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1) Background 
This project is about research of an intelligent mechatronic device controlled with distributed             
automation. This project will study the effects of wireless communication on the system             
performance comparing it to wired communication. The key aspects of this project are             
reconfigurability and flexibility of the system. 
 
The system that this project will study, the EnAS demonstrator, was introduced by FESTO some ten                
years ago. The EnAS demonstrator consists of two identical plant modules rotated 180 degrees with               
respect to each other (Martin-Luther-Universität Halle-Wittenberg, 2014). A conveyor moves          
pallets clockwise around the system from a station to another. The Jack Station moves workpieces               
between the pallet and The Sledge Station sledge. The Gripper Station closes the caps of the tins                 
that were reloaded by the Jack Station. 
 
This project will focus on improving the existing software of the system by prototyping a novel                
approach to programming industrial automation. We will need to study the capabilities of standard              
WiFi technology by enhancing the system performance using it and by comparing the performance              
of the system with wired and wireless connectivity. We will use function blocks exchanging              
time-stamped events using the existing means of IEC 61499 recently proposed by Vyatkin et al.               
(2015) along with IEEE 1588 time synchronisation technology in order to achieve close             
synchronisation of clocks in the controllers. A distributed control of EnAS demonstrator will be              
implemented using the NxtOne software tool with IEC 61499 standard and a set of small PLCs                
NxtDCSmini. After that, we will prototype the time-stamped events semantics without changing the             
tool and runtime of NxtOne, i.e. implement this concept on the application level. With these steps                
we can prototype a novel approach to programming industrial automation systems and achieving             
close synchronisation of clocks in the controllers. 

2) Expected output 
In the project we create a distributed automation system using FESTO EnAS platform as our               
testbed. The main goal of the project is to investigate and compare the use of wireless, intelligent                 
mechatronic devices to the traditional automation approach implemented with wired components. In            
order to gather performance data for each of these, a number of preparative tasks need to be                 
accomplished. 
 

For the first milestone (M1) the FESTO EnAS system shall be I/O mapped and its dysfunctional                
parts replaced. In order to get EnAS working again, a PLC software for simple functionality of the                 
whole system will be implemented and tested. After the second phase of the project (M2), EnAS                
workstation is running of a distributed control logic. The automation system is set up with multiple                
controllers communicating via wired connections. At the third stage (M3), the distributed control             
setup will be expanded with wireless communication between controllers. We will be able to              
simulate the operation of intelligent devices with integrated embedded controllers with this kind of              
wireless distributed control system.  
 
At the fourth milestone (M4) we have created a simulation model of the system with CIROS and                 
are able to run PLC software on it. We are able to compare performance and accuracy of the system                   
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in the simulation to the behaviour of the physical system. Developing the physical system further, in                
the fifth phase (M5), the wireless communication between controllers will be improved in reliability              
and robustness with timestamped communication. At the final milestone of the development            
process (M6), we have gathered sufficient performance data for each of the systems in order to be                 
able to make an in-depth comparison of wired and wireless approaches that we have used to                
implement desired functionality in EnAS. 
 

Based on the performance data gathered for different setups and experiences had while             
implementing the development phases we will be able analyze the strengths and weaknesses of              
differing approaches. In the final documentation comprising the results we draw conclusions about             
the benefits and drawbacks of modern automation systems implemented with wireless distributed            
control as opposed to traditional wired automation. The framework of the study places modern              
automation needs such as flexibility and reconfigurability as some main metrics of interest because              
of recent development in the industry towards mass customization and modularity in the             
production.  
 
During the project we will be able to get more experience on complex tasks developing distributed                
automation systems. Exposure to real hands-on automation will develop our knowledge and skills             
in the fields of PLC software development, control connections, wireless communication,           
mechatronic system design, electrical wiring and pneumatic system usage. Investigating the use of             
wireless communication in automation including utilization of hybrid approaches such as           
timestamped events will expand our expertise on development of reliable and easily reconfigurable             
automation systems of the future. Comparing the performance of different kind of systems will give               
us insight into choosing right kind of systems to be used in various environments. Looking beyond                
learnings in the field of automation, electrical engineering and software development, we will get              
valuable experience in team working, project management and hands-on problem solving. Thus, the             
project work will improve our technical, managerial and social expertise providing useful            
knowledge and skills for project-type working in our future careers.  

