supports implementing 

stdcall functions and building dynamically linkable (shared) libraries. A benefit with this is that 

the resulting software architecture is relatively simple. This is a major advantage especially if 

there are a large number of user made models to be included in simulation. (Technical Research 

Centre of Finland, 2005) Apros solver allows using external libraries During simulation. When 

the solver encounters an External Automation module, it will call one function in the DLL file 

specified by the user. A DLL may have several functions, but one External Automation module 

always call one function. All the functions have the same standard interface. The DLL is made 

using for example Microsoft Visual Studio. The DLL file that include C-code shall be copied 

to Apros workspace directory on the users HDD. Then the file can be imported to the Apros 

model. With User Component functionality the user adds an “External Automation”  symbol 

from Symbols view under AUT Equation. Then the analog inputs and output are connected to 

the “External Automation” component. Then a symbol is drawn for the new component, 

terminals added and then to add the symbol to the library. This option requires coding otherwise 

it is quite simple to implement by following the Apros tutorial, session 7 step by step (Fortum; 

VTT, 2020).  
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6.2.2 VTT source code 

This was an option that was not preferred in the first place for several reasons. This R&D project 

is driven by Fortum and the aim was to implement the component library without the help from 

outside Fortum. This kind of changes that are related to Apros source code modifications has 

traditionally always been the responsibility of VTT and Fortum does not have that kind of 

competence either at the moment. This was also the reason that why we were hoping to 

implement the library as a Apros User Component or make the components with C-code and 

import them. Another reason is that the scope of this master’s thesis would be too large and the 

objective is rather to crop this master thesis to a reasonable size so that it would not straggle too 

much and get too large in dimensions. This option for implementing the library was because of 

this excluded. Change in source code could be a case of further development if deemed 

necessary, but this is depending much on the results of this master thesis and if the usability of 

the new library that is been developed in this master’s thesis is in practice good enough.   

 

6.2.3 User component 

It is possible with Apros to build so called User Components. They are re-usable own structures 

consisting of basic Apros modules and other components. Configuration and use of user 

component instances is similar compared to basic modules, in addition that user components 

instances have their own substructure. In the Apros 6 Feature Tutorial the user components are 

wield in Session 7 (VTT and Fortum, 2019).   

By using user component functionality in Apros it would be possible to with relatively small 

effort build automatic components that correspond to IEC 61131-3 functions and function 

blocks and this will be further investigated in the following sections 6.3 and 6.4.  

 

6.2.4 OPC or ACL 

The Apros environment provides several alternatives for connecting external software to the 

simulation engine. OPC is an industrial de-facto communication standard that specifies a 

number of DCOM interfaces for the exchange of data. The benefit of OPC is that by using 

compliant tools one can link Apros data to be used in other software without any programming. 

ACL (Apros Communication Library) is a low-level library that enables any client 

software to give Apros commands and exchange data. This is built on top of the TCP/IP 

protocol. It is available on all hardware platform that Apros is available on. There are two types 
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of channels in ACL: command and data channel. The command channel accepts formatted 

ASCII data containing commands written in Apros command language. The data channels 

transfer data to and from Apros at very high rates. ACL is a good choice in case the custom 

made code needs to be implemented as a separate executable program, and if for some reason, 

the OPC interface cannot be used. Possible reasons are high performance requirements, a need 

of portability to other platforms than Windows, or a need to give Apros commands (Technical 

Research Centre of Finland, 2005). 

The OPC or ACL is not going to be utilized if it is possible to build the component library 

inside Apros or with import function. Otherwise OPC and ACL options has to be investigated 

in more detail. 

 

6.3 Approach to implementation and how this work can be done in Apros 

As the investigation of Apros components status was done in section 5 the systematic sorting 

and categorization followed so that the work related to the new components could be started. 

The IEC 61131-3 type of presenting and the categorization of the components was used as a 

guideline.  

 

6.3.1 IEC 61131-3 functions 

The components (functions and function blocks) that are presented in the standard had to be 

evaluated whether if it is possible to build them in Apros or not (table 6). In the standard there 

are listed following categories: 

 

Table 6. IEC 61131-3 standard function and function blocks in accordance with the standard (IEC, 2013). The 

table continues on the next page. 

Table Contents Section in the 

standard 

Possible to map to 

Apros 

28 Numerical and arithmetic functions 6.6.2.5.8 Yes 

29 Arithmetic functions 6.6.2.5.8 Yes 

30 Bit shift functions 6.6.2.5.9 Yes 

31 Bitwise Boolean functions 6.6.2.5.9 Yes 

32 Selection functions 6.6.2.5.10 Yes 

33 Comparison functions 6.6.2.5.10 Yes 

34 Character string functions 6.6.2.5.11 No 
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Table Contents Section in the 

standard 

Possible to map to 

Apros 

35 Numerical functions of time and 

duration data types 

6.6.2.5.12 No 

36 Additional functions of time data types 

CONCAT and SPLIT 

6.6.2.5.12 No 

37 Function for endianess conversion 6.6.2.5.13 No 

38 Functions of enumerated data types 6.6.2.5.14 No 

39 Validate functions 6.6.2.5.15 No 

40 Function block type declaration 6.6.3.2 No 

41 Function block instance declaration 6.6.3.3 No 

42 Function block call  6.6.3.4 No 

43 Standard bistable function blocks 6.6.3.5.2 Yes 

44 Standard edge detection function 

blocks 

6.6.3.5.3 Yes 

45 Standard counter function blocks 6.6.3.5.4 Yes 

46 Standard timer function blocks 6.6.3.5.5 Yes 

 

As explained in chapter 5 there are certain limitations on which functions and function blocks  

are possible to implement to the new Apros standard IEC 61131-3 library and this is why there 

is a “No” also in the table 6 column to the right. The main reason for this is the certain data 

types that are not supported by Apros. 

 

6.3.2 Justification for implementation 

Now that the component categories that are possible to implement to Apros was identified the 

next step was to try to start building them. This was planned to be done in first place with User 

Component functionality and the components that could not be done with User Component was 

intended to be coded with C-language with an external program and then imported to Apros.  

In general, a visualization of every component that was to be implemented had to be 

done separately in Apros. This was done with the help of User component Symbol functionality. 

Symbols can also be drawn with other programs and then imported to Apros. In Apros it is done 

with SVG markup. An example figure of SVG markup is presented in figure 20 of IEC 61131-

3 symbol ABS. 
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Figure 20. Example of  symbol “ABS” parameters. To the left is component frame, in the middle the 

text properties and on the right the new component appearance with input and output nodes added. 

 

In the end all the standard components were built in Apros because they were technically not 

that complex, mainly consisting of framed boxes, lines and text. Some adjustments had to be 

made so that the size would fit with Apros existing components if used together in automation 

diagrams.  The Apros drawing functionality is quite limited so if there is a desire to draw more 

complex symbols or blocks it would be advisable to use  another program. The work was started 

in logic order from the first IEC 61131-3 component table 28 that was going to be implemented. 

Tables from 34 to 42 was excluded from this work because it is s not possible to implement to 

Apros those presented functions from the standard at this stage. 

Building of a new component starts in practice from that the user choose from “User 

component” and then “NewUserComponent”. There are three tasks that has to be performed, 

usually in this order: Configuration, Symbol and Terminals, see figure 21.   

 

Figure 21. Configuration, Symbol and Terminals are tasks that has to be executed when building a new 

user component in Apros. 

In Configuration menu the substructure of the component is built and the desired properties are 

chosen. If all the steps to build a user component is done in Apros the new component is made 

of combining existing automation components or functions from Apros own existing 

component library. In the substructure the inputs and outputs to the component that is being 

built are marked with flags which in the end are connected as terminals to the user component. 

In the Symbol-menu the new symbol appearance properties like size, form, color, text like I/O 

names and the component name is implemented. Then inputs and outputs can be drawn with 

for example own pins if they are needed in the new component and where connection points, 

terminals are added. Then the terminals are mapped to the symbol from the “Terminals” folder. 

Apros automatically give names to the terminals, I/Os as they are drawn in the configuration 
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but the terminals can also be freely named by the user, which is preferable. The last thing to do 

is to select in which category of components in the Apros library the new component is going 

to occur in. New categories can be created by the user. For testing and simulating components 

a new Configuration has to be created that includes the components to be tested, see figure 22.  

 

Figure 22. Configuration menu, the environment where automation component or diagrams can be simulated. 

In the Configuration part Input and output signals are drawn to the new component and when 

the clock is started from the ‘Simulation control’-tab it also starts the simulation. The user can 

simulate inputs freely and test if the outputs correspond in the assumed way to the input signals 

and if not then user can go back to component configuration and make changes and test again. 

There is a comprehensive Apros tutorial “Apros 6 Feature Tutorial” including guidance in 

chapter 7 on how the User Component is created.   

 

6.3.3 Implementation of numerical and arithmetic functions from IEC 61131-3 table 28 

The first table to start with was the IEC 61131-3 table 28 that consist of twelve different 

numerical and arithmetic functions. 

The graphical presentation of the components is : , * are the I/O types. 

The arithmetic functions listed in the standard are (IEC, 2013): 

o General functions: ABS, SQRT 

o Logarithmic functions: LN, LOG, EXP 

o Trigonometric functions: SIN, COS, TAN, ASIN, ACOS, ATAN, ATAN2 

 

More explanations, properties, settings and details of the functions in table 28 are presented in 

Appendix B. In the Apros library user can find under EXE Boundary Condition category 

different types of so called Boundary Condition function blocks. The module 

BOUNDARY_CONDITION can be used to transfer values between database variables of 

Apros. The variable values are either transferred directly or the output values are calculated 

from a defined function. The module has several application possibilities. The types of the input 

and output variables may be integer, real, double precision or logical. (Fortum and VTT, 2020) 
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In this case by using one specific function Boundary condition, general function most 

of these numerical and arithmetic functions in table 28 could be implemented. Only the right 

function selection for each component had to be chosen in the properties of 

BOUNDARY_CONDITION(BC_FUNCTION = GENERAL). All the possible functions are 

listed in the table 7: 

 

Table 7. Boundary condition, general function functions. 

 

 

ABS function, logarithm functions and all trigonometric functions except ATAN2 were 

implemented with Boundary condition, general function. SQRT was implemented with Apros 

own Square root block. Function block ATAN2 was missing from Apros own library and had 

no equivalency in the existing library. ATAN2 function is to return 2-argument arctangent of 

the inputs. It was not possible to use User Component functionality to implement ATAN2 

block, it had to be coded with C-language in Visual Studio 2019 and then imported into Apros 

compatible dll-file. The dll-file is used in the Apros ready-made external automation module. 

The C-standard math.h-library has a atan2() function so this was relative easy to implement in 

the end.  

 

6.3.4 Implementation of arithmetic functions from IEC 61131-3 table 29 

IEC 61131-3 table 29 consist of seven different arithmetic functions. The graphical presentation 

of the component is in accordance with the standard: 

  

Figure 23. Graphical presentation of arithmetic functions. The I/O types are “ANY_NUM”. 

The arithmetic functions listed in the standard are (IEC, 2013): 
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o Extensible arithmetic functions: ADD, MUL 

o Non extensible arithmetic functions: SUB, DIV, MOD, EXPT, MOVE 

 

More explanations, substructure, properties, settings and details of the functions in table 29 are 

presented in Appendix C. Deviation from the standard is that only two different components 

were built for ADD and MUL, a two input and a five input component. The standard enable 

input amount from two to as many the user desire. Amount of inputs less than five works fine 

also in the ADD-5 and MUL-5 component as the component recognize how many inputs are 

connected and only takes all connected inputs into account in the calculation. Also two different 

MOVE blocks were built: one binary and one analogue. This was because standard variable 

type is ANY, but this is not a possible variable in Apros. The most difficult function block to 

build was the MOD (Modulo) that had to be composed from Apros existing components. After 

a few trying, learning and mistakes the final outcome is presented in figure 24.  

 

Figure 24. Configuration of MOD (Modulo) function in Apros. 

 

The block structure: The function block is built from a Apros ready-made boundary condition, 

general function block, two adders, a divider and a multiplier. MOD_INPUT_1 is the numerator 

and MOD_INPUT_2 is the denominator of the modulo. Value -0,5 is added to the result of the 

division to ensure that the boundary condition, general function block round out to the nearest 

smaller integer, otherwise it rounds to the nearest integer. The nearest smaller integer is then 

multiplied with the denominator. The result is reduced from the numerator to get the remainder. 

The boundary condition, general function module attribute properties shall be set to: 

“BC_FUNC_NUMB(1)=13” to round the integer. 

Another component that needed some improvement before it was ready for usage was 

the EXPT (Exponentation). At first there was a problem how to key in the exponent to the user 

component direct without having to go to component substructure. This could be avoided with 

the help of a value transmitter and a gain component. By adding them to the boundary 
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condition, power function and by doing some fine tuning the exponent could then be given 

directly from the user component without having to open the substructure.   

