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Executive Summary 

Abstract 

This document reports on the results and deliverables of Task 
4.4, “Interfacing with MES and other higher-level 
management systems”. Accordingly, it discusses a possible 
integration with a MES or any other higher-level 
management system and the middleware for its 
communication and synchronization with the general 
architecture.  
 
Z-BRE4K project aims at implementing predictive 

maintenance strategies to avoid unexpected breakdowns, 

increasing the uptime and overall efficiency of the 

manufacturing scenarios.  

 

In spirit of this, the present document includes five main 

chapters which address:  

 First of all, the MES concept is explained, as well as 

the guidelines for its implementation. 

 Moreover, the Conceptual Interoperability Model 

and its levels are described. 

 Likewise, MES systems used or proposed by each use 

cases are explained. 

 Furthermore, the standard based Z-BRE4k 

communication middleware is introduced, and how 

it fits within Z-BRE4k general architecture is 

explained. 

 Finally, the plant communication middleware 

integration into Z-BRE4K architecture is described. 

Keywords 

Conceptual Interoperability Model, Factory Information 

System, International Data Space, Manufacturing, 

Manufacturing Execution System, Middleware, Predictive 

Maintenance, Quality Information Framework. 
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1. INTRODUCTION 

 Purpose and Scope of this Deliverable 

Combination between technology evolution, search for improved technical and economic 

effectiveness, efficiency in the productive companies, development of industrial processes 

defined a more complex machineries and it changed the approach to production methodologies. 

As the level of complexity of machineries increases, Maintenance Services are not allowed to 

operate as in the past. 

Maintenance was earlier conceived as a service primarily for the production plant, aimed at 

ensuring the availability of production systems. 

Recently, Maintenance became in charge of keeping low the cost of running the machineries, 

ensuring their safety and the optimal usage of resources, planning execution and control of 

repair services, manage spare parts and inventories, applying procedures efficiently. 

Maintenance dept has to be more and more integrated with the other company functions such 

as Planning, Quality Control, Procurement, HR and IT. 

Maintenance strategies went from simple repair policies to the adoption of more complex 

policies.  

Similarly, the role of the people in charge of running the plants changed, needing to grow 

competencies and responsibilities. Moreover, different techniques emerged to anticipate 

failures or downtime.  

Maintenance is now considered a lever to gain competitive advantage and continuous 

improvement. This new perspective suggests more and more integration amongst Production, 

Maintenance and the whole company. This new vision can be sustained by the development of 

new and effective tools and techniques made available:  

 Optimization models; 

 Software tools; 

 Diagnostic tools.  

The mission of Maintenance in the enterprise moved from simple repair activity to system 

oriented to prevent failures. In this context, Z-BRE4K aims to implement predictive maintenance 

strategies to avoid unexpected breakdowns. 

In order to implement these strategies, metrology, process and planning data is acquired in real-

time from sensors/actuator, MES, ERP, etc. and all the gathered data is fed in the Z-BRE4K 

platform. Eventually, Z-BRE4K needs to send data to high level management systems, and 

synchronize and co-schedule maintenance with production activities.  
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The General Architecture, which is featured by a large number of components such as a 

communication middleware operative system, must be able to support all the components 

developed under the Z-BRE4K project, which lead to fulfilling the predictive maintenance 

strategies, being able to keep the information flow constant and well distributed between all 

the components (Soldatos et al. 2019). 

This means that the General Architecture must be highly flexible and easily adapted to new use 

cases, promoting the predictive maintenance towards its integration in SMEs. Due to the high 

flexibility, the architecture requires the main communication middleware operative system to 

support a high number of different types of data coming from different types of sensors and 

control software. At the same time, due to the high number of different components, it must 

also support the need of a continuous communication between all of them, and the 

interoperability must reach top-notch levels (Soldatos et al. 2019).  

In this context, this deliverable discusses a possible integration with a MES or any other higher-

level management system and the middleware for its communication and synchronization with 

the general architecture. 

The mentioned integration needs to follow the Digital Relative Business Value Drivers: 

 Low Deployment Cost 

 Fast Return of Investments 

 Easy configuration & Operation 

 Reliable Solutions 

 Incremental deployment 

 Open System 

 Content and Structure of this Deliverable 

Considering the purpose and scope of the Task 4.4, the deliverable is organised as follows: 

 Section 2 introduces the concept of MES and the guidelines for its integration. 

 Section 3 presents the Conceptual Interoperability Model, highlighting the levels of 

Conceptual Interoperability Model. 

 Section 4 describes the high-level management systems proposed by each partner.  

o In this section GESTAMP presents the Autotech use case, which is linked to the 

demonstration of an advanced manufacturing process called Automotive Smart 

Factory (ASF) for the multi-stage zero-defect manufacturing of next generation 

automotive chassis products. ASF combines the physical layer consisting of five 

stations divided based on the functionality and a virtual layer, which includes an 

intelligent manufacturing system that monitors and manages processes in real 

time to guarantee zero defects through the process domain and to achieve 

traceability with information related to the process. 

o SACMI-CDS gives an overview of CMMS systems, highlighting the main 

functionalities and benefits coming from an adoption of them. 
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o PHILIPS gives an overview of The Factory Information System (FIS), a kind of MES 

system developed alongside the development in the factory itself, created by 

PHILIPS Drachten Manufacturing IT department. 

 Section 5 describes the Standard based Z-BRE4K communication middleware. This 

section is divided into two parts. In the first part, QIF for dimensional control is 

described, where its application area, the standard process flow, the manufacturing 

process flow, the persistent IDs within QIF and the QIF benefits are detailed. In the 

second part, PHILIPS use case middleware is described. 

 Section 6 focuses on the plant communication middleware implementation on the Z-

BRE4K architecture. 

 Section 7 concludes the deliverable, pointing out the main outcomes of the activities 

carried out in Task 4.4.    
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2. GUIDELINES FOR MES INTEGRATION 

A Manufacturing Execution System (MES), is an information system connecting monitors and 

controls to manufacturing systems and data flows that take place on a factory or shop floor. The 

overall goal of MES is to make certain that manufacturing operations are effectively executed 

and improve production output. That goal is achieved by tracking and gathering real-time and 

accurate data about a complete production lifecycle. Thus, MES is the comprehensive system 

that controls all the activities occurring on the shop floor. It begins with all the various orders 

from customers, the MRP system, the master schedule, and other planning sources; and then 

builds the products in the most effective, low cost, expedient, and high-quality way possible 

(Work Wise Software 2019). 

The functions of MES range from operation scheduling to production genealogy, to labour and 

maintenance management, to performance analysis, and to other function in between (Modrák 

et al. 2009). 

Therefore, MES provides a media for optimizing the manufacturing process as a whole in a real 

time basis. With the support of MES, a company can be provided with updated and complete 

information that can help the manufacturing department to maintain the quality of its products 

in a shorter time and with lower cost. Considering the potential benefits provided by MES, MES 

implementation is one of the strategies that can be utilized by manufacturing companies in their 

effort to increase competitiveness in facing the globalisation (Govindaraju et al. 2017).  

A solution for a MES system generally comprises very many such processes, which are then 

described for their own part individually as activity diagrams and which however communicate 

asynchronously with each other by means of the message exchange via send and receive 

symbols (Pfander et al. 2009).  

Z-BRE4K’s principal recommendation would be to follow a loose coupling of such processes. This 

loose coupling means that the individual processes of a MES solution can be created separately 

and more or less independently of each other. The goal of a loose coupling architecture is to 

reduce the risk that a change made within one element will create unanticipated changes within 

other elements. Limiting interconnections can help isolate problems when things go wrong and 

simplify testing, maintenance and troubleshooting procedures. Loose coupling also allows very 

simple recycling of processes, Sub-processes or a collection of processes for specific sub-tasks in 

an MES system. All this means that MES systems particularly can be modelled and implemented 

very easily (Pfander et al. 2009; TechTarget 2019). 
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3. CONCEPTUAL INTEROPERABILITY MODEL 

3.1  Introduction to conceptual interoperability 

Interoperability goes beyond the technical implementations. In order to achieve meaningful 

interoperability of simulation systems on the technical level, composability of the underlying 

conceptual models is a necessary requirement (Tolk et al. 2003). 

A conceptual model is the abstract and simplified representation of systems for some specific 

purpose by languages, figures, tables, or other suitable artefacts. Conceptual modelling is the 

process of creating a conceptual model. This is explained in more detail below as reported by 

Wang (Wang et al. 2009). 

To understand why conceptual models are important to interoperability, it is necessary to 

understand how machines gain understanding: they need a consistent system description in 

form of machine-understandable metadata regarding data, processes, and constraints. The 

system – or the M&S service – is herein described by its properties that are grouped into 

propertied concepts (the basic simulated entities and attributes), the processes (the behaviour 

of simulated entities and how their attributes change), and constraints (assumptions 

constraining the values of the attributes and the behaviour of the system). 

There are three existing premises that need to be supported by the annotations describing the 

Modelling and simulation services: 

 The first premise is that the observing system has a perception of the system to be 

understood. This means that the properties and processes must be observable and 

perceivable by the observing system. The properties used for the perception should not 

significantly differ in scope and resolution from the properties exposed by the system 

under observation. 

 The second premise is that the observing system needs to have a meta-model of the 

observed system. The meta-model is a description of properties, processes, and 

constraints of the expected behaviour of the observed system. Without such a model of 

the system, understanding is not possible. In addition, it allows the internal “simulation 

of the observed system” to support machine understanding of what the observed 

system will do next (anticipation) or is capable of.  

 The third premise is the mapping between observations resulting in the perception and 

meta-models explaining the observed properties, processes, and constraints. In 

summary, to gain meaningful interoperability. 

To gain meaningful interoperability and composability, descriptions of the service are needed 

allowing for the creation of the perception of what - and how - the service will work out in 

support of understanding. This description must capture the objectives, inputs, outputs, 

content, assumptions, and simplifications of the models. This is where conceptual model works. 



Z-BRE4K Project                                                                            

Grant Agreement nº 768869 – H2020-FOF-2017 

D.4.4 V1.0 Page 14/66 
 

3.2 Levels of conceptual interoperability model 

Systems Engineering requires a reproducible and well documented approach. In other words: a 

framework is required to capture the artefacts needed for simulation interoperation. LCIM was 

proposed to deal with conceptual interoperability issues beyond technical interoperability (Tolk 

et al. 2003). 

Meaningful interoperability of simulation systems on the implementation level requires 

composability of the underlying conceptual models. After several years of development, LCIM is 

becoming more and more mature and is gaining more recognition. Besides the simulation 

interoperability community, LCIM is used by scientists of multiple disciplines to deal with 

problems in their communities, showing that LCIM has wide application potential. The latest 

version is illustrated in the following Figure 1: 

 

 

Figure 1. The Levels of Conceptual Interoperability Models (Tolk et al. 2003) 

The seven levels, from “no interoperability” to “conceptual interoperability”, are notated from 

L0 to L6. These seven levels are characterized as follows (Tolk et al. 2017): 

 Level 0: Stand-alone systems have No Interoperability.  

 Level 1: On the level of Technical Interoperability, a communication protocol exists for 

exchanging data between participating systems. On this level, a communication 

infrastructure is established allowing it to exchange bits and bytes, the underlying 

networks and protocols are unambiguously defined.  

 Level 2: The Syntactic Interoperability level introduces a common structure to exchange 

information, i.e., a common data format is applied. On this level, a common protocol to 
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structure the data is used; the format of the information exchange is unambiguously 

defined.  

 Level 3: If a common information exchange reference model is used, the level of 

Semantic Interoperability is reached. On this level, the meaning of the data is shared; 

the content of the information exchange requests is unambiguously defined.  