3) Phases of project 
The project is divided into four main phases. The phases comprise smaller tasks that has to be done                  
in order to meet the deadlines. Now the phases are presented in a higher level for understanding the                  
project structure. 
  
The first two phases are Initiation and Design. Those include writing the project plan with business                
aspects, familiarization with the lab and some preliminary tasks before implementation phase. The             
deadline for the first phase comes from the course schedule and it is April 8, 2016. The Design                  
phase should be done during the spring. 
  
The Implementation phase starts after the project initiation. It includes all the hands-on tasks of the                
project. Some main tasks that should be done by the end of October are implementation of central,                 
distributed and wireless control, training for new software and creating a simulation. The estimation              
of the deadline is done based on the time needed for the last phase. 
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Before concluding the project there will be Project closeout phase. During the last phase all the                
results will be analyzed and the project will be ended by writing the project report and preparing the                  
presentation for the Final Gala. The deadline for this phase comes from the course schedule and it is                  
the week 49, 2016.  

4) Work breakdown structure (WBS) 
The work breakdown structure (WBS) can be seen in Table 1 below and in Figure 1 in the                  
appendix. As mentioned in Chapter 3, the work is divided into 4 major phases. These are: initiation;                 
design; implementation; project closeout. Under these upper level units we have the work packages.              
The initiation unit is the start of the project. It deals with project organization and management as                 
well as planning the project. In the design unit, replacement components are ordered and the testbed                
is constructed. The most work will be done in the implementation unit. Both wired and wireless                
distributed control will be implemented here as well as the CIROS 3D simulation. The project               
closeout is the end of the project. A website is made and documentation will be written. More on                  
each work package in Chapter 5. 
 

Table 1. Work breakdown structure and estimated time 

 Units Estimated working hours 

1 Initiation 170 

1.1 Project management 110 

1.2 Project planning 60 

2 Design 50 

2.1 Acquiring components 10 

2.2 Replace components 40 

3 Implementation 630 

3.1 Central control 250 

3.2 Distributed control 140 

3.3 Wireless control 110 

3.4 CIROS 3D simulation 130 

4 Project closeout 150 

4.1 Comparison and analyzing 30 

4.2 Ending the project 90 

4.3 Website 30 
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5) Work packages and Tasks of the project 
A sketch of the work packages is shown in Figure 2 in the Appendix. The project is divided into                   
following work packages. 
 

WP 1: Project management 

Tasks 
1.1 Access to building 
1.2 Access to lab 
1.3 Safety training before starting working with the testbed 
1.4 Project meetings 

Est. working hours/task 
1 
1 
5 
100 

Dependencies 
None 

Estimated working hours 
110 hours 

Deliverables 
None 

Responsible 
Laura Gröhn 

 

WP 2: Project planning 

Tasks 
2.1 List of devices included in the testbed 
2.2 List of inputs and outputs (I/O) 
2.3 List of parts that needs to be replaced on the testbed 
2.4 Writing the project plan 

Est. working hours/task 
10 
10 
10 
30 

Dependencies 
WP 1: Project management (not 1.4) 

Estimated working hours 
60 hours 

Deliverables 
Project plan 

Responsible 
Laura Gröhn 
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WP 3: Acquiring components 

Tasks 
3.1 Research and choose replacement components 
3.2 Present to project instructor 
3.3 Order parts 

Est. working hours/task 
5 
1 
2 

Dependencies 
WP 2: Project planning 

Estimated working hours 
10 hours 

Deliverables 
List of replacement components 

Responsible 
Eero Väänänen 

 

WP 4: Replace components 

Tasks 
4.1 Install the new gripper 
4.2 Connect PLCs to the subsystems 
4.3 Install other parts 
4.4 Documentation for future work 

Est. working hours/task 
10 
10 
10 
10 

Dependencies 
WP 3: Acquiring components 

Estimated working hours 
40 hours 

Deliverables 
Testbed for implementing distributed control 

Responsible 
Eero Väänänen 
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WP 5: Central control 