 

6.3.5 Implementation of bit shift functions from IEC 61131-3 table 30 

IEC 61131-3 table 30 consist of four different bit shift functions. The graphical presentation of 

the component is in accordance with the standard: 

  

Figure 25. Graphical presentation of bit shift function. The I/O types are “ANY_NUM and ANY_INT”. 

The bit shift functions listed in the standard are (IEC, 2013): 

o SHL, SHR, ROL, ROR 

Explanation of the abbreviations:  

SHL= Shift left,  SHR = Shift right 

ROL= Rotation left,  ROR= Rotation right 

Below is some examples of the bit shift functions to make clear what these functions actually 

do: 

If the original bit array would be a 8 size “0001_1001” and bit shift would be “3” then the 

functions would return; 

SHL = 1100_1000 

SHR = 0000_0011 

ROL = 1100_1000 

ROR = 0010_0011 

Apros does not have any ready-made components to use for the bit shift functions so all these 

four functions were coded in C-programming language in Visual Studio 2019 and compiled 

into an Apros compatible dll-file  and then imported to Apros. More details about the functions 

and settings are presented in the appendix C. 

 

6.3.6 Implementation of Bitwise Boolean functions from IEC 61131-3 table 31 

The IEC 61131-3 table 31 consist of the Bitwise Boolean functions. The graphical presentation 

of the component is in accordance with the standard: 



65 

 

 

 

  

Figure 26. Graphical presentation of Bitwise Boolean functions. The I/O types are “ANY_NUM”. 

The Bitwise Boolean functions listed in the standard are (IEC, 2013): 

o And (AND), Or (OR), Exclusive Or (XOR), Not (NOT) 

Deviation from the standard is that only two different components were built for AND, OR, 

and XOR, a two input and a five input components. The standard enable input amount from 

two to as many the user desire. Amount of inputs less than five works also fine in the AND-5 

and in the OR-5 component versions as the component recognize how many inputs are 

connected and only takes these inputs into account in the calculations. Only the XOR-5 does 

not support this functionality that AND-5 and OR-5 do, there has to be all five inputs connected 

in the five input version for the right output value. NOT has only one input and one output, as 

it has in the standard. More explanations, substructures, properties, settings and details of the 

functions in table 31 are presented in appendix D. 

 

6.3.7 Implementation of selection functions from IEC 61131-3 table 32 

The IEC 61131-3 table 32 consist of different type of selection functions. All six selection 

functions graphical appearance is a bit different from each other in accordance with the 

standard: 

                                   

 

 

Figure 27. Graphical presenation of MOVE, SEL MAX, MIN, LIMIT, MUX functions. 

 

The selection functions listed in the standard are (IEC, 2013): 

o MOVE, SEL, MAX, MIN, LIMIT, MUX 

More explanations, substructures, properties, settings and details of the functions in table 32 

are presented in appendix E. The standard IEC 61131-3 present the elementary data types in 
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table “10 -Elementary data types”. It is not possible to use in Apros all the different data types 

that are listed in that table which make a deviation to the standard. The possible data types in 

Apros are presented in section 5. The data type ANY that is used in MOVE and SEL functions 

present generic data types. When ANY is used the input and output shall be of the same data 

type and the hierarchy of ANY data types are presented in the IEC 61131-3 standard figure 5. 

Apros existing functions were used to compose standard functions SEL, MAX, MIN and LIMIT 

but the MUX did not exist and it had to be built from multiple Apros components. The 

configuration is presented in figure 28:  

 

Figure 28. Function MUX substructure. 

There are maximum of eight channels to use with Apros binary selection component (the block 

at the top) but in this configuration user can only give values to input variable ‘K’ from 0 - 4. 

MUX is built from Apros component adder, binary selection and five analog switches that are 

connected in series. Every analog switch is then connected to its own channel in the binary 

selection component. This way by giving input variable “K” a value between 0 - 4 the selected 

input signal from channels 1-5 is coming thru to the output signal. Adder adds +1 to the given 

input value to meet the standard as the standard require that ‘K’ minimum input value is zero. 
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6.3.8 Implementation of comparison functions from IEC 61131-3 table 33 

The IEC 61131-3 table 33 consist of different type of comparison functions. All the six 

comparison functions appearance is of similar type. The graphical presentation is in accordance 

with the standard (IEC, 2013):  

 

Figure 29. Graphical presentation of comparison functions. 

 The Comparison functions listed in the standard are (IEC, 2013): 

o GT (>), GE (>=), EQ (=), LE (<=) , LT (<), NE (<>) 

More explanations, substructures, properties, settings and details of the functions in table 33 

are presented in appendix F. The standard IEC 61131-3 present the elementary data types in 

table “10 -Elementary data types”. It is not possible to use in Apros all the different data types 

that are listed in that table which make a deviation to the standard. The possible data types in 

Apros are presented in chapter 5.1. 

There was not found any ready-made functions for the comparison functions presented 

in the standard IEC 61131-3, they had to all be compose from different existing components. 

This was quite challenging but after some testing and changing of the configuration they all 

work finally right. All other functions but not NE (Not equal) was built a two and a five input 

version. These five input components does not need to have all inputs connected to work right. 

The basic components for all of these functions construct of adder and limiter that are in 

existing Apros library: 

  

Figure 30. Apros adder and limiter components. 

On the next page is an example of a five input GE (greater than ≥) configuration that is 

constructed from Apros existing components, figure 31:  
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Figure 31. Configuration of greater than (≥) function. Used Apros blocks are: branch, adder, limiter, 

and and.  

 

The input signal GE_IN2 is subtracted from GE_IN1 and the result is entered to the limiter to 

check if the result is greater or equal to 0 and if so then the limiter output is true, otherwise it is 

false. Next the GE_IN3 is subtracted from GE_IN2 and so on until the last calculation when 

GE_IN5 is subtracted from GE_IN4 is done. All the output signals from the limiters are 

connected to an AND-5 component and if all the inputs are true then the circuit output is also 

true. 

 

6.3.9 Implementation of standard bistable function blocks from IEC 61131-3 table 43 

The IEC 61131-3 table 43 consist of four different type of standard bistable function blocks, 

but when looking closer at the functionalities there is actually just two different kind of function 

blocks SR and RS, only the naming of the inputs deviates as can be seen from figures 31 and 

32. All the four bistable function blocks appearance are of different type. The graphical form is 

in accordance with the standard (IEC, 2013): 

            

Figure 31. Bistable function block SR (set dominant) with short and long input names. 

            

Figure 32. Bistable function block RS (reset dominant) with short and long input names. 
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From Apros automation component library was found ready-made function blocks for these 

functions so the only thing to do was to draw the component to Apros in accordance with the 

standard and add it to the Apros IEC 61131-3 component library. More explanations, 

substructures, properties, settings and details of the functions in table 43 are presented in 

appendix G. 

 

6.3.10 Implementation of standard edge detection function blocks from IEC 61131-3 table 44 

The IEC 61131-3 table 44 consist of two different type of standard edge detection function 

blocks. The standard edge detection function blocks listed in the standard are (IEC, 2013): 

o the R_TRIG and the F_TRIG 

, as can be seen from figure 33. The two bistable function blocks appearance are almost the 

same, only the block name is different. The graphical form  in accordance with the standard is: 

                 

Figure 33. The function blocks R_TRIG and F_TRIG in accordance with the standard. 

 

These standard function blocks does not deviate in Apros from the standard IEC 61131-3. Apros 

component library have a ready-made pulse block that could be used for R_TRIG, only the 

component properties had to be revised to function in accordance with the standard. 

 

Figure 34. The substructure of F_TRIG that is made of pulse -block. 

 

F_TRIG was built also with pulse block, but a NOT block had to be connected to the pulse 

input.  

 

Figure 35. The substructure of R_TRIG that is made of pulse and NOT -block. 

 

More explanations, substructure, information about validation, properties, settings and details 

of the functions in table 44 are presented in appendix H. 
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6.3.11 Implementation of standard counter function blocks from IEC 61131-3 table 45 

The IEC 61131-3 table 45 consist of three different type of standard counter function blocks: 

Up-counter, Down-counter and Up and down counter and some variations regarding naming 

the component, but that does not have an effect on the inputs, outputs or the functionality of the 

function block. The standard counter function blocks listed in the standard are (IEC, 2013): 

o CTU, CTD and CTUD 

The standard counter function blocks graphical appearance are all a bit different from each 

other. The graphical presentation of counters in accordance with the standard are: 

    

Figure 36. Graphical presentation of Up-counter, Down-counter and Up and down counter blocks. 

None of these function blocks or even close were found in Apros component libraries which 

lead to that they all had to be composed from existing components or coded with c-

programming language. To build these counters was probably one of the most time consuming 

of all function blocks that had to be composed. Figure 37 presents the configuration of the CTU 

function block. There was quite a lot of Apros components and parameters to evaluate and to 

set to get it to work as desired. 

 

Figure 37. Configuration of CTU with components used from Apros automation library. 

 

The CTU function block is built of Apros blocks pulse, BA converter, divider, adder, boundary 

condition general function and limiter. The operating principle is that counter input pulse ‘CU’ 

adds the counter value by 1. ‘R’ resets the output ‘Q’ and the counter value ‘CV’ to zero. Preset 
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value ‘PV’ is user defined. The counter is implemented with Apros function block 

BA_CONVERTER which is made of a rising time gradient Δt that have minimum length of 20 

steps. Some adjustments hade to be done to get the counter steps to be 1,2,3,…,n. as they 

logically should be. A divider was added to the BA_CONVERTER output that has a constant 

denominator of ‘20’ that solved the problem. ‘Q’ indicates that the upper limit value is reached 

and it is set to true when ‘CV’ reaches the ‘PV’ value. The boundary condition, general function 

was added in the to make sure the output is always a integer.  

CTD configuration resembles a lot the CTU but some modifications had to be done to 

get it work as desired. The adder was deleted and a multiplier was added to the BA converter 

input, figure 38.   

Figure 38. The Down-counter CTD configuration with components used from Apros automation library. 

 

CTD operation principle is as following: Input pulse ‘CD’ decrements the counter value by 1. 

‘LD’ resets the output ‘Q’ and the counter value ‘CV’ to a user defined value, that is the ‘PV’ 

value. The counter is implemented with Apros function block BA_CONVERTER which is 

made of downward time gradient -Δt and it have a minimum of 20 units. Some adjustments 

hade to be made and a divider was added to BA_CONVENTER output that has a constant 

denominator value of ‘20’ that corrects the counter value output value to: n, n-1, n-2, ..and so 

on. ‘Q’ is set to true when ‘CV’ reaches zero. 

The CTUD configuration is a combination of CTU and CTD with some added 

components to get it work as desired, figure 39 on the next page: 
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Figure 39. The Up and Down counter CTUD configuration with components used from Apros 

automation library. 

 

The operation of the CTUD: Input counter up pulse ‘CU’ adds the counter value by 1. Input 

pulse ‘CD’ decrements the counter value by 1. Input ‘R’ resets the counter value ‘CV’ to zero. 

Preset value ‘PV’, the upper limit of up counter is user defined and ’LD’ reset to initial value 

from where down counter starts counting down. The counter is implemented with Apros 

function block  BA_CONVERTER which has a rising or downward time gradient Δt of a 

minimum of 20 units. Some adjustments hade to be done to get the counter steps up to be 

logical: n, n+1,n+2,n+3,…,n+x or down: n, n-1, n-2, n-3,..0. A divider was added to 

BA_CONVERTER output that has a constant denominator value of ‘20’ to correct the error at 

the counter output ‘CV’. The output ‘QU’ is set to true when output ‘CV’ reaches the ‘PV’ 

value. When upper limit ‘PV’ is reached the counter stops counting up pulses and when lower 

limit (that is zero) is reached the down counter stops counting more down pulses. Boundary 

condition general function is needed to ensure that rounding of output ‘CV’ value is to the 

nearest integer, same as was in the CTU and CTD components. More explanations and 

information about configuration, validation and properties and settings of the functions in table 

45 are presented in appendix I. 

 

6.3.12 Implementation of standard timer function blocks from IEC 61131-3 table 46 

The IEC 61131-3 table 46 consist of three different type of standard timer function blocks: 

Pulse Timer, On Delay Timer and Off Delay Timer and then there are some variations regarding 

different type of  time-variables used in the components input (PT) and output (ET). 

The standard timer function blocks listed in the standard are (IEC, 2013): 
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o TP, TON and TOF 

The standard timer function blocks graphical appearance are different from each other only by 

block name. The graphical presentation of counters in accordance with the standard are: 

                   

Figure 40. Graphical presentation of Pulse Timer, On Delay Timer and Off Delay Timer function blocks. 

 

Apros has no ready-made function blocks for these IEC 61131-3 standard timer function blocks 

so they all had to be composed of existing functions or function blocks that could be found in 

the Apros component library. The TP, TON and TOF blocks configuration were naturally a bit 

different from each other but the basic structure is built around a Apros timer function block. 

As an example of standard time function block figure 41 present the TP block configuration. 

 

Figure 41. Configuration of Pulse timer. TP block is composed from Apros blocks analog branch, pulse, 

and, not, timer and a limiter. 

