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ABSTRACT 
 
Open Knowledge Driven – Manufacturing Execution System (OKD-MES) is a 
comprehensive software solution for all activities in shop floor level. Like any 
other software system, it comes with packages of code. Adoption of OKD-MES 
means adoption of technologies like web services as a standard of communica-
tion, controllers with web capabilities, Service Oriented Architecture (SOA), On-
tologies in manufacturing etc. OKD-MES adoption in whole and part inspires the 
modern industries to move towards a digital world. Wide spread adoption of OKD-
MES is possible when the user can identify the value in the system with clear 
metrics. The actors of this system come from different sections of the industry 
hence, information delivery plays a crucial role in the adoption process. OKD-
MES has a layered architecture hence, a layer-by-layer adoption methodology is 
proposed. For every layer, guidelines, manuals and organized training contents 
are prepared to provide the user a working knowledge of the architecture, com-
munication between layers, devices, etc. It is believed that training of every as-
pect of the system is essential for the adoption process. A use case approach is 
followed to provide developers, engineers and students a chance to understand 
working of the system. Tutorials are prepared from the obstacle faced in devel-
oping such a system. Pedagogical techniques are identified to facilitate the adop-
tion process in both technical and commercial groups.  
 
The guideline and training materials are validated with participants from different 
groups and their concerns are addressed in the training materials.  An attempt 
has been made to capture the users verbatim with the help of a feedback proce-
dure. This framework strives to initiate and maintain the process of adoption of 
OKD-MES.          
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1. INTRODUCTION  

According to Open Architecture and Control Group (OACG), rapid adoption and widespread 

use of automation technology is achievable when someone develops and implements technical 

specifications that address majority of problems pertaining to businesses and publish them as 

open standard [54]. In today’s world of manufacturing where diminishing product life cycle 

and increasing product customization pressure are big issues, selection and adoption of a tech-

nology is a never-ending challenge. Hall and Khan [55] in their book New Economy Handbook 

rightly pointed out that adoption is merely an absorption phase. This phase is marked with 

uncertainty hence; the industries are always skeptical of it. An approach is made here to struc-

ture the process of adoption of Open Knowledge Driven-Manufacturing Execution System 

(OKD-MES).    

One of the basic goals of any adoption process is to create sustainable changes in behavior and 

cognition so that individuals possess the competencies they need to perform a job [1]. The 

purpose of this research is to develop a methodology for communicating the ideas of an Open 

Knowledge Driven Manufacturing Execution System (OKD-MES) to users of this system from 

different sections of industry and academia. This section starts with a background introducing 

the topic. Then the problem is defined and hypotheses are formed keeping in mind the chal-

lenges of a Knowledge driven system and effective communication. Finally, the limitations of 

this research are discussed. 

 

1.1 Background  

Technology adoption is a psycho-social process. People would not consider adopting new tech-

nology unless it gives them tangible benefit and it is easy to learn. This “ease of learning” a 

complex system in the ICT world is a necessity. Cathy Moore in her website [48] defines a 

flowchart which boils down the problem concluding whether training is required or not and if 

yes, what kind of training is required for the problem at hand. Here we try to analyze the same 

flowchart by her in terms of the problem at hand, i.e. OKD-MES.  

An Open Knowledge Driven - Manufacturing Execution System (OKD-MES) approach is used 

to address the problems of modern MES system where flexibility and extendibility of the sys-

tem are issues. In the eScop project, a Knowledge driven system is developed which has con-

cepts, vocabulary and ontology rather than data points. The knowledge representation is done 

with ontologies. Web services enable the communication between devices and layers. The idea 
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of this thesis works to develop an approach for training the concepts of OKD-MES and best 

practices, which will guide the user to utilize his resources effectively.  

To understand the research gap, the training problem is visualized   from a multi-disciplinary 

and System Engineering point of view [2]. One can ask questions like; what to communicate 

as a part of training, which technologies of the knowledge driven system are to be demonstrated 

and how to evaluate the outcomes of those trainings. It is not a bad idea to even ask fundamental 

questions like how people learn. Pedagogical techniques like F2F training, brainstorming, de-

bates and virtual learning are simple yet extremely useful to communicate a concept. Demon-

stration and simulation is one of the most effective pedagogical techniques known [4]. Consid-

ering these facts, the method of training is decided.  

The eScop project has 4 layers. The lowest layer is the Physical Layer (PHL) where Embedded 

devices are used as a remote terminal unit (RTU). In this layer training aspect include devices 

and their capabilities. The knowledge representation layer is called Representation Layer 

(RPL). It forms the Knowledge repository of the entire system. It uses Web Ontology Language 

(OWL) for modelling, visualization and integration of ontologies. It contains knowledge about 

device functionality, device description, device interfacing and the HMI. RPL broadly contains 

of two parts, the manufacturing system ontology (MSO) and ontology services. The Orches-

tration Layer (ORL) is composed of two parts the service composer and service orchestrator. 

This layer is responsible for orchestration of the tasks in the factory floor. ORL interacts with 

all other layers to orchestrate services composition. The functional requirements are defined 

with 11 MES functions as outlined by MESA. Because of the layered architecture, a layer-by-

layer training methodology is adopted. UML state charts are used to model the state of the 

system and sequence diagrams are used to demonstrate the communication in and between 

layers. Tools such as Sematic Workbench, Olingvo and RESTful APIs are demonstrated in 

step-by-step manner to make the technology easy to use and acceptable.       

A right mix of Live, Virtual and Constructive model (LVC Technology) can be adopted for 

spreading the ideas of OKD system [2, 3]. With live model, real people operating real system 

are demonstrated. This can be demonstrated when actual devices can be operated with web 

service interface at the factory floor or in pilot cases. This is demonstration on actual system 

offered F2F to the trainee. This is the most effective model as any concerns of the trainee could 

be answered on the spot. A virtual model is where real people operate virtual system. A simu-

lator is a good example of this approach which provides the real feel of the system in a virtual 

environment. It is difficult to track the transfer of training in this case. Finally, in constructive 

approach simulated people operate simulated systems.  

An important aspect of systematic training process is transfer of training [1]. Learning transfer 

is the extent to which learning of one task facilitates the learning of another task. Transfer of 

training is a tangible benefit of training. It validates the training process and gives feedback as 

to how effective the training was. The training techniques may not be 100% efficient but trans-

fer of training gives a qualitative indicator of the content. This technique helps us to see the 
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training and development process as a black box. Another significant aspect of the training 

process is to define the actors. Who is the training for? For the operator training, will be mostly 

focused on how to configure the system, run the system, and control the system with UI etc. 

For a manager on the other hand it will be more focused on the UI level where he can monitor 

the system.      

 

 

1.2 Problem Definition 

In present day, there exists no formal procedure, guideline or methodology for adoption of 

Knowledge Driven system in the industry. While working with OKD-MES the user will get 

overwhelmed with information and codes. There will be many obstacles in the learning pro-

cess. Many questions may arise from technical and conceptual point of view. If they are not 

resolved in a systematic manner, the result would be resistance in adoption of the technology.  

 

 

1.3 Hypotheses 

Based on the available knowledge following hypotheses can be made –  

H1: Conceptualization of layers of OKD-MES can be done and guidelines for adoption of 

OKD-MES can be produced from the obstacles faced and lesson learned.    

H2: The development of OKD-MES can be demonstrated with a simplified use case which will 

help the user to understand the communication between major layers of the OKD-MES  

H3: Lesson learnt can be demonstrated to internal and external users of the system and their 

feedback can be collected to analyze transfer of technology 
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1.4 Limitations  

Adoption of a technology is successful in true sense when it is adopted by all the people in the 

organization. The procedure for adoption by different departments will be different. The pro-

cess of adoption for the engineering team will not be same as the sales team. Hence, a big 

challenge is producing standard set of guidelines for adoption of a technology by everyone in 

the organization. There are many actors of the OKD-MES system and the guidelines will be a 

little biased for some group of people.  Though training is a good way to spread the ideas of 

the OKD-MES system there is some limitations to this process. Training contents have to be 

modified and validated over the life cycle of the system. Also, the actors of the training process 

are from various fields of industry and academia. For a manager or owner detailed technical 

know-how is not required whereas for operator it is mandatory.  

Before approaching these guidelines, it will be assumed that the user or trainee is familiar with 

the problems of existing MES. The user should be able to understand what is meant by flexi-

bility, re-configurability and extendibility which OKD-MES brings to a conventional MES.     

A use case approach is used to communicate the concepts of OKD-MES. However, it is just an 

abstraction of the concept and requires more learning and training to be able to make a full 

scale OKD-MES by the user. Another important challenge is to analyze the adoption procedure. 

Rate of Adoption is relative in nature and the calculations involve a larger time period to infer 

about it. Transfer of training can be one measure to analyze understanding of the trainee or user 

of the system. An attempt is made to provide the training to another employee in our Lab who 

is not familiar with OKD-MES and work on his feedback. But that person will not be a profes-

sional developer who wants to build his own OKD-MES. The possibility of handling and pro-

cessing all concerns of actual users of this system is out of scope.  

Continuous learning and skill development is a way of life in modern organizations. This 

equips employees with knowledge and makes them more independent and responsible. But 

there is also a threat of increasing cost of training in modern organization with multicultural 

and multilingual backgrounds.  
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2. STATE OF THE ART 

To build a good methodology for adoption of OKD-MES, understanding state of the art adop-

tion processes are crucial. The tools and technology used to adopt and disseminate such systems 

are also discussed. A part of the FESTO line was used to demonstrate the OKD-MES concept. 

Deployment of the system which was a major challenge in understanding the outcome of the 

system is also discussed. Finally, the lifelong learnings from similar systems are discussed. A 

summary is drawn at the end based on present state of the art of adoption processes and its 

usefulness for this adoption system.  

 

2.1 Adoption of OKD-MES 

Technology adoption can be defined as a choice that a company makes to acquire and use new 

inventions or innovations [30]. This process of adoption is affected by several factors such as 

cost, time, technology level etc. These factors state when and how the technology adoption can 

turn into technology diffusion. Technology diffusion is a process when the new technology 

spreads throughout the population. Adoption of a technology is a complex techno, socio-eco-

nomic process. Invention of a technology is a fast process but adoption and diffusion are very 

slow processes being effective over time, sometimes years. In adoption of a technology like 

OKD-MES by manufacturing organizations, the question is not whether to adopt or not to adopt 

rather the question is when to adopt.  

Workers and capital goods are two main resources of a company. Rate of adoption depends 

directly on these two resources [30]. Skill level improvement of the workers determines the 

rate of adoption. Proper training and know-how about the system will accelerate the adoption 

process. The overall skill level of the enterprise has to grow for diffusion of the technology. 

Diffusion is a state when the technology is so commonplace someone can learn it from his 

colleagues or co-workers.   

For many years’ companies were driven by the concept of globalization and technology. The 

increase in competition has led these companies to adopt new technologies to gain strategic 

advantage. Some companies are successfully adopting new technologies while some are failing 

in it. This technological innovation procedure generally has a lot of advantages like procedural 

benefit and cost benefit. Hence a lot of factors govern the technology adoption process. Fareena 

Sultan and Lillian Chan [20] in their research provided a generalized model for adoption of 

new technology within a firm. This model provides a comprehensive understanding of the fac-

tors or metrics.  
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Factors (or metrics) are the yard sticks that can be used to judge the adoption process. As 

pointed out by Fareena Sultan and Lillian Chan [20], there can be many factors which may or 

may not be quantifiable. It can be characteristic of individual such as experience. It can be 

group factor like ability to respond to risk or communication amongst team members. It can be 

company factor such as company structure or Technology policy of the organization. Individ-

ual’s perception of technology will also affect the adoption process. Some examples of these 

factors which have been identified for OKD-MES are performance of the system, flexibility, 

re-configurability, worker’s safety, employment safety, agility of the system, rework reduction 

and quality enhancement, reusability, diagnostics, decentralization of control and energy effi-

ciency. E. M. Rogers in his book Diffusion of Innovation mentioned advantage of innovation 

can be measured under four categories economic, social, convenience and satisfaction [31]. 

Recently, environmental efficiency is also playing a big role in defining the metrics of a system.   

G. Premkumar and Michael Potter [21] in their research identified seven factors that can eval-

uate an organizations decision to adopt or not to adopt a CASE (Computer-aided software en-

gineering) technology. They divided the factors into technology variables and organizational 

variables. The technology variables are Relative advantage, Cost, Complexity, Technical com-

patibility and Organizational compatibility. The Organizational variables defined by them are 

Product champion, Top management support and Information System Expertise. G. Premku-

mar and Michael Potter [21] extended Zmud’s [22] theory of “technology-push” and “need-

pull” that affect the factors for adoption of new technology. In the same article they also state 

“Organizations adopt innovations to overcome performance gaps and deficiencies or to exploit 

new opportunities”. This is coherent with the concept of OKD-MES where the “performance 

gaps” of the existing MES systems are addressed. This has opened up new scope for innovative 

technological models such as plug and produce.  

