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Introduction 
 

This document has been produced by partners in the openMOS consortium with the 

aim of identifying the use case demonstrators put forward by the other consortium 

partners to prove and test industrial viability of the openMOS system. Each 

demonstrator is examined with the objective of identifying the openMOS elements. 

These elements are then presented for the final demonstrator in line with both Small 

Medium Enterprises (SME) and end-user requirements. 

 

The following is an extract from the openMOS description of work that states the 

objectives of the task that includes the production of this deliverable: 

 

“Task 1.2: Test Case and TRL Validation Scenario Definition 

[HSSMI, M3-M6] 

Involved partners: HSSMI (lead), IntroSys, Elrest, Ford, 

SenseAir, Inotec UK, Afag, Masmec, Asys, Electrolux, We+ 

 

This task will use the presented demonstrator ideas and develop them 

substantially. Product, sustainability and human aspects will be 

derived from the end-user specifications. These will be translated into 

quantifiable evaluation criteria for the different TRL review gates 

based on the requirements set by Task 1.1. This includes qualitative 

aspects as well, such as usability, human friendliness, rapid 

deployment and user acceptance.” 

 

The deliverable report consolidates the views of all end-users and SMEs in developing 

a collaborative demonstrator which features some or all their openMOS capabilities. 

We propose three strategies for analysis: 

1. Industrial viability 

2. Qualitative Analysis 

3. Quantitative Analysis 

From the analysis, an assessment of the current demonstrators will be reported in 

this document and the next steps for developing and testing the full openMOS system 

can be implemented. 
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Methodology 

The alignment of the openMOS solution to the end-user problems and the SME 

partners will be demonstrated through both existing and yet to be developed 

demonstrator platforms. To benefit the openMOS system, these demonstrators need 

to display certain capabilities. To measure these a 4-phase plan has been drawn up 

as Figure 1. 

 

 

Four phase action 

This section describes the phases of the tasks, the methodology to develop each part 

and the deliverables and outcomes. 

1.2.1 Identification of the end-user’s current problems around the need for 

openMOS 

Questions were raised around the critical requirements and end-user pain points for 

each demonstrator and what problems they expected the openMOS solution to 

address. The responses were collated through the following actions: 

 Engagement with Project Management recorded issues 

 Summary reports and discussions from project partners 

 Observations – Taking notes 

 

1.2.2 SME need identification to develop an openMOS platform 

The needs assessments from industrial partners and technical performance 

measurements of the TRL levels on the demonstrator test cases are designed in line 

with requirements from Task 1.1. 

 

Reliability and repeatability: How reliable does the system need to be? Where is 

the current TRL status of each demonstrator and how will this change with the 

intervention of openMOS to achieve the required TRL? 

 

Figure 1: An overview of methodology of task 1.2 
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The Human Interfaces will be considered as well as the ease of use of hardware 

and interfaces and cost effectiveness of the openMOS system. Are the cost benefits 

of having an openMOS system justified to invest in this new method? 

 

The programme has both large end-users and SME partners and solution providers. 

Integration of new systems is currently difficult and time consuming. Throughout this 

report the demonstrator’s capabilities are defined, measured and benchmarked 

against the AS-IS scenarios. Each system could have limitations and these will be 

investigated through the key performance indicators (KPIs) matrix. 

 

1.2.3 SME require documentation to develop an openMOS platform 

To be consistent with life industrial scenarios and the requirements of this project, 

the clear majority of component/ devices/ machine manufacturers and system 

integrators are SMEs. Therefore, plug-and-produce can only be achieved by placing 

specific SME requirements at the forefront: solutions by, and for, SMEs. Because of 

this observation the SME requirements will be highlighted and discussed in how their 

solutions will meet the end-user KPI’s. This information captured by SME 

requirements will be coupled with the end-user requirements through the 

demonstrator identification and component level analysis. The combination of the 

SME requirements and end-user demonstrators will then be analysed and their 

current states will be defined.  

 

Each demonstrator will also have the current and future state measures of the TRL 

level of the new To-Be model.  

 

The information is provided in the body of this report as identifying the demonstrators 

and their capabilities for the openMOS complexities. 
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Demonstrator Scenarios 
In this section, each of the 5 demonstrators is described. The schematics of the 

current state and future states are provided to give an overview of the parts and 

complexities involved in the project and how cross sectional learnings will be shared 

on a single platform. The 5 demonstrators in the openMOS project are: 

1. Introsys – Automated guided vehicle (AGV) to transport parts from remote 

storage 

2. Masmec – IDEAS - Instantly Deployable Evolvable Assembly Systems 

3. Electrolux – Injection moulding machines 

4. Ford – Robotic RTV (Room Temperature Vulcanizing)/ Anaerobic Dispensing 

Cell  

5. SenseAir – New production line for Co2 and alcohol sensor 

Introsys 

Introsys has been designing, developing and deploying value-added solutions to 

manufacturing systems/ assembly for the automotive industry for the last decade. It 

is also known as a second-tier supplier which provides integrated solutions of control 

systems for automobile production lines mainly in the following three areas: 

 

 Hardware Design, through the conception of electric schemas to integrate 

control and production systems; 

 PLC and robot programming using advanced technologies which allow the 

possibility to offer to client’s innovative solutions to increase the efficiency and 

the quality of the industry sector; 

 Off-line programming (OLP) and virtual commissioning using powerful 

simulation software to deliver a faster integration and a higher quality 

solution. 

 

Validation scenario “As-Is” 

In a typical industrial scenario, Introsys aims at improving aspects such as effort and 

cost reduction when implementing solutions in the automotive industry, and 

increasing competitiveness in this field of application in a high demanding market. At 

the same time, OEMs require the reduction of work time associated with re-

configuration in production lines as well as in the integration of new models. 

 

In the scope of openMOS project, Introsys will make available two complete robotic 

cells (Figure 2) and one AGV to transport parts from a remote storage facility. These 

cells were built within the context of the PROFLEX project, and represent actual 

production lines, following two different standards, which regulate not only the 

equipment used in each of the cells, but also the industrial communication protocols, 

electrical cabinets, and software.  

Figure 2 shows a (simplified) layout of the assembly system. The FANUC cell is 

illustrated on the left-hand side and the KUKA cell on the right-hand side.  The 

process flow diagram can also be seen in Appendix 10.1. 
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Both cells consist of a robot with a gripper attached, a fixture into which the operator 

inserts the product and after the process removes the welded part and a stationary 

welding gun. The tool and gripper both consist of several sensors to detect the 

presence of the product and some pneumatic clamps to fix the product in either the 

tool and the gripper.  

 

Figure 2: Layout of the Introsys demonstrator 

Identified criticalities 

Figure 3 shows the high-level use cases to be validated in the Introsys test bed. 

These use cases are aimed primarily at the manufacturing of different product 

variants and management of resources, demonstrating fast change-over capabilities 

of the system.  

In the initial phase, a product variant is requested by the end-user. The product 

feasibility is then assessed by the openMOS agents based on the availability of stock 

parts and tools. In one variant of the product, resources must be gathered in time at 

a remote storage facility, which will be done by the AGV. In the other variant, the 

final product quality must be inspected by an aumated inspection system. Two 

different robots will handle the production of the different variants, which can be done 

in parallel. 
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Figure 3: Use cases for Introsys demonstrator 

Validation scenario “To-Be” & Technical requirements 

Below is the controller structure for the ‘To-Be’ system and the process flow can be 

found in appendix 10.2. 

 

  

Figure 4: The Introsys demonstrator controller structure 
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Final Considerations 

The openMOS cloud holds 3 major elements of information: 

Resource Manager: Current settings, status and skills of each resource element 

that contributes to the manufacturing process.  

Monitoring Data: Data collected from controllers and sensors (including safety 

related data).  

Decision System: Resource availability, scheduling, process recipes (for different 

parts) and trajectory planning (for the AGV). 
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Masmec 

For over 30 years MASMEC has been designing and building custom automatic 

machines for component assembly and testing for world leader manufacturers in the 

automotive field: examples are injector assembly lines, clutch assembly and test 

machines, valve assembly and test systems. For each machine MASMEC oversees all 

phases of development: from design and software engineering to assembly, 

installation and training. 

 

Moreover, MASMEC recently applied its know-how also to the biomedical sector, 

developing hi-tech devices, such as medical navigation systems for interventional 

procedures and robotized workstations for DNA and RNA extraction and biotech 

applications. 

 

MASMEC has reputable research skills in modular mechatronic devices, robotics, 

image analysis, virtual reality for biomedical application, model based testing and 

predictive diagnostics for testing applications. MASMEC is committed to various 

European Research Projects and collaborates with national and local institutions such 

as: CNR-Ltia, Politecnico di Bari, Universita’  di Lecce, CNR-Issia, Tecnopolis, 

Universita’ Campus Biomedico di Roma and several European Universities. MASMEC 

principal customers are: FIAT, Magneti Marelli, Bosch, Delphi, TRW, Continental, 

Valeo. The team at MASMEC are engineering graduates and qualified technicians with 

remarkable experience in the automation field. 