 Level 4: Pragmatic Interoperability is reached when the interoperating systems are 

aware of the methods and procedures that each other are employing. In other words, 

the use of the data – or the context of its application – is understood by the participating 

systems; the context in which the information is exchanged is unambiguously defined.  

 Level 5: As a system operates on data over time, the state of that system will change, 

and this includes the assumptions and constraints that affect its data interchange. If 

systems have attained Dynamic Interoperability, then they are able to comprehend the 

state changes that occur in the assumptions and constraints that each other is making 

over time, and are able to take advantage of those changes. In particular when 

interested in the effects of operations, this becomes increasingly important; the effect 

of the information exchange within the participating systems is unambiguously defined. 

 Level 6: Finally, if the conceptual model – i.e. the assumptions and constraints of the 

meaningful abstraction of reality – are aligned, the highest level of interoperability is 

reached: Conceptual Interoperability. This requires that conceptual models will be 

documented based on engineering methods enabling their interpretation and 

evaluation by other engineers. In other words, on this we need a “fully specified but 

implementation independent model” and not just a text describing the conceptual idea.  

The implications of the levels mentioned above are summarized in the following Table 1:
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Table 1. Implications of LCIM (Tolk et al. 2017) 

 

Level Layer Name Premise 
Information 
defined 

Contents clearly 
defined Domain Focus Capability 

L6 Conceptual Common 
conceptual 
model 

Assumptions, 
constrains etc. 

Documented 
conceptual model 

Modelling 
abstraction 

Composability High 

L5 Dynamic Common 
conceptual 
model 

Effect of data Effect of 
information 
exchanged 

   

L4 Pragmatic Common 
conceptual 
model 

Use of data Context of 
information 
exchanged 

Simulation 
implementation 

Interoperability Medium 

L3 Semantic Common 
conceptual 
model 

Meaning of data Content of 
information 
exchanged 

   

L2 Syntactic Common 
conceptual 
model 

Structured data Format of 
information 
exchanged 

   

L1 Technical Common 
conceptual 
model 

Bits and bytes Symbols of 
information 
exchanged 

Network 
connectivity 

Integrability Low 

L0 No No connection NA NA    
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4. IDENTIFICATION OF HIGH-LEVEL MANAGEMENT SYSTEMS 

In this section MES and other high-level management systems used by each partner for each use 

case are described. 

4.1 GESTAMP use-case 

The main focus of GESTAMP scenario is to study the most complex equipment used within the 

manufacturing process for light weight chassis products. The main transformation processes 

done within the manufacturing of chassis products are stamping and welding. Along these two 

transformation processes lot of different technologies are used. However, the main equipment 

could be summarized as follows: Cold forming die and welding equipment. The cold forming die 

is a complex and very expensive piece of equipment currently acting as a black box, where strip 

metal goes in and cold formed products come out. Data signals monitor the inputs (thickness 

measurement and hardness measurements of the batch data of the steel), the process (press 

forces and displacements) and the outputs (all product related critical to quality parameters 

(CTQs)). However, there is no option to monitor inside the cold forming die apart from 

periodically checking the tools by removing the die from the production line. The actual strategy 

in Gestamp facilities is to act upon a sudden breakdown of the press occurs which causes, lots 

of damage, loos of production volume, costs, repair works and lot of stress on people involved.  

On the other hand, welding equipment is the sum of lots of parts and machines that interact 

between each other. Because of their durability and long life, welding machines sometimes 

don’t get routine maintenance. For some companies, a broken welding machine is a minor 

interference. For those who rely heavily on welding, such as GESTAMP, a broken machine can 

cause major headaches. It typically means expensive lost production. Welding machines with 

erratic arcs also waste great amount of energy. Finally, welds that fail to pass x-ray, ultrasonic, 

or other tests are costly to repair (if possible), so high costs and re-works are expected. Hard 

failures, such as blown PC boards or electrically “fried” components, are unpredictable. 

However, owners of welding equipment can directly control “soft failures” by repairing worn 

items, such as cables, connections, internal wiring, drive roll systems, guns, torches, and 

consumables. Preventing soft failures also includes removing corrosion and air-borne 

contaminates from the machine that lead to over-heating and circuit board failure.  

The goal is to be able to learn from forming and welding signals and the results coming out of 

the quality checks, in order to predict the status of the equipment and schedule every 

maintenance activity. Nowadays, GESTAMP does not acquire information from the machine’s 

status. In this regard, the aim of Z-BRE4K implementation is to get the main KPI´s from the 

process, analyse the information and learn from the equipment in order to avoid unexpected 

breakdowns. 

The GESTAMP-Autotech use case is linked to the demonstration of an advanced manufacturing 

process called Automotive Smart Factory (ASF) for the multi-stage zero-defect manufacturing of 

next generation automotive chassis products. The use case is placed at the GESTAMP location 

in the Automotive Intelligence Centre (AIC) in the Basque Country, which is a unique value-
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generation centre for the automotive sector based on a concept of open manufacturing 

production innovation in which companies improve their competitiveness through cooperation.  

Using a market-oriented approach, AIC integrates knowledge, technology and industrial 

development under one umbrella. AIC-Automotive Intelligence Centre is managed by ACICAE-

Basque Country Automotive Cluster and is located in Amorebieta. AIC-Automotive Intelligence 

Centre has established strategic partnership with major stakeholders, including OEMs, Tiers, 

Tech Centres, etc.  

The demonstrator considers a multi-stage zero-defect manufacturing line for the frame 

components of advanced steel components of next automotive models. The manufacturing 

process integrates both stamping, robotized welding and inline quality control in a multi-stage 

and simulation supported manufacturing process.  

This process provides a critical part in the automotive assembly and one with high throughput. 

Any production break due to unscheduled maintenance will have huge impacts not simply at 

GESTAMP level but will propagate towards car OEMs with a potential scale in cost impacts of 

several orders of magnitude. This new process that will be the reference process for global 

manufacturing of this component in future car references incorporate new elements such as 

inline quality control equipment towards zero defect manufacturing. Z-BRE4K should ensure 

that such lines are not just zero-defect but zero unexpected breakdown time supported by a 

common and integrated information framework with multi-purpose application. 

This chassis manufacturing line includes stamping and welding processes through in-line 

automated inspection processes, monitoring, data management and adaptive and iterative 

actions. Evolution to Zero Defects strategy, through an intelligent process with special focus into 

critical process (Stamping and Arc Welding) control devices and new communication tools. 

The Automotive Smart Factory (ASF) is a pilot plant to address key technologies aimed at 

simulating and validating productive processes, thus expediting process improvement and 

people training. The project initiated to gain self-adaptive stamping and welding processes. 

ASF consists of two major layer that help in realization of the objectives of Industry 4.0, i.e., 

Digitization and factory implementation of itself. In this regard, ASF combines the physical layer 

consisting of five stations divided based on the functionality and a virtual layer in the form of 

Manufacturing Intelligence (MI) in the software environment. 

The Physical layer involves extensive and advanced robotics. The complete physical layer is 

divided into five stations, which progress in the following order: 

 Buffer station for parts to be processed and transformed to final product. The Buffer 

station also includes a QR marking device to achieve unique traceability. In the same 

sense, this station includes a laser device to measure the thickness of every single blank. 

 Press station for metal transformation of the blanks. 

 White Light Dimensional inspection station for inspection of pressed and assembled 

products to check dimensional quality of the partial and finished products alike. 
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 The welding station for the joining of metals and creating the finished product. 

 Welding inspection station where the quality of the weld and other dimensionality from 

welding aspects are inspected to ensure optimum quality. 

In addition to the above-mentioned stations, the physical layer also consists of an Automated 

Guided Vehicle (AGV) with a robot to transfer the work pieces through this manufacturing line. 

The complete physical layer is linked to the AGV to maintain the workflow of the manufacturing 

process. Therefore, no need of human factor is required to produce likewise chassis components 

in this manufacturing line. In the same regard, evolution to zero defects strategy is also achieved 

by the developed algorithm able to self-adjust forming and welding parameters. 

The ASF has the following manufacturing phases: 

1. Buffer station from where a robot on top and AGV (Autonomous Guided Vehicle) is 

taking the parts that are needed to manufacture the link-wise chassis component. 

2. In a second phase, blanks are marked to have unique traceability of products and their 

manufacturing parameters through the process. 

3. Then, blanks are measured to know their thickness with high level of accuracy. The 

results are always linked to the unique QR code of each product. 

4. Parts are then transfer to the press by the AGV. The robot delivers products inside the 

press and in two stamping operations, the product is done. During the stamping 

operation, real press parameters are gathered and analysed in order to compare the 

real values to the input ones. 

5. Stamped parts are automatically delivered to the dimensional station. In this phase, an 

automatic white light device checks the main dimensions of the stamped product. If the 

product is OK, then it goes to the welding station. If not, the part is rejected and 

delivered to the scrap area. Based on the dimensional results, the press parameters will 

be automatically adjusted by an intelligent algorithm to avoid a further NOK product. 

6. OK stamped parts are delivered to the welding station, where two YASKAWA robots and 

FRONIUS equipment weld parts. As in the press phase, along the welding process, real 

parameters are gathered during the welding process of the product, analysed and stored 

in order to compare the real values to the input ones. 

7. Welded products are then fed to the weld quality check station in which a robot with a 

laser device check the welds for superficial defects. Results from this phase are directly 

linked to the welding parameters of the product. Therefore, the Algorithm can 

automatically adjust welding parameters to avoid welding defects in following parts. 

8. The final component is finally dimensional checked with an automatic white light device 

looking for the main dimensions of the welded product. If the product is OK, then it goes 

to OK buffer. If not, the part is rejected and delivered to the scrap area. Based on the 

dimensional results, welding parameters will be automatically adjusted by an intelligent 

algorithm to avoid a further NOK product.  
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Figure 2. Automotive Smart Factory for chasses manufacturing 

One of the historical problems of the cold stamping sector lies in the difficulty of predicting the 

breaking of the tools used in cold stamping machines. Most often, preventive maintenance is 

still applied, and components are replaced after a fixed number of strokes. Tonnage monitoring 

equipment has been around for decades.  Several models can automatically set high and low 

limits around a desirable tonnage reference, if these limits are violated, a fault occurs. 

Additionally, tonnage monitor can help to adjust the tonnage level to produce quality parts using 

less energy and reducing the wear and tear on the press and die. In this regard, the CECM of Z-

BRE4K will explore novel techniques of data analysis and pattern recognition to automatically 

extract predictive features than can be used to optimize the maintenance, while reducing the 

dimensionality of the data to be transmitted to the cloud.  

Gestamp stamping cell consists of a mechanical servo press. Servo-driven presses enable the 

slide position curves, speed and stroke to be programmed so that different manufacturing 

processes can be carried out with just one press. A servo-mechanism press, is a press driven by 

an electric motor, the torque produced is converted to a linear force via a ball screw. Pressure 

and position are controlled through a load cell and an encoder.  

The main requirements to the predictive maintenance system are: 

 Ensure proper movement of press during stamping process: 

The columns that support the crown are fitted with adjustable guides called gibs which ensure 

parallelism, squareness, and proper movement of press components. If there is a lack of 

parallelism, press can breakdown due to mechanical system seize up and also parts can be 

incorrectly manufactured due to difference in tonnage applied along the die.  
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 Press forming process control: 

The two main characteristics of a press that affect the forming process are the press tonnage, 

which is the maximum force applied by the press on the blank, and the press curve, which is the 

variation of the speed of the punch during the forming stroke. If press tonnage exceeds the 

determined, tooling and mechanical elements may be affected and a breakdown occur.  

The stamping press is a closed system equipped with several sensors pre-installed to measure 

the motor’s torque, temperature, pressure and lubrication. Additionally, two strain gage sensors 

have been installed in the context of Z-BRE4K project to monitor the tonnage curve. All the data 

is stored in the HMI server integrated in the press in XML format. 