Speaking from the OKD-MES point of view, adoption of this technology is the Final integra-

tion phase. It needs clear indicating factors or metrics which was mentioned before.     

Before understanding the concepts of Open Knowledge-driven MES, one must know the cur-

rent status of MES and why the MES has to be more intelligent. Commercial as well as open 

source MES exist in the market but a standardized form of MES does not exist. MES will have 

specific architecture, platform and functionality which will be capable of solving one kind of 

problem [7]. Information integration across the layers of the MES and MES with the ERP is a 

challenge. The existing MES also lacks in adaptability and re-configurability after deployment. 

This makes it rigid and applicable for a specific type of purpose only.  

Manufacturing organizations deal with extremely large volume of production data. In an event-

driven system, this data is generated whenever an event takes place. For example, presence of 

a pallet in workstation is a data which can lead to some action that will generate another data 

say, pallet presence will trigger the robot to perform an operation. A Manufacturing Execution 

System (MES) generates large amount of data which needs a robust information management 

system. This marks the advent of KD (Knowledge-Driven) systems. In a Knowledge-driven 
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system, there are concepts and vocabularies instead of just data points. These concepts can be 

represented with Ontology. Tom Gruber defines ontology as concept, relationship and distinc-

tions that are used to model a particular form of domain. For example, a part can be a sub 

assembly of a bigger part or it can be a machined product out from a system hence, the context 

is important [1]. If an attempt is made to identify these concepts and build a system based on 

it, a Knowledge Model can be created.   

Knowledge Modeling requires an architectural framework that will form a bridge between 

business needs and information technology. Service Oriented Architecture (SOA) is an archi-

tectural paradigm based on a consumer who needs a service and a provider who provides the 

service. OKD-MES is neutral in nature. This means it is not tied to any specific technology, 

standard or protocol. It is can work with plain XML or Web service family [3]. SOA is best 

exploited as a system with Open Architecture therefore; OKD-MES follows the same pattern. 

Open Architecture has clear boundaries between components and well-defined protocols to 

network devices. The goal is to monitor and control the Embedded devices in the shopfloor. 

This can be achieved by Cyber Physical System (CPS) which provides integration of Compu-

tation, Networking and Physical processes. CPSs are providing sufficient computational capa-

bilities for low level factory shop floor devices to implement distributed web architectures [5].       

The eScop project has 3 pillars. These are Web services, Embedded devices and Knowledge 

drive approach. Figure 1 shows this concept.  

 

 

Figure 1: 3 pillars of the eScop Project 
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For “Web” services to exist there has to be electronic devices connected by a network. The 

devices are Embedded devices like INICO S1000 controller [32]. These Embedded devices 

allows CPS (Cyber Physical System) to be implemented on modern production lines [33].  CPS 

plays an important role in the interoperation of these devices to develop modular, robust solu-

tions. Hence computational and physical capabilities of these devices get connected [4]. Now 

the devices are in place and a computational system to network it, a repository is needed. This 

repository will have “Knowledge” about the system. It will store information and provide con-

cepts to connect random data points to form a vocabulary [5]. This is the Knowledge base. A 

system which has a Knowledge base like this can be called as a Knowledge-driven (KD) sys-

tem. Combining the two concepts of KD systems and having an Open Architecture, the result 

is an Open Knowledge Driven (OKD) system.     

 

Adoption of an Information system in industries is a complex process. It is difficult to say how 

people in the industry will respond to the different challenges that come along with the tech-

nology. The adoption process involves solving the problem with assessment and evaluation of 

an alternative solution [8]. This approach has a multidimensional perspective. It can prove that 

the solution is not platform dependent or inflexible. The adopter of the information system 

should be provided with guidelines for creating and customizing his own information system. 

The provider of the information system should aid the process of adoption by producing a step-

by-step guideline for the adopter.  

A study was conducted by Ajami et al. on adoption of Electronic Medical records (EMRs) 

system at hospitals. Despite the positive effects of the technology the adoption rate was very 

low. The researchers identified the barriers which was causing the low adoption rate. These are 

potential barriers to adoption of information systems [34]:  

1. Cost of the adoption process as compared to the benefit – The benefits of the technology 

should motivate the user to adopt it  

2. Time – The time required to learn a technology is not adequately provided by busy 

professionals who are associated with other works.  

3. Security – Preventing of unauthorized user to access production data 

4. Functionality – Right data for the right system 

5. Workflow disruption – To be familiar with the technology sufficient time has to be 

invested to get familiar with it. This means one’s own work would be disrupted when 

making this effort to learn a new technology 

6. Complexity – The way to use the technology might be complex. It might not be possible 

to do everything right with little or no training 

7. Technical support – Tech support is an important adoption factor and it can be an im-

portant barrier for adoption as well 

8. Formal Training  

9. Other factors which can seem small but sometimes become important barriers for adop-

tion such as connectivity, speed and institutional support.    

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ajami%20S%5Bauth%5D
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Though adoption of technology can be used in every walk of life, our discussion of the adoption 

process is towards discrete manufacturing and process industries that have an existing MES in 

place and looking to migrate towards a Knowledge-based system. One of the reasons for adop-

tion of the OKD-MES in these industries could be competition. Manufacturing organizations 

are accelerating product life cycle to combat the relentless pressure of innovation [35].  The 

demand for new, customizable products is rising and if the manufacturing system is not capable 

of handling these changes in demand, the organization will face big problems. We are now 

approaching towards a world where the machines at factory floor can take decisions and work 

autonomously to tackle any irregularities in order, process, resources or maintenance [35].  

Technology transfer should be considered while training a new technology. Nazmun Nahar and 

Vesa Savolainen [23] mentioned the importance of IT aided training in technology transfer. 

They identified seven phases in which modern IT organization perform training activities. The 

seven phases are establishing or upgrading of computer networks, making the computer system 

familiar to the recipients of the technology, identifying training needs of the technology recip-

ient, selecting proper training tools and methods, delivering the technology transfer package 

and tools, conducting training and evaluating the training.   

Training plays a vital role in adoption of a new technology. After a realistic trial of a technology 

it is important to preserve the knowledge and train people on it for wider applicability of the 

technology. The information technology industry is continuously exposed to changes. Training 

and development of employees’ play a crucial role is overall development of the organization. 

In the academic world students and researchers should be informed about the new technologi-

cal developments to investigate new research areas. Collaborative learning is a process where 

people learn in small groups. This increases critical thinking, creativity and elaborative think-

ing [16]. There can be many methods of learning depending upon the location of the trainer 

and trainee. Face-to-face learning with real-time demonstration is an effective method of train-

ing. Asynchronous Collaborative learning on the other hand also plays an important role as it 

gives the learner time and freedom to understand the concepts, search for other solutions and 

try the solution by them.  

Cathy Moore in [48] described a flowchart which answers very abstract questions like whether 

training is required for a scenario or not, how to grade the training procedure, how much is the 

management’s involvement in training process etc. In her website, Cathy Moore provides a 

flowchart called, “Is training really the answer”. This flowchart identifies measurable goals for 

abstract problems. This is a fine example of benchmarking. She also created “Action Mapping” 

which can analyze performance problems and design solution. “Activity Design” is designing 

challenging tasks for the actions mapped. This procedure of Action Mapping and Activity de-

sign helps to present the required amount of content to the trainee. According to [48], every 

stakeholder benefits from a process like this.       
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Pedagogical techniques such as Brainstorming, debates, buzz groups, quiz, and games are very 

effective in the process of learning a new technology. Dimensioning and analyzing of the ped-

agogical techniques can reveal that the tasks undertaken during learning a new technology can 

be divided into three categories; mandatory, optional and related [16]. The mandatory activities 

include the most important tasks which are to be performed to understand the technology. The 

optional tasks are the one which can be performed to support a technique and relate tasks are 

incidental and takes place in special situations. Other techniques which are extensively used 

for better learning are computer based simulation software, mobile communication, telecon-

ferencing and on-job demonstration.  

In [64], the author describes Passive and Active instructions in learning. Example of Passive 

learning instructions are power point presentations or F2F teaching where (from the trainer’s 

perspective) no activity is performed or demonstrations given. In Active instructions like hands 

on training, an activity is performed to validate the learning.    

A new technology is fully leveraged when it adds to real business values [41]. Any organization 

adopts or migrates to a new technology to have competitive advantage. However, this method 

is not smooth and rewarding all the time. Many examples say that when adoption of technology 

went wrong it resulted in budget cut downs, firing employees and even resulting in sick units 

[42]. When it comes to information system adoption people always think of when they will 

start getting profit out of it because an immediate return might not be visible. Soh and Markus 

[41, 43] came up with a process model to show when the Information system converts expendi-

ture into asset.  But this process model is based on many assumptions. Presumably, use of a 

new technology and adoption of it are different according to [43].       

Enterprise systems (ES) are a category of Information Systems (IS) [44]. ES targets large scale 

integration of data. Because of this complexity is higher in ES.     

System engineering approach can also affect the training methodology to be used. Training 

media decides the cost of training. A cost-effective approach in training is always desirable in 

an information management and networking solution. The solution is always subjected to 

change and improvement. So, it is a wise idea to keep the cost of training minimum without 

affecting the quality of the training. A LVC approach in training can be followed [17]. The 

Live model demonstrates real people operating real systems. This is the most effective way of 

learning. A virtual model is where real people learn with a virtual system, for example a simu-

lator. This is implemented in the eScop project with simulators which replicate the model of 

the real system. A constructive model is where simulated people operate a simulated system. 

This is difficult to understand and implement in the form of training format. Multi player online 

computer games are a good example of this which can be also applied to learning.    

With lots of learning material produced for OKD-MES by different partners involved in the 

project, there was a necessity of a container which will hold the materials and can be accessed. 

A web application was developed for this purpose. iSpring is an e-learning software which can 
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be used for sharing slides and presentation in the internet [29]. iSpring plug-in can be used to 

embed the presentations into an html file. It is also possible to convert the presentations into 

flash or videos. The slides can be shared in web conferencing mode and can be easily hosted 

in the form of a website. These informations about OKD-MES is available open source. These 

materials can be used for individual or group training purposes and user’s feedback or com-

ments are collected.     

A Knowledge-based system (KBS) is a kind of information system where a computer program 

reasons a situation and executes a task. It can provide information about the system with KPIs. 

This field of developing a KBS is called Knowledge Engineering [7]. Ontologies can be used 

as a resource for KBS building smart automation systems. Ontology raises the level of abstrac-

tion and helps the user to think about the problem and its possible solution rather than thinking 

about the computational complexities involved in a problem. Ontologies can also support new 

ways of managing and controlling operations. Ontologies can describe all data, information 

and knowledge relevant to modelling the system [13]. An ontology editor is needed to write 

the ontologies. The most common ontology editor is Protégé. Olingvo, a Protégé inspired on-

tology editor, [36]  is used to write the ontologies. These editors use web ontology language 

(owl). SPARQL and SPARUL are used to query and update the ontology model.              

The complexity of a solution in Advanced Manufacturing Systems is growing every day. The 

amount of data is very large and due to advancement in fields like ICT and CEP these data are 

growing even bigger in size [10]. The user of an existing MES system is aware of its system’s 

constraints. Adoption of a new technology or upgrading to a new technological framework can 

stimulate a complex set of changes across the organization. The data complexity is overwhelm-

ing. It is very difficult to understand the entire process if one does not have a good knowledge 

of development. It is possible to break down the entire process into small steps and try to learn 

the concepts.  

An industrial use case approach is followed in many manufacturing research projects in the 

field of Ontological Engineering. As demonstrated in a use case by N. Chungoora et al. a com-

bination of Model driven approach and ontological engineering approach can give birth to a 

manufacturing knowledge-sharing environment [12]. A use case approach can be used to 

demonstrate and test a specific part of the technology. The platform independent nature of the 

KD system can be demonstrated in various ways. Platform independence can be defined with 

a model at a high level of abstraction where the model defines a software solution methodology. 

UML (unified modeling language) diagrams are used to model the system. UML is graphical 

language that represents conceptual and physical representation of a system. It provides a bird 

eye view of the system as well as gives details about the structural and the physical aspects of 

the system [37].  

The framework for overall evaluation for production systems can be adopted to those produc-

tion systems that follows and implements the eScop approach. The pilot for the project covers 

discrete manufacturing and process industries. The approach for the pilots is the same which 
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has 3 core layers; Physical Layer, Representation Layer and Orchestration Layer. In both the 

cases the main point of focus is re-configurability of the production system [13].  

The Physical Layer consists of the service enabled embedded devices. These devices can be a 

controller such as INICO S1000 or a system such as a Raspberry Pi. Raspberry Pi is a small, 

barebones computer developed by Raspberry Pi corporation. The purpose of development of 

such a computer is to promote computer science education in students with negligible cost [38].   

In either of the cases these devices will be capable of performing deterministic real time control 

[13]. Device functionality description and interface description is done by the Representation 

Layer. The functionality description defines the integration of the device into the system. For 

example, when a new device is added into the system a deviceID is generated for it. Interface 

description defines the procedure in which a device can communicate with another device or 

with the Representation Layer. These embedded devices will update the knowledge model as 

and when a new update takes place.  

