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1 Introduction 

 

The D3.4 “Initial Virtual Processindustries ResourcesAdaptation” collects the initial specification of the virtual 

process industries resources connector along with the description of the environment infrastructure, in both 

pilot sites, and the initial architecture and modules. 

This document provides the description of the fundamentals of the connector components for the ramp-up 

phase of the MONSOON project and an overview of the role that the components will cover in the final 

framework. Indeed the project starts with a phase called „ramp-up‟ in which the focus isto quickly define 

initialscenarios and set-up the minimal infrastructure to allow data-drivenactivities to start withinthe firstyear 

of the project. To this aim, the prototype component described in this document implements the simple 

connection between machine and the storage part. 

 

1.1 Scope 

 

In this deliverable are documentedthe results generated by Work Package 3 “Real-time Plant Operations 

Platform” with respect to Task 3.2 “Virtual ProcessIndustries ResourcesAdaptation”. In particular, it describes 

the initial Virtual ProcessIndustries Resources Adapter(VPIRA) prototype, the study of the plants 

infrastructureand the technologies needed. 

The final goal of this component is to guarantee that:  

 all heterogeneous process industries systems can be easily accessed and managed via dedicated 

connectors; 

 semantic annotation of managed process industry resources can be mapped towards a set of “Virtual 

Process Industries Resources” represented through common models 

Two official updates of this document are foreseen in the project plan: the next document will describe the 

improvements of the component with respect to the project platform, while the last document will present 

the final and consolidated version of the component integrated in the MONSOON platform. 

 

1.2 Related documents 

 

ID Title Reference Version Date 

[RD.1]  
Grant Agreement-723650-

MONSOON 
723650 final 24/06/2016 

[RD.2]  
D3.1 – Initial Real Time 

Communication Framework 
-- final 31/12/2016 
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2 Role of the virtual process industries resource connector 

The MONSOON vision is to provide Process Industries with dependable tools to help improve in the efficient 

use and re-use of raw resources and energy.  

MONSOON aims to establish a data-driven methodology supporting the exploitation of optimization 

potentials by applying multi-scale model based predictive controls in production processes.  

MONSOON features harmonized site-wide dynamic models and builds upon the concept of the cross-

sectorial data lab, a collaborative environment where high amounts of data from multiple sites are collected 

and processed in a scalable way. The data lab enables multidisciplinary collaboration of experts allowing 

teams to jointly model, develop and evaluate distributed controls in rapid and cost-effective way. Further 

details about the MONSOON project and architecture can be found in [RD.1]. 

Indeed, for the purpose of this document, it is important to highlight two main parts of the MONSOON 

framework: the “Real Time Data Integration and Control” and the “Cross Sectorial Data Lab”. These 

components are colored in green in Figure 1.   

 

 

Figure 1 – MONSOON Conceptual Architecture 

The VPIRAdescribed in this document is part of the IT infrastructure for “Real-Time Data Integration and 

Control”, i.e., “Real-Time Plant Operations Platform”.  In a highlevel view, this platform is in charge to (a) 

communicate with the heterogeneous existing systems already used in process industries, (b) support data 

collection, storage, and interaction with theprocess industry systems respecting required real-time / 

dependability constraints and under the assumed dataintensiveconditions. The relevant information acquired 

from the plant is communicated to the “Cross Sectorial Data Lab”. To this aim, VPIRA is a dedicated software 

layer that offers a set of connectors ensuring that all heterogeneousprocess industries systems can be easily 

accessed and managed. Such layer also eases semantic annotation ofmanaged process industries resources 

in such a way that they can be properly mapped towards a set of “VirtualProcess Industries Resources” 

represented through common models. 

The red box in Figure 1 highlights the VPIRA in the initial MONSOON conceptual architecture. 
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3 Environment System Specification 

MONSOON framework will be developed and evaluated in two different sites:aluminium and plastic plants. In 

the following subsections, the two environments are described. 

3.1 AluminiumDomain 

The aluminium scenario will focus on predictive functions on carbon sectortargeting early detection of 

anomalies and identification of potential optimization gains. Aluminium cases will be implemented in the 

plant with the highest primary aluminium production in the EU-28, namely the AP Dunkerque smelter, 

France. 

The data provider system is the historian PI from OSIsoft
1
.Historian PI is used to archive process data. PI has 

interface with level 2 (SCADA) or level 1 (PLC) system using different protocols.  

OSIsoft also provides interfaces for connecting the historian with external systems.Historian PI is used to 

store all the data concerning the production, i.e.: 

 Events 

 Sensor values 

 Calculated data 

 Indicators 

A general description of these data is provided in Table 1 (a more specific description of the involved 

variables is not provided, as the use cases have been not fully defined yet). 

Table 1–Examples of data stored in PI during the anode production process in a baking furnace 

Data Definition Examples 

Event A production step or an advance in a 

process. 

An event is created every time that an anode is 

produced.  

The event contains also the specific features of 

the anode. 

Sensor value A raw data that has been collected 

from sensors and has not been 

processed for their use. 

The output flow rate. 

The machine operational state. 

The anode paste temperature. 

Calculated data A data transformed by calculating 

operations in order to translate it into a 

uniform structure for combining, 

comparing, contextualizing and 

leveraging information. 

The number of anodes produced in a shift. 

The average weight of anodes produced in a 

shift. 

Indicator An indicator is a quantified data that 

expresses effectiveness and/or 

efficiency of a whole or a part of a 

system. 

 It is a data set. The data can be raw or 

calculated. 

The energy consumption of the baking furnace. 

 

                                                
1
http://www.osisoft.com/pi-system/ 
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3.1.1 Data available on the field  

3.1.1.1 Data families 

Data provided by the historian PI are under the form of raw data. A raw data is composed of 3 elements: 

 Value 

 Date 

 Status (Good or bad)  

1. A bad status on a raw data means that the value associated should not be taken into 

account. 

 

Raw data can be grouped into two data families: 

 Raw data 

 Raw data with dependent status 

 

Table 2–Examples of raw data by family during the anode production process in a baking furnace 

Family Definition Examples 

Raw Data 
Data which does not need to be 

processed to be used 
The anode paste temperature. 