The selected strain gage sensors are manufactured by HELM. The HELM HT400 strain gage load 

sensing transducer accurately detects strain levels on all types of metal stamping presses. The 

system provides linear output of strain levels at each sensing location. Strain gages in a 350-ohm 

full Wheatstone bridge circuit are used as load sensing elements to assure long-term stability 

and accuracy. Manufactured under laboratory conditions, all HT400 sensors are machined 

within 1% and may be interchanged without recalibration of the press. The main characteristics 

are: 

 Capacity: 400 Microstrain 

 Overload: 600 Microstrain maximum 

 Recommended Excitation: 8 volts AC or DC 

 Maximum Excitation: 15 volts AC or DC 

 Output: 1 mv/v @ 400 Microstrain 

 Cable: Shielded 4 conductor cable with oil resistant polyurethane jacket 

 Size: 1″ wide x 2 3/4″ long x 5/16″ thick 

 

Figure 3. HELM Strain Gage Sensor 

Two strain gage sensors have been installed in the two connecting rods of the press. These 

locations have been selected to produce the most significant strain curve for press diagnostics. 

The distribution of the load over the connecting rods causes inertia forces producing cyclic axial 

force and stress, bending moment and stress perpendicular and parallel to the eccentric shaft 

axis. The tonnage signature provides important information that can be used to make 

statements about the load, change in stock thickness and hardness, part lubrication, tooling 

wear, stuck scrap in the die, and misfeeding. 
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Figure 4. Stamping line data collection scheme 

 

A novel IR vision system has been developed for monitoring the arc welding process.  Infrared 

imaging provides information of the melt pool and surrounding areas, such as geometry and 

temperature distribution, the contact tip temperature or gap. This information can be exploited 

for process monitoring with two aims: predictive maintenance and quality check. 

The following information is a summary of the requirements described in the deliverable D1.4. 

Gestamp’s Robotic Welding Cell consists of two YASKAWA welding robots, two CMTi FRONIUS 

welding equipment, a welding fixture and an in-line quality control system.  

In order to avoid welding defects and process breakdowns, the following requirements have 

been identified: 

 Constant Wire Feed Speed in the welding cell.   

The wire feeder is the system that provides wire to the part to be assemble. Wire speed is a key 

welding parameter in every arc welding process, such as GMAW. This welding parameter must 

be constant to ensure welded parts with sound joints 

 Optimal gas flow rate in the welding cell. 

GMAW processes require gas flow, in order to achieve sound joints by protecting the melted 

pool from the atmosphere. Such protection is achieved by the correct gas type, flow pressure 

and torch geometry. This welding parameter must be kept to an optimal value to ensure welded 

parts with sound joints. 

 Contact Tip of the welding gun in optimal condition. 
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The contact tip of the welding gun is a key component of a GMAW system. This component has 

a calibrated hole where the wire passes through. The contact tip is responsible for transferring 

the welding current to the wire as it passes through the bore, creating the arc. Optimally, the 

wire should feed through with minimal resistance while still maintaining electrical contact. The 

position of the contact tip within the nozzle, referred to as the contact tip recess, is just as 

important. It can influence quality, productivity and costs in the welding operation. It can also 

affect the amount of time spent performing non-value-added activities, such as grinding or 

blasting parts that do not contribute to the operation’s overall throughput or profitability. 

After welding there are three type of checks:  

1. Welding defects (superficial): Every product is controlled in terms of welding defects by 

an inline vision system. 

2. Internal Welding defects (not superficial): One part per shift is destroyed and 

macrographic analysis is done.  

3. Every product is measured (3D) after welding. This is done by an inline vision system. 

Preliminary trials for data collection have been done in AIMEN with a similar robot arm and arc-

welding equipment. The cameras were mounted fixed to the robot arm pointing to the contact 

tip from one side with an approximate angle of 45º, providing the imaging of the melt pool 

during the welding process.  

The data obtained from the trails was used to build three datasets; two with the NIT’s camera 

and one with the Xenics. The first dataset in the MWIR consist of 18494 images, each frame with 

a resolution of 128x128. This dataset was used to set up the embedded system and to define 

the processing pipeline based on CNNs. The second dataset in the MWIR consists in 450420 

images. The resolution was decreased to 64x64 in this case, because this improves the SNR the 

camera provides. The third dataset has 42000 images in the LWIR with increased resolution 

(640x480), higher sensitivity but acquired at a lower frame rate.  
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Figure 5. CECM system based on IR imaging for arc-welding monitoring 

In the following sections MES systems used by GESTAMP are presented. The first one is the 

CAPTOR MES system, designed to contribute in the decision-making process. The second one is 

the PROMIND solution, which provides a wide range of mathematical models for machine 

learning driven process optimization. The third one, PRISMA, is an application providing 

intelligence to maintenance management.  

4.1.1 CAPTOR MES 

CAPTOR is the MES system designed to contribute with technology intelligence in the decision-

making process at the plant. The tool’s organisational deployment enables increasing efficiency, 

streamlining the supply chain, flexibly adjusting to the needs of the demand, synchronizing 

manufacturing processes, and having real-time plant status. Its knowledge generation tools 

enable accelerated operational improvements (industrial metrics) at the plant, making them 

visible in the optimized business indicators. 

This system provides the necessary functions for the management of key areas at the plant, such 

as staff, materials, processes, quality, traceability, maintenance, and visual factory. 

 

Figure 6. Different versions provided by CAPTOR in order to adapt to the company needs 

Designed in accordance with ISA 95 recommendations, CAPTOR enables the creation of an 

integrated information processes chain within the organisation that eliminates any kind of 

administrative waste when processing information, increasing the collaboration among the 

different areas at the same time. 
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Incorporates specific technologies to ensure a simple interconnectivity among different systems, 

enabling the integration of ERP, HR, technical office management, quality, or presence systems. 

The large number of on-going references enables having different deployment cases with 

multiple types of ERPs, such as SAP, Baan, JDEdwards, Axapta, Navision, QAD, BPCs, AS400, 

MOVEX, Mapics, Oracle, Ross, IDS, Expertis, Nucleo, Geminix/Izar, Vector, Sitelec, Adonix X3, 

Mac Pac, Prologe, Gesfruit etc. 

It enables management and synchronization of operations, providing the necessary 

documentation and indicators to workers and responsible parties, and collecting reliable 

information about the plant’s processes in real time. 

CAPTOR implements a model oriented towards paperless management, integrating information 

regarding staff, processes, materials, traceability, quality, and maintenance. 

It manually gathers plant data, where the worker is the one providing the information or 

automatically, where the information is collected from the machine´s equipment and field 

devices. 

The generation of scorecards, Andon sheets, summary tables, and layouts, enables the 

adjustment of how the information is presented in accordance to the management needs of 

each position, providing decision-making capabilities as close to the source of the problem as 

possible, with information updated in real time. 

 KPI Manager: Enables the free generation of indicators used to measure the plant’s 

operations performance. 

 Sheet Designer: Graphic editor for creating scorecards and monitoring sheets for the 

users to freely customize the visibility of the plant. 

 Sheet Viewer: Presentation of panels on the worker terminals in screens at the plant or 

remotely (web). 

 Tracking: Integrated graphic view of all plant information (production, staff, traceability, 

and quality) by worker, workstation, or sorted by work-reference. 

CAPTOR helps ensure the reliability of the processes, the quality of delivered products, and the 

traceability of all the operations at the plant: 

 Quality: Identification and management of the quality ratio and categorization of 

product defects. SPC (Statistical process control). Quality control through sampling 

(AQL). 

 Traceability: Materials and components traceability, lots processing, serialized 

materials. Integrated with identification technologies at the plant. Process traceability, 

linking all the information about production, people and parameters of the product and 

process to the production lots. 

It adds functionalities to manage usable products, special tools or consumables related to 

machines (dies, moulds, punches, matrixes, plates…): 
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 Traceability: Adding usable products information to the integrated traceability record. 

 Audit: Ensuring the correct use of the usable products forecasted. 

 Life cycle: Registering the use and operational life of usable products and triggering 

actions when their review is required. 

Use of the information from the plant activity to make active decisions that foster improvement: 

 Eventrack: Following the evolution of plant variables, indicators and events, it triggers 

service routines that cause actions when necessary. 

 Intelligent report generator: The information is automatically distributed to be used by 

relevant people and/or teams. 

 Optimization of variables and process adjustment recommendation based on the 

automatic analysis of the information recorded. 

 An agile alignment among plant operations and demand requires the optimization of 

productive resources and synchronization of operations, in addition to tools that 

facilitate a proper reaction to changes. 

CAPTOR provides tools for: 

 Sequencing finite operations capacity 

 Pull signs that facilitate the organization of plant operations, precedence management, 

as well as main and auxiliary lines synchronization. 

 Submitting updated work plans directly to the plant workstations. 

 Automatic event generation by detecting deviations, or intervention requests to 

support manufacturing tasks  

CAPTOR cross-references energy consumption information and the plant’s production 

information collected automatically or through touchscreen terminals, and provides support to 

make decisions oriented towards processes improvement in regards to both operational and 

energy consumption aspects. 

It is a key element for improving competitiveness, integrating the energy consumption and 

production information to provide the organization with precise knowledge about real time 

plant activity as well as its energy performance so as to accurately identify waste and 

improvement areas in the productive systems. 

Energy management: 

 Automatic integration and consolidation of all energy consumption. 

 Real time plant monitoring of energy and operations. 

 Automatic scorecard calculation and combined operational and energy indicators. 

 Consumption traceability across timelines, cross-referenced with product and process 

traceability. 

 Available application customization functionalities at user level: 

 Report Editor: It enables the generation of reports by the user. 

 Metadata editor: It enables modification of the data model. 
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 Translator: For translation and/or adaptation of the terminology used. 

 WorkFlow editor: For generating attention logics associated with events or modification 

of native business logics of the application. 

The automotive industry is permanently facing challenges with regards to excellence and 

expertise under high quality standards, delivery precision and costs. CAPTOR provides the 

necessary functions to manage key areas at the plant: staff, materials, processes, quality, 

traceability, maintenance, visual factory, paying special interest to: 

 Managing the OEE and the plant operations reliability. 

 Flexibly adapting to the changes in demand and plant incidences. 

 Support information for the radical and continuous improvement teams. 

 Synchronising manufacturing processes at the plant and with the suppliers. 

 Having plant status in real time. 

 Completely tracing operations and components. 

 Paperless factory. 

 In order to adapt to the company needs, CAPTOR provides different versions: 

 CAPTOR Entry. Designed for small companies or pilot projects. 

 CAPTOR Enterprise. The complete version of the system, designed for companies with a 

single production plant. 

 CAPTOR Corporate. For multi-plant, multi-country groups, with global needs. 

4.1.2 PROMIND 

The factory of the future needs to be supported by technology intelligence at all management 

levels, enabling a deep understanding of how processes and equipment works, in order to 

leverage the organisation’s knowledge and provide individuals with the ability to experiment 

(Classroom lab) so as to proposing radical improvements. 

Following the scientific method, PROMIND provides a wide range of mathematical models used 

to materialise knowledge on plant dynamics into scientific models instead of “personal and non-

transferable” empiric rules. Thus, is capable of: 

 Correctly understanding how key processes work. 

 Objectively suggesting correct working parameters. 

 Comparing the real versus the intended status of the system, and suggesting 
adjustments to bring the functioning mode back to optimum conditions. 

 Experimenting with the system in unconventional functioning spaces, so as to suggest 
improvements that dramatically change the processing capabilities.  

Based on the expert experience and the system’s self-learning, a mathematical model of the 

system is build enabling the setting of structured relations between input variables and output 

modes. 