The Representation Layer forms the knowledge repository of the system. It utilizes ontology 

modeling to support, integrate and visualize the system [13]. The advantage of having a central 

knowledge model core is that it reduces time and cost for rectification of system after making 

a change. Any change updates the system automatically and the knowledge about the change 

is preserved. It helps the system to manage complexity by standardizing device interfaces.   

The Orchestration Layer is responsible to orchestrate the services required to control a SOA 

based system. The approach in the Orchestration Layer is to develop the functionalities and 

requirements of services leading to solution of a complicated problem.  

The representation of knowledge and Orchestration of the entire manufacturing system are ex-

tremely complicated processes. In order to understand it, one has to break down the problem 

into small steps. A holistic approach will conceptualize the problem and show the user how to 

progress towards building their own OKD-MES with small steps.  Holistic Models are good at 

presenting the problem and solution with simple content [14]. This abstraction of the problem 

is done parallel to the pilot cases in the eScop project with the FESTO Line.  

 

2.2 FESTO MPS  

To demonstrate the idea of KD approach, a demo system is produced with the FESTO MPS 

line. FESTO MPS is chosen for the tutorial series as well. It is selected because of its modu-

larity and flexibility. Demonstration of the Knowledge driven architecture is done with the help 

of one module, the distribution station. The distribution station has a stack magazine which can 

hold up to 8 workpieces. When a workpiece is present in the magazine, a double acting cylinder 

pushes the workpiece from the magazine to the side. This spot is named zone 1. Then the 
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swiveling arm puts the work piece from zone 1 to the next station. This spot is called zone 2. 

This is indicated in the following picture. 

 

Figure 2: FESTO Line Distribution Station 

FESTO Modular Production System provides a learning environment for various purposes. 

They are fully assembled and are a good solution for learning complex automation operations 

that take place in the industries [15]. The basic ideas of service definition, service invocation 

and orchestration can be demonstrated with the line. The methodology followed is the same as 

in the layers of OKD-MES.  

FESTO has its own hardware and software learning modules. The modules help Engineers to 

get accustomed with digitalization and will become more prevalent in Industrie 4.0 [39].  

 

2.3 Deployment of the OKD-MES          

Deployment process can be very complex depending on the architecture of the solution. Soft-

ware deployment can be defined as “the implementation of the definition of process on the 

operational environment” [18]. The deployment process covers three aspects on the organiza-

tional level; implementation of formal procedures which is required to launch the system as a 

solution, technological aspect which involves configuration of system and adoption of a spe-

cific tool and social aspect such as teamwork and training required for adoption of the technol-

ogy. Inconsistencies in the process can be avoided with a proper deployment method. Deploy-

ment of the OKD-MES solution can be in three layers. The first is the hardware layer, then is 

the core framework and on top of the core are MES function layer that addresses specific busi-

ness solutions.  

In Enterprise and DRE (distributed, real-time and embedded) systems, a deployment plan is 

developed for software components. It is a challenge to make an accurate deployment plan. It 
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is difficult to deploy a group of components which meets various non-functional requirements 

[24]. Some functions which are considered in the deployment plan, such as performance and 

security pulls the deployment plan down acting against each other.  Training and deployment 

are used to address usability issues of a system [25]. Usability testing can be applied to the 

training websites. Usability testing is a fundamental evaluation method and can be of great help 

when designing a training website that the user has to navigate to find the information he needs. 

To study and understand the real usability issues, one has to deploy the actual system. Training 

and exercises are essential in usability evaluation. The website will also contain tools that the 

user can download and simulate a real-life system. The simulator will provide a real-life expe-

rience to the user. The user can be interviewed about what he did and how he did it. Experience 

sharing workshops will help the deployment of a new technology which will be more user-

friendly [25].  

SmartFrog is a tool for automating complex deployment [24, 26]. It is a java based framework 

for configuring, managing and deploying distributed software systems. SmartFrog allows the 

user to execute a manually constructed deployment plan which will consist of series of scripts 

and other installation activities that runs on a specific host. It helps the user to encapsulate and 

manage the system so that they can be automatically installed, started and shutdown. Smart-

Frog is open source software where people can make their own deployment scenarios and share 

their experiences [26].       

According to IF4IT Deployment Functions [19], a waterfall diagram can be constructed which 

vividly demonstrates the process of deployment of a software solution as shown in Figure 1. 

This can be applied to our situation in deployment of OKD-MES.  
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Figure 3: Deployment Functions-Waterfall diagram 

 

Both training and deployment are common activities in a development project [25]. Deploy-

ment can be defined as a set of repeatable, measurable and quantifiable activities that help to 

generate an environment where construction, preparation and delivery of a system can be done 

to the targeted end user. OKD-MES needs a simple deployment solution. The layered architec-

ture of OKD-MES should be deployed in packages. The main packages involved in the deploy-

ment process are the Core, Utils and MES functions. The core contains the Physical Layer 

containing the devices, the Representation Layer and the Orchestration Layer. The Utils con-

tains the Visualization Layer and any other auxiliary layers. The Functions Layer contains the 

MES functions.  
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Figure 4: Deployment Diagram for OKD-MES components 

The core contains the core for MES execution. The core represents the actual building block of 

the OKD-MES. The “utils” will be a combination of auxiliary components such as the Visual-

ization Layer. It may include communication adapter modules to integrate OKD-MES with 

particular protocol or just have a visualization interface. The function layer is the most inter-

esting block in the deployment process. The function layer contains the MES function. The 

sequence of implementation of each of the functions is important. For example, to deploy “Re-

source Allocation and Status” MES Function all the time when a pallet moves to a work station 

“Maintenance Management” will not be called into play.     

A UML activity diagram can be drawn to represent the deployment plan of OKD-MES. The 

UML diagram is basically a sequence diagram of sequential events that should take place to 

deploy the system. The steps in deployment of the system can be abstracted with this sequence 

diagram. The prioritization of the eScop project, MES function deployment is planned and 

done in the pilots. This process may be case dependent. For example, the deployment of MES 

function in different pilot cases would be different. The deployment process will be influenced 

by the requirements of the pilots and the way in which the MES Functions are defined in them. 

But to generalize and standardize the process a common approach can be followed. This ap-

proach is refined in the waterfall diagram shown in Figure 3.  
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Figure 5: Deployment Plan Activity Diagram 

 

 

Engineer is the person who actually operates the system. The deployment tool will provide and 

option to the Engineer to select which MES function he wants to deploy. The choice of the user 

will update the MSO asking the deployment tool for resources required to be updated. On up-

dating the resource, MSO prompts the deployment tool to “Deploy” the solution. The deploy-

ment will create a link between the core, Utils and Function packages which will enable the 

user to start using the OKD-MES and perform operations like Order Entry.   

In the deployment process the MSO is updated to run the OKD-MES. There can be a simple 

tool or a wizard that can deploy the OKD-MES in this specified sequence. It can be a simple 

configuration tool but the challenge lies in deploying the MES functions. The order and the 

way of deployment of the MES functions are to be defined.    
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2.4 Technology Acceptance Model 

A lot of research has taken place on Technology acceptance model (TAM), Theory of planned 

behavior, Unified theory of acceptance and use of technology, Diffusion of Innovation (DOI) 

and Theory of technology, organization and environment (TOE) framework. TAM captured 

maximum attention from the Information System Community [52]. There are two different 

school of thoughts for TAM. Some people believe that TAM can be used effectively for iden-

tifying the effects of the technology on humans with the help of several factors. 37 such factors 

are listed in [52]. The relationship of these factors can be used quantitatively to measure satis-

faction the technology brings in humans. A little consideration will tell that more the satisfac-

tion obtained on using the technology, more likely it is to be adopted. A different school of 

thought says there is a question to TAM’s practical effectiveness. TAM has been used by the 

Information System community to quantify adoption.    

In OKD-MES context, a TAM can be drawn by identifying some factors that highly effect the 

adoption of it [52] [56].  

 

Figure 6: Technology Acceptance Model 

 

Like any other conventional TAM, the factors effecting adoption are identified on the extreme 

left. These factors are:   
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Table 1: Factors affecting Adoption of OKD-MES framework 

Factors Definition 

Top Management Involvement The management plays a significant role 

in adoption of a technology. It has the au-

thority to decide and push the adoption 

process at the beginning when the employ-

ees are not very inclined towards it. 

Accuracy The accuracy of the proposed solution is 

imperative. The accuracy determines 

adoption in every level of the system. 

Reliability Highly reliable Information systems will 

have a faster adoption rate.  

Locus of Control This factor targets the employees. If the 

training of the technology gives the user a 

strong foundational understanding. 

Flexibility of the system A flexible system in terms of order ac-

ceptance, product delivery and product 

customization will be an influential factor 

for adoption.    

IT know how The OKD-MES demands certain Infor-

mation Technology knowledge from the 

user’s side. More positive this factor is, 

higher are the chances of adoption. 

Degree of Training This factor targets the amount of training 

required to start working with OKD-MES. 

This can be extended to improve or mod-

ify the system.   

Expectation from system Expectation has many forms. It can be cli-

ent expectations, end user expectations or 

employee’s expectations. Expectation 

from the system can be personal or a 

group. The adoption process should strive 

to meet both forms of expectations.   
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With all the factors in place, perceived usefulness and perceived ease of use is addressed. The 

framework developed should be useful to learn key aspects of the OKD-MES and it should be 

easy to use by everyone who wishes to learn it. When all of these factors are considered, actual 

usefulness of the system can be understood.  

Fred Davis in 1986 proposed a simple yet effect tool called Technology Acceptance Model 

(TAM). According to Davis, user’s motivation to learn a technology can be explained by 3 

factors [52]: 

i. Perceived ease of use 

ii. Perceived usefulness  

iii. Attitude of the user towards the system  

This TAM targets user satisfaction of an information system. Psychologist who study this be-

havioral patterns of people define “satisfaction” is a broader sense [53]. It is not only what the 

system can do but with what complexity. It is important to give the user a sense of achievement.  

Bailey and Pearson quantified satisfaction of technology adopters as: 

Equation 1: Satisfaction of Technology Adopters 

Satisfaction = ∑𝑤𝑖𝑗𝑅𝑖𝑗(𝑗 = 1, … , 𝑛, ⅈ = 1, … , 𝑚) 

Where, 𝑅𝑖𝑗 = the reaction to factor j by i and  

𝑤𝑖𝑗 = importance of factor j to individual i [53] 

For example, let’s take factor accuracy as ‘j’ in the above equation. If twenty people in the 

organization think that the Information system is satisfactory, ‘i’ is 20. 𝑅𝑖𝑗 is the reaction to 

factor j by i individuals. 𝑤𝑖𝑗 is the importance which the individuals provided to each factor. 

Satisfaction is the weighted sum to the ranked quotients 𝑅𝑖𝑗 and 𝑤𝑖𝑗. Satisfaction can be defined 

as the sum of one’s feelings or attitude towards a list of factors affecting a situation. Satisfaction 

score can be helpful to find out how many people are likely to accept and adopt the technology.        

In a broad perspective satisfaction is the need or want from the system. According to Michalos 

(1985), satisfaction is often studied as it is believed that satisfaction leads to sought-after feel-

ings, attitudes, intentions, and behaviors [56]. Satisfaction, in an Information system context, 

can be useful to judge the difference between what is desired and what was obtained. In OKD-

MES adoption framework, satisfaction of the user can be quantified according to the above 

formula. It can be an effective parameter to judge the adoption process.   + 
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2.5 Life Long Learning  

In [61], the authors introduce a specification framework for the delivery of industrial learning 

and training addressing the needs for the “knowledge” workers of the factories of the future. 

“Factories of the future” would have challenges in Industrial Learning systems. New skills 

would be required for the future workers. The authors in [61] state, “To that direction, an ad-

aptation of the training content and its delivery mechanisms to the new requirements of 

knowledge-based manufacturing is required.” The authors emphasize on a strong multi-disci-

plinary background of the workers in the factory of the future. The authors also state, “Engi-

neers and blue-collar workers will need new lifelong learning schemes to assist in keeping up 

with the pace of change.” Lifelong learning is regularly introduced in the corporate level to 

assist engineers and managers cope up with the rapid advances of technology. But it is also 

argued in the literature that not only technological advances but stress should also be provided 

on multiple objectives of the education policy such as economics, social and cultural outcomes 

and personal development. 

In [60], the authors propose a service framework based on NMS (Networked Manufacturing 

Systems) and verifies its effectiveness by industrial field experiments.  In the manufacturing 

world in the last decade, NMS (Networked Manufacturing System) and other relevant support-

ing technology such as the mobile agents, holonic systems, model-driven methods and middle-

ware, have been developing rapidly [60]. The authors propose a UPnP (Universal Plug and 

Play) framework and validates it with a numerical framework. The use case based approach 

adopted by the authors help people to understand the methodology used. A similar approach is 

proposed for OKD-MES. A use case promotes understanding of the working system and pro-

motes lifelong learning.    