 

The IDEAS demonstrator description: 

The case study has been the final mounting of a prototype of an electronic unit 

suggested by CRF. There are three important process steps: the screwing, the leak 

test and the labelling of the product. 

The principal features of this demonstrator are: 

 High modularity, physical integration and smart modules; 

 Distributed control logic (multi agent technology); 

 High flexibility to layout changing; 

 System configuration very easy for a system integrator; 

 Process workflow realisation without writing code 

 

Figure 5: The MASMEC IDEAS Injection moulding product 
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Manual Loading Station: The operator loads the electronic unit with the already 

mounted but not tightened screws. After positioning the product on the Pallet, 

production starts. 

 

Assembling Station: The KUKA robot picks the unit with one gripper and places it 

under a screwdriver to tighten all screws.  

 

Leak Test Stations: These stations perform leak tests directly on the pallet through 

a piston and a MASMEC leak test unit. Two stations are used to show the “plug and 

produce” philosophy.  

 

Auxiliary Station: It has been decided that the auxiliary station is a station that will 

be provided by FESTO for the labelling operation of products in a pallet. The self-

configuring concept will be shown by moving the station into various parts of the 

plant during process running. 

 

Manual Unloading Station: When the automatic unloading station is out of order, 

the pallet arrives at this manual station to be unloaded by the operator. Red and 

green lights show the test results. 

 
Automatic Unloading Station: The MASMEC SCARA robot takes the finished piece 

and puts it in a good or scrap container. 

 

The basic feature of IDEAS is to provide high automated modules that can be mixed 

and reused at will based on your needs. Many of today’s assembly lines are built for a 

product and then they are dismissed when the production of that component is 

finished which results in major costs. Therefore, MASMEC modules and devices are 

characterised for high integration in both hardware and software parts. This is 

achieved through standard communications and electrical and pneumatic interfaces. 

These interfaces are placed in various positions around the plant for increase speed 

of installation. These features have been imported from the work that MASMEC has 

already started during EUPASS project and that has been finalised in IDEAS project. 

So, each module is a LEGO intelligent module (LEGO MINDSTORMS PROGRAMMABLE 

BRICK ASSEMBLY - http://mindstorms.lego.com/en-us/default.aspx) which are 

precisely characterised by standard interfaces (pin for inserting two or more bricks) 

and a CPU for realising smart brick. 
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Figure 6: Intelligent Modules 

To have modules with embedded controller just pre-programmed code inside (agent) 

and that can communicate with each other to understand what functionality is 

required at any time of the assembly process eliminates the need to train personnel 

to run and program the automation devices; consequently, reducing time and costs. 

This feature has been realised considering the multi agent technology and as such is 

not a centralised controller. Each module knows what it can do (skills) and negotiates 

to realise complex processes. An image of the multi agent system present in MASMEC 

demonstrator is shown in Figure 6. 

 

Validation scenario “As-Is” 

The current system of the IDEAS project is a fully operational demonstrator and contains the 

following information: 

 
10 Machine Resource Agents 
 (MRA) for each station; 

 10 Deployment agents to deploy resource 

agents; 

 10 Transport Agents (TSA) with a new 

routing philosophy; 

 10 Products Agent (PA) for each pallet; 

 A GUI agent that have the functionality of 

shop-floor for an end-user. 

 

 

 

 

 

 

 
Figure 7: Multi Agent System 
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Identified criticalities 

 

The IDEAS project has made use of the 3 important elements from the end-user’s 

point of view. 

 System configuration (MASCOT). 

 Workflow definition. 

 Visualisation tool. 

System configuration (MASCOT) 

To configure the work process, the Multi Agent System Configurator Tool (MASCOT) 

is used. The product database is an Automation ML file that consolidates various 

information; electrical, mechanical and software at the same time. Each entity 

(agent) has some skills that can be configured in an easy way by a system integrator 

using Automation ML editor. To add the new configuration, drag and drop technique 

presented in the Automation ML editor enables the action. In openMOS we will look 

to learn from this system and deploy a real-time system to make changes. 

Workflow definition 

Workflow definitions can be flexible and can change. Simple process configurations 

using drag and drop techniques are deployed. Fast mode switching from a process to 

another one without software reprogramming make it possible to realise sequential 

and parallel workflows. This enables the system to describe complex tasks in a very 

simple way. 

Visualisation tool 

As part of the IDEAS project a visualisation tool was developed. This system 

comprised of a simulation of the line where machines could be dragged and dropped 

Figure 8: Distributed control with agent’s developments using JADE environment 

with IADE protocol developed by UNINOVA 
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into position and the multi agents would reciprocate the changes. Figure 9 shows the 

IDEAS visualisation tool. The visualisation tool is also capable of displaying machine 

and line capabilities; and enables on the fly reconfigurations. The transport agents 

adapt automatically their routing tables to the new layout configuration. To increase 

efficiency, no more production pauses are required that cause loss of time and 

production. This also makes it possible to move stations into other places on the line. 

This enables high flexibility to production changes and to optimise cycle time to 

different product variants. 

Validation scenario “To-Be” & Technical requirements 

To move from the traditional manufacturing systems, to the openMOS framework. 

This will require the use of standard electrical, pneumatic and communication 

interface (ILME connectors), to permit an easy layout changes during system run 

time. These must not compromise the production thanks to self-configuring issue 

that characterises the multi agent technology.  

For instance, if the FESTO labelling unit is moved from position A to position B, the 

agents that oversee the transport system routing automatically reroute pallets to the 

new position without affecting the production and with minor loss of money. This 

characteristic is very useful during maintenance in restricted parts of the plant where 

it is not possible to stop the production. Naturally it is important that all these jobs 

are realised in safe conditions. The flexibility of a station is also demonstrated in the 

FESTO station with the possibility of changing the labelling unit passing from an 

electrical one to pneumatic one using connectors that are similar in the concept to 

the ILME ones. 

 

Figure 9: The IDEAS visualisation user interface example 
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Figure 10: FESTO labelling unit 
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Figure 11: FESTO labelling unit - rerouting configuration 
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 To-Be: Hardware contribution to test new partner’s technologies are welcome: 

o RFID system; 

o Other plug and produce modules 

 

Figure 12: The IDEAS ‘To-Be’ openMOS proposed demonstrator 

Final Considerations 

As the existing demonstrator is highly developed, the final demonstrator should can 

provide cycle time improvements: like PLC technology at more than 10 milliseconds. 

This will enable rapid start-up time of the production and rapid reconfiguration of the 

line.  

All devices will share their information on the Cloud and collaborative agents will be 

able to pick resources depending on demand conditions. 

It is necessary to have a unique environment for the end-user to permit the 

realisation of process workflows, to visualise production performances, to configure 

the plant and to simulate the system before starting production. 

 

 

  



 

 

22. 

Electrolux 

The Electrolux vision, within the openMOS project, aims to study and develop new 

technological approaches for the shop-floor to move from the current and traditional 

software (SW) and hardware (HW) architecture toward innovative manufacturing 

systems, capable of allowing faster and agile reconfiguration operations. For all 

equipment and devices, the goal is to introduce data capture and monitoring solutions 

to support the decision-making process in relation to the optimisation of systems 

parameters (OEE, energy consumption, mechanical behaviour, quality). The solution 

should also intelligently handle possible emergent situations that occur at shop-floor 

level, such as unexpected scheduling changeover, maintenance activities, 

breakdowns, etc. keeping the efficiency of the available resources as a key driving 

factor at the base of a flexible production system. 

Validation scenario “As-Is” 

The selected test case scenario is taken from the Electrolux Porcia Plant (Italy) 

manufacturing systems and specifically from the injection moulding area. This area 

encompasses 19 machines with different tons’ capacity (in a range of 800-1300 tons), 

in charge of the manufacture of the front and rear tub shells that compose the 

washing group of a washing machine. Within the area, each single injection moulding 

cell is currently composed of:  

- 1 injection moulding machine  

- 1 or 2 feeders (for hubs and for finished products) 

- 1 Cartesian robot equipped with an interchangeable double gripper for hub 

and tub shell handling 

- 1 heating station for hubs pre-heating. 