A wide range of toolboxes enables supporting a significant range of models: 

 To stimulate relations among variables. 
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 Estimates the relation among variables when these are qualitative. 

 Statistical methods. 

 Differential equations: relations between variables and time. 

 Temporal-logic rules. To organize events and establish time restrictions. 

 Signal models. Analysis of recurring signals, stochastic signals, etc. 

The analysis tools provided by PROMIND provide an environment to work over a mathematical 

model of the system, deeply understanding the behaviour of the actual system. 

 Knowledge of the significant variables and the existing relations. 

 Model comprehension. 

 Assessment as regards how output variables are affected by input variables. 

 Identification of existing correlations among events-variables-indicators. 

 Determination of whether the system’s response is similar in different periods of time 

or in different situations. 

 A forecast of how the output variables will evolve in the future: Type of quality, product 

limits, process requests, failure modes, etc… 

 Simulate how the system will behave (quality, process, failure modes) under different 

work conditions. 

 Determine what input variables introduce a larger variation in the system’s response 

and how it affects. 

 Identification of the ideal configuration (optimal functioning) establishing different 

restrictions to the input variables. 

The system’s model works as a “clone” of the real system, constantly comparing the foreseen 

functioning situation with the real situation, to contribute useful information to maintain the 

process within the established response ranges. 

 Real time identification of model deviations: Fault modes detection. 

 Processes control 

 Management by exception. 

 Automatic operation or rules recommendation. 

 Helps making decisions when facing incidences based on knowledge workflows. 

 Avoids improvisation through the application of previously identified and tested 

standard solutions. 

PROMIND enables the development of a scientific mind-set at the plant, thus the factory is 

considered a permanent laboratory where to experiment in order to find radical improvements 

that provide concrete benefits to current operations. 

Once the system model has been trained, the user can experiment with it by inputting variables 

or taking it to ranges of unconventional functioning spaces: 

 Providing deep additional knowledge about the process behaviour, the relation 

between the input variables and the sensitivity between the input variables and the 

output modes. 
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 Enabling the identification of new functioning ranges outside of conventional spaces 

where functioning optimisations can be obtained, facilitating the identification of 

potential radical improvements. 

PROMIND turns into a support tool for the Classroom lab at the factory, decisively supporting 

the improvement cycles operation. 

The information output generation features help to distribute the knowledge generated by 

PROMIND among different management environments. Different user roles support their 

decisions on the system: 

 Supervisor user: Responsible for identifying challenges. They are furnished with 

information related to the assessment of accomplished achievements. 

 Master user: Expert in statistical methods and system modelling. It’s also in charge of 

designing and developing utilities that will later be used by the organisation. 

 Engineer/Technical user: It’s the expert on the system/process. Collaborates with the 

master user to develop all the technology surrounding PROMIND. Key element in the 

optimization of and the proposal for improvements for the process. 

 Worker user: Consumer of the utilities developed by the master user which will help 

them in decision-making regarding the monitoring and control of the system/process. 

It incorporates user tools that enable a faster connectivity to other systems and data sources: 

 Data capture: Connectivity with SCADA, PLCs, digital equipment, gauges, sensors, etc. 

 Integration with CAPTOR and PRISMA 

 Integration with other manufacturers’ MES and CMMS 

 Digital and analogue inputs/outputs 

 Historical 

 Alarms and events 

4.1.3 PRISMA GMAO 

PRISMA platform is standard within GESTAMP plants. However, it has not been installed in 

GESTAMP use case as Z-BRE4K solution is expected. 

PRISMA EAKM (Enterprise Asset Knowledge Management) is a 100% web application which 

provides intelligence to maintenance management and visibility oriented to all kinds of users 

under the life cycle management perspective (TLCSM). It enables progressive implementation 

thanks to its modularity, and complies with the main international standards, such as PAS 55 

(ISO 55,000). 

PRISMA is considered the standard system in the market and a benchmark for any maintenance 

professional. 
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Figure 7. Integral management of assets and their maintenance 

PRISMA features: 

 Different versions: Entry, Enterprise and Corporate 

 Modules (maintenance, knowledge management, ERP connections…) 

 Two usage options: Licenced and SaaS 

 Specific solutions for different sectors 

 A User’s Club comprised of over 30,000 clients around the world.  

Maintenance management 

Main PRISMA functions in this module: 

 Customizable levels of exploded view. Complete assets and structures files with access 

to inquiries. Graphical exploded views. 

 Human Resources. Workshops and their joint/independent management. Versatility, 

skills. 

 Outsourced and contracted services according to different types of agreements. 

Association of contracts with orders. 

 Simple work requests, manual or automatic work generation (work orders and their 

report). 

 Workplace security and risk prevention. 

 Corrective actions connected to events and diagnosis to reduce intervention time. 

 Preventive actions by gauges, events or dates. Mother and daughter ranges. 

Maintenance plans. 

 Predictive: Checkpoints and graphic trend analysis with adjustment curves. 

 Graphic planning to finite capacity. 

 Continuous improvement: Proposals and follow up. 

 Defects – causes – actions and their analysis. 

 Projects control. 

 Stoppage allocation for multiple related equipment. 

 Historical and analytical information, costs, services, charts, MTBF, MTTR, MKBF, and 

objectives. 

 Standard customization utilities. 

 Export of inquiries and reports to Excel. 

PRISM@NET: Capturing, dispatching and visualization 

It acts as a maintenance portal. Main features: 
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 Warning sending through intranet/internet. 

 Connection with MES, SCADAS systems and building technical management. 

 Prioritized graphic representation of warnings in intranet or extranet terminals. 

 Work orders forwarding (automatically or manually) to landlines, mobile phones, 

Smartphones or e-mails (check module: Knowledge management). 

 Warning follow-up by the issuer (work approval). 

 Assignment of warnings to technicians: Conversion of warnings into work orders or 

rejected requests. Combined with sending of messages and/or e-mails. 

 Interactive, easy-to-create monitoring sheets. 

Knowledge management 

 Events and triggers. It enables the management as an exception, be it to communicate 

incidences to a technician or to warn a manager that an indicator is not complying with 

the objectives. 

 Indicators (KPIs). Free definition of indicators. 

 Intelligent report generator (GII). Free definition of contents of reports which are 

automatically designated other reports for distribution by means of 

the PRISMA workflow system. 

 Optimization of maintenance policies. It enables the optimization of preventive actions 

(cycles and content) by analysis of defects and report of ranges. 

 Optimization of stocks and procurements. Through the application of the Montecarlo 

distribution, Poisson method, and Wilson formula. 

 Fault diagnosis expert system. It helps to freely create decision rules, and its simple and 

effective diagnostic sessions take advantage of intervention records to identify what 

caused the faults and to establish the necessary actions for their solution. 

 RCM: Designed for management focused on reliability. It enables the evaluation of 

assets under the RCM principles (Reliability Centred Maintenance), complying with the 

recommendations of ISO 55000 standards. 

Linear or continuous assets 

In this option, PRISMA is designed for communication infrastructures, transport networks, 

energy, and other continuous assets. 

Main features: 

 Separation of linear assets (lengths, positions, directions, etc.) 

 

https://prisma.sisteplant.com/LinkClick.aspx?link=370&tabid=318&1534-D83A_1933715A=8ce31ca570b9152beb6531dcc8e15ad8e8581982
https://prisma.sisteplant.com/LinkClick.aspx?link=370&tabid=318&1534-D83A_1933715A=8ce31ca570b9152beb6531dcc8e15ad8e8581982
https://www.sisteplant.com/wp-content/uploads/2014/11/prima-activos-lineales.jpg
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 Positioning of assets (PKs), their lengths and directions. 

 Identification of the position or section affected in work orders. 

 Segmentation of preventive ranges by sections (issuance of deferred work orders). 

 Inquiries and historical data by section. 

 It enables (or not) the coexistence of linear assets within a structure and sorts their view. 

 If an asset is linear, it will have a class, a measure system and a start-end. 

 If an asset is child of a linear asset, the position is registered (between start-end of the 

parent). 

 Any asset, although child of a linear one, may also be a linear asset (for example, a tunnel 

in a freeway); the assets considered their child records are referenced to them. 

 A request/WO on a linear asset registers a position (between start-end of the parent). 

 Stoppages or assets out of service when there is an incidence. 

 Work requests and work orders to linear assets. 

 Work orders query from the start to the end of positions (this is, by sections). 

 Preventive actions on linear assets: Activities by section (for example, cleanings, status 

revisions). 

Integration connectors with ERPs 

Most of the companies that use PRISMA own ERPs business management systems.  In these 

cases, users prefer to take advantage of the simplicity PRISMA offers and choose to integrate 

both systems in order to ensure the exchange of data. 

To simplify the integration process, PRISMA uses connectors (standard customizable models) 

based on web services (SOAP Standard), that enables a quick implementation that ensures easy 

handling by the end user and coherence of the information. 

The following integrations with ERPs are available: 

 SAP 

 Microsoft Dynamics NAVISION 

 INFOR ERP Baan 

 ORACLE ERP 

 MOVEX 

 BRAIN 

 RPS 

 JDEDWARDS 

 MGF PRO 

 Microsoft AX (AXAPTA) 

 META IV 

4.2 SACMI-CDS use-case 

HOLONIX decided, discussing with end user SACMI/CDS, to consider a CMMS system that could 

help them in: 
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 Reduce or delete paper usage, with maintenance report or maintenance workflow made 

by the system 

 Easy create report to facilitate maintenance team work 

 Track assets’ lifecycle and replacement components 

 Track maintenance costs 

 Track predictive maintenance data 

In the current task, Task 4.4, the main objective is to give an idea of what a CMMS system is. In 

WP5, it will be under evaluation a possible integration with one of them. 

4.2.1 CMMS Software 

A CMMS is a Computerized Maintenance Management Software, designed specifically to 

simplify maintenance management. A CMMS stores maintenance data on a computer and it 

gives to organizations the capability to track work orders, generate accurate reports and 

immediately determine which assets required preventive maintenance. 

Organizations that are using proficiently such softwares, find that investing in CMMS software 

saves money in the long run because it extends the lifespan of assets. 

CMMS software also may be referred to as CMMS systems, enterprise asset management (EAM) 

software or preventive maintenance (PM) software, and facilities management software. The 

difference between CMMS and EAM will be explained in section “CMMS vs EAM”. 

Benefits 

Companies face challenges when managing and maintaining their assets on a daily basis. 

Recognizing their challenges, software companies have designed and developed CMMS systems 

to make the process more manageable and to aid maintenance teams in working more 

efficiently.  

CMMS software solutions also help organizations to be proactive about maintenance, rather 

than reactive, with preventive maintenance schedules.  

The main benefits of using CMMS software are: 

 Improve scheduling of preventive maintenance and work orders 

 Reduce/optimize cost of maintenance and repair 

 Improve planning and design of maintenance systems 

 Improve Effectiveness/Efficiency of maintenance activities 

 Improve Performance of Equipments/Assets (Efficiency, Downtime) 

 Improve management of maintenance plans, maintenance policies, diagnostic activities 

 Improve spare parts inventory management and optimize inventory levels 

 Ensure compliance with regulatory standards 

Any company, tasked with maintaining facilities, manufacturing operations or fleets, can benefit 

from using a CMMS software solution. It is especially helpful in keeping asset records, scheduling 
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and tracking maintenance on assets and maintaining historical records of maintenance and work 

performed. 

Functionalities 

CMMS provides information intended to help maintenance workers doing their jobs more 

effectively. For example: determining which machines require maintenance and which 

storerooms contain the spare parts they need and to help management make informed 

decisions. Calculating the cost of machine breakdown repair versus preventive maintenance for 

each machine, possibly leading to better allocation of resources. 

CMMS data may also be used to verify regulatory compliance. To properly control the 

maintenance of a facility, information is required to analyse what is occurring. Manually, this 

requires a tremendous amount of effort and time.  