In the present world of Information systems where technological advances take place daily, a 

flexible learning framework is very desirable. The flexible learning system should be such that 

it gives one opportunity to learn anytime, anyplace. Lifelong learning is on the rise [57]. With 

increase of technology in daily life, people having more leisure time and an increasing pressure 

to keep oneself updated, the need for lifelong learning is growing. According to [57], interac-

tive technologies has the potential to address lifelong learning.  

In [58], the author rightly states, “There is no accepted dentition of lifelong learning and the 

term has been interpreted in The Learning Age as the training of a workforce capable of adapt-

ing to a rapidly-changing world.” This will require continuous learning. The technology used 

today to develop and deploy OKD-MES may be outdated in the coming years. But the learning 

from this system will lay down foundational blocks that can be used to extend, modify or make 

a completely new OKD-MES. Learning resolves to addressing an idea, solving a problem or 

gain an understanding. In OKD-MES adoption framework, fixed metrics are used to solve the 

problems of present day MES like flexibility or extendibility. The understanding of the system 

is developed by layer-by-layer training methodology which provides adequate insights to the 

system. Demonstrations for other forms of training like, hand held training, online training with 
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the eScop Training center, description of tool used for the system are all made to address the 

lifelong learning. The success of the adoption framework strongly correlates to the lifelong 

learning generated by it.     

Tools for lifelong learning of OKD-MES are researched. In [58] the author points out that the 

act of learning involves tools, resources and artful deployment of the environment. An attempt 

has been made to bring all these three factors of lifelong learning together.  Learning can be 

assisted or individual. In assisted learning, better known as pedagogy, a teacher-student inter-

action is expected. Pedagogy takes a strong stand in adoption of OKD-MES. Though this is an 

age old method of learning but even today it is an effective mode of learning. In industries or 

in academic institutions a pedagogical discourse can be adopted for dissemination of the OKD-

MES concept.   

A conceptual framework is as important as the technology itself. For adults learning to work 

with a software or other technology a flexible learning system should be developed. Develop-

ment of pedagogical software agents are promising area of research and commercial develop-

ment [58]. For example, commercial websites such as udemy, Codeschool, Lynda etc. are great 

frameworks to start learning the basics of any programming language.  

 

 2.6 Summary  

Adoption of an information system by a manufacturing industry is a complex process involving 

scientific and humanitarian approaches. Manufacturing industries often face problems when 

using, deploying or learning these kinds of systems. Challenges are also faced in updating leg-

acy systems and motivating work force to learn new technologies. Well-known techniques such 

as TAM show that some factors are crucial for the adoption of technology. State of the art 

research in this field provides metrics, factors and indicators which guesses about the level of 

adoption. People understand that pedagogical techniques and training are essential. But there 

exists no standard methodology which can be used to adopt OKD-MES or systems of this kind. 

This will require understanding of development and working of the system as well as the art of 

information delivery to other people. In most cases the learning gets compartmentalized and is 

accessible or understandable to only a few. The knowledge created by OKD-MES should be 

disseminated to every section of the industry and academics who wish to work with this system 

and not just a selected few and promote a lifelong learning for it.       

An approach to structured learning of OKD-MES can be done with Cathy Moore’s idea of 

Action Mapping and Activity Design.   
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3. METHODOLOGY 

A methodology of adoption and dissemination of a new technology should be long term. To 

develop a methodology is a complex affair because the factors effecting such a process is de-

pendent not only on the technology but also on people who will be working with it.  

Adoption of a Technology depends on many factors. Sometimes very sophisticated technology 

with lot of features is not well adopted by organizations. The organizations using automated 

manufacturing systems or organizations which are just starting to automate their production 

can be potential customers of the OKD-MES technology. As the OKD-MES is open source, 

cost of the system will not be a factor in adoption but social, economic and environmental 

aspects will be called into play. Human beings are resistant to change. Hence the learning of 

new software or a new system may not be embraced with open arms in the industries. It is a 

well-known fear among the workers that automation might lead to job cuts. On the other hand, 

the manager may be concerned about the power consumption, modularity of the system, diag-

nostics, performance efficiency etc. Hence, there exists a need for guidelines which will induct 

the user to the system. It is believed that training and continuous learning techniques will play 

an important role in adoption of OKD-MES in industries and academia.  

To define a methodology for training the concepts of OKD-MES, a fundamental question is 

asked, what is needed to be learnt to understand the concepts and working of the system? There 

can be many answers to this question. The approach should be multidisciplinary and multilevel. 

The complete procedure of training involves training design and delivery, training evaluation 

and transfer of training. Training design can be represented with a flowchart which analyses 

the entire training procedure from a psychological and social point of view [Tata Mc-Graw Hill 

Company, 2013]: 

 

Figure 7: Training Methodology 
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The training methodology proposed in Figure 7 can be used to implement a layer-by-layer 

training. The entire cycle in the methodology should be executed for the OKD-MES core and 

utils training. The need assessment will dictate why the layer-by-layer training in the form of 

guidelines and instructions are needed. Employee’s reediness should be understood for the sys-

tem. To understand the basic of OKD-MES, one has to learn the steps involved in working 

with or developing PHL, RPL and ORL. A classroom learning environment or an industrial 

learning environment can be created. If Vocational training has to be provided for the OKD-

MES, an industrial environment is preferred. There are 2 sides of this training methodology, 

technology and people. Though learning the technology is duly important, it should not be 

forgotten that in industry and academia people have variable capacity to learn and comprehend 

new technology. Rather than providing them with thick blocks of code a simplified form of the 

system will make people understand the overall architecture and working of the OKD-MES 

which is the prime target.  

Transfer of training requires consistency. When the layer-by-layer guidelines are provided to 

the trainee, the systematic approach will help him grasp one concept and then move on to an-

other gaining a control over the topic. Use case for example are beneficial in this case. Tutorials 

that the user can follow and make his own OKD-MES will give a sense of accomplishment to 

the user. Technology transfer is a continuous process which tries to find a match between the 

companies need and newly available technology that can serve the need. Research and devel-

opment teams at the industry would also benefit from a methodology of this kind. The layer-

by-layer learning methodology for OKD-MES can also help those people to adopt to the system 

who are searching continuously for new technology to implement in their work to tackle com-

petition.   

The training method would be remote at this point. Handheld training can also to provided and 

the layer-by-layer guidelines contains necessary materials for both remote and pedagogical 

training. The methods widely used in the layer-by layer training are presentations, videos, re-

alistic simulation and use case. The environment for realistic simulation should be safe. The 

trainee should not be allowed to learn on real production systems. So, a computer based simu-

lation and understanding of the work is important. In the layer-by-layer training two simulators 

are briefly discussed.          

 

3.1 Training Need assessment 

Need Assessment can be performed in the organization level or personal level depending on 

the task requirement. Need will drive innovation which can improve the state of the art of the 

entire production system. The main purpose of this need analysis is to make the user realize 

the problems and shortcomings of the current shop floor control level of automated production 

systems such as Manufacturing Execution Systems (MES). When the problem is understood 
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clearly, it is easier to introduce concepts such as “Open Automation” and “Big data”. The tech-

nologies that can be used to build open automation system can be stated here. The customer of 

this technology can be identified at this stage. The two different application targets, the discrete 

manufacturing and the process industry are identified. Pilot cases will serve as testbeds for 

validating the solution in discrete manufacturing and process industry.  

The employees here pertain to the stakeholders of the system. The stakeholders are kept in 

mind while designing this approach. The actors of the system can be from different section of 

the organization. They can be the owner, the manager, the operator etc. The knowledge level 

and technology each actor should be exposed to will vary considerably.  

Training is viewed as a tool for skill enhancement. The actors who wants to learn this technol-

ogy should be provided with information on what is OKD-MES and how can OKD-MES im-

prove flexibility, make their manufacturing system more modular and save time and cost. The 

learning modules includes the core of the eScop project consisting of the Physical Layer, Rep-

resentation Layer and the Orchestration Layer. Presentations and demonstrations provide a 

high-level view to the architecture of OKD-MES. It produces the basic and overall understand-

ing of complicated concepts such as Service Oriented Architecture (SOA). A use case approach 

is the best way to learn the communications between and inside the layers, the working of the 

overall system, the technologies used such as RESTful web services etc. An actual physical 

line such as FESTO MPS or FASTory at FAST Lab in Tampere University of Technology 

demonstrates the concept of OKD-MES which will bring a touch and feel experience to the 

learner. It can be argued that in the last case, transfer of training will be the highest.    

The need assessment can be represented with the help of a flowchart based on Cathy Moore’s 

training need design [48]. The idea is simple. Before generating resources and emphasizing on 

training discourse, the flowchart in figure 5 is followed to answer the question, is training really 

the answer to the problem. The problem, which not being able to work with OKD-MES can be 

due to environment, knowledge, skill or motivation of the worker. Action Mapping is done to 

identify which are the areas where training should be provided and what would the nature of 

that training be.  

Environmental problems may originate from unsuitable or too sophisticated equipment, lack 

of expertise and cultural differences. Identifying knowledge gap can reduce unnecessary train-

ing. If the gap is in hardware or software, focus is on that field. Business knowledge gap should 

be bridged for any investor or stakeholder of the system. Realistic simulation is a very effective 

tool which can make the user understand the working system. Some common tools for OKD-

MES are mentioned in the flowchart. Skill level of the employee can be enhanced with demos, 

videos, presentation and other learning material of that kind. Motivation level of trainee is very 

important as well. The lack of motivation can result due to lack of environment, knowledge or 

skill. At every level, solid measurable goals are set. Achievement of those goals signifies suc-

cess in learning.  
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If this flowchart is followed the training activity will get streamlined and what exactly to train 

becomes more visible.      

 

 

Figure 8:  Training Need Assessment 

 

 

The need of learning a new system like OKD-MES is based upon the existing problems of 

MES and legacy systems in the industry. To migrate from those systems to OKD-MES, the 

building blocks of the system must be understood. At the lowest level, the OKD-MES can be 

broadly classified into devices and service.  The new system will propose and ensure learning 

and it can be ideated by a block diagram.  
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Figure 9:  Block Diagram for Training Need Assessment 

 

Overall need assessment of the training program is split into 2 parts, the device level and the 

service level to demonstrate the SOA paradigm. The outcome of learning of OKD-MES is 

validating the metrics as proposed earlier. The metrics are achieved with implementing SOA 

in the factory floor. So, the new system has to adopt the SOA paradigm. Learning an OKD-

MES device involves learning of basic hardware and software. INICO S1000 and Raspberry 

Pi with Rex Control system compose the hardware layer of OKD-MES. Pragmas for STL pro-

grams, web based interface of INICO S1000 are potential learning mines to understand the 

working of the system.    

SOA brings a service based thinking to the shop floor control level. These services are building 

blocks of OKD-MES. Understanding the service are very important not only in the context of 

OKD-MES but SOA in general. This will help the trainee to learn SOA approach and not just 

OKD-MES. Service definition, service composition and service orchestration are the principal 

value adding steps of the OKD-MES.  

Another extremely important value adding step of OKD-MES is Semantic description of ser-

vice. A target of the training process would be learning the semantic modeling of the process 

and storage, query and updating the ontologies. The technologies that this process demands are 

also considered in the implementation where step by step guideline is provided to the user on 

how to work with the system.  
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3.2 Employees Readiness for Training 

 The readiness of employees who will deal with the technology directly has a huge impact on 

adoption of the technology. Different groups of people can be formed like employees, manag-

ers, owners, workers, students etc. and study Rate of Adoption of the technology in every 

group. According to [45], the rate of adoption of a technology is relative and can be quantified 

as: 

 

Equation 2: Rate of Adoption of a Technology 

𝑅𝑎𝑡𝑒 𝑜𝑓 𝐴𝑑𝑜𝑝𝑡ⅈ𝑜𝑛 𝑜𝑓 𝑎 𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 =  

𝑁𝑜. 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒 𝑤ℎ𝑜 𝑠𝑡𝑎𝑟𝑡 𝑢𝑠ⅈ𝑛𝑔 𝑡ℎ𝑒 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 ⅈ𝑛 𝑜𝑛𝑒 𝑔𝑟𝑜𝑢𝑝

𝑁𝑜. 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒 𝑤ℎ𝑜 𝑠𝑡𝑎𝑟𝑡 𝑢𝑠ⅈ𝑛𝑔 𝑡ℎ𝑒 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 ⅈ𝑛 𝑡ℎ𝑒 𝑜𝑡ℎ𝑒𝑟 𝑔𝑟𝑜𝑢𝑝
 

 

Organization’s readiness and employee’s readiness to change are two completely different 

things. In a popular blogpost in [46], a story of a company was mentioned where the manager 

said, “we are ready to change, the hardware and software are set up and employees have been 

trained”. When an informal assessment was made with the employees, they had a different 

story to tell. The employees were trained but not much insight was given to them on why the 

change was required and what role they have to play in making that change. OKD-MES re-

quires a shift not only in the hardware and software components but also in the mindset of 

people to migrate from legacy systems and adopt the new technology. Different group of people 

might have their own comfort zones. When OKD-MES demands more knowledge or expendi-

ture than the legacy systems, resentment to its adoption is expected. But due to the relative 

nature of rate of adoption, some group would be faster to adopt. For example, students of Fac-

tory Automation and Industrial Informatics would be more willing to learn OKD-MES than 

workers in the industries who are working with legacy systems for many years.  

