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ABSTRACT

Modelling technical systems nowadays is a great challenge of automation technology. Particular complex manufacturing
processes, like the industrial paper production, consists of discrete and continuous signals and dynamic response times.
Inspired by Petri nets, this paper proposes a new modelling approach is presented to describe those technical systems on
different abstraction layer. The hybrid process net simulator (HPNS) framework allows to specify complex models, typically
represented as a system of differential equations mixed with continuous and discrete-event subsystems, based on a bipartite
graph structure. In addition, the HPNS execute model specifications with dynamic delays.

This paper focuses on the concept and the modelling approach. We give a short review of this new unified representation
model for hybrid technical systems, the presentation of the model formalism is out of scope of this paper. A short summary
about capabilities and restrictions of HPNS is presented. Moreover, examples of hybrid systems are presented.

1 INTRODUCTION

Technical systems are characterized by a variety of different components which imply only a part-specific and heterogeneous
description due to the mechanical, electronic and information-processing subsystems. Hence, the modelling of the entire
system in a closed simulation framework is usually not possible. Hardware/software-cosimulation represents a good example
for this situation: Based on an interface and a synchronization process the simulators for hardware and software subsystems
are coupled without any standardized model view. In particular the automation technology provides no closed model-based
simulation methods for both, neither the process nor the necessary process control.

In this paper we show a strategy to describe complex technical systems consisting of

• Physical processes,
• Chemical processes,
• Mechanical systems,
• Hardware-subsystems,
• Software-subsystems

in a closed model-based simulation environment. Physical, chemical and mechanical subsystems are characterized by
continuous behaviour. Hardware subsystems can be characterized by continuous and discrete behaviour, while software is
characterized by discrete behaviour.
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Before introducing one particular example of such a complex system – the industrial paper manufacturing – in subsection 1.1,
we list the boundary conditions for such a simulation framework, called hybrid process net simulation framework (HPNS).

• The simulation framework is able to handle subsystems described by differential equations.
• The given technical process contains a flow-related behaviour and discrete events.
• Different subsystems are connected by feedback loops and other relations.
• The given technical process consists of continuous and discrete signals.
• Static and dynamic delays and response times are possible.
• The given technical process is very complex; it is composed of thousands of signals, relations between process

subsystems and process states.
• Two different operations-modes have to be supported:

– Offline-analysis
This type of analysis help to understand the process behaviour based on given process data localised in an
archive database. It can be used to rerun process transitions and to replicate certain process states.

– Online-analysis
The HPNS framework is integrated into the technical process to evaluate and to analyze the online available
process data. The objectives, like software-sensoring, process supervision and model-based prediction require
an efficient simulation environment capable of being integrated into the process.

According to these very abstract boundary conditions we can discuss process-related aspects to precise them and to deduce
some additional constraints. We have to analyze later on in subsection 1.2 which requirements have to be taken into account
in this paper and which ones are fulfilled using simplifying assumptions with regard to the given examples in section 5.

Obviously for modelling we imply a hybrid approach, where hybrid means the support of continuous and discrete
signals. Furthermore we need a process model to specify the given process in a standardized and formal description. This
model forms the technical process specification using a new model approach, presented in section 4. Based on a model
simulator an executable process model is available for the online- and offline-analysis. Later on we discuss the whole HPNS
framework and the design process from the technical process up to the executable model. Before refining the requirements
we have to introduce the technical process under consideration, the industrial paper manufacturing. This technical process
is the reference process in the project context where this paper is elaborated in. The model and simulation framework have
been developed to meet all different requirements of this process.

1.1 Specific Problems in Industrial Paper Manufacturing

The pulp and paper industry as one instance for employment is a qualified process according to our requirements listed above
(Viitamäki 2004). There are thousands of continuous and discrete signals describing the behaviour and states of the different
subsystems. Hundreds of control loops and relations are existing in between the subsystems. The dimension of a production
line, which typically has a length of typically more than 200m, is difficult to handle. There are many backpropagations
of state changes and there is almost no separation between the different process steps. Paper manufacturing is in fact a
continuous process with high speed behaviour (production speed up to 35m/s), requiring high performance computation for
process control (Ast 2007). Numerous quality parameters used for control purposes can not be measured at the position on
which the control authority exists. This leads to very high response times in process control loops and is complicating the
stable process control at all.

For this process no detailed model exists enabling for example an evaluation of the process quality. The manufacturing steps
had been developed by empirically over decades. Therefore up to now techniques being able to optimize the manufacturing
process at all, are scarcely or not used. Two of these techniques are soft sensors and model predictive control. Whereas soft
sensors are able to refine the process understanding by a derivation of so called inner process states, the model predictive
control provides a set horizon Nu in which the change of process signals and derived quality parameters are foreseen within
a future period [tk . . . tk+Nu].