A CMMS also allows for record keeping, to track completed and assigned tasks in a timely and 

cost-effective manner. In recognition of this, companies have started using CMMS extensively 

to better control and organize maintenance management.  

A CMMS offers multiple core maintenance functionalities. It is not limited to manufacturing but 

it expands to facilities, utilities, fleet, hospitals, sports arenas and more where any type of 

equipment/assets are subject to repair and to need maintenance.  

The different components of a CMMS may include, but are not limited to: 

1. Equipment data management  

2. Preventive Maintenance 

3. Work order system 

4. Scheduling/Planning 

5. Vendor Management 

6. Inventory Control 

7. Purchasing 

8. Budgeting 

9. Asset Tracking 

Detailed functionalities are listed below: 

 Maintenance Management (Core Requirement) 

o Preventive Maintenance  

The solution should provide functionality to predefine maintenance tasks, 

schedules, procedures, and processes against equipment breakdowns to help 

trim repair and replacement costs and ensure asset longevity. 

o Task Templates 

The solution should include a central repository of task templates for standard 

workflows, processes, and procedures and attach these to various assets to 

support maintenance activities. 
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o Maintenance Scheduling 

The solution supports scheduling functionality to create and define 

maintenance schedule based on date, time or any other condition with the 

option to schedule recurring maintenance activities such as inspections, repairs, 

updates, etc. 

o Regulatory Compliance Management 

The solution helps users to gather information related to assets, facilities, and 

equipment for complying with regulatory compliance standards, health & safety 

standards, risk management, and environmental regulations. 

o Fault Management 

The system enables users to create alerts for faults occurring on assets including 

in-field equipment and reporting, meter reading, other problems occurring and 

recording for inspection forms. 

 Work Order Management (Core Requirement) 

o Work Order Allocation  

The solution should provide work order management functionality for 

scheduling and allocating jobs for repairs, inspection, or breakdown with an 

ability to track work order completion for different assets, parts, and materials. 

o Work Order Tracking  

The solution helps users to track each work order via custom fields such as by 

due date, resource, company, priority, and work category. It helps users to 

maintain a history log for future reference. 

o Work Order Priority  

The solution helps the users/requester to create a “priority” of the work 

request. 

o Work Order Automation  

The solution helps users to monitor and automate the work orders by stages, 

parts ordering, labour, frequency and location. 

o Work Order User Portal  

The solution enables users to access a secure web-based portal with role-based 

access to the users for submitting a request to be reviewed, approved and 

assigned. The requestors are notified of the status change. 

o Task Maintenance Library  

The system enables users to create a library of tasks, templates, and libraries to 

be used to maintain assets. 

o Automatic E-mail Notifications  

The solution helps users to send real-time automatic email notifications or 

maintenance request status when orders have been submitted, assigned, 

scheduled, updated, and closed. It enables users to send automated reminders, 

alerts, and notifications to the workers to whom the work order has been 

assigned and time allocated for performing the task assigned to them. 

o Labour Resource Allocation  
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The solution should automate request approval process for assignment of a 

work order to a technician at a specified time and location. 

o Inspection Sheet  

The solution should allow users to manage inspections and automatically 

generate work orders when inspection results fall outside established ranges. 

o Scheduling  

The solution should provide built-in calendar tools with an option to view and 

filter open work orders at a given period of time and also allow users to adjust 

calendar views to filter work by an employee, work order type, etc. 

o Mobile Field Access  

The solution should provide mobile access through CMMS app to allow 

maintenance managers to view and access their work orders in real-time 

regardless of their physical location. 

 Inventory Management 

o Inventory Tracking  

The system should allow users to track inventory costs from sourcing to 

installation and usage detail including deprivation and status of the component. 

o Stock Room Management  

The solution helps users to manage multiple stock rooms by locations, assets, 

quantities, part locations, and incidents of usage. 

o Cycle Counting  

The system should allow users to cycle count by components, facilities, and 

assets. The cycle counting capability can be used for stockroom management, 

location control, and parts pooling. 

o Lot Control and Serialization  

The solution enables users to lot control and assign serial numbers by asset, 

location, and by part. 

o Multi-Site Inventory Management  

The solution enables users to search parts locally or across multiple sites or 

across multiple facilities. 

o Inventory Transfers 

The system should allow users to transfer inventory between facilities, assets, 

assemblies, and components. 

o Item Inquiry  

The solution should provide a complete inventory listing with a single click 

feature. 

o Automated Reorder Management/Spare Parts and Inventorty Management  

The system should allow users to reorder spare parts automatically, based on 

usage, min/max order quantities or part lifecycle expectancy. 

o Inventory Forecasting 

The solution should help users track inventory maintenance routines and 

forecast their inventory needs for routine and critical parts. The solution allows 
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managers to monitor the inventory consumption against the creation of work 

orders and provide information related to restocking items, obsolete parts, etc. 

o Stock Out Reports/Automatic Notifications & Alerts  

The solution should be capable of alerting users and send email notifications. 

 Asset Management 

o Asset Tracking  

The solution should allow users to track asset conditions regularly, to schedule 

maintenance activities on time and to monitor asset repairs and expenses. 

o Equipment Check-in/Check-out  

The solution should help users to track equipment usage and its possession at a 

given period of time by recording asset check-in and check-out activities. 

o Barcode Scanning 

The solution should provide barcode scanning with QR code functionality to let 

users track assets, inventory, employees, and other items or entities. It helps 

reduce the chances of human error with QR code scanning capabilities. 

o Compliance Audit 

The solution should allow users to store data and documentation in a uniformed 

manner to comply with safety, permits, and industry standards, and respond to 

audit requests; thereby ensuring regulatory and EHS compliance. 

o Warranties 

The solution should provide warranty management and scheduling capability 

that gives users complete visibility on asset and component warranties' issue 

and expiry dates for easy and timely renewal. 

 Fixed Asset Management 

o Depreciation Methods 

The solution helps users calculate depreciation on assets using different 

depreciation methods such as straight-line, reducing balance, the sum of the 

years' digits depreciation or units of activity depreciation. 

o MTBF (mean time between failure) Monitoring 

The solution allows users to monitor assets by MTBF (mean time between 

failure) of used capacity versus asset life. 

o Asset Transactions  

The solution helps real-time monitoring and reporting related to maintenance, 

location transfers, asset substitutions, loans, etc. for any fixed asset in a facility. 

o Cost Allocation  

The solution helps allocate costs to any asset by part, project, asset category, 

etc. for financial reporting purposes and to spread costs among departments or 

inventory items. 

 Procurement Management  

o Purchase Requisitions  

The solution should help raise purchase requisitions for spare parts and any 

other equipment. It should be capable of creating purchase requisitions based 
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on pre-set minimum levels, dates, etc. and should help users generate reports 

and analyze data on inventory. 

o Automated Purchase Order  

The solution should allow users to manage purchase orders with the suppliers 

for different parts and equipment and auto-populate the parts and supplier 

information from their respective files. 

o PO Matching 

The solution should allow users to map PO receiving and invoice matching for 

stocked materials. 

 Program Management 

o Document Management  

The solution should provide a centralized repository of information related to 

an organizations' maintenance operations, procedures with asset tagging, 

serialization, etc. and attach critical asset information such as warranties, price, 

contracts, safety guidelines, etc. to a word or excel document to enable easy 

access and sharing of such documents internally. 

o Labour Resource Directory 

The solution should allow users to create a centralized labour resource directory 

that stores information related to their skill sets, profile, work order history, etc. 

for optimized resource allocation and forecasting. 

o Budget Management  

The solution helps managing and forecasting budget for an asset by allowing 

users to track asset usage and depreciation. 

o Timecard and Calendar Management  

The solution should provide timecard and calendar management functionality 

with the ability to track time spent by labour on different maintenance activities 

including visibility into labour off-day. 

4.2.2 How to Choose the best CMMS Software 

The software market offers many CMMS solutions. The selection of a given CMMS has to be 

made by analysing the company. These following aspects need to be considered: size of the 

organization, size of the maintenance teams, expected ROI, skill levels, functionalities offered 

by the CMMS such as usability, underlying technology or capabilities offered, needs and 

requirement specific to the company itself. 

Here is a list of typical requirements for a CMMS: 

 Maintenance Management (Core requirement) 

 Work Order Management (Core requirement) 

 Inventory Management  

 Assets Management 

 Fixed Asset Management 

 Procurement Management 

 Program Management 
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Moreover, a match has to be made between the company needs and the available functions.  

The following table shows an example of how to match needs with required functions.  

Table 2. Needs and required functions in a CMMS system 

 

Similarly, the technology associated with the CMMS software is something to be taken into 

account in the software selection phase. As technology advances and changes rapidly, CMMS 

software will need to be able to keep up by being adaptable and flexible. 

Cloud-based CMMS software benefits organizations that need immediate access to information 

and reports from anywhere, anytime.  

CMMS software that is available via a mobile app helps technicians submit work orders and scan 

durable asset tags from anywhere in the field or on the floor. 

A CMMS software solution that features an application programming interface (API) 

synchronizes data from various devices, scanners, computer. 

CMMS Selection 

The selection has been made by matching the latest advisory by specialized analysts’ company, 

focusing on providers able to assist and maintain the product on a global basis. 

30 Products have been selected with the following criteria 

 Value they provide  

 Capabilities they have 

 Functionalities 

 Usability 
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 Technology 

 Training needs 

 Presence in the market 

 Analysts evaluations 

 Users recommendations 

 Price 

Starting from these 30 selected products, HOLONIX took his attention on one CMMS software: 

Hippo CMMS. 

Hippo CMMS is a popular CMMS, web-based software with an easy interface, several 

functionalities and well addressing some core needs such as work order management, 

equipment maintenance, inventory. It’s Core Features, described in Hippo CMMS Homepage, 

are listed below (Hippo 2019): 

 Work Order Management 

o Submit work orders, assign assets and documents, track maintenance requests 

and more.  

 Preventive Maintenance 

o Easily store and access asset information like ID tags, O&M manuals, and 

warranty info. Several tools required to maximize the longevity of an 

organization's assets. 

 Equipment management 

o Allows to easily access and attach documentation, such as ID tags, photos, etc 

with corresponding items. Interactive floor plans and site maps to locate 

maintenance issues with real-time insights into assets and equipment. 

 User friendly interface 

o Designed with the end user in mind, made to help make life easier by helping to 

manage facilities as simply and efficiently as possible. 

 Mobile 

o Available on Mobile, native interface.  

 Premium Features 

o Such as Interactive Shop floor plans, Single Sign On, Integration Capabilities, 

etc… 

 Pricing 

o Flexible pricing, pay per use, from single user to unlimited users 

4.2.3 CMMS vs. EMA 

This section gives details about differences between CMMS and EAM in accordance with 

SelectHub (SelectHub 2019). 

When companies manage their assets, they want to be sure to choose the right kind of software. 

Enterprise asset management (EAM) and computerized maintenance management systems 
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(CMMS) are both asset management/maintenance systems and are alike in many ways. The 

difference between EAM and CMMS comes down to their functionality and most common uses. 

CMMS 

On a very basic level, some of the differences between these two categories of software are 

evident in their names. Computerized maintenance management software includes the word 

“maintenance,” and that’s its major focus. CMMS helps streamline and automate maintenance 

tasks, providing communications for maintenance-related activities. 

CMMS is all about communication and coordination. Its core goals are to automate maintenance 

scheduling, streamline inventory, manage work orders and maintain databases on asset 

information. For instance, a core feature of CMMS systems is work order management. Work 

order management programs provide a digital format to replace paper-based work orders and 

functions as a major support tenet of your maintenance database. While an EAM system may 

have work order management features, it is a must-have for CMMS. 