One way of promoting the employee’s readiness to learn is to bring the technology to him even 

before he starts using it. A simulator-driven approach or abstraction of the system with a sim-

plified one is used in OKD-MES. Attempts have been made to bridge the gap between research 

and implementation. Tangible benefits obtained from the system would result in employee’s 

readiness to learn and implement it.  

The readiness can be described as the gap between what the employee has and what he wishes 

to learn. Providing sufficient knowledge in an easy and simple way is important. It should be 

considered that even beginners can be a part of the adoption process. The flow of information 

should be simple and easily transferable.  
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3.3 Creating a learning environment 

 Learning environment is often pictured as class rooms with white boards, computers and pro-

jectors and a person talking about the topic. In the industry, it is viewed as intensive training 

programs where employees attend whole day sessions, seminars and workshops. However, pre-

and post-training learning gets little attention. The accessibility of information is not a problem 

but using the right information as a tool for solving problems is a challenging task. 

Virtual learning has become very popular in the last decade. There are many definitions of 

virtual learning. The most interesting one is; “static web content which contains information 

about the topic” [47]. This definition can be further extended to say a static webpage which 

contains the necessary instructions to set up, install and start working to exploit the benefits of 

OKD-MES. A virtual learning in a virtual university can also provide degrees and diplomas. 

The training on OKD-MES would not lead to a degree or a diploma but it will impart sufficient 

knowledge to the user so that he can understand and start working with OKD-MES.    

To setup a learning environment and describe the process for it, an activity diagram is adopted. 

The processes to be learnt are parts of the whole OKD-MES system. These processes are a 

starting point for setting up a learning environment. The environment is expected to be a lab or 

factory floor but it is also possible to get a touch and feel experience with the simulation. So, 

individual learning is also possible. The environment set up can be broadly classified as down-

load of open source software, set up, configuration, installation and running. Major hardware 

and software involved in the process is used to set up the learning environment.     

A process of setting up a learning environment is discussed in Figure 10. The activity diagram 

simply describes the necessary steps to be undertaken to set up a learning environment. The 

technologies are discussed in the implementation section where the steps in the activity diagram 

are combined to form a layer-by-layer guideline for OKD-MES.  
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Figure 10:  Activity diagram for setting up learning environments  

 

The first step can be considered as downloading and unpacking the system. For that the neces-

sary steps should be provision of links and websites from where people can download the so-

lution. Sometimes the software is shared with the help of code storage and sharing engines like 

Github. The tools are available online in the website of the project where the trainee can down-

load the tool. The environment here is a virtual environment which will help learning. This 

server is used to launch an express.js application. For simplicity, a simple batch file is made. 

When that batch file is run, the OKD-MES solution is launched from the terminal. The idea is 

to make a plug and play system where thick blocks of code is not required to be written to run 

the system. The system is rather easily deployable across any hardware or production line.    
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OKD-MES is Plug and Play type. In the PHL it means that the system should be linkable to 

the sensors and actuators. Ontology allows the description of a generic system that can be in-

stantiated in different possible configurations that are implemented in the factory floor and 

modified at runtime with plug and play.    

Software and Hardware environment set up is critical in OKD-MES. A host of software and 

hardware options are available to set up an environment for OKD-MES. A few are mentioned 

in the Figure 9. IDEs such as Net Beans, Komodo, Eclipse, Cloud9, Intelli J IDEA, etc. are all 

compatible for OKD-MES. Server side platforms like node.js can also be used. Ontology edi-

tors such as Olingvo [36] are used to write the ontologies. Other ontology editors such as Pro-

tégé can also be used. Ontologies should consist information of the services, the device level 

and operation level information. UML diagrams of the system are made with standard software 

environments like Visual Paradigm but in this case genmymodel and draw.io are used exten-

sively which are open source and free for public usage.  

INICO S 1000’s web based configuration and programming interface is extensively used for 

the I/Os. The web interface allows user to write and test STL code.  

Virtual learning environment is best suited for OKD-MES. Virtual learning targets a large user 

base and is not constrained to any geographical location. Simulation can be shown in virtual 

learning environment. The working systems or software can be readily downloaded and in-

stalled in order to follow instructions in the tutorial videos. OKD-MES is open source. Many 

people ask questions like whether manufacturing applications are ready for open source soft-

ware? And a more interesting question is if the software is available for free, how can the 

software vendors do business with it? Many surveys reveal that totally open source software 

have smaller amount of market share than others. But the trend is growing. Even if the company 

is using closed source or partially closed source software, it can still reap the benefit of open 

source [50]. Open source software should be the first choice for small and medium size manu-

facturers as it promotes innovation, supplier responsiveness and system accessibility and sup-

port [51]. Software like OpenERP, Oodo and OFBiz provide full scale benefit to the small 

business with good community supports and updates [50].    

A popular misconception is all open source software are free. But in reality, it is not so. Most 

of them are free but for some there is a licensing fee involved and if it is paid, one can see the 

source code or how the software in written. Sometimes the licensing fee can be as small as €35.  

This is a great tool for developers for learning and building similar system.  

The techniques used in training the concept of OKD-MES are myriad. Brainstorming is a pow-

erful pedagogical technique that is used for communicating the concepts of OKD-MES. This 

is done almost every day on some aspect of the project. Though it is not possible to capture all 

the brainstorming sessions, structured brainstorming documentation is possible.   
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3.4 Ensuring Transfer of training/skill 

Transfer of training is defined as effective application of the training by employees in their jobs 

either immediately or by passage of time. In either cases the Key Performance Indicators (KPIs) 

are the output of the employee and the contribution to the metrics previously started.  

To establish a system for ensuring and improving transfer of training, a quality check should 

be implemented. Transfer of training requires consistency. When participants of a training re-

turn to their work, their new skill feel forced. Dennis. E. Coates in [49] rightly mentions that 

Training is an ongoing process. The strive to make industrial operations more flexible and 

modular will not end. Engineers and developer who wish to learn and work in this area need a 

continuous appraisal of knowledge. The KPI is some measurable improvement in performance. 

In the context of OKD-MES, it is a question of “transfer of skills” rather than “transfer of 

training”. With the emergence of technology, the nature of skill set required in the factory floor 

is changing rapidly. This is an age of digital-mechanical engineers in the factory floor who are 

already familiar with machines and software. So, what they need are guidelines and not only 

instructions or manuals. It is also crucial to communicate the business results when talking 

about transfer of training/skill. A through research pre-and post-deployment of the system can 

result in identification of many areas where skill set improvement can be done.  

Any task or assignment to be performed is repetition of behavior. Cognitive neuroscience ex-

plains that training inspires humans to adopt new sets of repetitive behavior. Behavior modifi-

cation of humans is a slow process. Computers existed in manufacturing since 1970s yet now 

some people have to be convinced about the utility of software in manufacturing. The process 

from adoption to diffusion is extremely slow.  

Feedback is a good tool to measure the training process to know the worries or concerns of the 

trainee. Anonymous feedbacks can help improve the overall skill transfer process. If the train-

ing is given to a multidisciplinary audience, a through guideline should be prepared which 

contains detailed information regarding where to find the software, how to install and configure 

it, how to work with it and what to do if an obstacle is faced.   

A Flowchart can be drawn to summarize the process: 
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Figure 11:  Flowchart to ensure transfer of training/skill  

 

To establish KPIs for OD-MES to measure transfer of training/skill is a challenging task. To 

understand how much the actor has understood the process or development of the system is 

difficult to analyze without collecting actual feedback from them. A simple process based on 

the post-training activity of the worker can be used to judge the training process and measure 

goals. There can be 2 different forms of training for current OKD-MES system. The basic “on 

the job” training activity is reading the documentation of OKD-MES available online and going 

through the videos of OKD-MES to learn the overall working process. The actors of this pro-

cess of training are Business owners and managers. The second option is going through the 

tutorials, downloading the tools available online and developing one’s own OKD-MES. The 

actors of this option would be developers, technologists and students.  

Web based learning guide will help the trainee download tools like FASTory Simulator, OLS 

simulator and Semantic Workbench. Information and guidelines are provided to work with 

those tools. Beginners can use the tutorials to start from scratch.  
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As the OKD-MES is ramified into layers, the transfer of skill can be analyzed layer-wise. If 

the trainee can download, install or clone, configuring and running the system he is considered 

a beginner. If he can build his own OKD-MES core, i.e. PHL, RPL and ORL then he can be 

considered as someone who has the capacity to work with or make complex systems. If the 

trainee can handle even more complex tasks such as working with or developing the OKD-

MES Utils, he is considered as someone who can develop and work with complex MES sys-

tems with little or no help.  

Feedback from the trainee plays an extremely important role is development and updating of 

any training process. A method of capturing the feedback from the trainee is developed in the 

eScop Training Center website where an online form can collect the concerns of the trainee.    

 

 

3.5 Developing a training Evaluation Plan 

A post training evaluation plan helps to measure the effectivity of training. But it is better to 

monitor or plan the training in advance. Keeping in mind that if training is provided and there 

is not sufficient increase in knowledge or skill level, the purpose is not served. Hence it is 

advisable to do a quality check on the training before delivering it.    

Clear goals help the evaluation plan. During training the concerns of the trainee should be 

addressed. Feedback and contact information of the concerned person should be provided if 

the trainee wants to request more information about the topic. A questionnaire can be developed 

to know from the trainee what he found helpful and what would he like to improve.  

 

Selecting a Training Method: To start with training or skill development for people who will 

work with OKD-MES, what sort of training to be provided should be evaluated. To select a 

training method one has to understand the basic knowledge level of the trainee. The training 

session is divided into 3 parts, pre-training learning, the main training and post-training learn-

ing.  

 

The pre-Training 

In the pre-training phase Technology Acceptance Model (TAM) can be used. In the case of 

OKD-MES, a technology model can be designed for its adoption. Figure 7 shows the TAM 

which can be made for OKD-MES. On the left, there are the factors which influence the adop-

tion process the most. The factors are as follows: 
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In the pre-training learning phase, a simple block diagram is made to find out what is the 

trainee’s fundamental understanding and what he needs to learn and understand: 

  

 

Figure 12: Pre-Training know-how 

 

The field marked with a gear sign are expected from the trainee or a person undergoing training 

on OKD-MES. If the person is not familiar with them, it is advised to get familiar with those 

concepts before taking any course on OKD-MES. The fields with gear sign can be learnt. If the 

trainee possesses a prior knowledge of that field, he can mark it “Positive” if not he can mark 

it “Negative”. It is possible to rank the fields and find out a score before starting the training 

session but if 50% of the fields are positive, it can be considered a good starting point.       

The fields marked with violet are something that the trainee should have. If any of the 3 fields 

are Negative for the trainee, an analysis of his objective for learning the technology has to be 

done.    

There has been some criticism of the TAM and people have argued that the TAM might not 

always work because of the human factor involved. But this can be a base to start from and 

make suitable materials for technology transfer.  
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The main Training  

The learning medium for the main training is virtual. Training materials are developed in all 

forms. The following learning mediums are used for this purpose: 

1. Documents about the process and architecture 

2. Power point presentations explaining the concepts of OKD-MES 

3. Videos describing how to work with the system 

4. GitHub web URL for open source software 

5. Hyperlinks to other webpages such as the main project website 

6. Simulation tools  

7. Ontology editor  

 

The post-Training  

Post-Training analysis is important to form clusters or groups and monitor the adoption process 

in each group. The ideal way to identify successful adoption is when the employee is able to 

perform the task which brings forth improved business results. As monitoring of post training 

was not possible, feedback channel was created for people undertaking the training to share 

their experience and report any difficulties.  

 

3.6 Summary  

There are many ways to capture training needs, develop training content and evaluate training. 

For OKD-MES, an Action Mapping and Activity Design is followed. This methodology sec-

tion identifies a process of learning OKD-MES as well as provides an outline to identify which 

actor needs what kind of training.       
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4. IMPLEMENTATION 

The layer-by-layer adoption methodology is applied to all the layers of the OKD-MES. As 

described in Figure 10, the process is cyclic. First instructions, guidelines and manuals are 

made for the user to understand the process. Then a use case approach is followed to give the 

user an idea about communication within the core. Ontologies are written and a mock RPL is 

developed to mockup the real RPL’s working. Similarly, at the PHL mock devices with device 

ID are created. Guideline are made for working with the actual system. As stated in Figure 10 

in the layer-by-layer methodology, 2 levels of outcomes are expected from the system. 1. 

Trainee can work with complex systems; 2. Trainee can develop his own OKD-MES with little 

or no help. Both the points are considered as achievements.   