 

 

Figure 13: Injection moulding area within Electrolux Porcia Plant 
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Figure 14: The washing group rear tub shell and the hub 

The cells of the area operate under a consolidated control architecture. The 

configuration is essentially based on local PLCs to manage the production schedule 

and I/O systems, which exchange information and signals between cell’s components 

(Robot and palletising bay). The operability of the whole area is scheduled on a daily 

base by the Factory Management (Level 2) in which the area manager must operate 

to obtain the best combination between requested products and the availability of 

resources (moulds, personnel, tools, etc.). The scheduling is fixed accordingly to the 

market demands and the Level 2 receives the requests for washing group models 

and quantities to be produced directly from the Company ERP (Level 3). Each tub 

shell model has his own “production recipe” that contains a mix of information and 

manufacturing process parameters such as material codes, cycle time, mould setting, 

force, dimensions, temperatures and many others. During a batch change all new 

parameters needed are manually re-inserted by an operator into the cell control 

system which is essentially composed by the human-machine interaction (HMI) and 

in the robot HMI for the respective parameters. In fact, some models might require 

both the machine versioning (mould change and process parameters) and the robot 

gripper reconfiguration or change. The control architecture which supports the cell 

operation is better represented in the following diagram. 
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In the schema, some other elements are also identifiable: 

 

Energy control system for the area: this is a quite recent energy monitoring system 

focused on the injection machines, which are high energy users. Each machine is 

equipped with an energy meter and the real-time information should be sent to a 

dedicated server for data monitoring and storage as displayed in figure 16. 

 

Area PLC: the whole area is managed by a central control (PLC Simatic Step 7) that 

is used for production monitoring and produced pieces counting and whose data is 

Figure 15: Area and cell architecture 

Figure 16: Injection Machines Energy monitoring UI 
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stored in a dedicated server. (To be more precise there are two control PLCs, one is 

for a group of 10 machines and the other for the remaining 9 presses).  

Identified criticalities  

The described architecture and operative methodology are considered robust and 

secure, but, on the other side, are quite rigid in terms of flexibility and fast re-

configurability purposes; this is a limit especially when the factory is asked to rapidly 

fulfil the market requests that often are unpredictable in a short-term period. 

However, the whole management of the area and the operations is considered 

complex and time consuming. Besides the normal production tasks (materials 

refurbishment, finished products delivery and preparation, quality check, 

maintenance, etc.), the adaptations and the fine-tuning operations (versioning) of 

machines and tools require up to 40 minutes every batch change, but in case of a 

mould change, for instance, this time can rise to 48 hours.  Moreover, as already 

reported, the machine production recipes, including the setting of moulding process 

parameters, are still manually inserted into the machines and there is no real-time 

information on process quality and neither on equipment’s status for checking the 

correctness of these inserted parameters. These constraints force the area to work 

and schedule big batches or to reserve some machines just for specific tub shell 

models, to reduce as much as possible the number of changeover interventions, but 

this has a great impact on the productivity and on costs (energy). For these reasons, 

any new methodology able to support a faster re-configurability of the injection cell 

will be a valuable approach to enhance the efficiency of the area and at the same 

time this should allow much reduced human intervention especially for setting 

activities. 

As mentioned before, the injection cell is made of different components and is the 

intention of Electrolux, in adherence to the project objectives, to revisit the whole 

HW and SW design and of these elements under openMOS principles to obtain a fully 

reconfigurable and adaptable cell. Before introducing the new ideas, the next sections 

want to illustrate the current design and the technological limits of these elements. 

 

Hub feeder 

The front and rear tub shells differentiate by the presence or not of the hub (in the 

rear shell) that allows, within the washing group, the motor torque transmission to 

the drum shaft for the drum rotation. The hub is fed already oriented to the machine 

with a linear conveyor, picked by the robot and then placed into the machine to be 

injected together with the tub shell. Before picking, the hub must pass through a 

thermal treatment (heating station) to favour the component insertion during the 

injection process. Since the feeding technology is quite aged and based just on 

standard mechanical components, it offers limits on process control, layout 

changeability and automatic loading of parts. Specifically: 

 Manual component uploading (carried by the area conductor) 

 No component code verification 

 No information on component presence before the picking 

 No information on feeder speed and maintenance setup 

 No information on thermal treatment 
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Figure 17: Hub feeder and the heating station 

Cartesian robot and feeder  

The robot oversees serving the injection machine both uploading the hubs and 

removing the finished products (tub shells) from the mold as soon as the tub shells 

have been realised. Its movement speed is very low and its positioning is unprecise 

because the entire HW solution of this element is quite obsolete and the process 

quality is not fully guaranteed. To pick and place the components it is equipped with 

a double gripper. More specifically, it is composed of two concentric grippers provided 

by Sommer Pneumatics. These are common commercial parts (Sommer pa-0100 for 

tub picking and Sommer GD308NO-C-HUB-8mm for hub picking). The limited radial 

movement (10-15 millimeters) represents one of the main problems that characterise 

these components and forces custom solutions (spacing plate) to allow the different 

hub/tub pick and place. As already mentioned, when a tub shell model change is 

required, normally this also implies the substitution and the setting of the gripper; 

the operations for removing and reinstalling the end effector are manually performed 

and take quite long (up to 15/30 minutes). The manual set-up activities are usually 

a source of errors because there are several setups procedures, depending on tub 

and hub models combination. During these activities, the cell should be stopped with 

consequential losses in produced pieces. 

 

When a new product code is introduced into the production, the area personnel 

oversees the design and realisation of a new gripping tool, studying all possible 

product variants and combination of hub model change and mold versioning.  

However, the gripper is not equipped with any sensor solution that may assure the 

correct picking of the components (hub/tub-shell) or calculation of the correct force, 

but should be in use just simple presence sensors (both REED and optical) for the 

component picking confirmation. 
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Figure 19: Schema of the current double gripper 

 

 

Figure 18: Technical details for hubs clamping 
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Figure 20: Cartesian robot and the double gripper 

                     

Finished products area 

The injected tub shells are handled in a palletised area close to the injection machine, 

after their downloading and then prepared to be stored in a specific warehouse where 

they must remain for at least 1 day before their use in the assembly lines. The 

transport to the warehouse is carried out with forklifts. Component quality check are 

performed on a statistical basis (3% of the total produced pieces). This is a quite long 

process and, obviously, not in real time. The activities are both managed by the area 

personnel who oversee visual controls every 2-3 hours and by quality department 

daily for more precise assessments. These tests consist of part dimensional controls 

(internal and external circumference, thickness, details shape, etc.) and of physical 

property verifications (weight, injection homogeneity). A statistical check cannot 

cover the quality of all produced pieces, but for shop-floor operators, this remains a 

time-consuming activity.  

Human-Machine Interface (HMI) 

The current available technologies for HMI in the area and in each cell, are essential 

and composed of simple displays and keyboards for machine status visualization and 

production programming inputs. The lack of further information on cell performances, 

quality and resource availability has limited the development of an advance HMI 

excluding the adoption of evolved technologies. 

Validation scenario “To-Be” & Technical requirements 

One of the major problems in the injection molding area concerns the difficulty to 

plan the type, the range and the volumes of the tub shells to be manufactured. The 

second is the ability of production system elements to readapt quickly to the new 

conditions and allow optimized operations without losing the productivity of the area. 

To switch to a more easily and changeable production system, Electrolux intends to 

investigate the applicability the concept of plug and produce and of the evolvable 



 

 

29. 

production systems (EPS) within the test case scenario. The idea is to reengineer an 

injection cell with new automatic HW and SW components to define an architecture 

capable of supporting the developing solution. This architecture should consist of 

agents that monitor and control directly the cell’s equipment (HW) and coordinate 

shop-floor operations; they are in the factory cloud to fulfil the production receipts 

that derive from orders. Cell’s interfaces for communication should be based on OPC 

UA protocol and to provide faster scheduling reaction to dynamic variations, at shop-

floor level, data exchange should be made in real time. The following figure 

represents the whole schema of the new cell’s configuration. 

As for the cell’s HW components, the new elements are described below, highlighting 

the technical requirements required for their design and the new functionalities that 

they must be integrated for a more profitable and intelligent operability. 

New hub feeder and heating station 

The new in-line feeder must convey oriented hubs in a linear motion to the injection 

machine, passing through a heating station before the hub picking. The average 

length is 5 meters. The feeder should be designed with adjustable crossbars to 

transport different types of hubs. Moreover, it should be robust and stable with plug 

and play connections to be integrated both with a future automatic hubs uploader 

and with the heating station. The hub selection must be checked and validated with 

sensor or laser solutions to avoid uploading errors (human at the beginning). For the 

connected heating station, it should be designed to be potentially removable and 

interchangeable between presses if needed and equipped with sensors for 

temperature control. Lastly, the combined system (feeder + heating station) should 

be provided with energy consumption monitoring and diagnostic maintenance 

information to be communicated to the cell HMI. 

 

Figure 21: Cell’s new architecture 
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Figure 22: Example of in-line feeder for hubs 

For measuring the technical requirements, the following features might be considered 

for the feeder design and installation.  