Raw data with 

dependent 

status 

Data with a status that is conditioned 

by the value of other data. 

The delta pressure of a filter is set to „bad‟ when 

the filter is down. The state of the filter is 

indicated by the value of the running bit of the 

filter. 

 

3.1.1.2 Data value types 

The data value types available in PI are the following: 

Table 3–PI data value types 

Data value type Use for 

Digital Points with values limited to one of several discrete states such as ON/OFF. 

Float16 Floating point values, scaled. The accuracy is one part in 32767. 

Float32 Single-precision floating-point values (IEEE floating points). 

Float64 Double-precision floating-point values (IEEE floating points). 

Int16 Points with integer values between 0 and 32767 (15-bit unsigned integers). 

Int32 Points with integer values between -2147450880 and 2147483647 (32-bit 

signed integers). 

String String of up to 976 characters. 

Timestamp Any time/date in the range 1-jan-1970 to 1-Jan-2038 Universal Time (UTC). 
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3.1.1.3 Data status 

The data status provided by the historian can be the following:  

Table 4 –Status value 

Status value Meaning 

0 Bad 

1 Good 

2 Uncertain 

-2147483648 Undefined 

 

3.1.1.4 Getting data from PI 

The exhaustive list of exchanges between PI connector and the Historian is called a service contract. It defines 

all the exchange functionalities required by the PI connector.  

The structure of theexchanged data is called data contract. This is the set of input and output data 

structures.The data contract is based on one or several tags. Indeed in PI, each different datapoint is known 

as a PI tag.  

A PI tag holds a single value over time (ex. a flowrate, a valve position). If an instrument emits multiple 

attributes (ex. process value, setpoint, alarm state, upper limit), each of these attributes would be stored in its 

own PI tag. 

3.1.1.4.1 The elementary reading functions 

Several elementary functions are available to read data on historian depending to the needs of the project: 

 Reading the current value of a tag 

 Reading the value of a tag on a given date 

 Reading the history of a tag between 2 dates 

 Reading the current value of a set of tags 

 Reading the current value of a set of tags on a given date 

 Reading history of a tag set between 2 dates 

 

The value can be of any type defined in the chapter 3.1.1.2 Data value types. 
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Table 5–Elementary read function interfaces 

Read function Input data Output data: 

 

Reading the current value of a tag Tag name Tag name 

 Current value 

Date of current value 

Status of data provided by the historian 

Reading the value of a tag on a 

given date 

 

Tag name Tag name 

Date Value of the last change before the given date 

 Date of last change before the given date 

Status of data provided by the historian 

Reading the history of a tag 

between 2 dates 

 

Tag name 

 

Collection of data including structure: 

 Tag name 

 Value 

 Value Date 

 Status of data provided by the historian 

Start date 

End date 

Reading the current value of a set 

of tags 

Collection of data 

including structure: 

 Tag name 

Collection of data including structure: 

 Tag name 

 Current value 

 Date of current value 

 Status of data provided by the historian 

Reading the current value of a set 

of tags 

Collection of data 

including structure: 

 Tag name 

 Date 

Collection of data including structure: 

 Tag name 

 Value of the last change before the given 

date 

 Date of last change before the given date 

 Status of data provided by the historian 

Reading history of a tag set 

between 2 dates 

 

Collection of data 

including structure: 

 Tag name 

 Start date 

 End date 

Collection of data including structure: 

 Tag name 

 Value 

 Value Date 

 Status of data provided by the historian 
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3.1.1.4.2 The advanced reading functions  

PI defined also some more advanced functions for reading data in PI. They are based on the elementary 

functions. They can be used by the connector for collecting the needed data. 

The value can be of any type defined in the chapter 3.1.1.2 Data value types. 

Table 6– Advancedread function interfaces 

Read function Input data Available 

pooling 

mode 

Available pooling mode 

description 

Periodic scrolling of value 

changes in a set of tags 

 

Configure tags in the 

XML file configuration 0 

Specific treatment launch if: 

 Tag value changes to 0 

 And its status is "good" 

1 

Specific treatment launch if: 

 Tag value changes to 1 

 And its status is "good” 

2 

Specific treatment launch if: 

 The value of the tag changes 

 And its status is "good" 

3 

Specific treatment launch if: 

 The value of the tag changes 

 And whatever its status 

4 

Specific treatment launch if: 

 The value of the tag changes 

 Or the value of its status 

changes 

 

 

 

3.2 Plastic Domain 

The plastic scenario will focus on fusing data from data-intensive in-mold sensors with information from 

higher SCADA levels, enabling early and precise identification of potential issues. This use case will be 

implemented in the GLN plant in Maceira-Leiria.A high level of the embedded existing environment in Plastic 

site is shown in [RD.2] 

 

3.2.1 Sensors 

As part of the MONSOON project, the injection molding process is recorded and evaluated so that a suitable 

test environment must be established. Pressure sensors are positioned at different points of the injection 

molding machine and in the injection mold used. In addition, the refrigerant can be monitored to document 

its heating and flow rate to detect problems such as clogging or uncontrolled heating. 

Figure 2shows the injection molding machine as a "black box". The model of the "black box" is derived from 

the design system [PBF+07, Ehr07] and is used for the abstract representation of input and output variables 
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in systems. The structure of the system is irrelevant. The input andoutput variables are the material, energy 

and signals that are converted in the "black box" system. 

The injection molding machine converts the plastic granulate into plastic components by means of electrical 

energy. The usedmeasuringtechnology provides information on the respective injection molding process. 

Four pressure sensors are used to determine the pressure and pressure losses during the injection molding 

cycle. The temperature of the cooling medium is detected by four temperature sensors. These are each 

positioned at the inlet and outlet of the cooling circuits in the ejector and nozzle sides. A volumetric flow 

sensor is additionally positioned at the inputs to both cooling circuits in order to determine the flow rate of 

the cooling medium. This value is especially needed for the subsequent injection. 

 

 

Figure 2 – Injection Molding Machine as “Black box” 

Furthermore, there are various specific sensors and actuators that can be integrated into an injection molding 

machine and define the injection molding cycle better.  