Tasks 
5.1 Get familiarized with NxtStudio and IEC 61499 
5.2 Analyze the previous FBDK and 4DIAC solution 
5.3 Make any part of the testbed move with NxtDCSmini PLC 
5.4 Implement subsystem(s) 
5.5 Testing 
5.6 Documentation 

Est. working hours/task 
30 
10 
40 
150 
10 
10 

Dependencies 
WP 4: Replace components 

Estimated working hours 
250 hours 

Deliverables 
Complete implementation for subsystem(s) 

Responsible 
Lauri Saikko 

 

WP 6: Distributed control 

Tasks 
6.1 Connect multiple PLCs together 
6.2 Develop distributed control 
6.3 Testing 
6.4 Documentation 

Est. working hours/task 
10 
100 
20 
10 

Dependencies 
WP 5: Central control 

Estimated working hours 
140 hours 

Deliverables 
Complete implementation of distributed control for the testbed 

Responsible 
Magnus Nyholm 
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WP 7: Wireless control 

Tasks 
7.1 Connect PLCs together using wireless connection 
7.2 Develop wireless distributed control 
7.3 Implement timestamped events 
7.4 Testing 
7.5 Documentation 

Est. working hours/task 
10 
40 
40 
10 
10 

Dependencies 
WP 6: Distributed control 

Estimated working hours 
110 hours 

Deliverables 
Complete implementation of distributed control using wireless communication 

Responsible 
Lauri Saikko 

 

WP 8: CIROS 3D simulation 

Tasks 
8.1 Get hold of CIROS license 
8.2 Learn about CIROS 
8.3 CAD 
8.4 Simulation 
8.5 Documentation 

Est. working hours/task 
1 
20 
50 
50 
10 

Dependencies 
WP 6: Distributed control for the simulation part 

Estimated working hours 
130 hours 

Deliverables 
3D model and simulation of the testbed 

Responsible 
Samuli Metsälä 
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WP 9: Comparison and analyzing 

Tasks 
9.1 Compare central and distributed control 
9.2 Compare wired and wireless distributed control 
9.3 Compare CIROS 3D simulation with the physical testbed 
9.4 Documentation 

Est. working hours/task 
20 
40 
20 
10 

Dependencies 
WP 7: Wireless control 
WP 8: CIROS 3D simulation 

Estimated working hours 
90 hours 

Deliverables 
Quality data and comparison 

Responsible 
Samuli Metsälä 

 

WP 10: Ending the project 

Tasks 
10.1 SPS IPC Drives Exhibition @Nuremberg (shippings) 
10.2 Writing the final project documentation 
10.3 Make presentation for final gala 

Est. working hours/task 
48 (48) 
20 
10 

Dependencies 
WP 9: Comparison and analyzing 

Estimated working hours 
30 hours 

Deliverables 
Final project documentation and presentation for the final gala 

Responsible 
Laura Gröhn 
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WP 11: Website 

Tasks 
11.1 Setting up website 
11.2 Add documentation to the website 

Est. working hours/task 
20 
10 

Dependencies 
WP 10: Ending the project 

Estimated working hours 
30 hours 

Deliverables 
Website with project presentation and documentation 

Responsible 
Eero Väänänen 

 

6) Work resources 
The table 2 below presents the working resources i.e. how many hours each group member has                
planned to use for the project. Week 14 is examination week and therefore the working hours are                 
zero then. Weeks 17 - 21 are spring after the 1st of May. Some group members might have summer                   
jobs already then and hence the workload is reduced. Weeks 22 - 35 are summer and the project is                   
on a break then. 
 