 

 

New anthropomorphic robot and self-reconfigurable Gripper 

A 6-axes floor mounted anthropomorphic robot is considered the most suitable 

solution to speed up the cell’s components pick and place operations, both hubs and 

of the tub shells. The payload handling capacity should be up to 100 kg considering 

the tub weight (up to 13 kg) and the gripper one. Considering the end-to-end 

approach, a fully sensor enabled solution should be adopted for the robot to obtain 

real time data on the control system. The gripper design represents the most 

demanding task in this module: in fact, the new manipulator must handle all the 

different types of hubs and tub shells (rear and front) with a self-adaptable behavior. 

Future implementation should provide a more flexible solution, with higher radial 

movement and the substitution of the current electro-pneumatic solution with a 

complete electric solution (elimination of compressed air and relative problematics 

and related issues with air losses). As for the reconfiguration or a tool change 

operation, the target is to reduce the current adaptation/change time from 15 

minutes to less than 3 minutes. In this direction, the gripper development will include 

the study of a tool interchanging bay (using CNC logic) and appropriate mechanical 

interfaces. For receiving the agent recipes, the solution should rely on sensors 

capable of providing the robot controller with force feedback signals and with 

information on the position of the grasped objects. 

Features to assess: 
Plug & Play solution, component 
recognition, heating temperature 
control, process data availability 
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New finished products area with a quality gate station 

In the reengineered cell, the finished product area must be redesigned to add new 

functions especially in the quality check assessment. To assure 100% quality of 

produced pieces, it is a clear intention to verify the fulfillment of the established 

quality parameters before their delivery to the warehouse and then to the assembly 

line. After the tub shell molding process, the idea is to execute, directly on site, the 

dimensional and tolerance measurement and for the internal and external diameters 

and the shell height. The current quality procedures are statistical and too slow; the 

new target is to reduce the current time of 2 hours (needed for the component 

cooling) to less than 1 minute. The dimensional analysis might be executed using a 

laser scanning technology in a quality station, during or after the robot part 

displacement, to avoid the physical picking of parts by the operators. Another 

important parameter to be measured for the quality purposes, as already illustrated, 

is the product weigh. Significant variations between expected weight and real weight 

can be a symptom of problems in the molding process and the fast identification of 

it prevents a higher quantity of scraps. A load cell might be inserted directly in the 

robot end-effector if the case or in a basement where the component is initially 

positioned before its delivery. The following table shows some weight tolerances for 

a typical washing group model (G60). 

Features to assess: 
High speed and precision Pick & Place operations 

Gripper tool change or reconfiguration time < 3 min 

Figure 23: Schemas of new manipulator and robot 
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Figure 24: Example of weight tolerances for a G60 rear tubs model 

In the developed HMI, information on quality status and alarms on possible identified 

problems should be displayed. Moreover, special dimensional checks (i.e. specific 

shell point dimension) should also be executable on operators’ demand, introducing 

a smart camera as a fast method for a visual inspection of details that are needed 

for the successive assembly steps of the component. 

 

Figure 25: Example of tub shell details for quality check example of tub shell details 
for quality check 

 

 

 

New Cell / Area HMI 

The evolution of the injection molding area must rely on a new and advanced user 

interface both at central level for the production management and at local level (cell) 

for the single recipes related to the batches sequence. Therefore, the development 

of dedicated and evolved HMI for the cell is requested to visualise all the required 

Features to assess: 
100% quality check on produced pieces 

Quality check process time < 1 minute  
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information for the process execution as injection parameters, produced pieces, 

temperatures, etc. but also a series of other supporting information, deriving from 

the application of a distributed and intelligent control such as energy consumption, 

maintenance status, breakdowns, integration of modules, mold availability, etc. 

Information on the daily production scheduling and the tools and equipment 

availability (i.e. molds) to obtain the best combination for the highest efficiency and 

productivity should be also included and integrated with the data coming from the 

tools warehouse or maintenance department. Lastly, historical data must be always 

available, using the cloud connection, to retrieve and analyses information for even 

better area and resources management. 

 

Figure 26: Example of HMI from Electrolux production cell  

 

 

 

  

Features to assess: 
User friendly UI with detailed information on 

production and equipment status and cell 

resources management 
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Final considerations 

The new technological challenges and the strong competition within manufacturing 

companies require higher efforts to keep excellent product quality together with the 

capacity to be flexible in relation to market requests, at reasonable production costs. 

R&D investments at shop-floor levels are the only key factor to fulfill these 

expectations.  

Within openMOS, Electrolux aims to introduce new concepts and technologies to allow 

a better HW and SW configuration and capabilities for fast system reconfiguration 

and adaption. To support this objective, the idea is to study and realise a possible 

reengineering of an injection molding cell and of the ancillary equipment that serve 

a molding machine. In the previous paragraphs the current conditions of HW 

components and the SW architecture in the molding area of Porcia Plant have been 

described and the expected configuration and the features to be fulfilled by the new 

cell have been reported.  

 

If the new technological targets should be achieved and demonstrated in the testing 

scenario, the opportunity to have a first solution based on plug and produce 

components and on an integrated control architecture composed by agents and 

distributed intelligence. This is backed by the acceptance criteria document in 

appendix 10.2. The expected benefits for the company remain the optimisation of 

production resources (costs, tools, humans) in relation to the capability of 

manufacturing systems to react quickly to any shop-floor need and to function 

autonomously.  
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Ford 

As an industrial partner in the OpenMOS project, Ford Motor Company are interested 

in investigating the benefits that can be gained from introducing new capabilities into 

their existing manufacturing footprint.  

The new distributed and information based paradigm for Manufacturing often 

seemingly assume a clean sheet with respect to physical facilities and information 

management. This is not the case for larger SMEs and larger organizations such as 

Ford who have substantial existing manufacturing assets and established information 

management systems. 

For any new Manufacturing system to be accepted, a straightforward or ideally 

seamless path to transition from the legacy system is needed. To this end Ford are 

interested what OpenMOS can bring in terms of  

 Low impact integration of new generation hardware into legacy systems with 

the aim of improving capability. 

 Increased data gathering, propagation and analysis for legacy facilities 

without compromising the existing communication systems. 

 Improved simulation methodology for manufacturing systems including near 

real time data integration. 

Validation scenario “As-Is” 

The selected test case for the project is a type of unit which is present within multiple 

engine assembly lines throughout Ford’s installed manufacturing base.  

The Robotic RTV/Anaerobic Dispensing Cell is a special machine designed to 

robotically apply precise beads of “room temperature vulcanizing” (RTV) sealant and 

anaerobic sealant to automotive parts as an aid to the assembly process.  

The demonstrator machine is located at the Ford Technical Centre in Dunton, UK and 

is currently used in Prototype engine assembly.  It has been chosen as the 

demonstrator for several reasons, namely: 

 Almost identical to volume production equipment due to ‘Make Like 

Production’ strategy. 

 Increased product variation versus standard production lines 

 Increased operator interaction 

 Increased criticality of setup and operational parameters 

 Segregation from volume production and production data systems to enable 

greater access, availability and flexibility to the project. 

The RTV / Anaerobic Dispensing Cell is primarily composed of the following main 

items:  

 ABB IRB 140 robot and IRC5 controller to move the dispensing nozzle 

through its required paths. 

 RTV Dispensing nozzle for applying the sealant bead. 
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 Nordson RTV pumping equipment to dispense the RTV sealant from bulk 

containers. 

 Anaerobic Dispensing nozzle for applying the sealant bead. 

 Loctite Anaerobic pumping equipment to dispense the RTV sealant from 

bulk containers. 

 Part specific tooling to hold the part during the application process. 

 Shot meter for precise measurement of the amount of RTV sealant applied 

 Vision system to identify if the RTV bead was applied properly. 

 Guarding to protect the operator. 

 System controls 

 

As can be seen from Appendix B, the As-Is situation has a traditional hierarchical 

operating system layout with actuators/sensors at the base, up through controllers, 

then PLC and finally up to the Factory Information System (FIS). 

 

Identified criticalities 

The POSMON and FIS (Factory Information System) systems are already in use 

throughout the Ford manufacturing footprint and provide shop-floor production 

monitoring data.  

Figure 27: RTV machine and its different sub-systems 
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However, only a limited data set that was envisaged prior to system design is 

monitored and other information of interest on the topics of energy, air quality and 

Work-in-Process (WIP) tracking are not recorded by FIS.  

Due to the hierarchical system setup, integrating new data elements is timely and 

requires direct physical and software intervention. This stands in the way of 

optimising equipment uptime via route cause analysis, simulation validation and 

discrete event identification. 

 

As with many volume production machines, the RTV demonstrator has variable 

setups and tool changes including manual tasks. Assets are tracked using RFID 

technologies, however changes are not tracked in FIS. 

As such the ability of production events to be tied accurately to production monitoring 

data can fall below the standard required for high levels of operating efficiency 

improvement driven by diagnostic analysis and simulation.  