The following sections deal with the types and measuring principles of the necessary sensors which can be 

implemented at GLN. Actually, there are no sensors implemented at GLN. 

 

3.2.1.1 Pressure sensors 

The measurement of pressure in the area of injection molding is exclusively electrical, since the pressure can 

be very large (several thousand bar) and change very quickly in time. In this area, spring-elastic manometers 

or liquid manometers are unsuitable. Furthermore, the evaluation of electrical pressure measuring devices 

(pressure sensors) can be more easily automated, so that the evaluation can be computer-assisted. As a rule, 

the measuring principle is based on the pressure-induced change in shape or path of a measuring element 

(for example a membrane or a bending beam). This is converted into an electrical voltage and passed on 

[BE08].  

Today‟s state of the art is the use of piezoelectric[i.e. Url15a, Url15b, MSL08] and piezo-resistive sensors 

[Url15a, Sch12, Wei10] as well as sensors of strain gauges [i.e. Ros11, NN13, SK06] for measuring the melt 

pressure in the injection molding process. 

An ohmic resistance is generally described by Equation(eq.1). The change in resistance dR is the measuring 

effect of the pressure sensor which occurs as a result of a deformation of the resistor. This effect was first 

described by Bridgman.[Bri22, Bri25] 

𝑅 = 𝜌 ∙
𝑙

𝐴
 (eq.1) 

  R Ohmic resistance   [Ω] 

  ρ Specific resistance  [Ω m] 

  l Length of the resistor  [m] 

  A Cross section of the resistor  [m²] 

 

The deformation of the cross-section and the length is used in strain gauges. The actual piezo-resistive effect, 

however, describes the change in resistivity, which is strong enough for various semiconductors (silicon, 

germanium and gallium) to be measured by measurement technology[Url15c, Neb00]. This is proportional to 

the measuring pressure. The corresponding measuring elements are then connected in bridges in order to 

eliminate the temperature dependence. The interconnected measuring elements can be glued or vaporized 
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onto membranes or bending bales. In this way, small pressure sensors with a high long-term stability and 

good measuring accuracy can be produced[BE08]. Piezo-resistive pressure sensors (Figure 3) are particularly 

suitable for use in the screw antechamber in the machine nozzle, due to the long-term stability and robust 

design. 

 

 

Figure 3 – Piezo-resistive pressure and temperature sensor of Kistler Company [Url15h] 

 

In the case of piezoelectric sensors, the electrical charging of crystal surfaces, the piezoelectric effect, is used. 

This measuring principle has been described by Paul-Jacques and Pierre Curie. A force which acts on a 

piezoelectric crystal (for example of quartz, tumalin or barium nitrate) causes a displacement of the atoms in 

the crystal lattice, which leads to charge balancing[Neb00]. This is converted into a proportional voltage by 

means of amplifiers. The piezoelectric crystal must be well insulated so that the charge can be measured. The 

measuring principle is particularly suitable for measuring rapid pressure changes since a small outflow of the 

theoretically constant charge is always present. The very small installation space is advantageous[BE08]. 

Therefore, piezoelectric sensors are usually used in the injection mold[Bad06]. 

Indirect pressure measurement is also possible, in which the deformation (elongation) of individual 

components such as the machine nozzle[BHH11] is measured. Another possibility is the use of measuring 

anchors[BKS07]. However, these measurements are always more inaccurate than the direct measurement of 

the melt pressure, since during the transfer of the pressure through the area of the machine nozzle or the 

measuring dowel, which acts as a membrane, losses always occur, the long-term stability cannot be 

estimated.  

Rather, the measurement of the melt pressure is also carried out via fiber optic sensors[BSSD09]. The light 

from aLED is directed to a mirror using glass fibers. By the pressure, the mirror is minimally deformed so that 

less light is reflected. The drop in the light deflection is registered by an optoelectronic evaluation unit and 

converted into a pressure[Brö00]. It is advantageous that no mechanical transmission of the pressure to a 

measuring diaphragm is necessary and that the measuring principle is not influenced by electric or magnetic 

fields[Url15d]. 

However, other pressure sensors such as capacitive, inductive and frequency-analog pressure sensors or 

pressure sensors with a Hall element are not used since they do not withstand the high process 

temperatures. In addition, inductive pressure sensors require a relatively large installation space. Capacitive 

pressure sensors require constant ambient conditions since, for example, the dielectric constant changes 

when contaminants occur[BHH11]. 

Piezoelectric pressure sensors will beused during following injection molding tests, executed at GLN. In the 

injection molds piezoelectric pressure sensors are used. In the field of injection molding tools, the compact 

design of the piezoelectric pressure sensors is particularly advantageous. The disadvantage that the charges 

flow off over a long period of time can be counteracted by the use of well isolated measuring amplifiers. 

 

3.2.1.2 Temperature sensors 

In general, thermocouples or resistance thermometers are used to monitor the cooling medium in the 

injection molding process.[Hüf09] 

A resistance thermometer uses the change in resistance as a function of the temperature. This occurs mainly 

in the case of metals and semiconductors[Str04]. A commonly used resistance thermometer consists of 

platinum and has an electrical resistance of 100 Ω at 0 ° C (Pt100). The resistance thermometers with a 
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platinum measuring resistor have good long-term stability and are suitable for measurements from -250 ° C 

to 850 ° C[Str04]. In this range the function of the resistance follows the temperature of a quadratic function. 

In other resistance thermometers, nickel is used (e.g., Ni100). 

Thermocouples have established themselves alongside resistance thermometers. These use the effect that 

small currents flow between two conductors of different materials when their one connection point is 

exposed to the temperature to be measured and the other connection point is exposed to a known 

comparison temperature. This effect was already described in 1821 by Thomas Seebeck. The measuring 

range of thermocouples is between -200 ° C and 2,000 ° C[Str04]. Due to their comparatively short response 

times of a few milliseconds, their robust and very small design (in some cases, wire diameters of 0.25 mm are 

possible), thermocouples are used mainly in the cavity of injection molds and in the tool wall near the 

cavity[Liu14]. 