 

Operation principle of TP configuration: Input ‘IN’ activates the input preset time ‘PT’ that is 

user defined. ‘PT’ defines Δt that is the time for the pulse to rise. The clock stops when the ‘PT’ 

time is full and ‘IN’ is true otherwise if *IN’ is false the time pulse reset and changes back to 

‘0’s. The output ‘Q’ is true at the Δt time, that is the ‘PT’ time, otherwise ‘Q’ is false. The 

limiter that limits the ‘PT’-time to output ‘ET’ was added afterwards because for some reason 

the clock always stopped at + 0,2 s later than the ‘PT’-time was set to. This delay most probably 

cased from that the signal goes thru the NOT and the AND block that are in series and these 

two together caused a small delay to output ‘ET’ before this was fixed. This theory supports 
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that explanation as TON function block had not this same problem and there the NOT blocks 

that are connected here to AND block inputs are missing.  

More explanations and information about configuration, validation and properties and 

settings of the functions presented in table 46 are presented in appendix J. 

 

6.4 Verification and validation of the implemented standard components 

6.4.1 Design solutions for verification 

Software is defined as correct if it behaves according to its requirements. Assurance of software 

correctness is sought usually both via program testing and analytically through formal 

verification techniques. What can make the testing difficult is if there are flaws in software 

requirements or assurance techniques. Then it is possible that the software may not perform as 

intended, even after it is correctly implemented. Possibility of flaws in system requirements or 

assurance techniques is not unique to software. This is the reason why diversity has been 

required in protection systems even since the early days of nuclear power plant deployment 

(IAEA, 2011). 

The verification of functions and function blocks that where implemented to Apros in 

accordance with IEC 61131-3 standard had to be categorized and sort up to ease up the 

validation process. The functionality of the components that has been studied in this master’s 

thesis is that much versatile in the different categories of  IEC 61131-3  functions and function 

block tables, that all of them could not be verified and validated with the same method.  

In the standard for logic components such as Bitwise Boolean functions (table 31) was 

used truth tables. For timers (table 46), standard edge function (table 44) and counters (table 

45) Apros graphs were compared to graphs presented in the standard. For mathematical and 

arithmetic functions (tables 28 and 29) the functionalities are based on general common rules 

and the block definitions are only defined by IEC. Bit shift functions (table 30) validation was 

done more of random type test rather than a comprehensive testing. Selection functions (table 

32) was tested comprehensive and compared against explanations and examples that are 

represented in the standard tables for each one of functions. The same method was also utilized 

when validating comparison functions (table 33) and bistable function blocks (table 43). 

 

6.4.2 Functionalities and functions that are tested against the standard: 
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a) Bit shift functions table 30 

The corresponding components are presented in section 6.3.5 and in more detail in appendix 

D. The correct functionalities was tested as random samples against standard table 30 

explanations and examples, the bit shift with Microsoft Excel and with online tools 

(https://onlinetoolz.net/bitshift ) the rotation tools was utilized.  

SHL: Shift left, shifts an integer value by N bits to the left 

SHR: Shift right, shifts an integer value by N bits to the right 

ROL: Rotation left, left-rotated an integer value by N bits, circular 

ROR: Rotation right, right-rotated by N bits an integer value, circular  

Conclusion: Bit shift functions operates in Apros according to the standard otherwise but 

the data types are of generic data type ANY_BIT and ANY_INT that are not supported by 

Apros (table 2). Apros use only analog or binary data types. However, according to standard 

table 21 typing of function inputs and output may be used instead of overloaded, generic 

data type. For example ‘Shift left’ SHL component name could be given SHL_INT to type 

the input and output to integer.    

 

b) Selection functions table 32 

The corresponding components are presented in section 6.3.7 and in more detail in appendix 

F. 

MOVE: move explanation is in ST language according to the standard ‘OUT:=IN’ (output 

value is the same as the input value).  

Conclusion: MOVE operates in Apros according to the standard otherwise but the generic 

data type ANY is missing from Apros (table 2). Correct presenting would be typing the 

function name to MOVE_REAL which the standard table 21 allows and change input and 

output to REAL data type.  

SEL: Binary selection function input G is of BOOL data type which means that it can have 

only two states. These two states select which of the input IN0 or IN1 is selected to the 

output. 

Conclusion: SEL function operates in Apros according to the standard otherwise but the 

generic data type ANY (inputs: IN0 and IN1) is missing from in Apros (table 5.1).      

MAX: Extensible maximum function returns the highest of input values to the output.  
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Conclusion: MAX function operates in Apros according to the standard otherwise but as the 

standard does not define the amount of inputs a decision was made that presented is one 

MAX block with five inputs. All inputs need not to be connected but a minimum of two is 

naturally required. Generic data type ANY_ELEMENTARY presented in standard is 

missing from Apros (table 2). Correct way presenting the function would be using a typed 

function name MAX_REAL that standard table 21 allows and change input and output to 

REAL data type.   

MIN: Extensible minimum function returns the lowest of input values to the output.  

Conclusion: MIN function operates in Apros according to the standard otherwise but as the 

standard does not define the amount of inputs a decision was made that presented is one 

MIN block with five inputs. All inputs need not to be connected but a minimum of two is 

naturally required. Generic data type ANY_ELEMENTARY presented in standard is 

missing from Apros. Correct way presenting the function would be using a typed function 

name MIN_REAL that standard table 21 allows  and change input and output to REAL data 

type.   

LIMIT: Limiter function is to returns a input value limited to a maximum or minimum to 

output.  

Conclusion: LIMIT function operates in Apros according to the standard otherwise but 

generic data type ANY_ELEMENTARY presented in standard is missing from Apros              

(table 2). Correct way presenting the function would be using a typed function name 

LIMIT_REAL which the standard table 21 allows and change inputs and output to REAL 

data type.    

MUX: Extensible multiplexer function output have one state depending on the five different 

input values that is chosen in to input ‘K’.  

Conclusion: MUX function operates in Apros according to the standard otherwise but as the 

standard does not define the amount of inputs a decision was made that there is presented 

one MUX block with five inputs. All inputs need not to be connected to operate right. 

Generic data type ANY_ELEMENTARY presented in standard is missing from Apros 

(table 2). Correct way presenting the function would be using a typed function name 

MUX_REAL which the standard table 21 allows and change inputs and outputs to REAL 

data type and change ‘K’ as converted data type from REAL_TO_ INT.    
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c) Comparison functions table 33 

The corresponding components are presented in section 6.3.8 and in more detail in appendix 

G. The function block inputs are according to standard of generic data type 

ANY_ELEMENTARY which is missing from Apros (table 2). The input data types can be 

typed to REAL to meet the standard (ANY_TO_REAL). Output is of data type BOOL that 

corresponds to Apros binary signal. The standard do not limit the amount of inputs in these 

blocks but for practical reasons inputs are limited to a two and a five input block except for 

the NE function block that has only a two input version, as in the standard is presented. In 

the five input blocks a minimum of two inputs must naturally be connected and the next 

input to connect should be the next below of the previous connected input to work correctly. 

GT: Greater than [>]. The two input block version checks if the upper input is greater than 

the lower input and then return either true or false to the output. In the five input version 

the block compare the input values from top to bottom in a decreasing sequence.  

GE: Greater or even [>=]. The two input block version checks if the upper input is greater  

or even than the lower input and then return either true or false to the output. In the five 

input version the block compare the input values from top to bottom in a monotonic  

sequence. 

EQ: Equal to [=]. The two input block version checks if the upper input and the lower input 

are equal and then return either true or false to the output. In the five input version the block 

compare the input values equality.  

LE: Less than or equal[=<]. The two input block version checks if the upper input is less 

than or even than the lower input and then return either true or false to the output. In the 

five input version the block compare the input values from top to bottom in a monotonic 

sequence.  

LT: Less than or even [<]: The two input block version checks if the upper input is less than 

the lower input and then return either true or false to the output. In the five input version 

the block compare the input values from top to bottom in a increasing sequence.  

NE: Not equal to [<>]. This function checks if the values that are connected to the inputs 

have inequality and then return either true or false to the output.  
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Conclusion for comparison functions: all the comparison functions operates in accordance 

with the standard except for the data types presented in the standard that are missing from 

Apros, but this can be corrected by typing the inputs to ‘ANY_TO_REAL’ which then 

corresponds to Apros analog signal. 

d) Standard Bistable functions table 43 

The corresponding components are presented in section 6.3.9 and in more detail in appendix 

H. The block inputs and output is of data type BOOL that corresponds to Apros binary 

signal. 

SR: Set dominant bistable function block. The output can be set or reset by applying a true 

signal to the input S1 or R. S1 sets the output Q1 and R resets the output. The output 

indicates, which one of the two input signals was most recently in true state. When both 

inputs are true the output is true. 

RS: Reset dominant bistable function block. The output can be set or reset by applying a 

true signal to the inputs S or R1. Input S sets the output Q1 and R1 resets it. The output 

indicates, which one of the two input signals was most recently in true state. If both inputs 

are in true state the output will be false. 

Conclusion: Both SR and RS functions operates in accordance with the standard. 

e) Standard edge detection functions table 44  

The corresponding components are presented in section 6.3.10 and in more detail in 

appendix I. The block inputs and output is of data type BOOL that corresponds to Apros 

binary signal. 

R_TRIG: The R_TRIG standard function block detects a rising edge on the input CLK and 

change output Q from false to true for a pulse length. The standard has no graph presented 

for R_TRIG but below is a graph (figure 39) from Apros that shows the principle of block 

functionality. 
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Figure 42. Graph presenting R_TRIG functionality on time scale. 

F_TRIG: The F_TRIG standard function block detects a falling edge on the input CLK and 

change output Q from false to true for a pulse length. The standard has no graph presented 

for F_TRIG but below is a graph figure 43 from Apros that shows the principle of block 

functionality. 

 

 

Figure 43. Graph presenting F_TRIG functionality on time scale. 

Conclusion: Both R_TRIG and F_TRIG functions operates in accordance with the standard. 

 

a) Standard Counter functions table 45 

The corresponding components are presented in section 6.3.11 and in more detail in 

appendix J. The function block inputs and outputs are according to standard of data type 

BOOL (CU, R and Q) and INT (PV) and these are corresponding to binary signal and analog 

signal that is in attributes changed to integer (table 2). The standard has no graphs presented 

for counters but as graphs are very informative the validation was done with help of graphs 

made with Apros. The graphs were then compared with the standard IEC 61131-3 table 45 

column ‘function block body’ that is presented in ST language. The tested counter function 

blocks that are presented in the standard are: 

CTU (Up counter): 

The CTU function block counts rising edges until a preset limit is reached. The graph on 

the next page, figure 44 is for verification of the CTU functionality. 
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Figure 44. CTU graph on functionalities on time scale. 

 

CTD (Down counter): 

The CTD function block decrements a count for each rising edge until the count reaches 

zero. The graph below in figure 45 is for verification of the CTD functionality . 

 

Figure 45. CTD graph on functionalities on time scale. 

 

CTUD (Up and down counter): 

The CTUD combines the functionality of the CTU and CTD to form a flexible Up/Down 

counter. The graph below figure 46 is for verification of the CTUD functionality. 
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Figure 46. CTUD graph on functionalities on time scale. 

 

Conclusion: When comparing the Apros made graphs to the ‘function block body’ column 

presentation in table 45 of the standard that explains by code how the function blocks should 

operate they all CTU, CTD and CTUD operate in accordance with the standard. 

 

f) Standard timer function table 46  

The standard IEC 61131-3 has included reference graphs but as IEC has forbidden to copy 

and publish anything directly from the standard because of copyright issues here is 

presented only graphs made with Apros as models. The corresponding components are 

presented in this master thesis in section 6.3.12 and in appendix K. The block inputs and 

outputs is of data type BOOL that corresponds to Apros binary signal and TIME that is 

corresponding to Apros time that is available in attributes. 

Below in figure 47 is TP-graph implemented with Apros: 

 

Figure 47. Graph of TP on time scale when PT was set to 5 s. 
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The graph present how the TP function operates. No matter how long the ‘IN’ pulse is, the 

timer still does the preset time ‘PT’ from 0 s to ‘ET’ and the ‘Q’ is true as long as ‘ET’ is 

rising. If ‘IN’ is false at the end of ‘ET’ time period then clock reset to 0 s, else it stops at 

‘ET’ time. 

In figure 48 is presented TON-graph implemented with Apros: 

 

Figure 48. Graph showing TON functionality on time scale when PT was set to 5 s. 

 

The graph present how the TON-function operates. As long as the ‘IN’ pulse is true the 

timer does the preset time ‘PT’ from 0 s to ‘ET’ and after this ‘Q’ is true as long as ‘IN’ is 

also true. If ‘IN’ is false at any time then the ‘ET’ reset to 0 s and stays 0 s as long as ‘IN’ 

is false. 

Below figure 49 is presented TOF- graph implemented with Apros: 

 

Figure 49. Graph showing TOF functionality on time scale when PT was set to 5 s. 