1.2 Requirements and Objectives

Based on the above boundary conditions and the reference process presented in subsection 1.1 we now can refine the
requirements for the HPNS framework (Bohlmann and Klinger 2007).
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Figure 2: Simulator Frame

R1: HPNS is able to handle subsystems described by differential equations.
All related processes contain mechanical subsystems have to be described in such a way.

R2: HPNS supports continuous and discrete signals. In greater detail HPNS supports value- and time-discrete and value-
and time-continuous signals.

R3: HPNS allows any process topology therefore all possible feedback and control loops. All possible arithmetic and
logical relation between different process elements are valid in HPNS.

R4: HPNS supports static and dynamic delays (response times).
R5: HPNS is optimized for high performance simulation (Fishwick 1994). This requirement is not taken into account

in the scope of this paper.
R6: HPNS supports two different modes of operation: online- and offline-analysis.

Fitting all these requirements the HPNS framework has the key objective to realize a process model execution for two
operation modes, offline- and online-analysis. Therefore it can be used for several embedded automation scenarios, for
example software-sensoring and model-predictive control.

In the next sections we introduce the HPNS architecture.

2 HPNS ARCHITECTURE

In this section we present the HPNS architecture, depicted in Figure 1. The entities, their characteristics and relations are
described briefly in the following list. Additionally we introduce some terms used in this paper.

• Model Formalism
The model approach covers several formalism describing the subclasses of the given system, like discrete subsystems,
continuous subsystems, etc.. Moreover, it allows to integrate all different subsystems into one formalism. This
is necessary because it is not possible to fit many technical phenomena into one single formalism, like classical
Petri nets. The special formalism describes its elements and their relations based on mathematical definitions. The
process model and the simulator frame are defined according to this formalism. We introduce the model approach
and its characteristics in section 4.

• Process model
The process model describes the technical or manufacturing process by means of the model formalism. It corresponds
to the system specification and takes all subsystems and interfaces of the technical process into consideration. The
abstraction level of the specification is oriented on the knowledge of the technical process and the required accuracy.
It can be available in various abstraction levels. The modelling process transforms a technical process into a process
model that is accomplished using the identification process, localised in the identification frame. The bilateral
relation 5 in Figure 1 shows the dependency. The process model is generated by the identification frame which is
executing an ongoing optimizing during simulation.
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• Simulator Frame
The simulator frame consists of four modules, presented in Figure 2 (Banks et al. 2000; Zeigler, Praehofer, and
Kim 2000; Law and Kelton 2006):

– Interface
The interface manages the communication between the process model, the archive and the base sequences
(relation 1, 2 and 3 in Figure 1 clarify the information flow). Depending on different operation modes, like
online-analysis, offline-analysis and process supervision, different communication modules can be linked to the
simulator execution. The following extendable communication links are implemented:

∗ Base sequence input form XML (extensible markup language) definition file.
∗ Database module for base sequence input or simulation output. Eclipse BIRT (business intelligence and

reporting tools) can be used to provide high quality reports, because the database server used has a ODA
(open data access) interface.

∗ OPC-DA (ole for process controls-data access) DCOM (distributed common object model) interface to
connect standard industrial automation equipment.

∗ File in-/output for comma separated value text file with different formats and scalings.
∗ RPC (remote procedure call) network wrapper for all other communication modules.

– Parser
This component is capable to instantiate and configure all modules and links between them. Two interfaces are
provided for this purpose. First a XML-File parser, which is primary used for testing and to describe online
experiments. Second a API for direct interactions with a simulation run and construction or modification of
models. It is mapped via RPC technique over a network socket to be able to connect to a simulation server
witch is embedded into some process. In addition a graphical editor to interact by this API is available.

– Kernel
The simulation kernel is used to execute a model previously defined. All modules are written in pure java
without special libraries (except the standard JDK). Using its internal object based representation it generates
a discrete event simulation. For each type of event code fragments are dynamically generated, compiled and
loaded into the virtual machine. This method is used to counterbalance the negative performance effects from
the complex modelling formalism (Abel and Bollig 2006). It speeds up the simulation by elimination of unused
parts. Especially all functions used by the model can run in native code without interpretation. With regard to
requirement R2 time continuity is realized by an hierarchical time model using delta cycles. These delta cycles
consume no time in simulation (wall clock time) but time for simulation: This hierarchical time model is used
in well known simulators like SPICE or VHDL.

– Scheduler
The central scheduler component however is static over time. Each event is stores in the heap and ordered by
three hierarchical layers. The highest is preserved for external communication events. For example wallclock
time synchronisation or logging. The next one is used for wallclock time scheduling. Short time events (based
on the configuration) in this layer are stored in a fixed accelerating memory structure. The lowest level provides
a ranking based on dependencies between scheduled event types. All independent events in the lowest layer
could be executed in parallel fashion on a multicore machine.