 

4.1 Layer-by-Layer Training 

4.1.1 Physical Layer:  

At the PHL, guidelines for Installation and working with a technology provide a hands-on 

training and realistic simulation is used to demonstrate the working system. Some approaches 

like a training manual and User Guide can provide all necessary information needed. In the 

eScop project, working of the layers follows a pattern of download, install, configure and run-

ning. In the Physical Layer a training flowchart looks like: 

 

    

Figure 13: PHL installation guide 

 

Each step involves a series of steps in it. Installation of node.js can be learned from various 

sources. The installation process is also dependent on the platform used. Guidelines are out-

lined for different platforms. Hyperlinks are provided for the website from where the current 

version of node.js can be downloaded and installed. This is one of the simplest forms of training 

where the user can visit the link and learn about other versions of the software with no addi-

tional support provided. The required version of node.js is mentioned and if any specific re-

quirements are there they are addressed. A step by step guide is effective for the convenience 

of the user to follow the instructions to setup and configure the devices. The following docu-

ments will facilitate the understanding of the OKD-MES solution: 
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i. User guide: This contains instructions like a “how to do” guide. This is a big docu-

ment containing all information about:  

1. Configuration of the RTUs and exposing them via web services 

2. Where to find the achieved file in the repository, how to unpack and run it with 

node in Linux based system 

3. How to create a web services with STL for the RTUs 

4. The code required 

5. How to use a web based IDE for configuration of the RTUs   

6. Setting up an environment for the STL  

7. Pragmas and their attributes  

But before going through this guide, user must be made aware of the terms and the 

context in which they are used. Following this document will be time consuming 

and requires some additional knowledge from the user’s side. On the hand, the con-

tent of this document is extensive and this user guide is extremely useful when con-

figuring a new device.   

 

ii. Illustration of OKD-MES devices: Devices in OKD-MES are programmable hard-

ware. The RTUs can be generic devices which are customized by software written 

locally or they can be commercial devices which has a standard way of working. 

Commercial RTUs are Raspberry pi, Single board computers (like ALIX), Inico 

S1000 as a remote I/O units. The motivation to learn the devices are many. The 

trainee, developer or user of the device needs to learn how to host events and ser-

vices. It is also important to know the method of communication of the devices with 

other layers of the OKD-MES. The RTUs reduce the time and cost of operation 

which makes the system more productive. From the end user’s perspective, this is 

a very interesting and important factor to understand to exploit the devices to the 

fullest.       

  

iii. Illustration on resources at the Physical layer: The RTU can be considered as a main 

class and it contains resources in the form of subclasses. The RTUs at the Physical 

Layer provides following resources: 

1. data – The data represents the raw data from a device. In the pilot cases of the 

project the data is specified with an id and url. The user can use a web interface 

to read or write data. This data is of interest to the user as this is a raw and 

synchronous value which should be available at any time.  

2. notifications – This is the implementation of the publish/subscribe mechanism 

which happens at the device. A notification is send to the client when an event 

or data exchange takes place in the system.  

3. events – An event is an indication that an action has happened. This can be 

material added to pallet, tool change by robot arm etc. In an event driven system, 

whenever an event takes place a call back is issued to notify the system that the 

event has taken place. This event notification mechanism is demonstrated with 

a video.   
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4. services – These are functionalities of device that can be invoked remotely or 

locally. A service can trigger many events when it is executed.  

The method of information delivery is with presentations and videos. The materials 

are prepared with the help of a simulator developed for the pilot in the project. The 

presentation lists all the important points that the trainee must understand to exploit 

the resources. The videos demonstrate how the system functions. A visual aid is an 

effective way to learn the functions of software. The following training videos were 

prepared in the project for the Physical Layer:  

Event Notification: In an event driven system, notification is a way to understand 

that the event has taken place. Destination url is the location where the notification 

is send when the event takes place. With this video the user can learn about the 

communication between layers, event driven nature of the system and how to test 

the system manually. The following points are described in the video:  

1. downloading and installation of the simulator tool 

2. unpacking and running it 

3. adding order 

4. using a REST client to invoke events  

5. using destination url as event body  

6. receiving notification in the RTU when the event has been performed   

 

Order Entry and product tracking: In this video training material, order entry and 

product tracking concept is demonstrated with FASTory simulator. It is a very easy 

way to learn the working. The product can be tracked with palletID. Manually this 

procedure can be tested with a REST client by using HTTP POST method to move 

the pallet from one workstation to another. If the pallet is present in the work station, 

the system will reply with a palletID and “-1” if there are no pallets. This video 

gives an idea to the user how the communication between the PHL and the other 

layers take place. It also shows how can someone run the OKD-MES from the ter-

minal and navigate to the device catalogue with a web browser by visiting 

“/RPL/RTU” and track the product with “/tracking/Products”.  

 

Oil lubrication System simulator is another pilot case for the OKD-MES for process 

manufacturing industries. The video training material demonstrates how to create 

an OLS simulator tailor made by user defined numbers of Measuring stations, Lu-

brication Units, and flow meters. The video also demonstrates how to add or remove 

measuring stations and how to step forward the simulation by minutes, hours or 

days. The purpose of this material is to give the user a simulated experience of 

creating his/her own oil lubrication system which is built upon OKD-MES technol-

ogy.      
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In the Physical Layer a concept of “Plug-and-produce” is used. The “Plug-and-Pro-

duce” concept is the nearest analogy of the “Plug-and-Play” concept in the com-

puter world [27]. The device can be added or removed from the system. The device 

description and discovery are main challenges in “Plug-and-produce” concept. 

There are many ways of doing Device description. Swagger is one of the most pop-

ular ways of describing the RESTful APIs which are written for the services. The 

capabilities of the device can be described fully with the help of this tool. It has an 

interactive interface where the user can visit and try out the specs to learn the APIs. 

For example, the data, notifications, events and services for a device can be de-

scribed with the help of swagger.  

 

Device discovery is another very important challenge in the Physical Layer. The 

popular methods are hello/bye, Probing and heartbeat. Hello/bye method is fol-

lowed in this case. OASIS Web Service Dynamic Discovery (WS-Discovery) ver-

sion 1.1 describes the procedure of Hello/bye. The “hello” message is sent by a 

target service when it wants to join a network. The device is the target service and 

it connects to the Representation Layer (RPL) of the OKD-MES. The RPL contains 

modules for Ontology Services. One of such modules called Device registration 

module is used for registering or removing devices from the system according to 

the request. The device sends a hello message and the Device catalogue adds the 

device. When the device sends a bye message, the device catalogue removes the 

device. This process complements the plug-and-produce concept.  

 

4.1.2 Representation Layer 

 

The next layer for the layer-by-layer methodology is RPL. The approach of guidelines 

and installation manuals and realistic simulation with videos are followed in this layer.  

 

The Representation Layer serves as a knowledge repository for the OKD-MES. The 

development of the RPL is in two main stages,  

i. The manufacturing systems ontology (MSO) – The MSO is instantiated as a 

“.owl” file. Web ontology language (OWL) is used to write the MSO which 

contains knowledge about equipment, processes and their representation in con-

text of the manufacturing system. This is the heart of the OKD-MES.  

ii. The Ontology services – The knowledge repository can be queried or updated. 

For that RPL services are developed which will make SPARQL queries and 

updates to the MSO. A device catalogue handles critical tasks such as discovery 

of devices, searching for events and services etc.  
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Different aspect of the RPL will be interesting to different actors of the OKD-MES 

system. The guidelines made for RPL are from two different perspectives. One per-

spective is from a developer’s point of view where guidelines are provided to develop 

a simple RPL using spring framework. Spring-boot compiles the entire Representation 

Layer into a single jar file that can be run from a local computer. The development 

environment used is Java 1.8 Maven with Spring Framework 4.0. A concept called de-

pendency injection can be used where the dependencies of Spring Framework can be 

injected to the java project with the help of the Project File “pom.xml”. Dependency 

Injection can be defined as a concept of providing service to the class which needs 

them. The service class is provided to the other class which depends on it to perform a 

task [28]. The RPL uses this concept of dependency injection. A small snippet of code 

from the use case shows how the dependencies are added: 

<dependencies> 
        <dependency> 
            <groupId>org.springframework</groupId> 
            <artifactId>spring-web</artifactId> 
            <version>4.1.6.RELEASE</version> 
            <type>jar</type> 
        </dependency> 
        <dependency> 
            <groupId>org.springframework.boot</groupId> 
            <artifactId>spring-boot-autoconfigure</artifactId> 
            <version>1.2.4.RELEASE</version> 
            <type>jar</type> 
        </dependency> 
        <dependency> 
            <groupId>org.springframework.boot</groupId> 
            <artifactId>spring-boot-starter-web</artifactId> 
        </dependency> 
     </dependencies> 
 

Program sample 1: Dependency Injection sample for OKD-MES 

 

The other perspective of the guideline is from a user’s point of view where he needs to 

know how to work with the RPL (.jar file) and the ontology (.owl) file. A RPL instal-

lation guideline is produced which enlists the steps to be followed to install and run 

RPL in a local computer. This guide helps the user to set up the RPL and run it, upload 

ontology in fuseki and query and update it. It also informs the user how to use Apache’s 

Jena Fuseki as a triple store for the ontologies. The following flowchart explains this 

procedure: 
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Figure 14: RPL installation guide 

 

This guide teaches the user how to work with the Representation Layer of the OKD-

MES. The prerequisites for this guide are Java 8 (tested on version 1.8.0_51-b16) and 

Apache Jena Fuseki 1 (tested on version 1.1.3).  The RPL can be obtained as a jar file 

from the central repository. The MSO implementation is available as an owl file from 

the central repository.  Downloading and unpacking the jena-fuseki 1.1.3 is done. 

Fuseki server can run from the memory or database. Running the fuseki-server jar file 

with the command:  

Running fuseki from memory:  

fuseki-server --mem --update --port=3032 /escop    

Where; --mem: running fuseki in memory 

--update: this enables SPARQL updates  

--port: specified port for running the server 

/escop: dataset name 

Running fuseki from database:  

fuseki-server --loc=%DB% --update --port=3032 /escop 

Where; --loc=%DB% : location of the database of the persistent ontology  

When the server runs, a web browser is used to visit the http://localhost:3032. The 

server runs at port 3032. The MSO file is then uploaded to the server. After the MSO 

http://localhost:3032/
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file is uploaded, it can be queried or updated. To test the result a visualization file was 

used.  

The information delivery is done both in the form of text and videos. The training ma-

terial describes the procedure of installation of the OKD-MES RPL. In the final OKD-

MES solution where all the layers are packaged, one may not have to perform these 

steps manually. But this provides an inside view to the working of the RPL.    

The RPL prototype video describes a method of running the RPL, adding new device 

as an RTU, adding process to Orchestration Layer and getting visualization configura-

tion screen. This video gives the user an actual feeling of working with the system. It 

starts from downloading the necessary files from the repository and follows a flow chart 

methodically for the convenience of the user to understand distinctly the steps involved. 

Much documentation is produced just on this layer of the OKD-MES.  

 

 

4.1.3 Orchestration Layer  

The methodology of layer-by-layer guidelines and adoption can be followed in ORL as 

well which is the top most layer in the OKD-MES core. Orchestration is a complex process. 

Orchestration can take place in the RTU level, shop floor level or Factory level. Orchestra-

tion process of RTU is a part of orchestration of shop floor and orchestration of shop floor 

is a part of orchestration at Factory level. Each level will have dedicated devices for or-

chestrating the services. It is the most complex process in OKD-MES which ensures eve-

rything happens the way it is supposed to. Actors who are touching the orchestration system 

should be well trained on the installation and configuration of the process, running of the 

Orchestration Layer and the possible trouble shooting methodologies. The OKD-MES so-

lution does not provided ORL as a standalone application but in a packaged system. But 

understanding the working of the layer is crucial.  

An important question here is who is this training for? Who will use the system and what 

exactly he/she has to learn. For working with the ORL, knowledge of programming and 

knowledge of how a production line should work is required. Production line functions to 

replicate a real-life scenario such as Order Receiving, Flow monitoring, Decision making, 

Resource Allocation etc. should be a part of the learning process hence, production line 

managers and other workers who touch the production system should be a perfect audience 

for these materials.  

The first activity done by the ORL is Process Definition. Process definition can be done in 

two ways. Firstly, using json and exposing RESTful services which can be orchestrated. 

Secondly, process definition can be done in java as a class.  In either way, Orchestration 
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Layer can interact with all the components of the system. Service composition depends on 

the process definition. These services are orchestrated in a manner which does the work of 

the actual physical line. The ORL orchestrates the services at the PHL. Videos of FASTory 

pilot case describe the communication between the ORL and the other layers of OKD-

MES.  

The running and configuration of the Orchestrator can be done in the following simple 

steps: 

 

Figure 15: ORL installation guide 

 

First a programming environment is set up. Then node.js is downloaded and installed. 

These steps are common to PHL, RPL and ORL. ORL can be downloaded from the repos-

itory as a .jar file and run locally. A config.json file will be downloaded with the package. 

It contains all the information about the instructions provided to the conveyors and robots 

in the factory floor. The host ip, port and the device catalogue url have to be modified in 

the config.json file to run the ORL in a local machine. Then using standard procedure of 

running a jar file through console the RPL and ORL are started.  

Training materials in the form of videos and presentations are produced for ORL. The 

REST communication between the RPL, ORL and PHL are demonstrated with the video. 