EAM 

A simple EAM system definition can be found in its name: enterprise asset management 

software includes the term “asset management.” Its focus is generally on preserving assets for 

their full lifecycle and maximizing their potential for enterprise use. It is generally considered to 

be a subset of CMMS that offers a greater specificity of asset targeting features. It can do what 

a CMMS does and then some. 

Historically, EAM systems would offer an asset lifecycle management module. All assets have a 

set lifespan, and in order to effectively manage assets, it is key to be aware of where that asset 

is in its lifecycle. This helps determine if that asset is providing value to your business. Asset 

lifecycle management functionality helps users plan for updates, replacements and other 

changes that might cause serious setbacks if they happen by surprise.  

Asset lifecycle management used to be strictly an EAM feature, but as CMMS has gotten more 

advanced and diverse, it is now often offered by both types of systems. 

The Differences 

Another way to explain the general difference between CMMS and EAM is with a simple logic 

statement — that while all (or most) EAM solutions have some CMMS capability, not all CMMS 

tools have EAM functionality. Another way to say this is that EAM is broader and more 

comprehensive than CMMS, more sophisticated in general and more robust in terms of its 

application.  

Company size 

In some cases, companies may upgrade to EAM when they have outgrown a simpler CMMS 

program. 
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Some experts suggest establishing a rule of thumb when considering purchasing or upgrading: 

one is that a company with over 100 maintenance personnel should consider EAM tools. 

Another could be an organization that operates more than one or two facilities should consider 

an EAM. 

A company with more diverse maintenance staff — for example, a company with mechanical 

maintenance teams as well as IT maintenance departments — might make more use of EAM 

solutions. A smaller company that may only have a dozen or so maintenance workers could be 

fairly happy with the limited functionality of a CMMS suite. 

Figure 8. shows main differences between EAM and CMMS: 

 

Figure 8. Differences between CMMS and EAM 
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Users 

Another key area where EAM vs CMMS differ is who is using them. For CMMS, it is typically 

technicians, maintenance workers and operations teams using them directly to manage their 

operations. EAM software is used by these same groups as well, but is additionally utilized by C-

level users, accounting and compliance teams addressing overarching asset issues, budgeting, 

and more. 

Using CMMS 

One of the most common ways companies use CMMS is as a communications process for work 

orders and other maintenance tasks. Before CMMS existed, employees would use punch cards 

to communicate what work needed to be done, had been done and would be done in the future. 

With the dawn of computers, that unwieldy system has been digitized, improved and expanded. 

Thinking about CMMS as a work order system is helpful to this debate because it’s part of how 

many companies have benefited from implementing these tools. As new software products have 

helped the business world modernize, systems that were originally designed for one thing — 

say, keeping track of maintenance performed on assets — evolve to become the go-to for a 

range of new tasks that were once the purveyance of something else entirely. 

CMMS is a good example of this. As it has developed, the lines between CMMS and EAM have 

begun to blur. In order to stay competitive, CMMS vendors are adding more EAM-type features 

to CMMS systems on the market, so the confusion is understandable. 

The idea behind CMMS is that you need a centralized space to keep track of all existing work 

orders and maintenance requirements. When you don’t have one of these centralized spaces, 

things go missing and items get overlooked. Emails are accidentally deleted, memos are 

misplaced, that job everyone thought Jerry was going to do was actually Kevin’s, etc. 

The primary use of CMMS in many companies is as a digital system for making sure that 

maintenance tasks get done by the correct person. It also ensures that maintenance requests 

are logged and that each machine or asset gets its own designated maintenance monitoring. 

As a concentrated system, a CMMS suite may be great for specific things like predictive and 

preventative maintenance. It may have just the right range of features for documenting 

everything that goes into regular and consistent maintenance, but not a lot of peripherals 

involving asset credentialing or vendor relationships. So, CMMS can be great for a team that is 

only focused on keeping machines running, but not as good for a team that is tasked with making 

long-term use decisions. 

Using EAM 

The use of EAM, again, is much broader and geared toward a greater spectrum of monitoring 

and planning outcomes. It includes the maintenance perspective, but it isn’t called EAM 

maintenance software, because that is a secondary aspect of its abilities. 
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EAM includes elements of design perspectives centred on the idea that by creating digital 

models, companies can optimize how they utilize each asset that they invest money in according 

to its build and the greater context around its use. This helps companies better predict asset 

depreciation and never be surprised by unexpected asset failure. 

EAM tools also include insurance and warranty information. They look at things like the 

environmental performance of an asset or piece of machinery to assist with audit trails and 

environmental impact reports. They also integrate with inventory and supply chain software to 

reduce menial data entry tasks and perform inventory management tasks. Another way to 

describe the key use of EAM solutions is they ensure change never affects the total cost of 

ownership (TCO) of an asset. 

Some EAM systems may often be expanded to include more future functionality. Some of these 

systems can use application programming interfaces, or APIs, to connect to a broader IT 

architecture. EAM allows for executive-level viewing and feedback in order to help decision-

makers chart the best course for business. This can be seen in reporting and analytics features 

that deliver business intelligence data directly from your EAM. 

In a sense, EAM tools provide basic maintenance scheduling abilities, plus more of a context for 

planning and evaluation. In the same ways customer relationship management software 

facilitates connections with a customer base, EAM tools give leaders a birds-eye view of what’s 

going with every one of their assets. 

Recap 

It remains difficult to decide between CMMS and EAM. The differences between computerized 

maintenance management software and enterprise asset management software vary from 

system to system, and they are also blurring as both become more advanced. 

The increase in data collection, usage and analysis will make these types of software even more 

comprehensive and powerful. A future of interconnected machines and the IoT means 

significant changes for CMMS and EAM, all of which are exciting. 

Those with a responsibility to build software architectures for businesses can look at EAM and 

CMMS systems side-by-side to get an idea of what types of features and functionality each 

toolset has, with the understanding that EAM will generally aggregate more diverse tools than 

CMMS. 

4.3 PHILIPS use-case 

PHILIPS Drachten does not have a single solution which a typical MES would have. Within 

Drachten there is a self-build system called FIS which has some functionalities of a MES. The 

main objective during development of FIS was information on current production (quality 

delivery etc.) instead of planning of the production orders. The S&OP process within Drachten 

is divided in different systems. A part in SAP where the orders and actuals of products and 
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inventory are stored. Another part is done in spreadsheets regarding capacity of machines and 

personnel.  

4.3.1 FIS 

Within PHILIPS Drachten there is a kind of MES system which is developed alongside the 

development in the factory itself. The Factory Information System (FIS) is developed by PHILIPS 

Drachten Manufacturing IT department. FIS has different modules which are relevant for 

planning and maintenance as well as reports on machine performance indicators. The different 

modules will be explained in the next sections. 

Machine Performance Indicators 

In the module machine performance indicators, there is a logging of the machine performance. 

The logging consists of detailed statuses and errors. Out of this logging all kind of reports are 

made. For example: OEE reports, Pareto’s on statuses and fall off rate. This module is used both 

by engineers for continues improvement as well as by operators for the “save the day” daily 

management. 

Quality 

In the module quality all the quality data is collected. From real time statistical process control 

charts to reports on CPK’s in shift, weeks, months or years.  

Production planning 

Within the module production planning the week and shift planning is made. The input for this 

is the SAP planning and the maintenance schedule. At the end of every shift the planning is 

updated with the actuals and the forecast for the week.  

Tooling management system 

The tooling management system keeps track of all the different production tools within PHILIPS 

Drachten. All the tools have their own identification number and the maintenance intervals and 

number of products made with these tools are logged within the system. The work orders for 

maintenance and a logbook is also build in the module. The maintenance workshop will not 

perform any maintenance on the parts without a work order to keep good track of the tools. 

Reports 

Within the module reports, there are different reports from operator to management level. 

These reports are mainly used for daily management. 

Material 

Within the material module all info from the material is logged. For example, when was the 

material used to make products from it, how many products are made from it and what was the 

quality of these products. 
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CAM OTD 

The module CAM OTD is the module for all equipment maintenance actions. Preventive and 

corrective work orders are put in the system. The preventive actions are reoccurring and put in 

by the equipment owners (maintenance technicians and maintenance managers). The 

corrective work orders are put in the system by operators and team leaders in case of a 

breakdown. Mechanics have to log in to the work orders before they start and put a description 

and the used parts in the system if they are finished. This is to track the used parts and the mean 

time to repair. 

CAM modules 

There is an extra module for engineers with a lot of extra functions which are not directly related 

to production management but more to continues improvement. For example, all process data 

is recorded and can be accessed through these modules. 

Practical process. 

The overall proces with assistence of all the systems is now: A highlevel S&OP process makes a 

planning for a month with a rolling forecast for the rest of the year. From the planning of four 

weeks a logistic engineer makes a planning for each week with the different products to make 

in SAP. Every Sunday the team leader takes in account the availability of machines from the FIS 

modules regarding maintenance, the tooling management system and the CAM OTD. Together 

with the SAP weekplanning a detailed shiftplanning is made. This planning is put in the 

production planning module of FIS.   
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5. STANDARD BASED Z-BRE4K COMMUNICATION MIDDLEWARE 

Z-BRE4K architecture requires a communication middleware to support all the data coming from 

different sources. This section presents the standards under which the data coming from 

different types of sensors will be exchanged with the control software. 

5.1 GESTAMP use-case middleware  

In the GESTAMP use case two sources of data exist at the shopfloor level. One source is the 

Welding Robotic Cell itself (the production machine) and another source is the CMM which will 

measure parts manufactured by the former (Z-BRE4K Deliverable D2.2). 

The data coming from the welding cells will be converted by the System adapter into NGSI files, 

grouped in accordance with higher-level specifications from the main Z-BRE4K data processing 

and knowledge extraction components. 

Regarding the metrological data coming from CMM, TRIMEK has built a custom agent (system 

adapter) for the M3 software that can easily connect to NGSI Orion Context Broker to be used 

in Z-BRE4K project. 

The idea is to deploy and configure the CMM FIWARE System Adapter in the IDS Connector. 

Thus, CMM produced part measurements are sent to the product quality control management 

platform in order to be able to analyse the performance of the CMM, ensuring zero break downs. 

Likewise, the IDS-ready CMM system could also send product quality measurements to the 

Gestamp predictive maintenance service. 

The system adapter currently deployed by TRIMEK allows that the GD&T results (data at rest) 

can be accessed and offered to data apps. It has been proposed the use of QIF standards to 

leverage metrology information interoperability using industry consensus standards to 

communicate data between component producers and consumers of manufacturing quality 

systems. For this reason, TRIMEK is integrating and developing QIF schema as the data model of 

the GD&T results. 

5.1.1 Standards for dimensional control: Quality Information Framework (QIF) 

What is QIF? 

QIF (Quality Information Framework) is an American National Standard supporting Digital 

Threated concept in engineering applications, ranging from product design through 

manufacturing to quality inspection. Based on the XML Standard, it contains a Library of XML 

Schema ensuring both data integrity and data interoperability in Model Based Enterprise 

implementation. 

QIF is a feature-based ontology of manufacturing metadata, built on XML technology, with the 

foundational requirement of maintaining traceability of all metadata to the “single source of 

truth” – the product and all its components as defined in CAD/MBD. It is an open, ANSI standard 
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which includes support for a complete semantic derivative MBD model, measurement planning 

information, and measurement results information (QIF 2019).  

The goal of QIF is to support the transfer of information and data related to metrology through 

the entire product process, from design to manufacture to the archival and analysis of data 

related to the products.   

 

Figure 9. The fundamental constructs behind QIF (QIF 2019) 

This characterization allows users to establish a Digital Twin by capturing the duality of aspects 

of manufacturing data: the as-designed product, and the as-manufactured product – including 

the mappings between the two aspects (QIF 2019). 