• Identification Frame
The HPNS framework requires a process model as described above. The identification frame realizes a model design
flow, based on the archive (Relation 4 in Figure 1 the dependency respecting the archive (historical data) and based
on the running manufacturing process (relation 6 in Figure 1 shows the dependency respecting the current data).
Two different operation modes generating the process model are distinguished:

– Pre-modelling
The model is build up step-by-step before the realization of a technical process to optimize the realization
parameters.

– Post-modelling
An existing process will be modeled based on the available process data (archive data). The generating procedure
consists of several preprocessor steps executing a complex data processing.

877



Bohlmann, Klinger and Szczerbicka

Both operation modes are completed by an optimizing procedure evaluating the correspondance in between the
process model, the archive and the technical process. The identification frame is not in the scope of this paper.

• Manufacturing Process
The manufacturing or in more general the technical process is given by the application, in this project for example
the industrial paper manufacturing. The process data are archived in the process database (relation 7 in Figure 1).

As shown in Figure 1, the HPNS framework consists of the entities Process Model, Simulator Frame, Model Formalism and
Base Sequences. The other modules are evaluated and tested during ongoing research and will be published soon.

In the next sections we will first introduce some foundations for modelling.

3 MODEL FOUNDATIONS

To fit the requirements and objectives introduced in section 1 we have to decide for a method or strategy concerning
modelling and simulation. Several tools and frameworks exist, like Matlab/Simulink, Statemate, Speedchart, COSSAP,
SPICE, MIMOLA, etc.. But all these approaches are optimized for a particular type of application, for example for the
design of digital signal processors from a very high-level behavioral specification (MIMOLA) or the rapid prototyping of
systems via Simulink. All these tools and frameworks are not fitting all the given requirements R1 - R6.

Our approach to develop a model-based simulation was inspired by the theory of Petri nets. Petri nets allow formal and
graph-oriented description for system modelling. Systems can be formed by concurrent processes and therefore they extend
the automata theory. Petri nets are widely used to model discrete event dynamic systems, like communication protocols.
Using continuous Petri nets, the markings of places are real numbers; the transition firings are continuous. They were defined
more recently to model a continuous system. Most technical systems and of course manufacturing systems are not exclusively
discrete nor continuous, but they are combined from discrete and continuous components. Hybrid Petri nets allow modelling
of such systems. In the classical model developped by David and Alla (1994), the discrete part of HPN enables to model
delays with threshold and the continuous part of HPN models the continuous flows without any thresholds and delays. A
large number of extensions of Petri nets, like timed, continuous and hybrid, have been introduced with their characteristic
features in David and Alla (2005).

We have evaluated several types of Petri nets to prove if there are able to fulfill the requirements. Considered exemplary
we note some of these variants. The constant speed continuous Petri nets (CCPN) are obtained from discrete Petri nets by
the fluidification of the markings. They combine continuous and discrete behaviour. Moreover the fluid stochastic Petri net
(FSPN, (Trivedi and Kulkarni 1993; Tuffin, Chen, and Trivedi 2001)) are existing where the places can hold fluid rather
than discrete tokens. A third type is represented by the Timed hybrid Petri nets (THPN)

These type of Petri nets offers a homogeneous description of hybrid systems consisting both, continuous and discrete
signals. The hybrid extension refers to the places as well as to the transitions. Besides the continuous places and transitions
the classical discrete places and transitions also exist in the description and are integrated into the net formalism. In Tuffin,
Chen, and Trivedi (2001) is shown, that the FSPNs can be expressed as Hybrid Systems (Varaiya 1999). The modelling power
of these variants is growing, moreover there are some more characteristics we have to take into consideration: Static and
dynamic delays and/or response times (R 4). First we discuss static delay/response time scenarios to evaluate the well-known
Petri net concepts. Obviously we focus on the hybrid Petri nets and their extensions.

An example system with delay on the continuous product flow is a conveyor or a normal tubbing. Since there is no
threshold of the product volume, the delay in continuous product flow cannot be properly modeled by timed hybrid Petri
Nets (THPNs). Several authors have purposed extensions of the original THPN-model in order to represent delays in the
continuous flows. In David and Caramihai (2000) some features are added in addition to ordinary hybrid Petri nets (inhibitor
arc, 0+ weight of an arc joining a continuous place and discrete transition, 0+ marking of continuous place). These are
essential features describing preliminary continuous places and discrete events, even in the starting time 0. Another extension
of hybrid Petri nets are the generalized batches Petri nets (GBPNs), introduced in Demongodin (2001). Based on the
definition of batch places and batch transitions it is possible to model delays on continuous flows. Behaviour is described
by the batch function, which is given by the speed of transfer, the maximal density and the length of place. In each batch
place the set of input transitions consists of only one batch transition. In addition the set of output transitions consists of
only one batch transition as well. These hybrid Petri nets extensions are characterized by similar expressive power with
respect to modelling of continuous flows. But when the dynamic delays/response times are considered it is obvious that any
approporiate methodology does not exist. The definition of GBPN allows variable delays, but only within a limited mode. It
is not possible that an internal coherent batch overpass another one, as the variability of delay is restricted to distinguished
points in time. In Demongodin and Koussoulas (1998) differential hybrid Petri nets (DHPN) are introduced composed of
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Figure 3: Modelling Hierarchie