 

The graph presents how the TOF-function operates. As long as the ‘IN’ pulse is false the 

timer does the preset time ‘PT’ from 0 s to ‘ET’ and after this ‘Q’ change to false, otherwise 
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‘Q’ is true. If ‘IN’ is false at any time then the ‘ET’ start to count time from 0 s otherwise 

‘ET’ is zero.  

Conclusion: the standard timer functions operate in accordance with the standard. 

 

6.4.3 Functions that are not tested against the standard 

The functionalities of the mathematical functions are based on general common rules and only 

the block definitions are defined by IEC. 

 

a) Mathematical functions table 28 

The corresponding components are presented in section 6.3.3 and in more detail in appendix 

B. All the mathematic functions where tested with Microsoft Excel and Calculator more of 

random type tests rather than comprehensive testing. The tested standard functions where: 

General functions: 

ABS (X) Absolute value  

SQRT (X) Square root 

Logarithmic functions: 

LN (X)  Natural logarithm 

LOG (X) Logarithm base 10 

EXP (X) Natural exponential 

Trigonometric functions: 

SIN (X) Sine 

COS (X) Cosine 

TAN (X) Tangent 

ASIN (X) Arcsine 

ACOS (X) Arccosine 

ATAN (X) Arctangent 

ATAN2 (X,Y) 2-argument arctangent 

Conclusion: All the mathematical functions operate in Apros according to the standard or  

as in general common rules otherwise but generic data type ANY_NUM or ANY_REAL 

presented in standard is missing from Apros (table 2). Apros data type is analog signal and 

by changing inputs and outputs to “FUNCTION NAME”_ REAL by typing them (see table 

21 in the standard) the standard would be followed. Notice, that in Microsoft Excel the 

variables (x,y) are named in opposite order in the ATAN2 function. 
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b) Arithmetic functions table 29 

The corresponding components are presented in section 6.3.4 and in more detail in appendix 

C. The standard does not specifically take stand to how the arithmetic functions shall operate 

because they are based on general common rules excluding MOVE which operation is to 

give the output value the same value as the input value (in ST-language: OUT:=IN). All the 

arithmetic functions where tested with Microsoft Excel and calculator more of random type 

rather than a comprehensive testing. The tested standard functions where: 

ADD Addition 

MUL Multiplication 

SUB Subtraction 

DIV Division 

MOD Modulo 

EXPT Exponentiation 

MOVE Move  

Conclusion: All the arithmetic functions operates in Apros according to the standard 

otherwise but generic data type ANY_NUM presented in standard is missing from Apros 

(table 2). Apros data type is analog signal and by changing inputs and outputs to 

“FUNCTION NAME”_ REAL by typing them (see table 21 in the standard) the standard 

would be followed.  

 

c) Bitwise Boolean functions table 31  

The corresponding components are presented in paragraph 6.3.6 and in more detail in 

appendix E. The function block inputs and outputs are according to standard of generic data 

type ANY_BIT but this is a data type that is missing from Apros (table 2). Apros uses binary 

signal that corresponds to BOOL data type. Truth tables where used to test and validate the 

functionality of the Bitwise Boolean functions.  The tested functions where: 

AND Logical And 

OR Logical Or 

XOR Logical Exclusive Or 

NOT Logical Not 

Conclusion: All the logic functions operates in Apros according to the standard otherwise 

but generic data type ANY_BIT can’t be used. By typing the functions to “FUNCTION 

NAME_ BOOL” that correspond to Apros binary signal this can be fixed.  The standard 

does not limit the amount of inputs except for NOT function that has only one input. In 

Apros this problem was solved by two different types of blocks, a two input and a five input 
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version. Both AND, OR and XOR blocks have minimum input of two signals except for the 

XOR-5 has to have all five inputs connected to give the correct output value. 

 

6.4.4 Design testing with new components  

Below is presented some general automation diagrams that are made using IEC 61131-3 

components. First there is a pump start diagrams that checks if there is flow in the pipeline so 

that the pump don’t run dry and second example is a lagged pump start with alarm that shuts it 

down.  

This first example (figure 50) is from Schneider Electric of a pump start that starts a  

timer (20 s) from the Start pulse. If flow is not present within TON set time it locks out the 

pump to avoid breaking it otherwise it lets the pump run. If the lockout becomes present the 

control circuit has to be Reset to start the pump again. 

 

Figure 50. Example of an pump start diagram done in accordance with components from IEC 61131-3 

(Schneider electric).  

 

Figure 51. The same pump start diagram as in figure 50 constructed and tested with Apros. 
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Another example (figure 52) of a pump start diagram. This has self-control and lag for the pump 

to start after the engine, for example a generator is first started. If Alarm or Stop becomes true 

then the pump stops.   

  

Figure 52. The left figure shows a reference model of a pump start build with IEC 61131-3 components 

(Jamro & Rzoneca, 2013). The right figure was built with Apros IEC 61131-3 components and tested.  

 

Below is an example F.2 from IEC 61131-3 2nd  edition, that is the old edition of the standard. 

This example is deleted from the 3rd edition. Example function block CMD_MONITOR 

illustrates the control of an operative unit which is capable of responding to a Boolean command 

(the CMD output) and returning a Boolean feedback signal (the FDBK input) indicating 

successful completion of the commanded action. The function block provides for manual 

control via the MAN_CMD input, or automated control via the AUTO_CMD input, depending 

on the state of the AUTO_MODE input (0 or 1 respectively). Verification of the MAN_CMD 

input is provided via the MAN_CMD_CHK input, which must be 0 in order to enable the 

MAN_CMD input.  

If confirmation of command completion is not received on the FDBK input within a 

predetermined time specified by the T_CMD_MAX input, the command is cancelled and an 

alarm condition is signaled via the ALRM output. The alarm condition may be cancelled by the 

ACK (acknowledge) input, enabling further operation of the command cycle (IEC, 2003).  

The body of function block CMD_MONITOR  (figure 53) in the FBD language: 
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Figure 53. Diagram of CMD_MONITOR in FBD (IEC, 2003). 

 

Figure 54. Diagram of the same CMD_MONITOR function made with Apros IEC 61131-3 components. 

 

The same diagram (figure 54) was copied and built up with the new IEC library in Apros.  

 

6.4.5 Results of the testing 

The tested functions in section 6.4 brought out differences between functionalities in the 

standard functions compared to the ones that have now been added to Apros new library. A few 

differences were more or less repetitive as if the properties of Apros components. This is caused 

by the data type limitations in Apros that in the first place also is one reason why all the function 

blocks that are presented in the standard tables are not possible to bring to Apros standard 

library. The tables that had functions that were possible to compose to Apros, still often were 

presented with these generic data types, that also are called overloaded in the inputs and outputs 
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of the blocks that Apros do not recognize. Often only because of this reason it could not be 

declared that the component in Apros fully meet the standard. However the standard gives the 

possibility to define in such cases the data type to a specific one by adding the data type to the 

name of the block and adding a underscore. Also one input data type can be changed to another 

by typing in an own block that is connected to the input “datatype1_to_datatype2”. An example 

of this is presented in table 21 of the standard (IEC, 2013). For example if we have the ADD 

function the standard presents that  the inputs and outputs are of type ANY_NUM. This can be 

changed to a so called ’Typed function’ by giving the block name ‘ADD_INT’ instead of 

‘ADD’ and then the inputs and outputs has to be changed also from ‘ANY_NUM’ to specific 

data type ‘INT’ to meet the standard. 

Another difference and that was also more or less repetitive was that many of the 

function inputs were extensible and the amount was not limited by any number. This caused a 

bit of problems because there had to be done some kind of compromise of how many of the 

same kind of components with different amount of inputs was reasonable to have in the IEC 

61131-3 library. The decision was then made that there will be presented in the first place a two 

and a five input versions of the same type of component. Of course the new library can also be 

complemented easily afterwards with more variants or customized blocks with “n” amount of 

inputs with the User component functionality but it won’t solve the problem permanently. This 

is perhaps an issue that needs still more investigation or evaluation, that at which point is the 

standard requirements fulfilled with different kind of same functionality components. In 

appendix L is presented the deviations from the standard components. 

 

6.5 The versatility of the solution and usability 

The new standard library is very easy to use in general as has been the existing component 

library. There is nothing new in that sense. When starting a new automation configuration it is 

very easy and fast to just drag and drop the components to the diagram, connect components 

with signal lines and, type in the parameters to components and start the simulation. At the 

moment all of the components are under the same menu in alphabetic order but this is not 

necessary or the most ideal solution (see appendix A). Perhaps it would be more clearer for the 

user if components would be in their own categories like the tables are categorized in the 

standard, but this can easily be changed after words when more feedback from users have been 

received.  
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The help menu has not yet been updated with guides for these new automation components 

but that is to be done in the near future. The deviations compared to the standard is also going 

to be taken into account. Otherwise a reference could just be added to the IEC 61131-3 standard 

from where the user could check the functionalities from, but this cannot be done now. Quite 

many of the standard functions could be implemented but unfortunately not all of them. Still 

when taken into count logic diagrams that are used in Loviisa NPP this library components will 

serve very well.  

To the basic logic diagrams drawn with the new IEC 61131-3 components, the user can 

add devices like pumps, actuators, fans, etc. from the existing Apros libraries and combine these 

new and old components. It is also possible to add customized components to the library for 

example if the five input versions that where made of some components are not usable in some 

project then new corresponding components can be built that have the desired amount of inputs. 

The target was to be able to print out diagrams that are in accordance with the standard and 

from the print it would then be easy to copy the diagram for example to another software. The 

main benefit is that the diagrams are unambiguous to all parties that are in a project. 

 

7 AUTOMATION DESIGNERS UTILIZATION OF APROS 

Next is presented some suggestions about how Fortum I&C automation designers could benefit 

from using Apros in their work and some ideas for external sales to use.  

 

7.1 Pre-testing functionality of circuits to be planned 

The first idea for the use of Apros and the new library would be that when modifications are 

needed to existing automation systems or if new systems are to be planned to customers the 

automation engineers could by themselves at first plan, test and simulate the new system easily 

and suggest how a problem could be solved in practice or how a for example a control system 

could be implemented. Simulation is a very powerful, impressive and visually prestige way of 

showing that the logic part of the control works as planned. Simulation is also quite 

unambiguous and because of the good visualization easy to understand. It is an informative way 

of viewing results and its supports to great extent verifying of the automation functionality. For 

example the Loviisa powerplant logic diagrams and the control part is possible to present with 

FBD that is quite easy and quick to learn even for a beginner. The analogy is still the same even 

if the technic is not PLC based. Even if Apros now has a IEC 61131-3 based FBD library, which 
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is known to be a PLC programming technique, it is also well suitable for example to present 

Siemens Simatic P automation logic that a large part of old automation at Loviisa NPP is still 

implemented with. The reason is that the basic functionality of it is in practice the same only 

the communication part is different. PLCs communicate mainly through fieldbus, especially if 

it's part of DCS system and the old analog hardwired automation systems that were built in the 

70's and 80’s were based on relay-technic and lack this kind of now days standard 

communication buses.      

 

7.2 Added value for external sales 

Second idea is related to external sales for example when designers have an assignment to plan 

some new automation to a customer. Usually it is vice versa, that Fortum is  the customer and 

a vendor is providing us with a new system or system modifications according to Fortum 

specifications. External sales are predicted to employ more and more of the designers in the 

future. Understanding PLC programming is most useful for the E&P automation designers as 

nowadays PLC are practically everywhere and it’s hard to avoid to run into them in the process 

industry domain. PLCs are used in some parts of NPP drive automation , but they are not that 

common in old NPPs and many designers don’t get to work with PLCs probably safe say, 

mostly never. It would still be a good skill to have and it will be in the future even more valuable 

because E&P ICE designers could perform even more versatile job tasks beyond the ones they 

now already do. It would also be for the external sales team a good marketing addition to be 

able to tell clients that E&P automation designers have excellent skills to plan programs also to 

PLCs. As some of E&P designers do consulting also for other companies this skill would give 

a lot of added value. Using standards and standard components supports also project activities. 

Now it is possible to send Apros diagram directly to the vendor as the exact operation of the 

components is known. 

 

7.3 Co-operation over departments inside Fortum 

Fortum and Uniper has in its asset many different types of power plants in addition to NPPs  for 

example hydro, wind, solar, gas, coal, combined heat and electricity, district heating. Where 

Apros is, or can be utilizes by Fortum designers they could do co-operation with other kind of 

power plants in addition than just with in the NPP domain as the platform and tool is the same. 

By using Apros the designers would also get familiar with the standard IEC 61131-3 and it 
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would give added value because all the major vendors also use the same standard and the way 

of operating with functions and function blocks is a universal, modern and clear way to present 

functionality of a automation diagram without the need of basic programming skills.    

 

8 RESULT AND CONCLUSIONS 

8.1 Answers to the research questions 

Which is the most suitable standard that the component library is going to lean on and 

motivations why? 