In addition, there are many other principles to measure the temperature, such as touch thermometers, 

infrared thermometers, quartz thermometers and noise thermometers. However, these are not used for the 

temperature measurement of the cooling medium in the injection molding process[Huh06, Str04]. 

 

3.2.1.3 Volumetric flow sensors 

The determination of the flow in the form of a volumetric flow is one of the most important tasks in the field 

of process engineering[Str04]. The great importance is reflected by the many different measuring methods 

used in practice[Ama14]. At this point, therefore, only the measurement methods relevant for the injection 

molding process will be discussed. In the injection molding process, impeller sensors (impeller blowers) are 

usually used to determine the coolant volume flow. If the determination of the coolant volume flow without 

moving parts is necessary, magnetic-inductive sensors or ultrasonic sensors are used for flow 

measurement[Hüf09]. 

Ultrasonic flowmeters use the variation of an acoustic signal in a flowing fluid[BE08]. Various measurement  

principles can be used, in which the transmitter and the receiver are mutuallyoffset, so that the ultrasound 

runs obliquely through the tube that is passed through. On the one hand, it is possible to measure the 

running time that the ultrasound requires when passing through the tube. The running time method utilizes 

the effect that the flow velocity of the fluid increases the sound velocity of the fluid when the sound waves 

have a velocity component in the direction of flow and reduces the sound velocity of the fluid when the 

sound waves have a velocity component opposite toflow direction. The flow velocity can then be calculated 

from the two running times. On the other hand, the flow velocity can be determined with crossed ultrasound 

paths by so-called bounce sequences. In this case, a receiver triggers a bang at the opposite transmitter 

when receiving a bang. Since a burst sequence in the direction of flow and one runs counter to the flow 

direction, a frequency difference occurs in the pop frequencies of the two transmitters. The difference of the 

pop frequencies is proportional to the flow velocity [BE08, Str04]. 

Ultrasonic flowmeters measure the flow velocity.Density, pressure, temperature, and viscosity have no 

influence on the measurement principle. However, if the viscosity exceeds 10 mPa s, the ultrasonic waves are 

attenuated. If too many inhomogeneities (particles or gas bubbles, content> 1 vol.%) are present, the 

ultrasonic waves are scattered so that the measuring accuracy decreases or the signal breaks[Str04]. 

Magnetic-inductive flowmeters are mainly used when larger solids are contained in the cooling medium 

(contamination), which can block a constriction of the flow cross-section. In addition, the measurement 

produces only a small additional pressure loss. The separation of moving charges in a magnetic field is used 

as a measuring principle[BE08]. The fluid to be measured flows through a tube of nonmagnetic material 

which is electrically insulated. A magnetic field is applied perpendicularly to the direction of flow so that the 

charged particles present in the fluid are deflected. High-ohmic electromotive forces are generated, which 

generate an electrical voltage across the electrodes in the flow cross-section. This voltage is proportional to 

the mean flow velocity of the fluid. The magneto-inductive flow measurement is independent of the electrical 

conductivity of the fluid. The prerequisite is that the fluid has an electrical conductivity> 1 μS / cm [BE08, 

Str04]. Tapwater has electrical conductivities between 50 and 500 μS / cm[Url15f], so that it can be used for 

magneto-inductive measurements. In addition, the measurement is independent of the density or viscosity of 
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the fluid and does not impose any particular requirements on the inlet and outlet from the measuring range. 

A disadvantage is the requirement that the flow cross-section must be completely filled and does not contain 

gas bubbles. In this case, the flow velocity is measured correctly, but the volume flow is calculated incorrectly. 

Furthermore, care must be taken to ensure that deposits do not form in the area of the electrodes, since 

these can strongly distort the measuring result by interrupting the circuit (insulating deposits) or short-

circuiting (electrically conductive deposits)[Str04]. 

Impeller sensors require turbulent flow to ensure accurate measurement. The fluid flows axially into a 

concentric low-mass turbine and causes it to rotate. The turbine vanes have a sufficient magnetic 

conductivity so that they generate an electrical pulse when they pass the pulse pickup[Str04]. A pulse sensor, 

which counts the pulses, serves as a pulse pickup. These are then assigned to a defined volume. Since the 

magnetic field must act through the tube wall, this is usually made of stainless, non-magnetically conductive 

steel. The turbine blades are made of tungsten carbide to increase the service life. Sapphire is used as a 

bearing material to minimize friction. Since inlet faults falsify the measurement, an inlet and outlet section 

(approx. 20 x Diameter of the cooling channel [PKP14]) must be provided in front of and behind the impeller 

sensor. Small solid particles (<0.5 mm) can be present in the flow medium. 

 

3.2.2 Available data acquisition control systems 

Nearly every injection molding machine provides data storage and a possibility to control the injection 

molding cycle. Mainly these systems are not able to implement self-learning algorithms or to make any 

changes in the machine software. At GLN there is no data acquisition control system available yet.  

 

3.2.2.1 Kistler ComoNeo 

The Kistler Group is one of the world's leading manufacturers of sensors and systems for measuring pressure, 

force, torque and acceleration.OPC-UA in ComoNeo also makes it possible to implement Multi-Flow control 

as an entirely standalone solution, without anadditionalPC. The benefit: significantly less effort is required 

forthe entire setup process.Another new feature for ComoNeo: online quality prediction isintegrated directly 

in the system, so the full bandwidth of cavitypressure monitoring methods is available – from monitoringof 

process fluctuations and manual or automated EO monitoring(with the EO Assistant) to online quality 

prediction(with DoE). This is a high-end solution for direct calculation andevaluation of part characteristics.In 

a nutshell: by adding these new features to ComoNeo andComoDataCenter,Kistler is paving the way for yet 

more futureimprovements to product quality and cost-efficiency in injectionmolding production. 

 

3.2.2.2 Priamus Fillcontrol 

Fillcontrol is a modular quality management system for the injection molding process and consists of several 

independent software modules. 