The conceptualization of the process is done with a use case.   

 

 

4.1.4 Visualization Layer   

The Visualization Layer in OKD-MES provides control and monitoring of the OKD-MES 

system. It handles the Human-Machine interactions. For the state of the art human-machine 

interaction system, the visualization should have some important features. The visualiza-

tion should be easy to understand by the user and easy to work with. It is a challenge as the 

Visualization Layer should process complex business logics and handle concepts such as 

modularity and compatibility. A simple interface containing tables and drop down menus 
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help the user to easily familiarize with the system. The visualization screen can be accessed 

through a laptop, a desktop, a phone, an i-pad etc. as this is a web based technology.  

Visualization Layer of OKD-MES interacts with the RPL dynamically to update infor-

mation about the system. Information on RPL and VIS interaction is important to know the 

present state of the system. RPL provides real time value of the system which the Visuali-

zation Layer exposes with the Visualization Provider.         

The simulator is a good aid to visualize the system. The simulator is extensively used for 

preparing the content of training materials. The working of the system can be mocked with 

HTML and SVG visualization. Guidelines are produced to give the user a chance to work 

with the simulator.  

 

 

4.2 Use Case  

The OKD-MES has layered architecture. The core of the OKD-MES contains the Physical 

Layer, Representation Layer and the Orchestration Layer. A training methodology is proposed 

here which will guide the user to develop an OKD-MES tailored to his own needs. This pro-

poses an abstraction of the actual working system and tries to underline the overall process of 

development of OKD-MES. Tutorials are made to facilitate the user’s understanding. The user 

can write code or use the code in the tutorials and test it to have a good understanding of the 

interfaces and communication between layers. The idea is to give the user a starting point and 

a flow of information so that he feels he is gaining control over the problem. The user should 

understand the problem and the methodology adopted to solve it. Testing the code and getting 

a proper result will give the user a sense of accomplishment. There is a possibility for the user 

to test the solution after every layer or collectively at the end of the tutorials.  

For the communication within the layers, RESTful web services are used. For the people who 

are familiar with the concept of RESTful web services it is easier to follow the content. But for 

people who are unaware of this technology should be provided additional knowledge on it. 

This is same for all the new technologies employed in OKD-MES. The communication be-

tween the layers can be described using an activity diagram as: 
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Figure 16: Activity diagram for use case 

 

The process starts at the ORL level. Creating a sample here means creating “device name” and 

“service name” and assigning ids to the devices and services. Then at the ORL stage the sample 

is displayed. The following step is to ask RPL for the Uniform Resource Identifier (URIs) for 

the device and services that can be performed on the device. The RPL fetches the URIs from a 
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Knowledge base (an ontology store like the MSO) and gives back to the ORL. Now the orches-

trator can invoke those services on the devices. The actual devices are placed at the Physical 

Layer. So, the ORL invokes the services on the PHL and displays the result. This is the basics 

of how OKD-MES works. Now the processes, devices and services can be built on to op it for 

any complicated system.    

 

4.2.1 The Physical Layer (PHL) 

The PHL consists of the service embedded devices. Examples of these devices are REX control 

system, INICO S1000 controllers or a Raspberry Pi and Uni Pi. These devices provide deter-

ministic real time control. The abstraction of the Physical Layer can be done with the help of 

FESTO Line to demonstrate the concept of OKD-MES. In FASTory, INICO S1000 controllers 

are used which has a rich web service interface and can be programmed with ST IEC 61131-3.    

The goal is to create services which can be invoked. The first step is Service Definition and 

Service Description. It is convenient to demonstrate the concepts of SOA with the help of 

FESTO Line. Demonstration of the eScop project architecture is done with the help of a mod-

ule, the Distribution Station. The Distribution Station can be divided in to 2 major devices. 

Stack Magazine Module which can hold up to 10 workpieces. The stack magazine module is 

followed by a changer module which has a swiveling arm that changes the location of the work 

piece.  

A development environment is required. Java is selected and the tutorials are made with the 

help of Net Beans 8.0.2 IDE. The first step is the most crucial one. It gives a starting point and 

dimension the project. The Physical Layer of the OKD-MES contains RTUs (remote terminal 

units) with STL Manager. The main step is development of REST web services to communi-

cate with the device and the later with the other layers of OKD-MES. Hence this conceptual 

framework provides access to the Physical Layer resources such as services.     

Two devise are identified in the system, the “Stack Magazine Module” and “Changer Module” 

analogous to OKD-MES devices. Web Services are written to move workpiece from Stack 

magazine module to Changer Module. The Changer module moves the workpiece from the 

slide end and from slide-end to the transfer point of downstream station. These two positions 

are indicated with z1 and z2 notations. For the simplicity of programming 3 positions are de-

fined: 

 

Magazine – mag (m) 

Slide-end – zone1 (z1) 

Transfer point – zone2 (z2) 
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Simple services are defined in the Physical Layer as follows: 

 

Table 2: Service definition 

Name Description uri Method 

/m_z1 Move workpiece 
from Magazine to 
zone1 

localhost:8081/move/m_z1  POST 

/z1_z2 Move workpiece 
from zone1 to 
zone2 

localhost:8081/move/z1_z2 POST 

/reload Fills up magazine 
with max number 
of workpiece 

localhost:8081/move/reload POST 

/hidden Puts a user de-
fined number of 
workpiece in 
buffer stock 

localhost:8081/move/hidden?m=n; 
n=number of workpiece to be 
added to buffer stock 

PUT 

/ readstackvalue Reads number of 
workpiece in the 
stack magazine at 
any point of time 

localhost:8081/move/readstack-
value 

GET 

 

 

A set of guidelines are laid down for writing RESTful web services to invoke the services 

mentioned above. The user can use the code mentioned in the guidelines or write his own code 

in an IDE of his choice.  

 

4.2.2 The Representation Layer (RPL) 

 

The Representation Layer is made in 2 parts. The first part is making the ontology and upload-

ing it to Fuseki server and the second part is querying the server from the RPL to get the URL 

of services by deviceID/serviceID.  

 

A. Making the Ontology: 

To work with olingvo, first the classes are created. Two main classes are created, the class 

“device” and the class “service”. Then the creation of datatype and object properties is done. 

If it is a datatype property, the class in which it acts as an attribute is inserted in the “Domain” 

section. If there are limitations to the possible values that the attribute may take, that would be 

http://localhost:8081/move/hidden?m=n
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stated in the “Range” section. If it is an object property, indicate what are the subject class and 

the object class, in the Domain and Range sections. 

 

The list of properties written is: 

Table 3: List of Properties 

Property Type Property Defini-
tion 

Domain Range 

Datatype URI service http://localhost:8080/move/m_z1 
http://localhost:8080/move/z1_z2 

Datatype deviceID device 1 (only 1 device) 

Object hasService device service 

Datatype serviceID service 1 
2 

 

After the properties, the instances of the classes are created. The instances of the device and 

service classes are as follows: 

 

Table 4: Instances of Properties 

Classes instances Properties 

device device_1 deviceID 
hasServices 

service move_m_z1 
move_z1_z2 

serviceID 
URI 
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A graph of the system was generated to indicate the relationship between the classes and the 

individuals:  

   

 

 

Figure 17: Graph for classes and individuals in Olingvo Ontology Editor 

 

The ontology was saved by the name “festo.owl” and was uploaded in jena-fuseki 1.3.0. Que-

ries were written in olingvo to test the festo.owl file. Some of the basic queries are as under: 
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Table 4: Basic queries 

Query Result 

PREFIX 
new: 
<http://ww
w.ontolo-
gies.com/F
esto-
Line.owl#> 
SELECT 
?Service 
?URI  
WHERE{ 
?s ?p ?o. 
} 
 

 

PREFIX 
new: 
<http://ww
w.ontolo-
gies.com/F
esto-
Line.owl#> 
SELECT 
?service 
?URI 
WHERE{  
?device 
new:has-
Service 
?service. 
?service 
new:URI 
?URI. 
} 

 

PREFIX 
new: 
<http://ww
w.ontolo-
gies.com/F
esto-
Line.owl#> 
SELECT 
?service 
WHERE{  
?service 
new:URI 
?URI. 
} 
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B. The second part is interacting with the festo.owl file with an application that can 

query and update the ontology file as well as POST to the Orchestration Layer. The 

name given to this file is rpl.jar. This is written in java 1.8 maven with spring frame-

work 4.0. It has a model and controller architecture. In the model it accepts strings 

as deviceID and serviceID. It uses Request Mapper and Path Variable of Spring 

application to map the services as deviceID/serviceID. Queries can be written in 

this application to query fuseki server endpoints to provide data as url which can be 

posted to the ORL when asked for. A snippet of code shows how the query is writ-

ten:  

 

 

/** 

     * Function to generate the SPARQL Query for getting List of Services 

     * 

     * @return 

     */public static String sparqlQueryRpl () { 

        String query = PREFIX; 

        query += "SELECT ?ser\n" 

                + "WHERE{\n" 

                + " ?ser a new:Service.\n" 

                + " ?ser new:ID ?ser.\n" 

                + "}\n"; 

        return query; 

    }   

 

Program 2: Writing Queries  

 

 

 

4.2.3 The Orchestration Layer (ORL) 

 

The ORL process is started with defining class ProcessDefLine(Pdl) which contains 

the all the devices and the services. Then a class called ProcessDef is defined which 

contains the ProcessDefLine class as an array list. An id is provided to the Pdl class so 

that Pdl can be called by this id.  

In the ORL controller class, end points are created where http methods can be em-

ployed. The orchestrator first defines a /sample end point which consist the Process 

definition as a combination of device and services having fixed URIs. This sample is 

displayed with another end point /display. When this sample is invoked and displayed, 

it provides the data about the system in a json format as shown in the figure. 
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Fig 18: List of devices and services  

 

The tables display the endpoints, their description and the Method used in the ORL: 

Table 5: End point description of services 

End points Description Request url for testing Method 

/sample Creates a sample localhost:8080/sample  POST 

/display Displays the sample localhost:8080/display GET 

/RPL/RTU Gets URIs of the 
services as a list 
from the RPL as 
/deviceID/serviceID 

localhost:8080/RPL/RTU GET 

/service1  Invokes service 
move/m_z1 
in the Physical 
Layer  

localhost:8080/service1 POST 

/ service2  Invokes service 
move/z1_z2 
in the Physical 
Layer 

localhost:8080/service2 POST 

 

It has to be noted that when ORL, RPL and PHL run, they cannot run at the same port simul-

taneously. To change the port for running the package, these simple steps can be followed in 

all standard IDEs: 
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Figure 19: Port manipulation of ORL, RPL and PHL  

 

/RPL/RTU lists the devices and the service as deviceID/serviceID. This is the concept of device 

catalogue which can also be generated from the Orchestration Layer with /display. In the actual 

OKD-MES, the device catalogue is moved to the RPL.  

When all the layers are running at different ports, ORL can get the device description from 

RPL and post to the PHL to perform services like moving workpiece from one location to 

another, reloading workpiece in the stack, reading value of the stack etc. From a conceptual 

point of view this process abstracts the OKD-MES solution. As of now, it is a training frame-

work. This example of communication between the layers and the service description and in-

vocation can be utilized by developers in the industry to make their own OKD-MES. A lot of 

variation is possible and there exists no standard way of development of the layers. It is possible 

to standardize this process in the future.  

Training materials with all necessary instructions are produced. The code is accompanied with 

the explanation so that it is possible for the user to use the code directly. The user is exposed 

to a step by step information procedure so that he does not lose his locus of control. Successful 

running of the application gives the user confidence and that’s why the code is tested and how 

to test the code is also mentioned in the tutorials.  
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4.3 Training Center  

The eScop Training center is a website which can be used by internal and external users to 

learn about the project and get an idea about OKD-MES [40]. The website was developed 

because if hands-on training cannot be delivered, actors of OKD-MES can also learn individ-

ually, away from constructed training sessions. The above-mentioned presentation, videos, 

publications etc. are present in this website. The eScop Training center is easy to use and nav-

igate. It presents the materials for learning in 4 steps. They are: 

(i) Understanding the overall approach 

(ii) Going through different components and tools 

(iii) Their (tools and components) illustration using project use cases 

(iv) References for additional publications and presentations on OKD-MES.  

 

The Training center is simple to use. It targets people who want to learn about the technology 

from the beginning without prior knowledge of OKD-MES or techniques like simulation, ter-

minal based working or querying a database. The tutorials are evenly and understandably dis-

tributed under headers like Approach, Components, Pilot cases etc. Additional questions and 

comments by users or students can be collected and addressed.   

The training center can be visited at http://www.escop-project.eu/training/ 

 

4.4 Summary  

 

Based on the Training Need Assessment flowchart in Methodology section in figure 8, Action 

Mapping and Activity design is done. “Action” can be described as, what to do to install, con-

figure run and develop OKD-MES. These discrete actions when put together completes the 

training of the entire OKD-MES. These actions are different learning modules in layers of the 

OKD-MES. Activity design follows Action Mapping. Activity can be F2F training, video guid-

ance, real life simulation etc. For every activity, a relevant action is designed. A little consid-

eration will show that Action Mapping and Activity Design when put together form a structured 

training approach. Use Case is a good example of how to bring the two concepts together. The 

use case here defines how the Action of modelling the core of OKD-MES is done and the 

tutorials produced from them shows what Activity Design is followed.         