In the end there was in practice only one suitable standard that could be utilized in this master’s 

thesis, the “IEC 61131 Edition 3.0, Programmable controllers- Part 3: Programming 

languages”. It specifies the syntax and semantics of a unified suite of programming languages 

for programmable controllers. It consists of two textual languages, Instruction List and 

Structured Text, and two graphical languages, Ladder Diagram and Function Block Diagram. 

In this master’s thesis only the FBD language was suitable to use with Apros, but transformation 

between the different languages in the standard are possible to do on different platforms for 

example in ABB automation builder, Beckhoff and TwinCAT 3, Yaskawa and Siemens S7 

among others. This means that an automation engineer does not need to have control of all these 

four languages to be able to do for example PLC programming. Apros has own function blocks 

that could partly be utilized from functionality perspective but all the basic component symbols 

had to be re-drawn to be in accordance with the standard symbols. The only setback was actually 

the limitation of data types in Apros that led to that all the standard components was not possible 

to add to the library. Such components that have data types like character string literals as 

presented in table 6 and 7 or table 8 and 9 duration literals and date and time of day literals in 

the standard are not possible to use in Apros among others (IEC, 2013). In table 2 in section 5 

is presented compared IEC 61131-3 data types to Apros data types.  

 

What alternatives are there to implement the automation component library and which way 

would be the most sensible?  

The different methods or alternatives was studied in section 6.2. The presented method was 

import-function where the components are constructed outside for example with Visual Studio 

where code would be written in C-language. The components can then be imported with help 

of DLL-library to Apros. Another possibility was change in source code by VTT but this was 



92 

 

 

 

not investigated in wide scale as from the beginning this option was desired to be avoided and 

there was in the end not any reason to utilize this option either. Then there was the User 

Component function in Apros that could preferable be used because all related issues would be 

done in Apros and no outside help would be needed. Last presented option was the OPC or 

ACL solution. The strategy was chosen that everything that is possible to do inside Apros with 

User Component function will be done with it. This was practically done with two different 

methods that could be both be done in-house E&P section. In the end the most of the basic 

standard components could be done with User Components and only a few components had to 

be done with import -function and with help of C-language code. There are some descriptions 

in the appendix of all the different components, about how they were done and what kind of 

setting are required in the configuration and the operation principle is also described. 

 

How to maximize the usability of Apros and the new tool among automation design engineers? 

The idea is to arrange training for the engineers now that the new library is implemented to 

Apros, but it can be done in the earliest in the beginning of year 2022. Apros is a well operating 

and powerful tool that could preferably be a part of automation design process much more 

broadly than it has been so far. Pre-testing and design help, added value for external sales and 

co-operation over different engineering and designing departments inside Fortum Generation 

Division was topics that were discussed in the section 7 that was dedicated for this issue.  

 

8.2 The evaluation of the quality of the research 

In the beginning of this master’s thesis it was presented that the results are going to be evaluated 

from a qualitative research point of view. The idea was to evaluate the achievement of the 

objectives by collecting feedback from the Apros users and on the other hand to evaluate against 

what would have been the best possible outcome of this master’s thesis and what was in the end 

achieved.  

 The feedback that has been received this far of the work is from Apros users and from 

the client Fortum's Nuclear Business Growth department Research and Development – project. 

The feedback has been mainly positive and encouraging. Criticism of the content was only 

given for that there could have been more clarification about applicability of IEC 61131-3 in 

safety design. The library has been well received and seen as a good addition to Apros from the 

users in E&P. The whole master’s thesis was also seen as a whole comprehensive and very 
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thorough. This was motivated by that the work provides background information to those who 

are less familiar with the topic, and the method used is well explained. This addition to Apros 

was also seen important to automation modeling which is likely to contribute to the utilization 

of Apros in automation design at Fortum. E&P Modelling and Simulation department feedback 

was that this library is a good addition to Apros and would be a good incentive for some 

customers outside Fortum to use.  

  The validation of the components was done by comparing what was required in the 

standard IEC 61131-3 of the function or function block and by testing that are the given inputs 

corresponding to the outputs as desired. Microsoft tools where utilized for the testing and for a 

couple of functions that could not be found corresponding function in Excel suitable calculators 

from the web was used. From the IEC 61131-3 second edition was found an examples of 

diagrams in the appendix that was presented in FB diagrams. One of those was selected that 

had included blocks or function blocks that could be found in Apros new standard library. A 

diagram was then copied from the standard and built up again in Apros and tested if it operate 

as required. The testing was done extensively enough to declare that functions and function 

blocks works properly considering appendix L deviations. 

 

8.3 Conclusions 

The research question was answered and the components that was possible to implement at this 

point to Apros was implemented. Even if all the standard IEC 61131-3components could not 

be implemented all those components that have real value in Apros use were implemented. 

Perhaps the ones that were not implemented at this point could in the future be by implemented 

by another follow-up master’s thesis or an own project. It would give added value to Apros if 

there would be a comprehensive library that would be all standard components inclusive. Still 

it remains to be evaluated would this have a practical benefit for automation design with Apros 

or would it be more of an benefit for marketing purposes. During the testing of the individual 

components no flaws was discovered, not even in testing of the larger diagrams with more 

components in it. The feedback was mainly positive and the general opinion was that this library 

is a good addition to Apros. Hopefully the Apros user base will expand with this new feature. 

As a conclusion and to summarize the outcome of this master’s thesis a common standard 

was found but all of the objectives was not fully achieved. With the added standard library most 

of the needed analog and binary control circuits can be modelled in accordance with the 
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standard IEC 61131-3 and now also PLC circuits can be modelled in Apros. Even if it is not 

possible to directly copy the circuits from Apros to another software it’s still a great advantage 

to be able to print the diagrams out and redraw them in another program, as the functionality is 

now the same.    

 

9 SUGGESTIONS FOR IMPROVEMENT 

Fortum and VTT could study together if there’s a possibility in the future to add more variable 

and data types to Apros to get an even more extensive library in accordance with IEC 61131-3 

standard. Even if all the IEC 61131-3 functions and function blocks could not at this point be 

added to Apros the library should always look for new possibilities to expand. To add more 

new standard components to Apros would be possible if the software is developed to such a 

direction that it will open new possibilities for expanding it.  

When testing and using the library the idea came up that the IEC library components 

could be arranged in more user friendly way for example in different categories like presented 

in the standard to find the desired component faster from the library. This would make the 

usability of the library even better.   

There were components that was done in two type of versions, a two and a five input 

function block. Most of the five input versions, built up from existing Apros automation 

components are of an advanced type that they recognize the inputs that are connected which 

means that all the inputs don’t need to be connected for the component to work right. Still a 

few of those five input components are now in that state that all the inputs has to be connected 

for the component or it doesn’t work right. It would be preferable that this problem could be 

fixed in the future, which probably will need assistance from VTT who have done this kind of 

improvements to Apros also in the past.    

The last development suggestion is that it would be wise to arrange as much as possible 

Apros training for the I&C designers inside ICE section to get feedback about the Apros product 

and to get development ideas also from them on how to improve Apros to be an even better 

product. 
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A The functions and function blocks with accordance to IEC 61131-3 

The new added standard components to Apros automation symbol library: 
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B Mathematical functions  

A description of the mathematical functions is given in table 28 of the standard IEC 61131-3 third 

edition.  

 

General functions 

1 ABS: Absolute value 

Function: Return the absolute value 

Apros function block in accordance with IEC 61131-3:  

 

Apros configuration: 

  

Block substructure: 

The function block is built from Apros ready-made boundary condition, general function block.  

Required boundary condition general function module attributes properties: 

BC_FUNC_NUMB(1) = 1 
BC_CONSTANT = 0 
BC_MAX_GIVEN = false 
BC_MAX_VALUE = 0 
BC_MIN_GIVEN = false 
BC_MIN_VALUE = 0 
BC_COEFF(1) = 1.0. 
All other BC_COEFF values = 0. 

 

Operating principle: 

The boundary condition, general function has built in ready-made absolute value function. Output 

value is the absolute value of the input value. 

 

2 SQRT: Square root 

Function: Return the square root 

Apros function block:  
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Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made square root block. 

Operating principle: 

Output value is the square root of the input value. 

 

Logarithmic functions 

3 LN: Natural logarithm 

Function: Return the natural logarithm 

Apros function block:  

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made boundary condition, general function block. 

Required boundary condition general function module attributes properties: 

BC_FUNC_NUMB(1) = 3 
BC_CONSTANT = 0 
BC_MAX_GIVEN = false 
BC_MAX_VALUE = 0 
BC_MIN_GIVEN = false 
BC_MIN_VALUE = 0 
BC_COEFF(1) = 1.0. 
All other BC_COEFF values = 0. 

 

Only analogue signals allowed for boundary condition inputs and outputs.  
 

Operating principle: 

The boundary condition, general function has built in ready-made natural logarithm function. 

Output value is the natural logarithm of the input value. 
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4 LOG: Logarithm base 10 

Function: Return the logarithm base 10 

Apros function block:  

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made boundary condition, general function block. 

Required boundary condition general function module attributes properties: 

BC_FUNC_NUMB(1) = 4 
BC_CONSTANT = 0 
BC_MAX_GIVEN = false 
BC_MAX_VALUE = 0 
BC_MIN_GIVEN = false 
BC_MIN_VALUE = 0 
BC_COEFF(1) = 1.0. 
All other BC_COEFF values = 0. 

 

Only analogue signals allowed for boundary condition inputs and outputs.  
 

Operating principle: 

The boundary condition, general function has built in ready-made common logarithm (log10) 

function. Output value is the common logarithm of the input value. 

 

5 EXP: Natural exponential 

Function: Return the natural exponent 

Apros function block:  

 

Apros configuration: 
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Block substructure: 

The function block is built from a Apros ready-made boundary condition, general function block.  

Required boundary condition general function module attributes properties: 

BC_FUNC_NUMB(1) = 5 
BC_CONSTANT = 0 
BC_MAX_GIVEN = false 
BC_MAX_VALUE = 0 
BC_MIN_GIVEN = false 
BC_MIN_VALUE = 0 
BC_COEFF(1) = 1.0. 
All other BC_COEFF values = 0. 
 

Only analogue signals allowed for boundary condition inputs and outputs.  
 

Gain module attributes properties shall not be changed. 

Operating principle: 

The boundary condition, general function has built in ready-made exponential function (ex) 

function. Output value is the exponential function (ex) of the input value. 

 

Trigonometric functions 

6 SIN: Sine 

Function: Return the sine of the input. The input is in radians 

Apros function block:  

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made boundary condition, general function block. 

Required boundary condition general function module attributes properties: 

BC_FUNC_NUMB(1) = 6 
BC_CONSTANT = 0 
BC_MAX_GIVEN = false 
BC_MAX_VALUE = 0 
BC_MIN_GIVEN = false 
BC_MIN_VALUE = 0 
BC_COEFF(1) = 1.0. 
All other BC_COEFF values = 0. 
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Only analogue signals allowed for boundary condition inputs and outputs.  
 

Operating principle: 

The boundary condition, general function has built in ready-made sine function. Output value is 

the sine of the input value. 

 

7 COS: Cosine 

Function: Return the cosine of the input. The input is in radians 

Apros function block:  

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made boundary condition, general function block. 

Required boundary condition general function module attributes properties: 

BC_FUNC_NUMB(1) = 7 
BC_CONSTANT = 0 
BC_MAX_GIVEN = false 
BC_MAX_VALUE = 0 
BC_MIN_GIVEN = false 
BC_MIN_VALUE = 0 
BC_COEFF(1) = 1.0. 
All other BC_COEFF values = 0. 

 

Only analogue signals allowed for boundary condition inputs and outputs.  
 

Operating principle: 

The boundary condition, general function has built in ready-made cosine function. Output value 

is the cosine of the input value. 

 

8 TAN: Tangent 

Function: Return the tangent of the input. The input is in radians 

Apros function block:  
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Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made boundary condition, general function block. 

Required boundary condition general function module attributes properties: 

BC_FUNC_NUMB(1) = 8 
BC_CONSTANT = 0 
BC_MAX_GIVEN = false 
BC_MAX_VALUE = 0 
BC_MIN_GIVEN = false 
BC_MIN_VALUE = 0 
BC_COEFF(1) = 1.0. 
All other BC_COEFF values = 0. 

 

Only analogue signals allowed for boundary condition inputs and outputs.  
 

Operating principle: 

The boundary condition, general function has built in ready-made tangent function. Output value 

is the tangent of the input value. 

 

9 ASIN: Arcsine 

Function: Return the principle arc sine of the input. The output is in radians 

Apros function block:  

  

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made boundary condition, general function block. 

Required boundary condition general function module attributes properties: 

BC_FUNC_NUMB(1) = 9 
BC_CONSTANT = 0 
BC_MAX_GIVEN = false 
BC_MAX_VALUE = 0 
BC_MIN_GIVEN = false 
BC_MIN_VALUE = 0 
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BC_COEFF(1) = 1.0. 
All other BC_COEFF values = 0. 

 

Only analogue signals allowed for boundary condition inputs and outputs.  