 

In addition, the current production monitoring system is centred on the production 

equipment and especially the prime automation route through the production flow. 

In all production flows there are deviations from the prime route, be it for work in 

progress storage, offline quality inspection or repair. 

These product driven deviations are recorded in separate systems but not integrated 

into the production equipment monitoring system. 

This is an added element which can interfere with the ability of monitoring data to be 

tied to real-world events and hence improvements made. 

 

Within Ford simulation methods are widely used to design and improve 

manufacturing systems. Further they are critical to assessing the impact of changes 

to the production environment e.g. demand changes, product mix changes, operating 

method changes. 

The simulation models rely on data distributions based on real-world historical data 

which require significant work in validation. This is an ongoing burden as ongoing 

production necessarily increases the data set and this new information needs to be 

compared with the existing distributions. 

Improving simulation models by adding additional functionality only serves to 

increase this task as new data sources require new distributions. 

The simulation models are manually built and any changes of production flow, 

operational logic, input parameters and output format add further workload. 

 

In summary, the critical elements of the ‘As-is’ system to be addressed are 

 

 Lack of ability to quickly add sensors (permanent or ad hoc)  

 Lack of visibility of new data in monitoring systems and simulations  

 Lack of traceability of assets/product when outside prime automation routes 

 High burden of production data validation for use in simulation 

 Need for manual reconfiguration of simulation models for new scenarios and 

new parameters 



 

 

38. 

Validation scenario “To-Be” & Technical requirements 

Ford is especially interested in predictive simulation and how real-time data can be 

fed into existing simulation software tools to allow the cloud-based agents to send 

the information back as reports for example. 

 

Once the OpenMOS hardware and communications are enabled on the demonstrator 

then the integration with the legacy operating systems and interaction with the cloud 

based agents can be shown. 

Figure 28: To-Be Scenario of the Ford demonstrator 
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Final Considerations 

The RTV machine is an isolated test cell used for prototyping activities taking place 

at Ford Dunton. For this demonstrator, the focus lies on the data links and operating 

parameters as the product variety is limited for this machine. Of special interest is 

the cycle time (production + idle time) of a machine as well as energy efficiency.  

For the simulation aspect, the openMOS cloud holds 2 elements which are of major 

interest:  

 Live data: This is data collected from the machine controllers and expressed 

in units of measures. 

Reference data: These are settings such as e.g. material type, robot reach 

and doser maximum output. 

SenseAir 

SenseAir AB, located in Sweden, is one of the world’s leading manufacturers of cost-

effective IR gas sensors. With over 25 years of experience in affordable, high 

precision gas sensing for high volume applications and holding more than 20 patents 

related to the proprietary measurement techniques, SenseAir has become a centre 

of excellence in the field of NDIR (non-dispersive infra-red) technology for CO2 

measurements. 

The state-of-the-art gas sensors are extensively used in applications for building 

ventilation, air quality control, automotive industry, mining, agriculture, safety, etc. 

With its excellence in optical gas sensing solutions and an innovative R&D team, 

SenseAir continues to venture into other gas domains apart from CO2 and is expected 

to contribute a major part in ethanol (sensing alcohol levels for safe driving), 

methane (fracking) and Freon (refrigerating) gas measurements. 

With increasing environmental awareness resulting in high demands for the gas 

sensors, SenseAir is fully aware of the challenges ahead to compete in the global 

market. It continues to strive for sustainable manufacturing and invests for the 

improvement of future agile production paradigms based on LEAN principles capable 

of handling both rapid industrialization projects as well as high volume production 

setups.  

SenseAir Demonstrator: Basic Concept 

The demonstrator will be built to fit the requirements of SenseAir electronics 

assembly and for application in the automotive industry. SenseAir is looking for a 

solution that will allow them to gradually scale-up their production as the demand for 

their sensors increases. At the same time, they do not want to be restricted by a too 

dedicated solution that will make change over between different product variants 

prohibitively difficult for them. Flexibility and small economic lot sizes will be 

paramount for the success especially for an SME like SenseAir. 

 

As part of the openMOS Industrial demonstration activities, SenseAir is looking to 

deploy a production system flexible enough to allow for smooth changes between 

automation modes (manual and automated stations) as well as to introduce new 
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product variants quickly. This will be used to test the rapid integration approach for 

P&P assembly machines as well as the dynamic routing system which provides the 

basis for the Manufacturing Operating System (TRL7).  

 

The ability to dynamically route products, load-balancing between different stations 

and the real-time changes in system’s functionality in response to new product 

variants are a few of the key factors to be evaluated for the demonstrator at SenseAir. 

This demonstration activity will therefore focus on building a demonstrator based on 

the adaptable concept of P&P assembly devices developed in the openMOS project.  

 

The full Manufacturing Operating System framework will also be deployed in a local 

cloud infrastructure to test the rapid integration of machines as well as the 

operational performance of the system under different load and disturbance 

conditions. Routing algorithms will be used to achieve the rapid integration of new 

product variants. The handling devices will be linked either to real machines if 

available or manual work places. RFID based product routing will also be deployed to 

allow new sensors and equipment to be rapidly integrated and routed through the 

system.  

 

The demonstrator shall be used to systematically test and validate the rapid 

integration and adaptation of the electric transport module, handling components 

and assembly stations. This process will be supported by the first version of the zero 

engineering tools created during the openMOS project. 

 

Validation scenario “As-Is” 

SenseAir have had an order of their newest products which sense levels of CO2 or 

Alcohol from an automotive supplier as seen in figure 29. To satisfy their customer 

demands a new production mechanism is required. The current operation is a semi-

automated batch manufacturing facility and capabilities are not able to withstand the 

expected ramp up.  

 

Figure 29: Assembly of SenseAir sensor parts  
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The production facilities have been analysed and the current manual assembly of the 

sensor is to be automated. A large amount of time is attributed to the calibration of 

the sensors and readings to deploy a matrix-based, flexible production system, to 

change automation modes smoothly between manual and automated stations and to 

introduce new products quickly. This will be used to test – rapid integration approach 

for plug-and-produce assembly machines – dynamic routing system which provides 

the basis for the Manufacturing Operating System. 

 

Identified criticalities 

The main assembly process common to both the products is the insertion of both 

the mirrors on either side of the base tube via snap-fitting.  

Figure 30 shows the process times associated with the complete assembly of 

product A, including the process stages after the main assembly of mirrors and 

tube.  

 

Figure 30: Process times for the complete assembly of product A 
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Validation scenario “To-Be” & Technical requirements 

As the end-user for the openMOS demonstrator, SenseAir will provide access to their 

production facilities and a range of different prototype sensor boards for in-factory 

testing.  

 

For this purpose, two main product types have been identified. The main product 

(S10) has an application for sensing Carbon dioxide levels and maintaining air quality 

within an automobile and the second product (iBASS) to be used is the alcohol sensor 

designed for integration in automobiles.  

 

The two products are designed for entirely different applications (in terms of gas 

sensing) and have different sizes, performance parameters and calibration 

requirements.  

 

However, since both products have a common basic design platform, there are some 

commonalities between them in terms of assembly processes, which shall be 

exploited for the demonstrator objectives of capturing product variance for a plug 

and produce approach.  

 

The two products shall be referred to as Product A (S10) and Product B (iBass), 

respectively. Table 2.6.1 lists the IDs to be used for each product component for the 

demonstrator. Fig. 31 and 32 shows the assembled product A and main components 

for product B, respectively. 

 

Table 2.6.1 – Product types along with their components and IDs to be 

referred for the demonstrator 

Product Type Product ID Component Type Component ID 

Primary:  S10 – 

Automotive CO2 

Product A Base tube CA1 

Mirror 1  CA2 

Mirror 2 CA3 

Secondary:  iBASS – 

Automotive Alcohol 

sensor 

Product B Base tube CB1 

Mirror 1  CB2 

Mirror 2 CB3 

 

 
Figure 31: Assembled product A 
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Figure 32: Main components and required assembly process for product B 

 

Final Considerations 

The SenseAir demonstrator is envisaged to be the final demonstrator for the 

openMOS project and a vital output. This demonstrator will encompass all the 

features from SME partners and new technologies and demonstrate full openMOS 

capability. 

Each of the industrial partners have set some acceptance criteria of their 

requirements which can be seen in the Appendix C. These acceptance criteria for 

SenseAir will be backed by a business model analysis in D1.4. The business model 

will examine the financial risks and rewards of creating this platform for the internal 

stakeholders. 

The challenges that this demonstrator faces are current industrial issues and the 

demonstrator will harness the information and conclude and test these capabilities. 

The ultimate solution will give SenseAir flexibility, speed and variability. This will 

enable them to react to market changes and customer demands with minimal 

disruptions and readiness for unexpected future ramp ups. 