 

 

 

http://www.escop-project.eu/training/
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5. RESULTS 

The Adoption of OKD-MES is dependent on adoption of a host of other technologies by the 

industries. Adoption of web services as a standard of communication, adoption of controllers 

with web capabilities, adoption of Service Oriented Architecture, adoption of Ontologies in 

manufacturing etc. all affects the adoption of OKD-MES. OKD-MES adoption in whole and 

part inspires the modern industries to move towards a digital world. This thesis work proposes 

pedagogical approaches for adoption of specific technologies which will lead to initiation of a 

continuous learning process for technologies of this kind. The Concepts, tools and practices 

which were developed as a part of OKD-MES, provide important guidance to the user.     

 

5.1 Learning Strategy 

A learning strategy is developed for transfer of skill. It is demonstrated with a flowchart in 

Figure 10 under methodology section. In the factories, before the adoption process starts, un-

derstanding the information system and its integration with manufacturing in important. The 

flow of information in OKD-MES demands some amount of information science literacy. The 

user can understand concepts like web services, event driven system, communication etc. of 

the system and not treat OKD-MES as a black box to obtain desired output. People who are 

familiar with these technologies can use this work to have an insight for developing OKD-MES 

that suits their purpose.         

Action Mapping technique is used to identify performance problems and where enhancement 

of performance might be necessary. The implementation section also provides a detail of these 

actions which must be learnt to understand OKD-MES. Activity Design is the next step. It is 

also described in the implementation section how to deliver these contents to the information 

seeker answering the question, “what Activity is best for which Action”.  

The main purpose of the study undertaken here is to make OKD-MES concepts more under-

standable, accessible and ready to use. This guideline would be beneficial for beginners and 

intermediate level users who want to learn and work with Knowledge-driven systems.  

A host of training materials and the eScop Training Center website is prepared for proper dis-

semination of OKD-MES. More than 1 GB of training materials were prepared but the materi-

als which were simple, easy to understand and low difficulty level were chosen. Guidelines are 

prepared for OKD-MES. The guidelines describe how to self-learn, teach, practice or develop 

OKD-MES. Tutorials are prepared in the form of documents. These tutorials describe how to: 
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1. Setting up an environment for OKD-MES 

2. How to write RESTful Web services 

3. Obstacles faced    

4. What to do to overcome those obstacles  

5. Testing the system 

It is important for the user to have a sense of accomplishment when s/he is trying to make 

her/his OKD-MES for the first time. After every major step, the obstacle faced are listed. What 

steps were adopted to remove those obstacles are also mentioned. Hyperlinks to other useful 

tutorials, software vendors’ website and major online programming tutorial websites are pro-

vided. The system can be complicated to any extent based on these steps.  

The tutorial was provided to departmental employees and students who were working on dif-

ferent projects. They were requested to take the tutorial and provide feedback on what they 

found was difficult and what would they like to improve. A summary of their response is men-

tioned in the table 6. 

 

Table 6: Response from trainees  

Trainee  Difficulty to follow Feedback comments 

Trainee 1 Low The layers are under-
stood and it’s easy to 
follow 

In a fresh system or 
after updating 
your IDE, Maven in-
dexes a 
repository saying “Un-
packing Index 
for central repository” 
which may 
be extremely slow. 

Trainee 2 Low More explanation of 
the services  
 
Explanation on port 
manipulation  

 

  

The feedback and the comments helped to restructure the tutorials. The main concerns of the 

trainees were addressed. A conclusion can be drawn that people in the industries with little or 

no knowledge of OKD-MES or its prerequisites will face low level of difficulty to work with 

the system.  
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5.2 Structure of the Training Program  

A training plan is proposed in this section. The table 7 lists the transfer of skill/knowledge of 

the materials that are required to understand OKD-MES partly. There is no time limit for this 

training session. It can take a few hours to days. But it should be noted that this training will 

be best suited when used along with code samples. Lectures, video guides, online simulators 

etc. all sorts of materials can be used to conduct the training. The table also describes who is 

this training for. This can be for Students, researchers, industry personnel like managers, engi-

neers and developers of any kind of MES.   

 

Table 7: Training Structure 

Topic Material 
Type of 
Mate-
rial 

Who are 
they? 

    
 

     Students 
Acade-
micians 

Busi-
ness 
Own-
ers 

Devel-
opers 

Introduction to OKD-
MES PHL 

Service Defini-
tion and Invoca-
tion, eScop De-
vices, Event 
Subscription, 
Event Notifica-
tion, RTUs  

Video, 
presen-
tation, 
code, 
manual, 
online 
simula-
tor 

Automa-
tion Engi-
neering, 
Infor-
mation 
Technol-
ogy, any 
other rel-
evant 
branch of 
study 

Re-
search-
ers, Spe-
cialist, 
Consult-
ants, Pro-
ject Coor-
dinators    

deci-
sion 
mak-
ers 
and 
entre-
pre-
neurs 

Who are 
inter-
ested to 
make 
OKD-
MES or 
pres-
ently 
working 
with one 

Introduction to OKD-
MES RPL 

Knowledge Rep-
resentation with 
Ontologies, 
MSO, Ontology 
Triple Store 
(Fuseki jena), 
Olingvo (Ontol-
ogy editor), 
query and updat-
ing Ontology 

Video, 
presen-
tation, 
code, 
manual, 
online 
simula-
tor 

Automa-
tion Engi-
neering, 
Infor-
mation 
Technol-
ogy, any 
other rel-
evant 
branch of 
study 

Re-
search-
ers, Spe-
cialist, 
Consult-
ants, Pro-
ject Coor-
dinators    

deci-
sion 
mak-
ers 
and 
entre-
pre-
neurs 

Who are 
inter-
ested to 
make 
OKD-
MES or 
pres-
ently 
working 
with one 

Introduction to OKD-
MES ORL 

Process Defini-
tion, Service 
Composition, 
Service Defini-
tion, Service Or-
chestration, SOA  

Video, 
presen-
tation, 
code, 
manual, 
online 
simula-
tor 

Automa-
tion Engi-
neering, 
Infor-
mation 
Technol-
ogy, any 
other rel-
evant 
branch of 
study 

Re-
search-
ers, Spe-
cialist, 
Consult-
ants, Pro-
ject Coor-
dinators    

deci-
sion 
mak-
ers 
and 
entre-
pre-
neurs 

Who are 
inter-
ested to 
make 
OKD-
MES or 
pres-
ently 
working 
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Any other additional topic by Industry or Educational Institution such as:  

a. Time frame of deployment of OKD-MES, 

b. Additional requirement from the company side, 

c. Investment planning if necessary, 

d. Do the company want to completely migrate to OKD-MES or try one work station or a 

small pilot at a time?  

This structure can be tailored to fit the need of the training. 

 

5.3 Feedback from trainees  

After the training is conducted, feedback collection and analysis should be done. An extensive 

feedback form is made which contains details of the steps and difficulties faced by the trainee. 

There is also a chance to write any concerns and queries regarding the training process. An 

online feedback form is made which takes extensive information from the user to know his 

difficulties in solving the problem. The online form contains an extensive set of questions. This 

starts from collecting data about the trainee, his purpose of taking the training and his present 

skill level. Then the form delves into the core of OKD-MES. It collects data and reactions from 

the user. For example, the questions in the first page of the form shown in the Figure 19 collects 

information regarding the detailed difficulties the user faced in understanding the guidelines 

and tutorials. Here again a layer-by-layer approach is followed.  

The online feedback form is made with chrome dev editor tool. The first page of the form is 

shown in Figure 20. This form would be provided to the trainee after taking the training. The 

response from the trainee can be used to improve the training process.  

 

Figure 20: Online Feedback Form for OKD-MES  
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The full feedback form is available in Appendix A.  

 

5.4 Pedagogical Tools 

The pedagogical tools developed in OKD-MES are both Passive Instructions and Active In-

structions. Passive instructions are slides and documentation about the project. Active instruc-

tions such as realistic simulation is used to give a better understanding of the working system. 

With Active instructions, a touch and feel experience of OKD-MES is obtained.   

Brainstorming was the most common form of pedagogical technique used during the project 

with members of the project group. The technique can be extended to learners of OKD-MES. 

It is also possible to build collaboration software which includes social aspects for knowledge 

management. This can be useful to exchange information between trainee, developers of the 

OKD-MES and people working with OKD-MES. This can be called digital brainstorming. 

Mind maps were exclusively used in course of this work.  

 To disseminate the concepts of OKD-MES and to have a business focus, a story based ap-

proach is also followed. A man’s experience of using OKD-MES is described in a story which 

starts with the problems he was facing in his factory when OKD-MES was not adopted. The 

change in his life and factory brought by OKD-MES is emphasized. This serves as a good 

marketing tool.  

The strongest form of pedagogical tool applied in OKD-MES adoption is realistic simulation. 

The simulators developed for this purpose are available online. The FASTory Simulator can 

be reached at [62] and the Oil Lubrication System simulator can be reached at [63]. Instructions 

are prepared on how to work with the simulator. The simulator provides a visual and method-

ical approach of working of the system. The simulator can also serve as a platform for devel-

opment of other application and customizable per one’s needs. Championing this pedagogical 

tool is advised to understand the capabilities of OKD-MES.         
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6. DISCUSSION AND FUTURE SCOPE 

The first thing which should be done at this moment is to go to the industries and conduct the 

training sessions. The training can also be provided to students and researchers in the academic 

environment so that the adoption of OKD-MES becomes wide spread. In an industry, which 

has already adopted SOA, Web standards, OPC UA etc. the adoption of OKD-MES is expected 

to be faster. A training team should be build up which can provide this training to users in any 

industry or academic sphere.  

To analyses the effectiveness of this adoption framework, the trainee must be monitored. This 

framework can be considered successful if the trainee can work with the system or develop it. 

Rate of adoption and Transfer of technology can be used to quantify the training process. This 

can be used to validate this adoption framework. Online data available about the trainee and 

feedback provided by them should be analyzed. With that data, predictive models can be made 

about adoption of OKD-MES and future scope of development of it. 

People tend to find comfort zones in legacy systems. Migration from those systems to OKD-

MES is difficult. The impact is not only technical but psychological and social as well. An 

effort is made here to produce a cross disciplinary platform of learning. The purpose of this 

work is to facilitate the process of migration without intimidating the learner. The success rate 

of adoption of OKD-MES depends on increase of number of users. The process can be slow or 

fast, but wide spread adoption of a technology is time consuming. This thesis work provides 

an inside view of OKD-MES and the possibilities it can offer.     

 If the study is performed with different control groups, the rate of adoption can be quantified 

by the formula stated in section 3.2. Control groups of trainees can be formed based on location 

and nature of work. In a discrete manufacturing industry one control group of trainee can be 

formed. Another control group can be formed with the students of Factory Automation and 

Industrial Informatics at TUT. Rate of adoption can be studied in the various control groups. 

This will quantify the transfer of technology. This would give concrete results about the train-

ing process and future improvement of the methodology can be done.     

Analysis of the feedback can reveal which is the most difficult part to understand for trainees. 

It will reveal questions and concerns of the learners and users of OKD-MES. A more adaptive 

framework for training can be developed from the feedbacks. Analysis of individual’s weak 

point can be done and more materials can be provided to him/her based on his weak point.   
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7. CONCLUSION  

Adoption of OKD-MES is successful if the system is used by everyone in the Industry and 

Academia. The open source nature of OKD-MES will help more people work with the system 

and adopt in their respective line of work. This thesis work identifies and demonstrates ele-

ments of OKD-MES with selected scenarios that need to be learnt and understood to integrate 

OKD-MES in the industry. Concepts such as reusable services, communication standards, re-

configurability, scalability etc. are demonstrated. 

It is believed that for adoption of any software or Information System, training is compulsory. 

The nature of the training could vary but the effectiveness of an adoption system is judged 

based on the level of understanding of people who work with it. Simulation is used as an ef-

fective pedagogical technique to provide the user with a touch and feel experience of the real 

system. All other supporting learning techniques are produced which will enable the learner to 

know basics of the system. Guidelines are provided on how to reach OKD-MES solution on 

the internet, configure the system, learn the layers of the system and develop those layers for 

one’s own application.        

A major challenge of this work was to define the complexity level of the adoption process. It 

was agreed and understood that the stakeholders of the system come from different parts of the 

industry and academia. It has been considered to keep the process of learning simple and easily 

understandable for non-technical departments as well. Feedback from the user is extremely 

important to continuously improve the quality of training.  

OKD-MES research and development will continue in days to come. The present system will 

evolve and so should the process of learning. This work strives to lay a foundation in the learn-

ing process of OKD-MES based on which further advancements can be done.     
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9. APPENDIX A 

1. Feedback Form Page 2 
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