 

Operating principle: 

The boundary condition, general function has built in ready-made arc sine function Output 

value is the arc sine of the input value. 

 

10 ACOS: Arccosine 

Function: Return the principle cosine of the input. The output is in radians 

Apros function block:  

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made boundary condition, general function block. 

Required boundary condition general function module attributes properties: 

BC_FUNC_NUMB(1) = 10 
BC_CONSTANT = 0 
BC_MAX_GIVEN = false 
BC_MAX_VALUE = 0 
BC_MIN_GIVEN = false 
BC_MIN_VALUE = 0 
BC_COEFF(1) = 1.0. 
All other BC_COEFF values = 0. 

 

Only analogue signals allowed for boundary condition inputs and outputs.  
 

Operating principle: 

The boundary condition, general function has built in ready-made arc cos function Output value 

is the arc cosine of the input value. 

 

11 ATAN: Arctangent 

Function: Return the principle tangent of the input. The output is in radians 
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Apros function block:  

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made boundary condition, general function block. 

Required boundary condition general function module attributes properties: 

BC_FUNC_NUMB(1) = 11 
BC_CONSTANT = 0 
BC_MAX_GIVEN = false 
BC_MAX_VALUE = 0 
BC_MIN_GIVEN = false 
BC_MIN_VALUE = 0 
BC_COEFF(1) = 1.0. 
All other BC_COEFF values = 0. 

 

Only analogue signals allowed for boundary condition inputs and outputs.  
 

Operating principle: 

The boundary condition, general function has built in ready-made arc tangent function. Output 

value is the arc tangent of the input value. 

 

12 ATAN2: 2-argument arctangent  

Function: Return the 2-argument arctangent of the inputs. The output is in radians. 

Apros function block:  
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Apros configuration: 

 

Block substructure: 

The function block is coded in the C-programming language in Visual Studio 2019 and compiled 

into an Apros compatible dll-file. The dll-file is used in the Apros ready-made external 

automation module. 

Required external automation module attributes properties: 

AE_LIBRARY_NAME = ATAN2 
AE_ROUTINE_NAME = EXT_AUT1 

Operating principle: 

The implemented C-code reads the analog signals connected to the external automation module 

and uses the C-standard math.h-library atan2() function. Output value is the 2-argument 

arctangent of the input values. 



Appendix C page 1 
 

 

C Arithmetic functions 

A description of the arithmetic  functions is given in table 29 of the standard IEC 61131-3 third 

edition.  

 

Extensible arithmetic functions 

1 ADD: Addition 

Apros function blocks with two or five inputs: 

              

Apros configuration ADD with two inputs: 

 

Block substructure: 

The function block is built from adder-3. Module attributes shall be unchanged. 

Apros configuration ADD with five inputs: 

 

The function block is built from adder-5. Module attributes shall be unchanged. 

Operating principle: 

The addition functions are built from Apros ready-made mathematical functions. Output is the 

sum of input values. 
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2 MUL: Multiplication 

Apros function blocks in accordance with standard with two or five inputs: 

        

Apros configuration MUL with two inputs:  

 

Block substructure: 

The function block is built from Apros multiplier-3 block. Module attributes shall be unchanged. 

Apros configuration MUL with five inputs: 

 

Block substructure: 

The function block is built from Apros multiplier-5 block. Module attributes shall be unchanged. 

Operating principle: 

The multiplication functions are built from Apros ready-made mathematical function blocks.  

Output is the multiplication of the input values. 

 

Non- extensible arithmetic functions 

3 SUB: Subtraction 

Apros function block: 
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Apros configuration: 

 

Block substructure: 

The function block is built from adder. Module attributes shall be set to 

[1] coefficient value shall be set to 1  

[2] coefficient value shall be set  to -1 

Operating principle: 

The subtraction function is built from Apros ready-made mathematical function blocks. Output 

is the subtraction of the input values. 

 

4 DIV: Division 

Apros function block: 

 

Apros configuration: 

 

Block substructure: 

The function block is built from Apros ready-made function block divider. Module attributes 

shall be unchanged. 

Operating principle: 

Output is the division of the input values. DIV_INPUT_1 is the numerator and DIV_INPUT_2 is 

the denominator.  
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5 MOD: Modulo 

Apros function block: 

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made boundary condition, general function block, 

two adders, a divider and a multiplier. MOD_INPUT_1 is the numerator and MOD_INPUT_2 is the 

denominator. Value -0,5 is added to the result of the division to ensure that the boundary 

condition, general function block round out to the nearest smaller integer that is then multiplied 

with the denominator. The result is reduced from the numerator to get the remainder.  

The boundary condition, general function module attribute properties shall be set to: 

BC_FUNC_NUMB(1) = 13 
BC_CONSTANT = 0 
BC_MAX_GIVEN = false 
BC_MAX_VALUE = 0 
BC_MIN_GIVEN = false 
BC_MIN_VALUE = 0 
BC_COEFF(1) = 1.0. 
All other BC_COEFF values = 0. 

 

The adder connected to circuit output module attributes shall be set to: 

[1] coefficient value shall be set to 1  

[2] coefficient value shall be set  to -1 

, or it can be replaced with SUB module. 

The adder that is connected to general function input shall have connected to 

ADDER_INPUT_SIGN(2) a constant value of -0,5. 

Operating principle: 

The modulo operation returns the remainder or signed remainder of a division, after one 

number is divided by another. 
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6 EXPT: Exponentiation 

Apros function block: 

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made boundary condition, power function block, 

value transmitter and gain. To avoid that the user has to go to component substructure to feed 

the exponent value a value transmitter and a gain block was added.  

Operating principle: 

The EXPT rases the input value to a user defined exponent value at the output. 

 

7 MOVE: Move 

Apros function blocks: 

               

 

Apros configuration: 

MOVE Analog: 

 

Block substructure: 

Used Apros ready-made component is analog branch.  

Operating principle: 

The MOVE input value is the same as the output value. 
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MOVE Binary: 

 

Block substructure: 

Used Apros ready-made component is binary branch. 

Operating principle: 

The MOVE input value is the same as the output value. 
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D Bit shift functions 

A description of the bit shift functions is given in table 30 of the standard IEC 61131-3 third edition. 

 

1 SHL: Shift left 

Function: Returns an integer value shifted left by n bits. 

Apros function block in accordance with IEC 61131-3:  

 

Apros configuration: 

  

Block substructure: 

The function block is coded in the C-programming language in Visual Studio 2019 and compiled 

into an Apros compatible dll-file. The dll-file is used in the Apros ready-made external 

automation module. Apros-ready made Gain-module is used to transmit the user given size of 

the bit array to the dll-calculation. 

Required SHL user component module attribute properties: 

bitSize = 8 (default value) 

Required external automation module attributes properties: 

AE_LIBRARY_NAME = SHL 

AE_ROUTINE_NAME = EXT_AUT1 

Operating principle: 

The implemented C-code reads the analog signals connected to the external automation module. 

The shift is calculated for a user given bit array size (for example input bitSize = 8 is the bit array 

xxxx xxxx). Output value is the input IN shifted left by input N bits.  

 

2 SHR: Shift right 

Function: Returns an integer value shifted right by n bits. 
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Apros function block:  

 

Apros configuration: 

 

Block substructure: 

The function block is coded in the C-programming language in Visual Studio 2019 and compiled 

into an Apros compatible dll-file. The dll-file is used in the Apros ready-made external 

automation module. Apros-ready made Gain-module is used to transmit the user given size of 

the bit array to the dll-calculation. 

Required SHR user component module attribute properties: 

bitSize = 8 (default value) 

Required external automation module attributes properties: 

AE_LIBRARY_NAME = SHR 

AE_ROUTINE_NAME = EXT_AUT1 

Operating principle: 

The implemented C-code reads the analog signals connected to the external automation module. 

The shift is calculated for a user given bit array size (for example input bitSize = 8 is the bit array 

xxxx xxxx). Output value is the input IN shifted right by input N bits.  

 

3 ROL: Rotation left 

Function: Returns an integer value rotated left by n bits. 

Apros function block:  
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Apros configuration: 

 

Block substructure: 

The function block is coded in the C-programming language in Visual Studio 2019 and compiled 

into an Apros compatible dll-file. The dll-file is used in the Apros ready-made external 

automation module. Apros-ready made Gain-module is used to transmit the user given size of 

the bit array to the dll-calculation. 

Required ROL user component module attribute properties: 

bitSize = 8 (default value) 

Required external automation module attributes properties: 

AE_LIBRARY_NAME = ROL 

AE_ROUTINE_NAME = EXT_AUT1 

Operating principle: 

The implemented C-code reads the analog signals connected to the external automation module. 

The rotation is calculated for a user given bit array size (for example input bitSize = 8 is the bit 

array xxxx xxxx). Output value is the input IN rotated left by input N bits.  

 

4 ROR: Rotation right 

Function: Returns an integer value rotated right by n bits. 

Apros function block:  
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Apros configuration: 

 

Block substructure: 

The function block is coded in the C-programming language in Visual Studio 2019 and compiled 

into an Apros compatible dll-file. The dll-file is used in the Apros ready-made external 

automation module. Apros-ready made Gain-module is used to transmit the user given size of 

the bit array to the dll-calculation. 

Required ROR user component module attribute properties: 

bitSize = 8 (default value) 

Required external automation module attributes properties: 

AE_LIBRARY_NAME = ROR 

AE_ROUTINE_NAME = EXT_AUT1 

Operating principle: 

The implemented C-code reads the analog signals connected to the external automation module. 

The rotation is calculated for a user given bit array size (for example input bitSize = 8 is the bit 

array xxxx xxxx). Output value is the input IN rotated right by input N bits.  



Appendix E page 1 
 

 

E Bitwise Boolean functions 

A description of the bitwise Boolean functions is given in table 31 of the standard IEC 61131-3 third 

edition. 

 

1 AND 

Gate logic:  

 

Apros blocks with two and five inputs: 

               

Apros configuration with two and five inputs: 

 

 

Block substructure: 

The function block is built from Apros block AND. 
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Operating principle: 

All connected inputs have to be true at the same time for the output to be true. Otherwise 

output is false. 

 

2 OR 

Gate logic:  

 

Apros block: 

                    

Apros configurations: 

 

 

Block substructure: 

The function blocks are built from Apros blocks OR-2 and OR-5. 

 

Operating principle: 

If any of the binary input is true then output is true. Otherwise output is false.  
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3 XOR 

Gate logic:  

 

Apros block with accordance to the standard: 

 

Apros configuration: 

 

Block substructure: 

The function block is built from Apros NOT, OR and AND components. 

Operating principle 

XOR differs from OR when both inputs are in state “1” or “true” then the output is ”0” or 

“false”. 

 

4 XOR5 

gate logic: the output is true when the number of 1s at its inputs is odd, and is false when the 

number of incoming 1s is even.  

 

 

 

Apros block: 
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Apros configuration: 

 

Block substructure: 

The block structure is in practice four XOR gates built with Apros components OR, NOT and 

AND. The XORs are connected in line from the output to the next upper input and to the lower 

inputs there’s been added new auxiliary signal inputs.  

 

5 NOT 

Gate logic:  

 

Apros block: 

 

Apros configuration: 

 

Block substructure: 

The function block is built from Apros block NOT. 
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Operating principle: 

Input and output are never the same value. 

 



Appendix F page 1 
 

 

F Selection functions 

A description of the selection functions is given in table 32 of the standard IEC 61131-3 third edition.  

 

1 MOVE: Move function 

Explanation: Assign one value to another 

Move is presented in table 29 (arithmetic functions) 

 

2 SEL: Binary selection function 

Explanation: Returns one of two values depending on a BOOL value 

Apros function block in accordance to standard: 

 

Apros configuration: 

 

Block substructure: 

The function block is built from Apros ready-made block analogy switch. Inputs “IN0” and “IN1” 

are analog values and the switch is operated by BOOL (true or false). Output is an analog value 

that is feed in to either “IN0” or “IN1” depending on the state that the switch control input “G” 

is.  

3 MAX: Extensible maximum function 

Explanation: Returns the highest value input 

Apros function block according to standard: 

 

Apros configuration: 
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Block substructure: 

The function block is built from a Apros ready-made maximum selector block.  

 

4 MIN: Extensible minimum function 

Explanation: Returns the lowest value input. 

Apros function block according to standard: 

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made minimum selector block.  

 

5 LIMIT: Limiter 

Explanation: Returns a value limited to a maximum or minimum 

Apros function block according to standard: 
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Apros configuration: 

 

 Block substructure: 

The function block is built from a Apros ready-made limiter block.  The high and low limit and 

the input are user defined. Output value stays in the range of the limiter high and low limits. 

 

6 MUX: Extensible multiplexer 

Explanation: Return one of N values depending on an integer selector value. 

Apros function block according to standard: 

  

Apros configuration: 
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Block substructure: 

The MUX standard component is built of Apros ready-made block adder, binary selection and 

five analog switches. The channel that is active is selected by the user. Output has one state 

depending on the five different input channels IN1 - IN5. ‘K’ can have values from zero to four. 