 

Major KPIs 

The following KPIs are mainly identified to be monitored for the demonstrators:  

• Operator input for the module change-over, e.g. skills required, process 

parameters, product specific details 

•  Module status signals (failures, connectivity, power, etc.) 

• Order status 

• Product data (parts, processes, quantity, etc.) 

• Module identification, available skills, etc.  

• Uptime /downtimes 

• Cycle times 

• Process time 
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Identification of the End-Users current requirements 

from the graphical user interface (GUI) 
To view the current state of the machines, graphical user interfaces need to be 

developed with the following characteristics and requirements: 

Hardware View: Present all the information regarding hardware equipment. 

Skill Visualisation: Present all the information of the skills that constitute all 

mechatronic modules present in the system. 

Product Information: Present all the information about product (data plant entry, 

data plant exit, pallet Id, station worked on, process result (good or scrap)). 

Performance Tab: Present all the information about performance of the station in 

the execution of the task, cycle times and skills performances. 

 

Figure 33: Demonstrator characteristics 
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SME need identification to develop an 

openMOS platform and the constraints 
To develop the new openMOS system, the consortium needed to understand the 

current constraints. A group workshop was carried out and each of the possible 

demonstrator constraints was discussed and the pros and cons were highlighted. 

These results are shown in a matrix format in figure 34. 

 

Figure 34: Demonstrator Characteristics 
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Analysis of the SME requirements and align 

with End-user requirements 
Human Interfaces 

Human-machine interaction will be the focus of the following section. A brief definition 

of human-machine interaction will be given and it will be set in context to the 

openMOS project.  

Literature review 

Human-machine interaction is a broad term and widely used. For this report we adapt 

the definition given in [1] for computers to machines. “Human-machine interaction 

is the study of the interaction between humans and machines”.  

The idea of systems where humans and machines cooperate and seen as joint 

cognitive systems was driven by [2]. With the emergence of automation, the 

cognitive aspect of human-machine interaction has become increasingly important 

as machines nowadays should react dynamically to changes in a human environment 

[3]. On the other hand, operators also need to accept working in the coexistence of 

machines. A crucial factor for this is the creation and use of user interface [4]. 

To provide a more precise understanding of interaction between humans and 

machines, we refer to the different levels of automation as defined in [5] and 

originally based on [6].  

HIGH 10. The computer decides and acts autonomously, ignores the human. 

 9. informs the human only if it, the computer, decides to 

 8. informs the human only if asked, or 

 7. executes automatically, then necessarily informs the human, and 

6. allows the human a restricted time to veto before automatic execution, or 

 5. executes that suggestion if the human approves, or 

 4. suggests one alternative 

 3. narrows the selection down to a few, or 

 2. The computer offers a complete set of decision / action alternatives, or 

LOW 1. The computer offers no assistance and human must take all decisions and 

actions. 

Table 1: Levels of Automation Human-Computer Interaction (based on [5]) 

Table 1 defines a range for an automated system to operate in from a low level of 

automation, where computers do not assist the decision making, to a high level of 

automation, where systems execute without human input. Within these levels of 

automation, the activities of operators adapt to the actions of the machine such as 

from control to supervision [3]. 

Human-machine interaction considerations for openMOS 

The openMOS project aims at a human-centred automation. This means that 

automation in openMOS will be focused and developed around human workers to 

enhance their cognitive capabilities with advanced sensors and analytics provided by 

machines.  
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Humans, unlike computers, make use of an image-based thinking [7]. Therefore, to 

help people understand their environment and make the system human-centred, 

computer visualisation and technologies such as virtual and augmented reality are a 

means to create powerful interactive environments for human-machine interaction 

[7]. McKinsey [8] also names touch interfaces and mobile devices as well as new UI 

standards such as HTML5 crucial for human-machine interaction. Additionally, in [8], 

it is argued that people will get more and more familiar with these technologies so 

that an implementation in a manufacturing environment can happen easily.  

Discussions with the end-users of the openMOS project also identified the current 

use of simulation tools in the manufacturing processes. Tools like Witness1 Allow the 

real manufacturing processes to be simulated and emulated. 

Final Considerations  

Human-machine interaction is a crucial part in the manufacturing process, especially 

when a certain level of automation is reached. Humans and machines need to be 

aware of their environment and visual communication is key for a human-cantered 

approach in automation.   

There is a rapid development in technologies such as virtual and augmented reality, 

but also mobile devices. Advantages in the use of mobile devices are seen in their 

compactness and their remote accessibility. Disadvantages are currently seen in the 

lack of computational power of these devices. Virtual reality can assist the operations 

on a manufacturing line and can be used to train people in a safe environment.  

Simulation tools are currently widely in use, but third-party technologies might not 

always allow the adaptation towards the need of the customers.  

The openMOS consortium needs to carefully consider the human-machine interfaces 

for the intended system in agreement with the end-users. 

  

                                                           
1 http://www.lanner.com/en/witness.cfm, accessed 22/04/16 

http://www.lanner.com/en/witness.cfm
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Technology Readiness Level (TRL) 
The Technology Readiness Level (TRL) is a “scale scoring of technologies and 

provides a common understanding of technology status and risk management with 

regards the technology application” [9].  

In [10] the authors describe the TRL as well as the Manufacturing Readiness Level 

(MRL) for the automotive sector. The same principles can, however, be used in 

other sectors. Therefore, these descriptions were adapted where necessary. For the 

openMOS project we will only concentrate on the TRL.  

Using TRLs allows a common understanding and decision-making of technology 

status and facilitates risk management [9].  

TRL Technology Readiness 

1  Basic principles have been observed and reported.  

 Scientific research undertaken.  

 Scientific research is beginning to be translated into applied 

research and development.  

 Paper studies and scientific experiments have taken place.  

 Performance has been predicted. 

2  Speculative applications have been identified.  

 Exploration into key principles is ongoing.  

 Application specific simulations or experiments have been 

undertaken. 

 Performance predictions have been refined 

3  Analytical and experimental assessments have identified critical 

functionality and/or characteristics.  

 Analytical and laboratory studies have physically validated 

predictions of separate elements of the technology or components 

that are not yet integrated or representative.  

 Performance investigation using analytical experimentation and/or 

simulations is underway 

4  The technology component and/or basic subsystem have been 

validated in the laboratory or test house environment.  

 The basic concept has been observed in other industry sectors (e.g. 

Space, Aerospace).  

 Requirements and interactions with relevant product systems have 

been determined. 

5  The technology component and/or basic subsystem have been 

validated in relevant environment, potentially through a mule or 

adapted current production product.  

 Basic technological components are integrated with reasonably 

realistic supporting elements so that the technology can be tested 

with equipment that can simulate and validate all system 

specifications within a laboratory, test house or test track setting 

with integrated components  

 Design rules have been established.  

 Performance results demonstrate the viability of the technology 

and confidence to select it for new product programme 

consideration. 

6  A model or prototype of the technology system or subsystem has 

been demonstrated as part of a product that can simulate and 
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validate all system specifications within a test house, test track or 

similar operational environment.  

 Performance results validate the technology’s viability for a specific 

product class. 

7  Multiple prototypes have been demonstrated in an operational, on-

product environment.  

 The technology performs as required.  

 Limit testing and ultimate performance characteristics are now 

determined.  

 The technology is suitable to be incorporated into specific product 

platform development programmes. 

8  Test and demonstration phases have been completed to customer’s 

satisfaction.  

 The technology has been proven to work in its final form and under 

expected conditions. 

 Performance has been validated, and confirmed. 

9  The actual technology system has been qualified through 

operational experience. 

 The technology has been applied in its final form and under real-

world conditions. 

 Real-world performance of the technology is a success.  

 The product has been launched into the market place. 

 Scaled up/down technology is in development for other classes of 

products. 

10  The technology is successfully in service in multiple application 

forms, product platforms and geographic regions. In-service and 

life-time warranty data is available, confirming actual market life, 

time performance and reliability 
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Key Performance Indicators (KPI) 
KPI literature review  

In [11] the wider purpose of Key Performance Indicators (KPIs) is defined as an 

enabler of “measurement of project and organisational performance throughout the 

construction industry”. It must be noted that there is no single definition and so this 

may vary between different companies and sectors. 

Parameter defines in [12] seven characteristics of KPIs, on which we will base our 

understanding of KPIs in this report. Parameter makes a clear distinction between 

KPIs and Key Result Indicators (KRIs), whereas in the following parts of this report 

these terms might be used interchangeably. 

Based on [12], KPIs will have the following characteristics for us: 

1. KPIs are measured frequently on a 24/7, daily, or weekly basis. 

2. KPIs are nonfinancial measures. 

3. KPIs are clearly formulated and understandable for staff to action on. 

4. KPIs are current- or future-oriented measures as opposed to past measures. 

Defining and introducing meaningful KPIs can have a positive impact and bring 

several advantages for a company [13]: 

 KPIs make the business objectives more transparent for staff and can serve 

as a motivational drive. 