Fillcontrol Monitor serves as basis appliance for process monitoring and can be combined both individually 

or however together with other appliances.Fillcontrol Monitor is precondition for superior control appliances, 

since a controlled process hasalways to be monitored. 

Fillcontrol monitors the viscosity directly inside of the mold by means of a cavity pressure and a cavity 

temperature sensor, since a measurement of the viscosity in the machine allows no conclusion to meld flow 

in the cavity. 

Fillcontrol Switch generates real time switching signals when the melt front is detected and allows atargeted 

process control depending on the flow process. As soon as the melt in the cavity reaches the positionof a 

cavity pressure sensor or a cavity temperature sensor, a switching signal is generated and used forthe 

relevant switching operation according to the application. 

Fillcontrol controls the melt flow in hotrunner molds by determining the fill times automatically and adjusting 

the hotrunner nozzle temperatures accordingly. 



 Model based control framework for Site-wide OptimizatiON of data-intensive processes 

 

Deliverable nr. 

Deliverable Title 

Version 

D3.4 

Initial Virtual Process Industries Resources Adaptation 

0.10 - 31/01/2017 

Page 15 of 39 

 

The quality of a molded part results from the melt flow, the compression and the shrinkage. All these 

parameters however must be determined and controlled directly inside the cavity, because only this way the 

process can be kept consistent independent from the machine. Process validation independent from the 

machine is only possible if the properties are determined and influenced uncoupled from the injection 

molding machine. 

 

3.2.2.3 S.I.S.E. Process Monitoring 

SISE data acquisition systems allow continuous control of processes, including detection of incomplete items 

and sequential control by direct or indirect measurement of cavity pressure and temperature. This gives the 

technical staff greater autonomy in machine and tool data acquisition, analysis and interpretation by experts 

and technicians.  

The benefits of SISE PSP solutions  

 Reduced start-up costs 

 Production transfer between sites 

 Reduced process development time 

 Switchover control through machine and/or tool signals 

 More autonomy for data acquisition, analysis and interpretation 

 Incomplete item detection through direct or indirect measurement of cavity pressure 

 

SISE PSP solutions provide:  

 Detection of incomplete items and/or injection molding machine switchover 

 Learning through data collection for better development 

 Process indicator monitoring for enhanced traceability and quality support 

 Process alarm logs 

 Specific applications using multivariate analysis 

 applications related to Sequential Valve Gate Control or MES Cyclades (convergence and data 

storage) 
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4 Integration with the machine 

4.1 Interfaces and Protocols (Aluminium) 

In order to easily access and manage heterogeneous process industry systems, a dedicated software layer 

composed by a set of connectors is implemented. 

These dedicated resource-aware software connectors have to be suitable to: 

 Be a part of the existing process industry systems  

 Allow them to synchronize their key information in real time 

 Integrate these data in the overall site-wide models. These models are composed by a set of inter-

linked standardized virtual resources 

 

Figure 4– Physical architectureon aluminium domain 

 

In the aluminium domain, the synchronization of the key information in real time and their integration in the 

overall site-wide modelsareensuredby the Monsoon PI connector. 

The PI connector role is: 

 For each PI Web service configured: 

o At each configured polling period: 

 To collect values from the tags to monitor 

 To map their values into the standardized virtual model 

 To save these homogeneous values in flat files in the exchange shared directory 

 To check the MCS communication status and alert by email if there is a 

communication problem 

The PI connector is a task that can run on an application server such as a “windows service”. 

The communication between the PI connector and each PI server is done by the PI Web service, the OLE DB 

PI provider, based on the TCP-IP protocol. 

The PI connector and the Web services can be installed on the same server or on a distant one. 

They can run on a MONSOON application server for responsibility area reasons or on a historian PI server. 

The recommendation is to install all the components on a dedicated machine. It is better to have only one 

machine with all MONSOON components. 
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For example, on Figure 4, the PI connector is placed on a specific server and is composed of: 

 A windows service (Virtual process) to get raw data from all PI system. 

 Two Web services: 

o Each web service manages the communication with each PI server A & B. 

4.1.1 The PI connector XML configuration files 

The PI connector is configured by two XML files. 

Table 7– Connector XML configuration files 

File Description 

Providers.xml Contains all the information necessary to collect tag values by PI Web service provider. 

Config.xml Configures the generic information necessary for the export process and monitor process. 

 

4.1.1.1 The providers configuration file 

This XML file details the providers with which the PI connector communicates. It describes all the parameters 

required for collecting tag values by PI Web service provider: 

 The PIcommunication parameters 

 The polling class 

 The indicator list to retrieve (to export or monitor equipment/workshop). 

 

4.1.1.1.1 The PIcommunication parameters 

The parameters necessary to establish communication with PI web service are the following: 

Table 8–PIcommunication parameters 

Parameter Description Type 

Name Provider name String 

URL  URL of the PI Web service String 

Description Provider description String 

 

4.1.1.1.2 The polling class 

This class allows gathering the same polling parameters in a common class. 

Table 9– Polling class 

Parameter Description Type 

Name Class name String 

Description Class description String 

Type The class available types are: 

 The tags are to export 

 The tags are to monitor 

Integer 
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Polling period The polling period for retrieving the class tag values.  

The period is expressed in second. 

Integer 

Polling mode 

 

The polling mode for getting the class tag values. 

This mode is necessary for using the advanced 

reading function “Periodic scrolling of value changes 

in a set of tags”. 

Integer 

 

4.1.1.1.3 The indicator list to retrieve 

The PI connector provides configuration tags for two different functionalities: 

 To get/extract raw data values for data lab platform 

 To monitor MCS communication 

 

Thus, there are two kinds of indicators to configure with common parameters: 

 The indicators that represent the tags for exporting data values in the exchange flat files 

 The indicators that correspond to the tags which their last value is gotten at a regular frequency 

1. If the last value date received is older than the current date minus the threshold alert value, 

an email is sent to inform end users of a communication error 

2. If the error continues, the mail is sent regularly at the specified period 

4.1.1.1.3.1 The indicator common parameters 

Table 10– Indicator common parameters  

Parameter Description Type 

Historian name The tag name in the PI data historian String 

Last checking date The date when the tag was consulted for the last 

time. 