The adder adds +1 to the given input value which enables that ‘K’ minimum vale is zero, that is 

the requirement in the standard.  

The channel selection has to be selected by analog signal in the module attribute properties. 

BSE_CHANNEL_BY_ANALOG_ON = true 

The binary selection binary inputs that are connected to the outputs has to be set true. 
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G Comparison functions 

A description of the comparison functions is given in table 33 of the standard IEC 61131-3 third 

edition. 

 

1 GT: Greater than [>] 

Function:  

If the upper input value is greater than the lower input value then output is true. 

Apros function block of GT with two inputs in accordance with IEC 61131-3: 

 

Apros configuration with two inputs: 

 

Block substructure: 

The function block is built from a Apros ready-made block adder and limiter.  

Adder properties module attribute shall be set to:  

Multiplication coefficient [2] = -1 

Limiter input LIMITER_HIGH_LIMIT_S shall have an analog input connected that have the value 

of 0. 

Operating principle: 

If IN1 > IN2 output is true. If  IN1< IN2 output is false.  

Note! The block has only two inputs but the standard block can have multiple inputs. 

 

GT5: Greater than [>] 

Apros function block in accordance with IEC 61131-3: 
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Apros configuration with five inputs: 

 

Block substructure: 

The function block is built from Apros ready-made blocks and, branch, adder and limiter.  

Adder properties module attribute shall be set to:  

Multiplication coefficient [2] = -1 

Limiter input LIMITER_HIGH_LIMIT_S shall have an analog input connected that have the value 

of 0. The LE circuit compare if IN1>IN2, if IN2>IN3, …., IN4>In5. The outputs 

LIMITER_HIGH_ACT_SIGN are connected to an AND component. If all signals that are connected 

to AND inputs are true then the circuit output is true, otherwise it is false. 

Operating principle: 

If IN1 > IN2, IN2>IN3, IN3>IN4 and IN4>IN5 output is true otherwise output is false.  

 

2 GE: Greater than or equal [>=] 

Function: 

If the upper input vale is greater or equal than the lower input value then the output is true. 

Apros function block in accordance with IEC 61131-3 with two inputs: 
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Apros configuration with two inputs: 

 

 

Block substructure: 

The block is made of Apros blocks adder and limiter. 

The ADDER_INPUT_SIGN(2) shall be set to -1. 

The analog limit value that is connected to the limiter input LIMITER_HIGH_LIMIT_ shall be set 

to:  

ANALOG_SIGNAL, value = -0.00000000001 

 

Operating principle: 

The input signal GE_IN2 is subtracted from GE_IN1 and the result is entered to the limiter to 

check if the result is greater or equal to zero. If result is greater or equal to zero then the output 

is true, otherwise it is false.   

 

GE5: Greater than or equal [>=] 

Apros function block GE in accordance with IEC 61131-3 with five inputs: 

 

Apros configuration with five inputs: 

 



Appendix G page 4 
 

 

 

Block substructure: 

The block is made of Apros blocks and, branch, adder and limiter. 

The analog limit value that is connected to all the limiters input through the branch 

LIMITER_HIGH_LIMIT_ shall be set to:  

ANALOG_SIGNAL, value = -0.00000000001 

The ADDER_INPUT_SIGN(2) in all adders shall be set to -1. 

Operating principle: 

The input signal GE_IN2 is subtracted from GE_IN1 and the result is entered to the limiter to 

check if the result is greater or equal to zero and if so then the limiter output is true, otherwise 

it is false. Then GE_IN3 is subtracted from GE_IN2 and this pattern repeat itself until the last 

calculation GE_IN5 is subtracted from GE_IN4 is done. All the output signals from the limiters 

are connected to one AND5 component and if all the connected inputs are true then the circuit 

output is also true.  

 

3 EQ: Equal [=] 

Function:  

If the input values are equal then output is true. 

Apros function block in accordance with IEC 61131-3 with two inputs: 

 

Apros configuration of EQ with two inputs: 

 

Block substructure: 

The function block is made of Apros blocks and, adder, limiter and NOT. 

The upper limit LIMITER_HIGH_LIMIT_S and the lower limit LIMITER_LOW_LIMIT_S of the value 

checker shall be connected to a constant analog value of 0. The value checker low and high limit 

properties module attribute shall be set to high value for example:  

Low limit = -99999999999999 

High limit = 99999999999999 

 



Appendix G page 5 
 

 

Operating principle: 

When the adder is performing a subtraction it checks if the input values are the equal. If the 

inputs are equal then output is true, otherwise it is false. 

EQ5: Equal [=] 

Apros function block in accordance with IEC 61131-3 with five inputs: 

 

 

Apros configuration of EQ with five inputs: 

     

Block substructure: 

The function block is made of Apros blocks and, branch, adder, limiter and NOT. 

The upper limit LIMITER_HIGH_LIMIT_S and the lower limit LIMITER_LOW_LIMIT_S of the value 

checkers shall be connected to a constant analog value of 0. The value checker low and high 

limit properties module attribute shall be set to:  

Low limit = -99999999999999 

High limit = 99999999999999 

Operating principle: 

The input signal GE_IN2 is subtracted from GE_IN1 and the result is entered to the limiter to 

check if the result is equal to zero. If it is equal to zero then the output is true, otherwise it is 

false. Then the GE_IN3 is subtracted from GE_IN2 and this pattern repeat itself until the last 

comparison calculation where GE_IN5 is subtracted from GE_IN4 is done. All the four output 
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signals from the limiters are connected to one AND5 component inputs. If all the inputs are true 

at the same time then the circuit output is also true otherwise it is false.  

 

4 LE: Less than or equal [<=] 

Function:  

If the upper input value is equal or less than the lower input value then the output is true 

Apros function block in accordance with IEC 61131-3  with two inputs: 

 

Apros configuration: 

 

Block substructure: 

The function block is made of Apros blocks adder and limiter. 

The ADDER_INPUT_SIGN(2) shall be set to -1. 

The analog limit value that is connected to the limiter input LIMITER_LOW_LIMIT_ shall be set 

to:  

ANALOG_SIGNAL, value = 0.00000000001 

The limiter properties module attribute shall be set to:  

Low limit = -99999999999999 

High limit = 99999999999999 

Operating principle: 

The input signals are subtracted to check if the result is >, < or equal to 0. When result is less 

than or equal to zero the output is true, otherwise it is false. 

 

LE5: Less than or equal to [<=] 

Function:  

If the upper input value is less or equal than the lower input value is, then the output is true, 

otherwise it is false. 
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Apros function block LE5 in accordance with IEC 61131-3 with five inputs: 

 

Apros configuration of LE5 with five inputs: 

 

 

Block substructure: 

The function block is made of Apros blocks branch, and, adder and limiter. 

The ADDER_INPUT_SIGN(2) shall be set to -1. 

The analog limit value that is connected to the limiter input LIMITER_LOW_LIMIT_ shall be set 

to:  

ANALOG_SIGNAL, value = 0.00000000001 

The limiter properties module attribute shall be set to a high value for example:  

Low limit = -99999999999999 

High limit = 99999999999999 

Operating principle: 

The input signals are subtracted to find out is the result >, < or equal to 0. When result is less 

than or equal to zero the limiter output is true, otherwise it is false. The circuit checks first if IN1 

<= than IN2 and then is IN2 <= than IN3 and this pattern repeats itself until the two last input 

values IN5<=IN4 is checked. If all the inputs are <= in order from top to bottom then all limiters 

lower limit binary outputs are also true. All limiter lower limit outputs are connected to a five 

input AND block and if all four signals are true then the output of the circuit is true, otherwise it 

is false.    
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5 LT: Less than [<] 

Function:  

If the upper input value is less than the lower input value then the output is true, otherwise it is 

false. 

Apros function block LT in accordance with IEC 61131-3: 

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made blocks adder and limiter. 

Adder properties module attribute ADDER_INPUT_SIGN(2) shall be set to: 

[2] = -1  

Limiter LIMITER_LOW_LIMIT_S shall be connected with an analog input signal of value 0.  

Operating principle: 

If IN1 < IN2 then output is true otherwise output is false. 

 

LT5: Less than[<] 

Function is the same as in LT 

Apros function block LT in accordance with IEC 61131-3 with five inputs: 
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Apros configuration of LT5 with five inputs: 

 

Block substructure: 

The function block is made of Apros blocks and, branch, adder and limiter. 

The ADDER_INPUT_SIGN(2) shall be set to -1. 

The analog limit value that is connected to the limiter input LIMITER_LOW_LIMIT_ shall be set 

to:  

ANALOG_SIGNAL, value = 0 

Operating principle: 

If IN1 < IN2 limiter lower output is true otherwise it is false. If IN2<IN3 the next limiter output 

lower value is true and this pattern repeat itself until the last comparison between IN4<IN5 is 

done . All limiter output lower outputs (LIMITER_LOW_ACT_SIGN) are connected to one AND 

component. When all the limiter lower outputs are true the circuit output is true, otherwise it is 

false.  

 

6 NE: Not equal to [<>] 

Function:  

If input values are not the same then the output is true. 

Apros function block in accordance with IEC 61131-3: 
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Apros configuration: 

 

Block substructure: 

The function block is made of Apros blocks and, adder, limiter and NOT. 

An analog input value of 0 shall be connected to the limiter inputs  LIMITER_HIGH_LIMIT_S  and 

LIMITER_LOW_LIMIT_S. 

Operating principle: 

If the input and the output are not of the same value the output is true, otherwise it is false. 

This is implemented by a subtraction that checks if the input values are zero, less than or 

greater than zero. The limiter checks if the input value is zero, positive or negative at the output 

signal, or output signals is derived through NOT component(s) to one and component. When 

the and inputs are both true the output is false as the output is connected to the negation 

node.  
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H Standard bistable function blocks 

A bistable function block maintains its output in one of two stable states True or False. The output 

can be set or reset by applying a True signal to the Set or Reset inputs. 

A description of the standard bistable function blocks is given in table 43 of the standard IEC 61131-3 

third edition. 

 

1 SR: Set dominant bistable 

Apros function block in accordance with IEC 61131-3:  

 

Apros SR configuration : 

 

Block substructure: 

The function block is built from Apros ready-made block flip-flop. 

The attribute FF_RESET_DOMINATES shall be set to false. 

Operating principle: 

The function block maintains its output in one of two stable states True and False. The output Q1 

can be set or reset by applying a True signal to the S1 or R. The output indicates, which one of 

the two input signals was most recently in True state. If both inputs are in True state the output 

will be True. 

 

2 RS: Reset dominant bistable 

Apros function block in accordance with IEC 61131-3:  

 

Apros configuration: 
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Block substructure: 

The function block is built from Apros ready-made block flip-flop.  

The module attribute FF_RESET_DOMINATES shall be set to true. 

Operating principle: 

The function block maintains its output in one of two stable states True and False. The output Q1 

can be set or reset by applying a True signal to the S or R1 inputs. The output indicates, which 

one of the two input signals was most recently in 'True' state. If both inputs are in true state the 

output will be False. 
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I Standard edge detection function blocks 

The standard presents two function edge detection blocks: R_TRIG and F_TRIG. 

R_TRIG is as rising and F_TRIG is a falling edge detector. 

A description of the standard edge detection function blocks is given in table 44 of the standard IEC 

61131-3 third edition. 

 

 

1 R_TRIG: Rising Edge Detector 

Function: 

The R_TRIG standard function block detects a rising edge on the input CLK. 

 

Apros function block accordance with the standard: 

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made pulse block. Node “pulse length” shall not 

be connected. In module attributes PULSE_MODE (functional mode) shall be set to 0. 

R_TRIG graph implemented with Apros: 
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2 F_TRIG: Falling Edge Detector 

Function:  

The F_TRIG standard function block detects a falling edge on the input CLK. 

 

Apros function block accordance with the standard: 

 

Apros configuration: 

 

Block substructure: 

The function block is built from a Apros ready-made not and pulse block. Node “pulse length” 

shall not be connected. In module attributes PULSE_MODE (functional mode) shall be set to 0. 

F_TRIG graph implemented with Apros: 
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J Standard counter function blocks 

CTU, CTD and CTUD counters increase or decrease counter value by 1 from pulse or detector. 

A description of the standard counter function blocks is given in table 45 of the standard IEC 61131-3 

third edition. 

 

1 CTU: Up counter  

Function: 

The CTU Function block counts rising edges until a preset limit is reached. 

Apros CTU function block in accordance with IEC 61131-3: 

 

Apros configuration of CTU function block: 

 

Block substructure: 

CTU function block is built of Apros blocks pulse, BA converter, divider, adder, boundary 

condition general function and limiter. 

BA converter module attribute is set to: 

BA_TIME_CONSTANT = 0.01   

 

Limiter module attribute is set to: 

Upper limit LIMITER_HIGH_LIMIT S need to have a analog input that is user defined (PV) 

 

The BA converter BA_TRACKING_S node has to have an analog input that is the reset value: 

 ANALOUGE_VALUE = 0  

 

Divider module denominator input has to have an analog input that convert the 20 ms time steps 

to one counter step at the output: 

ANALOUGE_VALUE = 20 
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Pulse module: 

PULSE_LENGHT is user defined, but I should be around a few milliseconds. 