 By applying data analytics to measure business trends, the use of KPIs 

facilitates the decision-making and can be used for benchmarking with 

competitors. 

KPIs need, however, be carefully chosen as they can lead to disrupting behaviour 

otherwise [12]. 
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KPI working meeting and outcomes 

During the task, the consortium met in a face to face meeting and a collective of 

the identified KPI’s was documented and discussed in the group. 

  

Figure 35: KPI Table as result from meeting in Bramboden Switzerland, March 2016 
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In the face to face meeting at Bramboden, the consortium agreed a definition is 

required for each of the KPI. 

In terms of the evaluation it is easier to evaluate the KPI in two distinct groups, 

Qualitative and Quantitative.  

The steps are: 

1. Identify and describe each KPI, and define it as quantitative or qualitative, 

due to this identification it is easier to develop an evaluation method on the 

scenario evaluation task. 

2. Identify the issues, process, stakeholders and TRL of each KPI 

3. Associate each KPI to each Demonstrator 

Qualitative KPI 

ID Definition  Description  KPI  

 

Kinematics  

 

Branch of dynamics 

dealing with aspects 

of motion (e.g. 

position, velocity, 

acceleration) not 

including mass and 

force. Often referred 

to as the geometry 

of motion 

 

Defining the 

motion and 

orientation of 

manufacturing 

process and 

required limitations 

for Kinematics with 

build environment 

 

Set the XYZ axis and 

Cartesian coordinates 

for robotic 

manufacturing 

process maximum 

efficiency  

 

Safety (No. 

of safety 

related fault 

occurrences) 

 

The safe guards that 

applied to 

machinery to 

minimise downtown 

and damage  

 

 

Understand and 

assess machine 

safety 

requirements  

 

Presence of Interlock 

systems  

 

Presence of 

Programmable logic 

controllers (PLC)  

 

Safety Protocol in 

place for Machine & 

Human interaction  

 

Data 

Security for 

Cloud  

 

The overview of 

security processes 

and policy 

incorporating:   

 Controls for 

data 

management 

 Identity 

management 

 Access 

controls 

 Privacy 

Protocols  

 Compliance 

with 

regulations 

 

Understand and 

define the cloud 

service 

agreements to be 

in place to secure 

cloud operations  

 

Specification of 

Software versions 

used within cloud 

connected machines 

[14] 

 

Specification of 

software update 

regime (inc 

frequency, scope and 

protocol) 

 

Presence of 

Encryption for data  

Use of anti-virus 

software, isolation 
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protocols and logging 

systems 

 

Quantitative KPI 

ID Definition  Description of 

required 

activity 

KPI 

 

Operating 

Parameters 

(Machine) 

 

The variables 

used within 

specific machine 

manufacturing 

functions 

referring to the 

inputs provided 

to the machine to 

generate 

outputs.  

 

Define operating 

parameters of 

machines 

required to 

facilitate desired 

outputs.  

 

Overall equipment 

Effectiveness (OEE) set 

by end-user  

 

Cycle Time 

Improvement  

 

The total time 

from beginning 

to end of process 

including time 

acting upon and 

delay time until 

output is 

complete 

 

Defining the 

current time for 

processes and 

potential 

improvements to 

cycle time 

achievable  

 

Takt Time  

 

Set reduction for 

specific processes 

identified  

 

KPI example –  

Reduce cycle time by X 

seconds for process Y to 

be set by end-user 

requirements 

 

Product type  

 

A group of similar 

products with a 

set of common 

specific 

characteristics 

that fulfil the 

similar market 

functions.  

 

Assessment of 

product type 

characteristics to 

generate a list of 

required 

characteristics to 

meet and / or go 

beyond current 

market function 

and best case 

examples in 

product type 

 

Number of product type 

characteristics met.  

 

KPI example –  

Set quality target by 

end-user to meet 

quality parameters for 

product type  

 

  

 

Throughput 

Analysis  

 

The rate and 

time required for 

products through 

specific 

manufacturing 

processes. 

(Accounting for 

processing, 

inspection, move 

and queue times) 

 

Define optimum 

rates for through 

put of 

manufacturing 

processes 

 

KPI time to product 

number ratio  

 

KPI example –  

Increase product 

throughput by X and 

reduce time by Y  
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Pump 

Performance  

 

 

The efficiency of 

the pump is 

defined as a ratio 

of power 

imparted to the 

quantity of fluid 

and the power 

required by the 

pump. 

Incorporating the 

relationship 

between the 

operating head, 

flow and specific 

gravity of the 

fluid 

 

 

Define the 

optimum power 

to energy ratio to 

understand the 

cost parameters 

for pumping 

operations  

KPI – Specific Energy 

(Es) 

 

KPI example – define 

optimum Specific 

Energy (Es) calculation 

defined by end-user & 

system specifications 

[15] 

 

 

Cellular 

manufacturing 

(Re) 

configuration  

 

Cellular 

Manufacturing 

incorporating 

multiple 

machines to 

perform and 

change 

manufacturing 

operations 

maximising 

flexibility.  

 

Understand the 

parameters for 

cellular 

manufacturing 

configuration the 

opportunities for 

reconfiguration 

to maximise 

efficiency, output 

and cost. 

 

KPI – Cell Efficiency 

[16] 

 

Line balancing efficiency  

 

To be defined by end-

user requirements for 

economic and efficiency 

ratio  

 

 

 

Machine / 

System 

Utilisation  

 

(Capacity 

Utilisation) 

 

(Production 

Efficiency) 

 

The relationship 

between output 

that is currently 

produced with 

installed 

machines versus 

the potential 

output that could 

be produced 

through fully 

utilising machine 

capacity 

 

Define and 

understand the 

maximum output 

parameters 

available for 

induvial and 

whole 

manufacturing 

assets within a 

manufacturing 

system 

 

KPI  

1. Average 

Utilisation of 

Machine [16]  

 

2. Average 

Utilisation of 

Operators  

 

3. Line balancing 

efficiency  

 

4. OEE 

 

Defined by end-user 

requirements and 

system specifics for 

machines within 

manufacturing system.  

 

Resource / 

Data 

Availability 

(Including 

 

The level of 

availability of 

data throughout 

different 

 

Define and 

understand 

potential data 

 

Average database 

availability time  
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Open MOS 

cloud access)  

 

(Network 

Latency) 

scenarios for 

levels of 

performance. 

Usually ranging 

from normal to 

disastrous  

availability 

scenarios  

Mean time to repair 

data connection 

 

Average Network Round 

Trip latency (unit = 

time) 

 

Quality of service / 

Packet loss testing   

 

 

Machine 

Network 

Latency 

 

(Mechanical 

Latency)  

 

The suitability of 

connected 

machines 

throughout 

different 

scenarios / levels 

of performance 

incorporating the 

physical 

properties and 

limitations of 

machine 

operation 

conditions 

 

Define and 

understand the 

network data 

speed and the 

required 

processing power 

for machine 

units.   

 

Average availability of 

machine  

 

Machine performance 

rate  

 

Mean time to repair 

data connection 

between Machine and 

cloud 

 

Processing power of 

machines – suitability to 

perform required 

operations 

 

 

Quality of 

Manufactured 

Product   

 

The basic 

requirements for 

manufactured 

product to be 

acceptable for 

sale to customers 

 

Define the 

criteria / 

assurance 

standards for 

manufactured 

products to meet 

the desired / 

required product 

class 

characteristics – 

based on end-

user 

requirements  

 

Number of 

discrepancies with 

product handling and 

storage policies and 

procedures 

 

Number of service calls 

or amount of follow-up 

service required by 

customers 

 

Number or rate of 

customer returns 

 

Number or rate of 

defects 

 

Defects per Hundred 

Units (DHU) 

 

Percentage Defect level 

(%) 

 

Percentage of products 

in compliance (%) 
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To be aligned to end-

user requirements and 

product characteristics  

Energy 

Consumption  

(Machine Level) 

 

The total amount 

of energy 

consumed per 

machine 

Assess energy 

usage for 

induvial 

machines and 

systems for 

manufacturing 

units.  