The autumn schedule is still quite unknown but it is assumed that the group will work at a steady                   
pace. Week 47 there is SPS IPC Drives Exhibition in Nuremberg where some of the group might                 
attend together with EnAS assuming that the machine is ready and working. 
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Table 2. The working hours of each group member presented weekly. 
Week(s) Laura Samuli Magnus Lauri Eero 

1-7 23 23 23 23 23 

8 12 12 12 12 12 

9 12 12 12 12 12 

10 12 12 12 12 12 

11 2 12 12 12 12 

12 12 12 12 12 12 

13 12 12 12 12 12 

14 0 0 0 0 0 

15 10 10 10 10 10 

16 15 10 10 10 10 

17-21 25 20 20 20 20 

22-35 0 0 0 0 0 

36 5 5 5 5 5 

37 10 10 10 10 10 

38 10 10 10 10 10 

39 10 10 10 10 10 

40 10 10 10 10 10 

41 10 10 10 10 10 

42 10 10 10 10 10 

43 10 10 10 10 10 

44 10 10 10 10 10 

45 10 10 10 10 10 

46 10 10 10 10 10 

47 15 15 15 15 15 

48 10 10 10 10 10 

49 5 5 5 5 5 

Total: 270 270 270 270 270 

      

   Total: 1350  
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7) Detailed schedule 
The Gantt chart of the project can be seen in appendix in figure 3. It presents the detailed schedule 
and deadlines for the project. In summer there is a break in the project. Otherwise the schedule 
shows when all the work is done. 
 
In the autumn there is possibility to send the EnAS to the exhibition to Nuremberg. This part of the 
schedule is evaluated more accurately in the business plan. 

8) Cost plan and materials 
The majority of required hardware and software is freely available to project use in the space of                 
Department of Electrical Engineering and Automation. However, building a working system out of             
the EnAS platform requires some hardware components being ordered from Festo and other             
suppliers.  
 
In the first phase, a non-functional wirelessly controlled gripper needs to be replaced with another               
model which can be controlled via galvanic connection. The existing gripper will be replaced with a                
Festo HGPP-12-A gripper. Currently, the quoted price for this gripper stands at 520€. Some              
additional components such as interface adapters may be needed for creating connections between             
devices and thus, getting all parts of the system communicating together. At the planning stage we                
cannot surely state anything about the need of such adapters. For more reliable information, we               
need to investigate the hardware structure of the system. However, the relative cost of the adapters                
in comparison to the total cost of purchases is estimated to be low.  
 
In latter phases of the project, the implementation of wireless distributed control requires wireless              
communication capabilities of controllers. The controllers will be equipped with wireless           
communication modules utilizing WLAN. Some five wireless communication modules need to be            
ordered, the specific amount will be confirmed during first few weeks of the practical              
implementation period. The cost per one module is estimated to be approximately 30€. Other than               
components listed here shall not be ordered while the project proceeds according to initial plans and                
EnAS proves to be working as supposed. 
 
The project does not have a specific monetary budget set in before hand. The only guideline used is                  
to minimize the amount of money spent on procurement costs while still being able to fulfill all                 
requirements of individual project milestones. An estimate for the cost of procurements can be set at                
some hundred euros. Funds for the project will be provided by the university. The person being                
responsible for all procurements is the project instructor. The procedure for making procurements             
for the project follows: first the need for a procurement will be analyzed inside the project group,                 
after that a proposition for making the procurement will be presented to the project instructor at a                 
bi-weekly project meeting and finally, if the need is justified, the procurement will be confirmed               
leading to instructor completing the order on behalf of the university. 
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If the project is on time and the EnAS is ready and working at the end of October as planned the                     
machine is shipped to Nuremberg for SPS IPC Drives Exhibition on 22 - 24 November. This                
possibility and other business related issues are evaluated later in the business plan. 

9) Other resources 
The main resource used in the project for the development of a distributed automation system is the                 
EnAS platform. It is a complete automation system built in a single unit. A short introduction to the                  
hardware of the system will be given by the project instructor in the very beginning of the project.                  
The original controllers of the EnAS will not be used in the project. Instead, distributed control will                 
be implemented with NxtDCSmini controllers manufactured by NxtControl. Up to eight controllers            
can be provided by the university to be utilized in the project.  
 
Practical project work will be done in a lab room housing the EnAS platform and a computer that                  
may be used for tasks such as PLC programming. The project team has free access to the lab by                   
themselves at times it does not interfere with other use of the space. Access cards to the building                  
where the lab room is located will be retrieved from university authorities and keys to the lab room                  
will be obtained from the janitor of the building. Safety training to the use of EnAS and other                  
equipment located in the lab will be given by Kashif Gulzar prior to starting practical work in the                  
space.  
 