The date is expressed according to the date format 

and time zone that are specified in the configuration 

file. 

The connector updates this parameter value. 

Date 

Last retrieve date  The date when the tag value was last retrieved. 

The date is expressed according to the date format 

and time zone that are specified in the configuration 

file.  

The connector updates this parameter value. 

Date 

 

4.1.1.1.3.2 The indicator to export parameters 

Table 11– Indicator to export parameters  

Parameter Description Type 

Name The indicator name as it appears in the exchange flat 

files. 

It must be unique in the connector. 

String 
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Type The indicator types available in MONSOONexchange 

flat filesare: 

 Enum 

 Integer 

 Double 

 String 

 Datetime 

String 

Unit of measure It is the unit in which the value is expressed. 

It is just configured for an information purpose. 

String 

Output format The output file format available for the 

MONSOONexchange flat filesare: 

 CSV 

 XML 

String 

 

 

4.1.1.1.3.3 The indicator to monitor MCS communication parameters 

Table 12– Indicator to monitor MCS communication parameters  

Parameter Description Type 

Monitoring flow 

name 

It indicates the flow name.  

It permits to precise where there is a communication 

flaw in the alert email. 

String 

Threshold alert It corresponds to the duration after what an alert 

email can be sent.  

The threshold is expressed in second. 

Integer 

Communication 

status  

The available communication status are: 

 0: Error 

 1: Good 

The connector updates this parameter value. 

Integer 

Alert email address 

list name 

Name of the emailaddress list where the alert email 

is sent. 

The email address list is defined in the configuration 

file. 

String 

Last alert email 

sent 

The last date when the alert email was sent. 

The date is expressed according to the date format 

and time zone that are specified in the configuration 

file. 

The connector updates this parameter value. 

Date 

 

 



 Model based control framework for Site-wide OptimizatiON of data-intensive processes 

 

Deliverable nr. 

Deliverable Title 

Version 

D3.4 

Initial Virtual Process Industries Resources Adaptation 

0.10 - 31/01/2017 

Page 20 of 39 

 

4.1.1.2 The generic configuration file 

This XML file describes all the generic information necessary for the export process and monitor process: 

 The formats: 

o Used by homogeneous values stored in the exchange flat files 

o Used in the XML configuration files 

 The exchange flat file parameters, 

 The alert email generic parameters. 

4.1.1.2.1.1 The formats 

Table 13– Formats  

Parameter Description Type 

Date time format The date time format must follow these rules: 

 It is compliant with the ISO 8601 date 

format, 

 It also indicates the time zone. 

This date time format is used by all the date that are 

present in the connector: 

 The homogeneous date time values stored in 

the exchange flat files, 

 The xml configuration files. 

String 

Double format The double format indicates the double display 

format.  

It follows the windows custom numeric format string: 

 "0":  

o The zero placeholder replaces the 

zero with the corresponding digit if 

one is present; otherwise, zero 

appears in the result string. 

 "#":  

o The digit placeholder replaces the 

"#" symbol with the corresponding 

digit if one is present; otherwise, no 

digit appears in the result string. 

 ".":  

o The decimal point determines the 

location of the decimal separator in 

the result string. 

 ",":  

o The group separator and number 

scaling serves as both a group 

separator and a number scaling 

specifier. As a group separator, it 

inserts a localized group separator 

character between each group. As a 

number scaling specifier, it divides a 

number by 1000 for each comma 

String 
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specified. 

Decimal separator The decimal separator determines the decimal 

separator used in the double display. 

String 

 

 

4.1.1.2.1.2 The exchange flat file parameters 

Table 14– Exchange flat file parameters  

Parameter Description Type 

Output path The path where the exchange flat files are stored. 

The path separator is “/”. 

String 

Date ascending 

sort order 

This Boolean indicates if the data exchange flat files 

are sorted by date ascending (1) or descending (0). 

Boolean 

CSV show header This Boolean indicates if the header columns are 

displayed in the CSV type exchange flat files. 

Boolean 

CSV separator The separator used in the CSV type exchange flat 

files. 

String 

Purge file 

threshold 

It corresponds to the duration after which a file is 

deleted.  

The threshold is expressed in weeks. 

Integer 

Purge start time The time of the day when the purge is launched. Time 

4.1.1.2.1.3 The alert email generic parameters 

Table 15– Alert email generic parameters 

Parameter Description Type 

Email list separator The separator used to divide email address in the 

email address lists. 

String 

Alert email address 

list 

The email address list used in monitor MCS 

communication indicator configuration. 

It can be defined as many couple name-list as 

needed by the indicators.  

An email is: 

 An user email 

 A distribution list 

String 

Alert email period The period for sending again an alert email.  

The period is expressed in hours. 

Integer 
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4.1.2 The exchange flat files 

The exchange flat files contain the indicator to export homogeneous values. 

At each configured polling period: 

 For each PI Web service configured: 

o For each indicator specified 

 A file is saved in the configured exchange output path : 

 It contains the homogeneous values gotten for the indicator from the last 

checking date to the polling launch according to the polling mode. 

 It is 

named:<LastCheckingDate>_<IndicatorName>.<OutputFormatExtension>. 

Table 16– Exchange flat file name description 

Name part Description 

<LastCheckingDate> The last date when the tag was consulted.  

It is stored for each provider indicator in the providers 

configuration file. 

The date is expressed according to the date format and time 

zone that are specified in the configuration file. 

<IndicatorName> The indicator name. 

It is stored for each provider indicator in the providers 

configuration file. 

<OutputFormatExtension> The extension corresponding to the output file format. 

The output file format is stored for each provider indicator in the 

providers configuration file. 

 

The file is a list of indicator homogeneous values. 

Table 17– Exchange flat file content 

Attribute Description Type 

Indicator name The indicator name. 

It is stored for each provider indicator in the 

providers configuration file. 

String 

Value The homogeneous value for the indicator at the 

date. 

The value is converted in the indicator types 

available in MONSOON according to the formats 

specified in the configuration file. 

String 

Date value The date value. 

The date must be between the last checking date 

and the polling launch. 