QIF supports Design, Metrology, Manufacturing, and is critical to the Industrial Revolution 4.0. 

Because it is XML based, QIF can be easily integrated with Web/Internet applications and unlike 

other existing standards, there is no competence barrier standing in the way for industry to 

adopt QIF. It also effectively supports new concepts such as IoT (Internet of Things). 

Who is the DMSC? 

QIF was created by DMSC, the Digital Metrology Standards Consortium. The consortiums 

mission is to identify urgently needed standards in the field of digital metrology, and to promote, 

foster, and encourage the development and interoperability of these standards, along with 

related and supporting standards that will benefit the industry as a whole. Therefore, DMSC is 

responsible for the development, maintenance and support of the QIF standard. 

The DMSC™ is an ANSI Accredited Standards Developing Organization, as well as an A-Liaison to 

ISO.  The consortium invites participation within the consortium of other standards groups and 

activities that seek to resolve the technology and other issues of automated (digital) metrology. 
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Member companies and organizations of the Digital Metrology Standards Consortium aka 

DMSC, Inc. represent some of the most innovative, progressive, and advanced organizations in 

the world today, who are on the cutting edge of research and technology in the field of digital 

metrology: Action Engineering LLC, Schneider Electric, UNC Charlotte, Capvidia, TechAzul, 

HIGHQA, Deere  & Company, Mitutoyo, Innovalia Metrology, Applied Automation Technologies, 

Renishaw, Honeywell FM&T, NIST, ITI, Metrosage LLC , STEP tools, KOTEM, QIF solutions, 

ELYSIUM, TDP 360, LK metrology, Origin International Inc, Metrologic group and ZEISS. 

QIF application areas 

The full listing of the application areas of QIF according to NIST are as follows (NIST 2019):  

1. QIF MBD is the base for providing traceability to authority CAD data. It is not required 

for basic QIF use cases. Considered to be the strongest semantic CAD+PMI standard 

available. The latest version of the system is ANSI QIF 3.0. It presents total compatibility 

with the most common CAD systems, such as SolidWorks, NX (Unigraphics), CATIA, PTC 

Creo… 

2. QIF Quality Plans offer a wide range of optional levels of detail for measurement plans:  

o Bill of characteristics 

o Assign measurement resources 

o Specify sampling point locations 

3. QIF resources specify basic or highly detailed information about available measurement 

equipment (e.g., CMMs, probes, callipers, gages, etc.). As always, this data is contextual 

and semantic. 

4. QIF rules allow the creation of measurement templates—e.g.: If a Surface Profile 

tolerance value is less than x, use at least y number of points/sq. in. for CMM 

measurement. 

5. Measurement results data, associated with the MBD. This can be just tolerance 

evaluation results, and can even include all the point cloud data from the features. 

6. QIF statistics reference a bundle of QIF Results sets and specify a statistical analysis 

method to be carried out. Can optionally include the results of the statistical analysis as 

well. 
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Figure 10. QIF Application areas 

 

DIKW Pyramid and QIF 

The DIKW pyramid is a method to explain the ways we move from data to information, 

knowledge and wisdom with component of actions and decisions. According to Tolk et al., each 

level of the pyramid function as follow (Tolk et al, 2017): 

 The value chain starts with Data Quality describing the information within the 

underlying command and control system. This definition can be generalized to be 

applicable to decision support systems.  

 Information Quality tracks the completeness, correctness, currency, consistency, and 

precision of the data items and information statements available.  

 Knowledge Quality deals with procedural knowledge and information embedded in the 

decision support system such as templates for behaviour, assumptions about 

capabilities of entities, and domain specific assumptions, often coded as rules. 

 Finally, Wisdom Quality measures the degree of using the information and knowledge 

embedded within the decision support system. Wisdom is explicitly placed in the 

cognitive domain.  

Each step up the pyramid answers questions about the initial data and adds value to it. The more 

questions we answer, the higher we move up the pyramid. Meaning that, the more we enrich 

our data with meaning and context, the more knowledge and insights we get out of it. In other 
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words, without context data cannot be transformed into knowledge and we cannot rich the top 

of the pyramid.  QIF is responsible for providing this context: 

 

Figure 11. DIKW Pyramid 

QIF Standard process flow 

According to DMSC, as stated in Metrology News Homepage, the fundamental challenge in 

transforming quality inspection into a fully digital process is interoperability. While 

interoperability is often thought of as merely the ability to exchange computer processable data 

between different components of a system, in the case of quality inspection, this is not enough. 

To be fully useful, the data must flow seamlessly into, through and out of the system. A quality 

inspection system from a high-level perspective, can be thought of as supporting for major 

activities, each implemented as a number of components: 

 

Figure 12. Major quality inspection activities (DMSC 2019) 

What is not shown in the figure12 is that the major inputs to quality inspection are from design 

and manufacturing. With a fully capable quality inspection system, the inspection results for any 

characteristic of a part are not only traceable to the measuring equipment used to generate 

them, but also to the manufacturing processes used to create the characteristic, as well as the 

features in the authority data-set (CAD master model) used to define it. 
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This level of accountability cannot be achieved with a piecemeal approach to interoperability, 

focused on just exchanging data. Interoperability and connected data are only possible with an 

integrated approach, focused on semantics, traceability, validation, and the seamless flow of 

data. This integrated approach is what QIF is all about and showcases its benefits. 

A prerequisite for digitizing any process is to create a vocabulary (or ontology) of its terminology 

and semantics. This vocabulary must be carefully modelled, based on a thorough knowledge of 

the problem. Consider this simplified view of a typical quality inspection process, using digital 

measuring equipment (e.g., a CMM). 

 

Figure 13. A simplified quality inspection process (DMSC 2019) 

For each activity in the workflow, there is associated information, which may be inputs from 

external sources, knowledgebase information, or outputs. This figure shows the most prominent 

categories of quality information associated with each activity: 

 

Figure 14. Categories of quality data (DMSC 2019) 

QIF defines an extensive framework of interoperable data models, providing coverage of 

virtually all quality information and semantics used in quality inspection workflows. It supports 

semantic interoperability throughout the extended quality inspection process, providing the 

flexibility to seamlessly combine applications from multiple vendors. QIF promotes quality 

inspection potential for innovation in areas such as planning, analysis, and optimization. 
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Figure 15. QIF coverage of quality information categories (DMSC 2019) 

QIF also respects formal and de facto standards:  

 It is implemented in standard XML, to make integration with other systems easy. 

 It interoperates seamlessly with DMIS, the international standard for digital measuring 

equipment programming. 

 Its product definition language (QIF MBD) is designed to work seamlessly with 3D CAD 

systems and other sources of product models, such as scanned data and drawings. 

QIF Standard manufacturing flow 

The QIF standard manufacturing flow comprises the following process stages: 

 Process Stage 1:  

o In this stage, the PMI applied to the QIF MBD model is searched, and the necessary 

measurement tasks are identified. 

o The list of tasks is called Bill of Characteristics 

 Process Stage 2: 

o Using a set of organizational Measurement Rules and a list of available 

Measurement Resources, measurement resources to measurement tasks are 

assigned. 

 Process Stage 3: 

o A DMIS inspection program from the high-level plan for any CMM measurement 

tasks that have been assigned is generated. 

 Process Stage 4: 

o The point clouds from the CMM or other dimensional measurement equipment 

against the GD&T assigned to each feature are evaluated.  

o The CAPTOR MES is implemented in this stage. 

 Process Stage 5:  

o A statistical analysis of a set of measurement results according to organizational 

procedures is carried out. 

ALL QIF data generated throughout the entire process in linked to the authority model. This 

fulfils traceability requirements, and provides fertile opportunities for data mining. 
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Figure 16. High-density & Virtual Massive Digital Metrology Workflow 

Persistent IDs within the QIF 

During the analysis and the results communication, the Storage system and the QIF file (library) 

are significantly relevant.  Using a Persistent Identifier (QPId) and the unique identifier UUID 

(ISO / IEE 9834-8), an unambiguous traceability of the component throughout its manufacturing 

process is established. 

QIF holds a group of data together, providing unique identifiers for each feature and 

characteristic. This makes moving the data from team to team within an organization and into 

the supply chain much easier, as all the relevant data is present in one location, and the 

characteristics can be properly identified and communicated between people and machines by 

using the QPId (QIF Persistent Identifier) numbers to remove ambiguity (Tolk et al. 2017 ; DCS 

2019). 

QPId is an important mechanism that helps facilitate full lifecycle MBE. The fact that the chances 

of generating two identifiers that are the same within the universe are practically nil, allows a 

clean workflow of information downstream, while connecting all components of the digital 

thread. The enterprise gains traceability and transparency into their own workflow through 

versioning with QPId's (NIST 2019). 
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Figure 17. Concept of the Unique Universal Identifier of the QIF system, certified by ISO 

In respect of data traceability, some examples recorded and stored through the information flow 

of the QIF are listed below (Tolk et al. 2017): 

 Sample Number 

 Lot Number 

 Report Number 

 Manufacturing Process Id 

 Fixtured Id 

 Notable Event Ids 

 Noted Event Ids 

 Inspection Start 

 Inspection End 

 Inspection Software Items 

 Inspection Program 

 Inspection Operator 

 Measurement Device Ids 

 Product Environments 

 Error 

 Attributes 

This is a very valuable information in order to know the circumstances in which the product has 

been manufactured. Specially, when there is a defect that alters the quality specification 

demanded by the customer. 

QIF "translates" and universalizes the information in different formats (.dat, .txt, .tif, .csv, .xls, 

.pdf, .xml, .prt, .stp, .jt) and sapes them into a unique quality data framework. 
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As a guideline, the structure of the QIF Inspection Plan (Figure 18) and QIF Results (Figure 19) 

documents are also presented below: 

 

Figure 18. QIF Inspection Plan document structure. 

 

Figure 19. QIF measurement results document structure. 

QIF benefits 

The primary benefits of QIF can be thought of relative to the direction of data flow to and from 

the “single source of truth” (CAD): downstream benefits from CAD and upstream benefits back 

to CAD (Campbell et al. 2019; Morse et al. 2016):  

 Downstream benefits of QIF: 

Current processes in the metrology domain are heavily reliant on a human-in-the-loop, which 

runs counter to the idea of automated process-driven manufacturing. To the extent that an 

engineer is needed for translation, interpretation, or re-entry of data, the knowledge and 

practices of that individual will play a large role in the result, leading to arbitrary outcomes and 

the likelihood for introduction of errors arising from a lack of standardization. In addition, many 

typical processes required the need to iterate the handoff of the product definition between 

design and supply chain. This is reflected in a lack of efficiency resulting time consuming, error 

prone, and leaves space for interpretation by the operator. This is why the ability to transmit 

this GD&T data directly and semantically from the CAD model’s PMI is such a crucial feature of 

QIF: it ensures that data stays intact throughout downstream systems, helping to add structure 

to a manufacturing process. 

QIF's inherent structure supports efficient and effective knowledge capture of metrology 

capabilities. This knowledge could be leveraged to determine if a design or manufacturing 

decision being made will detrimentally affect the inspection process. This would reduce waste 

and cost significantly. 
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Using a "Design for Inspection" approach built around QIF ensures that the product definition is 

correct at release and eliminates the need to iterate the handoff of the product definition 

between design and supply chain. This reduces the time wasted by rework, while also reducing 

production costs due to missing information not being discovered until after the product has 

been fabricated. 

In addition to the basic value of adding structure to a process, this XML-based approach can be 

leveraged to drive automation of software and cyber-physical systems.  

 Upstream benefits of QIF: 

The “upstream” benefits of QIF are derived from the quality of the data for analysis. That’s why 

a critical design objective of QIF is that the data should be structured. 