Additional tools to those available in the lab can be borrowed from other university labs upon                
agreement of the persons in charge. The software tool used to create PLC software for the                
controllers is called nxtStudio to which university provides required licenses. All additional            
software tools needed at advanced stages of the project such as CIROS will be also licensed by the                  
university. Information about software licenses and training will be obtained from persons pointed             
out by the project instructor.  
 
As of starting the project, no formal comprehensive documentation about the EnAS system is              
available. Sources used for getting a big picture understanding about the functionality of the              
platform include web portals of the original EnAS collaboration project website and of             
Martin-Luther-Universität Halle-Wittenberg which has done research with the EnAS demonstrator.          
A deeper glance at the use of EnAS in research of future automation can be obtained from                 
Implementation and Verification of Distributed Control Systems by Christian Gerber. One copy of             
the book will be ordered for the project team by the project instructor. In addition to written sources                  
we will be utilizing various kind of consultants in the project. While preparing for and encountering                
the challenges of the project the project instructor will guide us to take contact to people that are                  
able to advise us with the project and get further in our tasks. 

10) Project management and responsibilities 
Project manager (Laura Gröhn) leads the group and makes sure that every group member manages               
their duty. She sets up the meetings and takes care of external communication concerning keys,               
accessing and such. The project manager follows the progress of the project and tries to maintain an                 
overall picture of the project from the beginning to the end. 
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For the course the project manager is the responsible contact person of the group. She will                
communicate with the course staff and inform the other group members when needed. She is also                
responsible of the group to submit their documents before the deadlines. 
 
The instructor has two roles. He is a teacher and an expert in the field. Therefore his task is to help                     
the group to learn new skills and provide the group information. The instructor also gives feedback                
and advices in the project management and in the project in general. In addition to being a teacher                  
the instructor can also be considered as a supervisor and a customer. He has the final saying when it                   
comes to negotiations. He also provides necessary resources for the project. And when it comes to                
grading he is the one evaluating the work. 
 
The work package leaders are named in Chapter 5. Every WP leader is responsible of that part of                  
the project appointed to him/her. That means his/her job is to make sure that the WP becomes                 
completed in time but he/she doesn’t have to do all the work by himself/herself. He/she also is the                  
one knowing what’s going on in the WP. 

11) Communication plan 
Google Drive, WhatsApp and email are used for internal communication. Drive is used as a               
common workspace and all the documents are maintained there. WhatsApp is used for rapid              
communication, asking other’s opinions and informing and reminding about meetings. All official            
and important information is sent by email. 
 
The group meets approximately once a week without the instructor. In these meetings the current               
situation of the project is reviewed and new tasks for the next week are decided. Meetings are also a                   
good chance to discuss if there is any problems in the project. Next meeting is scheduled in the                  
previous one or by using dudle. 
 
Meetings with the instructor are held every other week. If it seems that there is no need for that                   
frequently meetings after planning phase the frequency of meetings is reduced. In these meetings              
the instructor is brought up to date of the current situation of the project. It is also a good                   
opportunity to ask him questions and opinions about the project. Next meeting is scheduled in the                
meeting. 

12) Risks 
There should not be any prominent risks within the first two phases of the project i.e. initiation and                  
design, as they are quite simple aspects, and so far we have had no problems in them. Also the third                    
phase, the closure of the project, is quite similar with the first phases risk-wise. If all the                 
implementation is successfully executed, the analysis and writing the final report should not include              
any difficulties. 
 