The date is expressed according to the date format 

String 
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and time zone that are specified in the configuration 

file. 

Status The value status. 

The available value statuses are: 

 Good 

 Bad 

 Uncertain 

 Undefined 

String 

Unit of measure The indicator unit of measure.  

It is stored for each provider indicator in the 

providers configuration file. 

String 

 

The file is deleted by the purge if it is created before the purge file threshold specified in the configuration 

file.  

The output file formats available for the exchange flat files are: 

 CSV 

 XML 

4.1.2.1 The CSV exchange flat file 

The CSV exchange flat file extension is “.csv”. 

Each indicator attribute is represented by a column. 

The column separator is the one specifiedin the configuration file.  

The column header contains the attribute name. It is displayed if the CSV show header Boolean is set to “1” in 

the configuration file. 

4.1.2.2 The XML exchange flat file 

The xml exchange flat file extension is “.xml”. 

Each indicator attribute is represented by an indicator value xml element. 

4.1.3 The connector processes 

The PI connector has two main goals: 

 To export the configured homogeneous tag values in flat files in the exchange shared directory 

 To monitor the MCS communication 

4.1.3.1 The export processes 

The export process of the configured homogeneous tag values is composed by the following main steps 

(Figure 5– Get raw data to export from PI): 

 The tags are configured by grouping them per provider and polling period 

 For each PI Web service configured: 

o At each configured polling period:  

 Collect the specified tag values from the Historian PI 
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 Map them into the standardized virtual model 

 Store them in flat files in the exchange shared directory 

 Purge the exchange file when it is configured.  

 

Figure 5– Get raw data to export from PI 

 

The available connector data are listed below: 

Table 18– Connector data to export storage  

Data type Place 

Configuration 

 

The connector is configured by two XML files: 

 providers: 

o Contains all the information necessary to collect tag values by 

PI Web service provider. 

 config: 

o Configures the generic information necessary for the export 

process. 

Dynamic data The flat files are saved flat files in the exchange shared directory. 

Logs The main events that occurred in PI connector are written in the windows event 

logs. 
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4.1.3.1.1 The export process 

The export process is the following: 

 For each PI Web service configured in the xml providers file:  

o For each indicator to export class: 

 At each configured polling period: 

 For each indicator: 

o Use the advanced reading function “Periodic scrolling of value 

changes in a set of tags” in the configured class polling mode for 

getting values for the specified historian tag name from the last 

stored checking date. 

o If there are new values: 

 They are mapped into the indicator types available in 

MONSOON according to the configured type formats: 

Table 19–Data type mapping from PI to MONSOON indicator types 

PI Data value type Indicator type available in 

MONSOON 

Configured formats used for 

mapping 

Digital Enum  

Float16 Double  Double format 

 Decimal separator 

Float32 Double  Double format 

 Decimal separator 

Float64 Double  Double format 

 Decimal separator 

Int16 Integer  

Int32 Integer  

String String  

Timestamp DateTime  Date time format 

 

 The status is also mapped in MONSOON indicator value 

status: 

Table 20–Data type mapping from PI to MONSOON indicator value status 

PI Data value MONSOON indicator value status 

0 Bad 

1 Good 

2 Uncertain 
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-2147483648 Undefined 

 

 They are stored in an exchange flat file: 

 It contains for each value switch the configured 

date ascending sort order: 

o The specified indicator name, 

o The value mapped, 

o The status mapped, 

o The specified unit of measure. 

 It is saved following the specified indicator output 

format, 

  If the output format is CSV, the csv separator and 

the csv header configured parameter are also taken 

into account. 

 It is 

named:<LastCheckingDate>_<IndicatorName>.<O

utputFormatExtension> 

 It is stored the configured exchange output path. 

 The “last retrieve date” in the indicator configuration is 

updated with the last date value. 

o The “last checking date” in the indicator configuration is updated 

with the polling launch date. 

4.1.3.1.2 The purge process 

 

The function is used to remove too old files. 

It consists ineach day in launching the following process at the configured purge start time: 

 Getting all the indicator files where the creation date is older than the configured purge 

threshold. 

 All the retrieve files are deleted. 

4.1.3.2 The MCS communication monitor process 

The MCS communication status is deduced by monitoring the updates of specific tags (“heartbeat” tag). 

The MCS communication monitor process is composed by the following main steps (Figure 6– Get raw data 

to monitor from PI): 

 The tags are configured by grouping them per provider and polling period, 

 For each PI Web service configured: 

o At each configured polling period:  

 Collect the specified tag values from the historian PI,  

 For each indicator: 

 Compare the last retrieving date and the current date. 

 If the difference is greater than the specified thresholdand the indicator 

communication status is “good”: 

o Then the indicator communication status is modified to “bad” and 

an alert email is sent to a predefined email list. 

 Else if the difference is less than the specified threshold and the indicator 

communication status is “bad”: 
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o Then the indicator communication status is modified to “good” and 

a new message is sent to inform the predefined email list that the 

system is running. 

 If the communication still “bad”, the alert email is sent regularly at the configured period. 

 

 

Figure 6– Get raw data to monitor from PI 

 

The available connector data are listed below: 

Table 21– Connector data to export storage  

Data type Place 

Configuration 

 

The connector is configured by two XML files: 

 providers: 

o Contains all the information necessary to collect monitor tag 

values by PI Web service provider. 

 config: 

o Configures the generic information necessary for the monitor 

process. 

Dynamic data An alert is sent by mail in case of status change (from “good” to “bad” and 

from “bad” to “good”). 

Logs The main events that occurred in PI connector are written in the windows event 

logs. 
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4.1.3.2.1 The monitor process details 

The monitor process is the following: 

 For each PI Web service configured in the xml providers file:  

o For each indicator to monitor class: 

 At each configured polling period: 

 For each indicator: 

o Use the advanced reading function “Periodic scrolling of value 

changes in a set of tags” in the configured class polling mode for 

getting values for the specified historian tag name from the last 

stored checking date. 

o Compare the last retrieving date and the current date. 