 

Mega Joules (MJ) per 

Metric ton (MT) of 

saleable Products 

 

MJ per 1000 units of 

saleable product 

 

System performance – 

MJ per time, period 

(e.g. day, week, month 

or quarter) 

 

Energy cost index (ECI) 

 

Source Energy use 

(SEU) 

 

Rapid start up 

time of 

production 

 

The time 

required to setup 

up manufacturing 

line  

 

Assess the time 

manufacturing 

line requires to 

set up 

 

Time to start production  

 

To be set by end-user 

requirements for 

manufacturing 

operations  

 

 

 

Rapid 

Reconfiguration 

of the line  

 

The time 

required to 

reconfigure the 

manufacturing 

line. Setting new 

machine 

combinations and 

/ or product 

outputs  

 

Assess the 

number of 

possible number 

of configurations 

and the 

reconfiguration 

time required to 

alter 

manufacturing 

line and / or 

product output  

 

Cycle time: Changeover 

 

Flexible Manufacturing 

equipment rate   

 

Classification of number 

of configurations  

[17]Versus time to 

change over  

Dynamic Cycle Time 

[18] 

 

 

 

Share ability of 

information on 

the cloud  

 

The ease, speed 

and extent 

information is 

shareable 

between systems 

without loss of 

fidelity  

 

Assessing the 

cloud network’s 

ability to 

download, 

upload and share 

data between 

connected 

machines and 

systems 

 

Round Trip Time: Time 

for a data package to 

travel from sender to 

receiver and back [19] 

 

Response Time: Time 

taken for a full request 

(inc; data travel and 

processing time) 
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Packet Loss: the % of 

lost packets in the total 

of transmissions  

 

Through put: Number of 

transmitted data bytes 

(MB or GB) per time 

unit (Seconds) 

 

Latency; Time interval 

between submitting 

packet and arrival  

 

Jitter: the difference in 

latency of packet 

assessed via the 

average / minimum / 

maximum run times.  

 

Traceability of 

Production 

(Work in 

progress) 

 

 

 

The ability to 

track and trace 

each component 

that comprises 

the product 

throughout the 

manufacturing 

operation  

 

(only within 

single site or 

multi-site e.g. 

end to end?) 

 

Understanding 

the technology 

required to 

perform the 

desired track and 

trace operations.  

 

Assessment of 

technology 

preference: 

Direct part 

marking (laser 

etching, dot 

peen, chemical 

edging or 

stamping within 

manufacturing 

process) 

1D or 2D bars 

codes  

RFID systems  

 

% of product traceable 

within production 

system – Calculated by 

dividing the total 

number of products 

processed through 

manufacturing systems 

that are traceable 

versus the total number 

of products produced 

within a given period. 

(KPI technology 

dependant) 

 

Work In Progress 

(WIPs) Turns   

 

 

 

Highly flexible 

manufacturing 

area  

 

The ability for the 

manufacturing 

system to react 

to predicated or 

unpredicted 

changes. 

Covering 

categories of 

machine 

flexibility, 

product 

flexibility, 

operation 

(tooling & 

 

Assess and 

understand the 

speed and 

adaptability of 

the Flexible 

manufacturing 

line  

 

Time to change 

machine/product/tooling 

 

Number of materials 

suitable for 

manufacturing line 

 

Number of Product 

outputs possible 
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changeover) and 

material type & 

quantity. 

 

 

Easy 

integration of 

machines 

 

 

The ease and 

speed machines 

can be integrated 

into 

manufacturing 

operations.  

 

 

Assess and 

understand the 

speed machines 

can be 

integrated within 

manufacturing 

operations 

 

 

Time to integrate 

machine (plug and play) 

 

Labour time to install 

machine and adapt line 

 

Maintenance time 

required to facilitate 

plug and play   

 

Real-time data  

 

Data that is 

delivered 

immediately after 

collection.  

 

Assess real-time 

data connectivity 

of the cloud 

system and 

ability to develop 

visualisation of 

data sets / 

graphical user 

interface (GUI) 

 

% of missed data nodes 

collected and visualised 

 

Time delay for data 

collection from data 

nodes  

 

Real-time 

machine 

capabilities  

 

Real-time 

control systems 

(RCS) for 

robotics 

 

The control 

systems required 

to generate real-

time responses 

from connected 

machines 

incorporating the 

timing, 

dimensionality, 

computational 

capabilities and 

system 

bandwidth.  

 

Assess the ability 

for the robotic 

systems to take 

and action 

commands within 

real-time 

 

Time/speed taken to 

action command  

 

Number of successful 

real-time commands 

actioned per 

demonstrator 

 

 

    Table 2 : KPI Description Table 

To measure the KPI the format below is to be used on each demonstrator. 

 ID: Considers the Use case main goal that must be reached to achieve the main 

Use Case purpose through openMOS project; 

 Issues: Describes the use case current issues that could be improved within 

openMOS project.  

 Process: and Stakeholders: Considers the processes and the stakeholders 

that are affected by the mentioned issues; 

 TRL: Technology Readiness Level which each KPI will be demonstrated. 
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ID Issues Process Stakeholder TRL 

     

     

     

     

 

Please see the following image as an example. The Figure 36 is used to aggregate 

the KPIs per each TRL level, in a first approach, in each demonstrator 

KPI & TRL Scoring 

 

Figure 36: Pre-Demonstrator model 

To score the KPIs and TRL, this is achieved by physical measurement on each of the 

demonstrators. Where a demonstrator is currently not available, the legacy system capabilities 

are attributed as KPIs. For example, SenseAir currently have a manual system and the 

demonstrator will form part of the new semi-automated production area. This system is being 

designed to have product variance and volume variability. As no current system exists it is not 

possible to score KPIs. In this case, we will use the desired outcome as a benchmark, consider 

similar systems and applications, as there are no historical data records available. 

The units of measurement in the quantitative KPIs are kept constant for all the demonstrators 

and the Table 2 highlights each unit of measure. The records from this process will be captured 

to collect historical data for the KPI measurement ranges that will be defined as peak 

performance from the start of WP6. As an example, Electrolux will be balancing their production 

facilities using a scale of 80-120 and the chosen efficiency is 87, this scale is used at other 

demonstrators with the exact same scale and efficiency level. This will enable the total openMOS 

system in WP7 to operate with unit measures that are collected and normalised for direct 

comparison. 

On completion of the current state demonstrators in WP7, data collected will then be compared 

to the final demonstrators which have had openMOS technology applied to them. The data 

collected in WP6 can then be linked for final evaluation of success. 
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TRL Results 

For the assessment of the demonstrators, the Technology Readiness Level (TRL) framework has 

been used. This is prior to openMOS implementation and after WP7 this will be carried out again 

to support and understand the capabilities of the new systems. As an objective of the EU H2020 

it is vital that we show the research has been implemented to improve the Factory of the Future 

FoF standards. This activity will mitigate the risk of the demonstrators not following step by step 

improvements.  

In the meeting in Bramboden, Switzerland the consortium discussed the TRLs of each 

demonstrator in its current state and scored them. Each score was scrutinised and a collective 

decision was made on the final score. The current state is without the openMOS elements being 

added to them.  

All the scores are relevant to the AS-IS models described in the initial chapters of this document. 

Figure 37 shows these TRL Scores. This will be re-evaluated at the end of the project to assess 

the TRLs after implementation.  

 

Figure 37: As-Is Technology Readiness Levels of the demonstrators  
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Concluding Remarks 
 

In this report, we identified the demonstrators for each of the chosen partners. The 

five demonstrators were critically evaluated and important elements have been 

disclosed. As an output, each element has been documented in the body of the report. 

Partners have shared what each use case will contribute to openMOS and aim to 

prove during the next phases of development. 

The demonstrators will be completed or fully built in the remaining duration of the 

project. Use cases to be implemented with openMOS technology have been studied 

and agreed for current TRL aimed at their perspective production environments. The 

end-users have supplied factual industry needs and requirements from the system. 

The development of the openMOS framework will be in line with their current and 

future strategies. 

In addition to this, the human interfaces and how the system will interact graphically 

has been considered. This is coupled with key features from the system and user 

requirements, which are identified as the KPI in this report. The KPIs from individual 

demonstrators will validate the performance of the As-Is model, and follow the 

development journey to the To-Be status, by the end of the project.  

In a follow, up stage to this deliverable, the KPIs will be an indicator of the success 

of the implementation. As a separate element, the TRLs will be assessed in WP6 and 

documented for future recall after WP7. 

The key finding during this deliverable has been the production methods 

complexities, and how these cannot be compared with one another. Every use case 

requires its own legacy or comparable functioning example.  
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Appendix A 
 

Introsys demonstrator process flow ‘As-Is’ 
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Introsys demonstrator process flow ‘To-Be’ 
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Appendix B- Ford RTV Process Flow 

 

 

Appendix C – Demonstrator Poster 
 

The demonstrators collectively connected to the openMOS cloud and showing how each 

demonstrator will interact on 3 levels: 

 Machine 

 PLC 

 Data 
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Appendix D – SenseAir S10 and Process Flow 
 

 

 

 

 

 

 

 

 

 

 

Process Flow 

 

 

• Product for demonstrator, SenseAir’s new S10 CO2 sensor 
• Consists of one PCB, one tube, two mirrors and a filter 
• Design under development (e.g. grip for automation, etc.) 
• Possibly different product variants (e.g. different PCB, longer tube) 