A large portion of the risks, however, are related to the implementation of the project. The amount                 
of work required for each phase may be difficult to estimate especially for new concepts, such as for                  
the CIROS 3d simulation. To minimize all risks, the schedule must be derived so that times                
required for the phases are overestimated rather than underestimated. We will familiarize ourselves             
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with all the new concepts and make careful plans before implementing anything to avoid critical               
mistakes. Many phases of the project are also dependent on the preceding ones, so the project may                 
be delayed if there are unexpected problems in some of the phases. We will also try to keep the                   
instructor up to date with the project so that he also can spot possible problems. However, if the                  
schedule still fails there is something we can do about it. We can work during the summer if the                   
project is considerably delayed in the spring. If delays occur in the autumn there is some flexibility                 
in the work packages i.e. it is possible to start preparing and probably also implementing some                
simple parts of the next work package even though the previous one isn’t ready yet. If there is a                   
major delay in the project we need to work longer hours to catch up the schedule but this can be                    
mostly avoided by monitoring the schedule carefully. 
 
There may be also difficulties with fitting the schedules of all five group members together. Still,                
we will have a weekly meeting which everyone will participate discussing what everyone has done               
since the previous meeting and what they will do in the future. Moreover, in an unlikely situation                 
that problems in the group chemistry appear, they will also be discussed. We will monitor the                
workload and progression of the project throughout the year and react to any changes if required as                 
early as possible in order to finish the project in time. Therefore, the project plan should be flexible                  
so that it is easier to react to unexpected events. To make sure the lab is available when needed, we                    
must reserve it early enough and find possible alternative rooms where to conduct experiments in               
case the lab is occupied. 
 
In addition to the possible implementation and group-related issues, there are some external factors              
to be considered. For example, the system or some part of it may fail. In order to prevent                  
components from malfunctioning, we must handle them with care and ask someone for advice if               
some component is not familiar to us. In case a component breaks, we must naturally get a                 
replacing component as soon as possible. Otherwise, the project could be interrupted for a while.               
When ordering a new component, we will try to accurately estimate the delivery time and               
concentrate on other aspects if the delivery is delayed. We will also need to have a backup of the                   
code in Google Drive. 

13) Quality plan 
Quality of the project is observed during every phase. There are various quality measures that will                
help achieving the best results and the expected output. Time constraints, achieving the expected              
output and other task specific requirements are necessary measures that will be done regularly.              
Every task will be planned together and at least one person from the project group will be assigned                  
to be responsible of the quality on that task. Some of the tasks will be done equally by every group                    
member. All the task related plans will be discussed with the instructor. Any occurred problems on                
the quality will be documented and solved by the responsible one or other group members and                
instructor if needed. 
  
Initiation and Design phases will be done together by the project group. Each member has the                
responsibility on the quality. Tasks in the implementation phase will be shared for the group               
members and therefore quality responsibilities as well. The Finishing and reporting phase will be              
done together like the first phase. 
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14) Changing this plan 
Changing the plan might come ahead in some cases. In this project there are few new subjects for                  
all of us and it might cause some changes to this plan. Following instructions should be applied if                  
any part of this plan require changes. 
  
Changes to the project plan can be done if any insufficiency is noticed. Person who is in a project                   
group may suggest any changes that will be discussed between the group. It has to take into account                  
that also the instructor or other advisors can make an initiative to changes. If changes cause new                 
scheduling it is necessary to check that all the time constraints can be met however. If someone is                  
unable to complete some of the tasks we can discuss together is it necessary to modify the list of                   
responsible one’s. New versions of the project plan and schedule will be made after any changes                
which has to get acceptance by the instructor. 

15) Measures for successful project 
The measure of success can be divided into two parts. The first one is about how the final outcome                   
is measured. There are a few deliverables in this project, the most important are getting the EnAS                 
Demonstrator to work with a few component replacements and implementing wire and wireless             
distributed control for comparison. The main measures of success, when considering the            
deliverables, are meeting the objectives, stay on budget and the quality of delivery. The last one                
includes the quality of documentation for future work and the quality of collected data for               
comparing wired and wireless distributed control. 
 
The second part in measuring the project success is concerned about the project procedure. In order                
to improve future project work, one is required to evaluate the previous work. The main measures                
of success are project team satisfaction, keeping to the estimated schedule, project organization and              
management.  These can easily be evaluated throughout the project and corrected if necessary. 
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APPENDIX 
 

 
Figure 1. Work breakdown structure 

 
Figure 2. Work packages 
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Figure 3. Gantt Chart: Detailed schedule of the project. 
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