QIF is a highly organized grammar and vocabulary for software systems to communicate 

manufacturing data structures. With software interoperability as the goal, and vendors and end-

users available to verify (through both pilot studies and production-system deployments), QIF 

was put under the ultimate stress-test that the data is truly semantic.  

Another important design objective is data traceability to the authority product definition 

model. Each piece of metadata in a QIF dataset is mapped to the owning GD&T, feature, and 

model surface in the authority CAD model. This high-resolution mapping to the “single source 

of truth” ensures that any other data derived from the model can be traced through a graph to 

the mass of QIF data. This is why QIF matters beyond just metrology: it provides the mapping to 

metrology data for the entire Model Based Enterprise. Ultimately, data must be structured and 

connected to other key data (i.e., the authority model) in order to make it ideal for advanced 

analytics, artificial intelligence (AI), and data mining.  

The prerequisite to realize this value is structured and mapped data. QIF’s robust semantic 

nature, and its strong mappings to the authority model make it a rich target for this type of 

advanced analytics and feedback to design. 

To summarize, the main benefits that QIF offers are: 

 Traceability to native authority CAD 

 ANSI Standard  

 Rich Data Model  

 XML Based (smart data) 

 100% Interoperability  

 Better control of supply chain, smooth flow of information to/from supply chain 

 Increase overall quality of the process 

 Minimize costs 

 Reduce risk of human errors 

 Reduce risk of information loss due to translations 
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5.2 PHILIPS use-case Middleware 

As described in the 4.3 the process of availability planning of the tools is a manual input for the 

team leader. Z-BRE4K will have a major impact on the availability of the tools and the planning 

on tool maintenance. For that reason, the team leader should have the information from Z- 

BRE4K instead of from the Tooling management system.  

As input of such a chain for all tools, and their sub-parts, the RUL status must be known (a). 

When planned (b) for production a calculated RUL is used. While running in production all kind 

of data will result into a new estimate RUL (c). 

All three phases have different demands, data update rates and data source.  

Possible middleware can be: 

 (a) All static tool data can be a csv file, which is time-based update. 

 (b) Although the process of planning can increase efficiency, the data itself is static and 

equal to the end data of (a) or the start data of (c). So, this data is not required. 

 (c) This information is the result of combining different live data sources which result 

into new estimated RUL and or events. This data should be based on topic-based 

messages which can be exchanged using Kafka or MQTT(s). 

Within Z-BRE4K we want the estimated RUL information displayed in a dashboard. 

The PHILIPS dashboards take this information from a topic which has a JSON payload and JHB 

semantic. The middleware supplying this information should be a docker container.  

5.2.1 Basic layout of a JHB message 

JHB is an abbreviation of a JSON-Header-Body. Although designed to use for messages, the 

syntax can also be used as data exchange in asci files. The three main parts within this definition 

are: 

 Header: defines the context of the data 

 Body: defines the data itself based on specified data-types   

 Topic: when using topic related protocols (Kafka/Mqtt) the topic conversion is always 

redundant because it is a merge of data also available in the header. It is used for load 

balancing and filtering.  

During the project the required body data-types must be defined regarding the required 

functionality.  

5.2.2 Basis syntax 

A message contains a header and a body. 

 Header: used to select the messages, which are relevant based on location and/or data 

type 

 Body: contains the payload and has a ‘data.type’ specific syntax 
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Used formatting: 

 Header is lower case.  

 Body is data-type dependent.  

 Both header and body do NOT use indentation 

REMARK: interfacing to/from application MUST check case! 

Syntax: 

 
JHB = {"header":{ header-part }, "body": { body-part  } } 

 
header-part:        

"operational":{ operational-part } | "analytical":{ operational-part } 
operational-part: "time":{ "utc": iso8601, "unix":"<sec>.<sub-sec>" } ,  

                            "physical":{ "site":"nl59", "cell":"<line>", "unit":"<machine-pu-code>", 
                                                 "module":"<data/config-id>", "cntrl":"<control-id>" }, 

                            "data":{ "type":"<name-has-unique-body>",  
                                           “ver”:<data.type structure version>, 

                                           "conf_type":"<know-set-data-variables>" }, 
                            "trace":{ "c_id":"<chain-correlation-id>",  

                                            "hop":[ {"name":"<source-name>" } ] } 
 

iso8601: preferable: <local>+<time-zone-offset> 
body-part: see different data-types 

 
Design considerations: 

 S88[1] is used for naming in header’s physical object 

 Time is closest to the original data time 

 Tracing and logging should be using the correlation id (c_id). For full flow chain analysis, 

a value based on a ‘meaning full’ source value should be used. 

 c_id should be copied into all next message in its chain 

 a new hop should append its name in the already existing array  

 full header is lower case so no every consumer has to convert 

 consumers should always use the case in with an application expect it.  

example: The current FIS system expects upper case cell and unit values. 

 The object key’s sequence is not fixed. 

5.2.3 Basic message example 

In Drachten (site) the machine MD01 (unit) located in production line KVK1 (cell) has a data 

source 1 (module) which generates data (type) from a specific control module (cntrl).  

This data is read and published by itself (hop.name).  

There could be trace logging (c_id). 

https://confluence.dtnfd.nl-016.lan.philips.com/pages/viewpage.action?pageId=9830465#_ftn1
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The data variables which are send are part of the known configuration (conf_type) 

 "site":"nl59", "cell":"kvk1", "unit":"md01", "module":["1"] 

 "utc":"2017-09-04t16:42:48.303666+02:00" 

 "unix":"1504536168.666" 

"header":  
   {"operational":  
     { "time": { "utc": "2017-09-04T16:42:48.303666+02:00", "unix": "1504536168.666" },  
        "physical":  
        { "site": "nl59", "cell": "kvk1", "unit": "md01", "module": ["1"], "cntrl" : "ecp" }, 
          "data":  { "type": "measvalmatrix", "conf_type":"boy35e" }, 
          "trace": { "c_id": "932.004.2305", "hop": [ { "name": "md01" } ] 
        } 
     } 
  } 

5.2.4 Versioning 

The use of a syntax within OT can be very long so changes are part of life-time management.  

Within JHB possible changes are: 

 Adding objects: 

consumers should support existent check / default values for object 

 Deleting objects: 

consumers should support existent check / default values for object 

 Changing object types: 

if a basis type or a structure is changed the existing consumers can crash.  

So, this change MUST lead to a dedicated topic. The JHB data itself can only indicate the 

version, it cannot change the syntax. 

Within the data.ver key the current version of the data.type is given. Its default value is 1. 

Design considerations: 

 All existing consumers must keep running 

 Consumers can use fixed data.type schema  

 Consumers using schema’s do support ‘additional (new)’ objects 

 Supporting running multiple versions of a data.type 

 

5.2.5 Kafka topic mapping 

Topic names are based in physical.cell scope and data.type, based on the assumption that 
consumers are processed specific data for a specific  scope.  

To support versioning the data.ver object is also used. 

Syntax:  <physical.cell>-<data.type>[.<data.ver>] 
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Example ccf-tbkv.1 

 ccf-tbkv.2 

Design considerations: 

 As producer and micro services will increase, the amount of message will increase 

rapidly. 

 As Kafka does not support headers every consumer must read the JHB message to 

determine if it has to process the message. 

 Kafka topic claim resource and need management.   

5.2.6 MQTT topic mapping 

Although not implemented it should be possible to use of the JHB syntax on MQTT. The topic 
syntax uses the MQTT support of subscribing to topic’s using wildcards. Versioning is not 
implemented because the relation between machine a consumer requires are the same 
versioning. 

Syntax: /<physical.unit>/<physical.cntrl>/<physical.module>/<data.type> 

Example:  /EG27/LammellaThickness/7/fisxml_el021 

Design considerations: 

 Kafka is seen as high load central message layer, MQTT as a specific local message layer. 

 MQTT consumers are dedicated to machine (software) parts. 
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6. INTEGRATION INTO Z-BRE4K ARCHITECTURE 
 
The Z-BRE4K architecture is designed and developed on the foundations of the AUTOWARE 

reference architecture and building blocks enabling the convergence of information technology 

(IT), operational technology (OT), engineering technology (ET) and the leveraging of 

interoperability of International Data Space (IDS) (Soldatos et al. 2019).The Z-BRE4K General 

Architecture will be a combination of the AUTOWARE Reference Architecture with the 

integration of the IDS General Architecture. The General Architecture will adapt AUTOWARE 

Service Platform Reference Architecture to the Z-BRE4K structure as shown in Figure 20: 

 

Figure 20. Z-BRE4K General Architecture Connection 

Figure 20 shows the different services divided into the AUTOWARE different blocks and layers, 

all of them interconnecting through suitable data-buses constructed across information 

contexts. The main work cell and plant network will be done through the IDS Connector and 

FIWARE Orion Context Broker principally. The information captured by the field devices (sensors, 

machines, etc.) is sent through the Time Sensitive Network (TSN) located in the end users 

facilities to the Control Services and Perception Services & Model Building components in Real 

Time. The next step is, through the IDS Connectors connected to the Workcell layer components, 

the data is sent to the Orion Context Broker (both components are described in Z-BRE4K 

deliverable D5.1). The different components from the factory layer that are subscribed to each 

data set will receive it for their analysis and processing. The factory services components, which 

are divided into Learning, Simulating and Cognitive Computing Services, may require processed 

data from another factory layer service. The outputs from factory layer components that are 

required as inputs by other factory layer components will be published once again in the Orion 

Context Broker in the Workcell. The factory layer components that need those outputs as inputs 

will be subscribed to that data and will receive it. That is how the communication and 

information flow will be carried out through the different hierarchical levels. 
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The Learning, Simulating and Cognitive Computing Services will end up creating valuable 

information as outputs that will be published in the Plant Network’s Orion Context Broker. The 

different Business Management Services (such as the MES) will recollect the information 

required as inputs for their processing and will elaborate reports, actions, alerts, decision 

support actions, etc. Dual Reality and Modelling Services will also gather information and will 

process it to give extra support information for business management decision making and user 

interfaces by publishing it back in the Plant’s Orion Context Broker. 

The Business Management Services will be able to send information to the Control Services for 

user interface issues or optimization actions if necessary.  
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7. CONCLUSIONS 

The present document describes the main results of task 4.4, which have been to evaluate the 

Interfacing with MES and other higher-level management systems: 

 Regarding Gestamp use-case, three different MES systems have been introduced and 

the QIF standard for dimensional control has been presented. 

 Regarding SACMI-CDS use-case, an overview of CMMS systems has been given, where 

30 products have been selected following certain criteria.  From these selected products 

HOLONIX has taken its attention on Hippo CCMS web-based software. 

 Regarding PHILIPS use-case, FIS has been introduced, as well as the communication 

middleware used to integrate the management systems. 

Z-BRE4K’s principal recommendation is to follow a loose coupling when implementing the MES 

system in order to achieve a highly flexible General Architecture. This would allow an easy 

implementation in each Use Case Scenario (Gestamp, PHILIPS and SACMI), leading the way 

towards each particular architecture for each use case and, in the future, different scenarios 

from other industrial systems, promoting the predictive maintenance towards its integration in 

SMEs.  

In order to reach a high flexibility, Z-BRE4k’s architecture requires the main communication 

middleware operative system to support a high number of different types of data coming from 

different types of sensors and control software. At the same time, due to the high number of 

different components, it must also support the need of a continuous communication between 

all of them, and the interoperability must reach top-notch levels. 

This would be a step forward to achieve a fast product-process planning or proactive production 

control, which is realized through: 

 Modular automation and control software services that can be trusty deployed, reliably 

run and flexibly orchestrated at will anywhere, anytime and on any platform. 

 Data shared across digital manufacturing platforms and factories with full usage control 

meeting production demands. 

 Factory reconfiguration, flexible human-robot collaboration and easy task 

programming.  
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