 

Adder ADDER_INPUT_SIGNAL(2) has to be set to: 

[2]= -1 

, in addition to this an analog input signal shall be connected to this input with value of 0.1. By 

adding this to PV value the limit value checker output LIMITER_HIGH_ACT_SIGN change to true 

at same time that the PV value is reached. Otherwise it would change to true non until after the 

next pulse after the desired PV value is reached. 

 

Boundary condition general function is needed to round the limiter value checker analog output 

to nearest integer. In the properties module attributes following values are to be set: 

Coefficient of numerator [1] = 1.0 

Number of performed function [1] = 13 

Operating principle: 

Counter input pulse CU adds the counter value by 1. R resets the output Q and the current 

counter value CV to zero. Preset value PV (counter limit value) is user defined. The counter is 

implemented with Apros function block BA_CONVERTER which is made of a rising time gradient 

Δt that have minimum length of t = 20. To transform the counter steps to: 1,2,3,…,n a divider was 

added to the BA_CONVERTER output that has a constant denominator of 20. Q indicates that the 

upper limit value is reached and is set to true when CV reaches the PV value. 

CTU graph implemented with Apros: 

 

 

2 CTD: Down counter 

Function:  

The CTD function block decrements a count for each rising edge until the count reaches zero. 

Apros CTD function block in accordance with IEC 61131-3: 
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Apros configuration: 

 

Block substructure: 

CTD function block is built of Apros blocks multipier3, pulse, BA converter, divider, limiter and  

boundary condition general function. 

BA converter module attribute is set to: 

BA_TIME_CONSTANT = 0.01  

BA_INC_S input shall have a binary input that is set to false. 

 

Limiter module attribute is set to: 

Lower limit LIMITER_LOW_LIMIT_S has to have an analog input set to 0.1.  

 

Divider module input : 

Denominator has to have an analog input ANALOUGE_VALUE = 20 

 

Pulse module: 

PULSE_LENGHT is user defined, but I should be around a few milliseconds. 

 

Boundary condition general function is needed to round the limiter value checker analog output 

to nearest integer. In the properties module attributes following values are to be set: 

Coefficient of numerator [1] = 1.0 

Number of performed function [1]= 13 

 

 

Operating principle: 

Input pulse rising edge CD decrements the counter value by 1. LD resets the output Q and the 

current counter value CV to a user defined value, that is the counter limit value PV. The counter 

is implemented with Apros function block BA_CONVERTER which is made of downward time 

gradient Δt and that have a minimum of t = 20. A divider was added to BA_CONVENTER output 

that has a constant denominator value of 20 that transforms the counter value output value to: 
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n, n-1,n-2,.. . The PV value is multiplied by 20 with the multiplier3 component to match the scale 

of BA_CONVERTER minimum time steps. Q is set to true when CV reaches zero.  

CTD graph implemented with Apros: 

 

 

3 CTUD: Up and down counter 

Function:  

CTUD function block is a combination of CTU and CTD function blocks with some small changes 

to work properly as a flexible up/down counter.  

Apros function CTUD block in accordance with IEC 61131-3: 

 

Apros configuration of CTUD: 
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Block substructure: 

CTUD function block is built of Apros blocks branch,  pulse, BA converter, OR, AND, divider, 

multiplier, boundary condition general function and limiter. 

BA converter module attribute is set to: 

BA_TIME_CONSTANT = 0.01  

BA_INC_S input has to have a pulse input. This increases the counter with 1 

BA_DEC_S input has to have a pulse input. This decreases the counter with -1 

BA_TRACKING_S need to have analog input that is set to 0 that is the reset value. 

BA_TRACKING_S is connected to a analog switch that either reset or load a value to the circuit. 

The loaded value, that is the user defined PV value is multiplied by 20 to match the CV value 

steps.  

 

Limiter module attribute is set to: 

Lower limit LIMITER_LOW_LIMIT has to have an analog input value = 0.1. When the value is > 

than zero the QD that is the LIMITER_LOW_ACT_SIGN output becomes true when zero is 

reached by the counter value (CV). 

Higher limit LIMITER_HIGH_LIMIT has to have an analog input value that is user defined and it is 

the same value as the PV value. There is an adder added to the LIMITER_HIGH_LIMIT input 

signal that reduce the PV value by 0.1. This is done to change the  LIMITER_HIGH_ACT_SIGN 

from false to true at the same time that counter reach the PV value. 

 

PV is the same as the LIMITER_HIGH_LIMIT value and it is user defined. The signal is also 

branched to the multiplier input to get the LD value fed to the counter. 

 

Divider module input : 

Denominator has to have an analog input ANALOUGE_VALUE = 20 

 

Pulse module: 

PULSE_LENGHT is user defined, but I should be around a few milliseconds. 

 

Boundary condition general function is needed to round the limiter value checker analog output 

to nearest integer. In the properties module attributes following values are to be set: 

Coefficient of numerator [1] = 1.0 

Number of performed function [1]= 13 

Operating principle: 

Input counter up pulse CU adds the counter value by 1 and input pulse CD decrements the 

counter value by 1. Input R resets the counter current value CV to zero. Preset value PV, the 

counter upper limit of up counter is user defined and LD reset to initial value from where down 

counter starts counting down. The counter is implemented with Apros function block 

BA_CONVERTER which has a rising and downward time gradient Δt minimum length of t = 20 

For the counter steps up to be logical: n, n+1,n+2,n+3,…,n+x or down: n, n-1, n-2, n-3,..0 a 

divider is added to BA_CONVERTER output that has a constant denominator value of 20 to 

transform this right at the counter output CV. The output QU is set to true when output CV 

reaches the PV value. When upper limit PV is reached the counter stops counting up pulses and 

when lower limit zero is reached the down counter stops counting down pulses. Boundary 
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condition general function is needed to ensure that rounding of output CV value is always the 

nearest integer. 

CTUD graph implemented with Apros: 
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K Standard timer function blocks 

TP – Pulse Timer 

TON - On Delay Timer 

TOF – Off Delay Timer 

A description of the standard timer function blocks is given in table 46 of the standard IEC 61131-3 

third edition and reference graphs are presented in figure 15. 

 

1 TP: Pulse Timer 

 

Function: 

The TP pulse timer function block generates a pulse of a fixed duration. 

 

Apros TP function block in accordance with IEC 61131-3: 

 

 
 

Apros configuration: 

  
Block substructure: 

TP block is made-up from Apros blocks analog branch, pulse, and, not, timer and a limiter. 

 

Pulse module attribute is set to: 

PULSE_MODE = 2 

PULSE_LENGHT is user defined 

 

Operating principle:  

A pulse to input IN activates the preset time PT that is the time given for the pulse to rise and 

that is user defined. The timer stops after PT time reaches the PT value and then Q changes to 

true if IN pulse is still true, otherwise Q is false and the time pulse reset back to zero.  

The limiter that limits the PT-time to output ET is needed to prevent that the clock don’t stop 

later than PT time is set to. When tested without the limiter there was a lag of 0,2 s. This delay 

most probably cased from that the signal goes through the not and the and block and these two 
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together caused the small delay to output ET. This theory is supported because TON function 

block had not this same problem and there the not blocks that are connected to and block inputs 

are missing. 

 

TP-graph implemented with Apros: 

 

 
 

2 TON: On Delay Timer 

 

Function:  

TON on delay timer function block turns an output on after a delay. 

 

Apros function block in accordance with IEC 61131-3: 

 

 
 

Apros configuration: 

 
 

Block substructure: 

TON is made-up from Apros blocks binary delay, and, not, branch and timer. 

DELAY_UP S = user defined PT [Δt], (= the delay time that the timer runs) 
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Operating principle: 

When IN change to true it starts the timer that is on for the preset time PT [Δt]. Timer component 

has a reset (upper green node on the timer that the not block is connected to) that is true as long 

as IN is false. This prevent the timer from starting to count when IN is false. The PT [Δt] value is 

user defined. If IN change from true to false during the preset time PT the timer sets back to zero 

and Q stays false. The output Q change only to true if the PT time reaches to the end of set time 

and if IN is true at the same time.  

 

TON graph implemented with Apros: 

 

 
 

3 TOF: Off Delay Timer 

Function:  

TOF off delay timer function block turns an output off after a delay. 

 

Apros function block in accordance with IEC 61131-3: 

 
 

Apros configuration: 

 
 

Block substructure: 

TOF is built from Apros blocks binary delay , and, not, branch, limiter and timer. 

DELAY_DOWN input in the Binary Delay component is user defined PT [Δt]. 
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Operating principle: 

Timer has reset pulse true as long as IN is true. Q is also true during this same time. When IN  

change from true to false the reset change to false and this starts the PT set up time [Δt]. Q is 

true until the PT [Δt] time is zero. If timer is reset before PT [Δt] has come to the end the Q won’t 

change to false. The limiter ensures the PT time is exact the same as the preset time. Without 

the limiter the ‘ET’ was 0,2 s too long when tested. 

 

TOF graph implemented with Apros: 
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L Comparison of the new library components with the standard 

 

Table 28 IEC 61131-3 
numerical and arithmetic 
functions 

Deviations to the standard How to meet the standard 

ABS -Data type restrictions Change function name: ABS_REAL 

SQRT                  ‘’ Change function name: SQRT_REAL 

LN                  ‘’ Change function name: LN_REAL 

LOG                  ‘’ Change function name: LOG_REAL 

EXP                  ‘’ Change function name: EXP_REAL 

SIN                  ‘’ Change function name: SIN_REAL 

COS                  ‘’ Change function name: COS_REAL 

TAN                  ‘’ Change function name: TAN_REAL 

ASIN                  ‘’ Change function name: ASIN_REAL 

ACOS                  ‘’ Change function name: ACOS_REAL 

ATAN                  ‘’ Change function name: ATAN_REAL 

ATAN2                  ‘’ Change function name: ATAN2_REAL 

 

Table 29 IEC 61131-3 
arithmetic functions 

Deviations to the standard How to meet the standard 

ADD -Data type restrictions 
-Amount of inputs fixed 

Change function name: ADD_REAL 

MUL                  ‘’ Change function name: MUL_REAL 

SUB -Data type restrictions Change function name: SUB_REAL 

DIV                  ‘’ Change function name: DIV_REAL 

MOD                  ‘’ Change function name: MOD_REAL 

EXPT                  ‘’ Change function name: EXPT_REAL 

MOVE                  ‘’ Change function name: MOVE_REAL 

 

Table 30 IEC 61131-3 
bit shift functions 

Deviations to the standard How to meet the standard 

SHL -Data type restrictions Change function name: SHL_INT 

SHR                  ‘’ Change function name: SHR_INT 

ROL                  ‘’ Change function name: ROL_INT 

ROR                  ‘’ Change function name: ROR_INT 

 

Table 31 IEC 61131-3 
Bitwise Boolean functions 

Deviations to the standard How to meet the standard 

AND -Data type restrictions 
-Amount of inputs fixed 

Change function name: AND_BOOL 

OR                  ‘’ Change function name: OR_BOOL 

XOR                  ‘’ Change function name: XOR_BOOL 

NOT                  ‘’ Change function name: NOT_BOOL 
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Table 32 IEC 61131-3 
Selection functions 

Deviations to the standard How to meet the standard 

MOVE -Data type restrictions Change function name: MOVE_REAL 

SEL -Data type restrictions Change IN0 and IN1: ANY_TO_REAL 

MAX -Data type restrictions 
-Amount of inputs fixed 

Change function name: MAX_REAL 

MIN                  ‘’ Change function name: MIN_REAL 

LIMIT -Data type restrictions Change function name: LIMIT_REAL 

MUX -Data type restrictions Change function name: MUX_REAL 

 

Table 33 IEC 61131-3 
Comparison functions 

Deviations to the standard How to meet the standard 

GT -Data type restrictions 
-Amount of inputs fixed 

Change function name: GT_REAL 

GE                  ‘’ Change function name: GE_REAL 

EQ                  ‘’ Change function name: EQ_REAL 

LT                  ‘’ Change function name: LT_REAL 

LE                  ‘’ Change function name: LE_REAL 

NE -Data type restrictions Change function name: NE_REAL 

 

Table 43 IEC 61131-3 
Standard bistable function 
blocks 

Deviations to the standard How to meet the standard 

SR No - 

RS No - 

 

Table 44 IEC 61131-3 
Standard edge detection 
function blocks 

Deviations to the standard How to meet the standard 

R_TRIG No - 

F_TRIG No - 

 

Table 45 IEC 61131-3 
Standard counter function 
blocks 

Deviations to the standard How to meet the standard 

CTU No - 

CTD No - 

CTUD No - 

 

Table 46 IEC 61131-3 
Standard timer function 
blocks 

Deviations to the standard How to meet the standard 

TP No - 

TON No - 

TOF No - 
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