 If the difference is greater than the specified indicator 

duration thresholdand the indicator communication status 

is “good”: 

 Then the indicator communication status is 

modified to “bad”. 

 A predefined alert email indicating that the 

specified monitoring flow is out is sent to 

theindicator email named list. The email list is 

configured in the generic configuration file. 

 The “last alert email sent” in the indicator 

configuration is updated with the current date. 

 Else if the difference is lessthan the specified indicator 

duration thresholdand the indicator communication status 

is “bad”: 

 Then the indicator communication status is 

modified to “good”. 

 A predefined alert email indicating that the specified 

monitoring flow is running again is sent to theindicator 

email named list.The email list is configured in the generic 

configuration file. 

o The “last checking date” in the indicator configuration is updated 

with the polling launch date. 

 

 At each alert email period:  

o For each indicator to monitor class: 

 For each indicator with a still “bad” communication status: 

o A predefined alert email indicating that the specified monitoring 

flow is out is sent to theindicator email named list. The email list is 

configured in the generic configuration file. 

 

4.2 Interfaces and Protocols (Plastic) 

The standard EUROMAP 63 aims to standardize the central computer interfacesof the injection molding 

machines from different manufacturers and thus facilitatecommunication between these machines.The 

standard describes an interface, the commands and data of which aretransferred by means of files. 

EUROMAP 63 defines the following functions: 
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 Transfer of the setting data to the master computer (upload). 

 Transfer of the setting data to the machine control system (download). 

 Production of reports with set value, actual value and status outputsaccording to freely 

programmable criteria;e.g.: the Cycle time, Melt cushion, Mold cavity pressure measurement 

valuesare to be logged in a report file for each machine cycle. 

 Setting (changing) configuration parameters. 

 

The parameter names of the machine are only partially defined in the standard.Other parameters must be 

treated as manufacturer-specific parameters 

Machine with the EUROMAP 63/SPI option have the following components: 

 Hardware interface 

 10/100 BaseT ETHERNET 

 RJ45 connector 

 Software interface 

 TCP/IP protocol (Transmission Control Protocol/Internet Protocol) 

 FTP protocol (File Transfer Protocol) 

 EUROMAP 63 protocol 

 

The file transfer between the machine control system and the master computertakes place via the Ethernet 

interface (network connection). The machine controlsystem retrieves the data from the Session directory in 

the master computer bymeans of polling. The response files are written directly by the machine 

controlsystem onto the hard disk of the master computer. 

There are two options for the file transfer: 

 FTP server 

 Enabled drive at server computer. 

 

Figure 7 shows an example of the data file retrieved from Euromap63. The table shows the collected data. 

The first column saves the day relating to the injection cycle in the format YYYYMMDD and the second 

column shows the time. The third column defines the cycle number and the other columns save cycle specific 

data. 

 

At GLN plant there are injection molding machines from KraussMaffei machine having following parameters:  

 

Table 22–Parameters of GLN injection molding machine from KraussMaffei 

Description Type 

Clamp Force 280 tonnes 

Plastification unit 700 

Machine Control Version MC5/MC6 

Max. injection pressure 2400 bar 

 

At this machine a data acquisition control system ComoNeo from Kistler will be integrated to collect data 

directly from each injection molding cycle.  
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Figure 7 – Example of data retrieved from Euromap63 
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5 MONSOON VPIRAinitial overview 

 

The initial VPIRA architecture is depicted in Figure 8. 

 

 

Figure 8 – VPIRA initial architecture overview 

As shown in Figure 6, different connectors will provide data to the VPIRA,which will contain two further 

modules in charge to (a) process the data according to the model and (b) send the elaborated data to the 

„BigData Storage‟ and to the „Runtime Container‟. In particular, in VPIRA we can identify the following main 

components: 

Connector:this module aims to retrieve data from the different sources, i.e., the machines in the different 

plants. In the previous sections, interfaces and communication with these machines in the two domains have 

been presented, along with the specification of the PI Connector module used to extract data from the 

Historian PI in thealuminium domain.   

Data Process:after the data has been read from the different sources through the connector, a dedicated 

component is in charge to ensure that raw data can be properly collected, decoded, and enriched with 

required semantic annotationsaccording to the semantic models defined in the „Cross-sectorial DataLab‟. 

Sender:finally, the last component envelops the data processed and feed predictive control functions real-

time container, and the available „Big Data Storage‟ systems.At the time of writing this deliverable the 

„Runtime Container‟ component work has not started yet, then the only communication known for the ramp-

up phase involves the storage. According to WP4 specification, the protocol envisioned for this 

communication is MQTT.   

As stated in Introduction the initial prototype is a software written in OSGi
2
 that reads the filesavailable in a 

folder on a server.An example of such files is shown in Figure 7andpublishes the information written in the 

fileon a MQTT Broker
3
 located on a different server.Such data are passed as MQTT messages, Figure 7. As 

showed in Figure 8, the contents of each row are serialized in a JSONformat and then inserted as payload in a 

message.It is easy to see that the payload of the first message in Figure 8 contains the information of the first 

row in the file in Figure 7. 

                                                
2
https://www.osgi.org/ 

3
https://mosquitto.org/download/ 
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Figure 9- Example of data received 

 

 

Figure 10–Particular of data received: Payload of the first message 

 

{"date":"20161108", 

"time":"15:57:57", 

"count":"0", 

"actCntCyc":"22662", 

"cyc1Para":"22663", 

"string":"20161108,15:57:57,0,22662,22663"} 
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6 Conclusions 

This document describes the specifications of the systems in the aluminium and plastic domains, and 

presents the initial VPIRA component.  This component will have further versions;specifically, it will have two 

official updates that will match with two subsequent versions of this component: 

 D3.5 Updated Virtual Process industries ResourcesAdaptation; 

 D3.6 Final Virtual Process industries ResourcesAdaptation. 
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Appendix A: Aluminium real time infrastructure 

1. The providers configuration file 
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2. The generic configuration file 

 

3. The CSV exchange flat file 
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4. The XML exchange flat file 
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Acronyms 

 

Acronym Explanation 

VPIRA   Virtual ProcessIndustries Resources Adapter 
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