two kinds of places and two kinds of transitions: discrete place and discrete transition, differential place and differential
transition. They are powerful enough to model efficiently a hybrid system if the continuous system can be represented by n
linear first order difference state equations. Therefore this Petri net variant can be arranged near to the FSPN; it provides a
similar modelling power but another modelling scope. With regard to David and Alla (2005) our HPNS can be viewed as
an extension to a control hybrid Petri net (ControlHPN).

This ControlHPN consists of discrete- and continuous-transitions, synchronized on events or conditions. For the
discrete-transitions a timing is defined (dependency: stochastic, functions of time, marking, firing speeds), and also for the
continuous-transition the flow rates are variable (dependency: functions of time, marking, firing speeds). In Figure 3 different
variants of Petri nets are arranged with regard to their qualitative modelling power. The axis of abscissae is divided into
sections due to the characteristics of system properties showing the increasing modelling power from discrete systems to
hybrid systems and beyond where the complex manufacturing systems are localised.

Moreover the HPNS formalism extends definitions of discussed Petri nets variants with the following characteristics:

C1 The HPNS-Model uses a special model for time.//] We define the time as a combination of a continuous part and a
natural order of events at a time index to model an internal and external progress in time. The time index describes
the time elapsed in the model.

T : R×N

C2 The model is capable to express mixed dynamic discrete and continuous delay functions over time.
Of course a non negative delay is used to guarantee causality. On the other hand nondeterministic and parallel
processes as one special strength of petri nets are still easy to implement.

C3 Decision memory
The HPNS is not working like an finite state automaton or sequential logic system but takes a time background
horizon into consideration to assign the next internal and/or external state. This time background horizon depends
on the transition-specific delay to guarantee the correct superposition of discrete and continuous actions.

C4 Interaction
HPNS considers an interaction between discrete and continuous signals not only at fixed time points due to the
continuous character of interference.

C5 Differential algebraic equations (DAE) as a representation for most physical processes are directly implied.

We introduce the HPNS model approch in the following section.
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4 MODELLING APPROACH

In this section we give a short description how to model a complex system using HPNS-Framework. For the better
comprehension we describe the modelling paradigm in an informal way. The model is inspired by classical petri nets
(section 3) and several known extensions. It is primary designed to be used for simulation and data driven semi-automated
model generation.

The basic model simulated by the HPNS-Framework is called process net (PNet). The topology of a PNet consists of
a bipartite graph of transitions and places. Each has two subtypes:

• Transitions

C-Transition : Transition with primary con-
tinuous behaviour

D-Transition : Transition with discrete be-
haviour

• Places

I-Place : Place with integration char-
acteristics over time

N-Place : Stateless place without inte-
gration

The corresponding symbols are shown in Figure 4. The different nodes are composed with some constrains (listed at the
end of this section) with regard to the bipartite structure. In a process net several properties are connected with the edges
of the graph. This is done likewise arc weights in P/T-Nets. The valid properties are depending only on the target of the
edge. Edges with a transitions as target are uniquely named related to that transition. All places in a preset of a transition
define a partial marking of the net used later.

4.1 Places

The N-Place is the simplest object in the net. Its marking at a time (see C1 in section 3) is only defined by the current flow
output of all transitions in the preset. It has only two properties. These are a constant minimum and maximum value. If one
of the two borders is exceeded the value is simply truncated to that value. The marking is defined as:

M : R×Rα

The addition of the scalar value and the first component of the vector is similar to the classical known scalar marking at
one time index. The vector contains a finite number (α−1) of derivations of the first component. The length of the vector
markings is a constant value for one process net and is part of the initial formal definition.

For an I-Place the definition of the marking is identical to that of a N-Place. The only real difference in-between is the
current marking over time is defined by all outgoing and incoming flows of the pre- and postset integrated over time. For this
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Figure 4: Process net symbols
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purpose we order all tuples representing the time. By the help of this construct time can be reduced to a classical continuous
and scalar time. Integrating continuous flows of C-Transitions with limited bandwidth is simple. Discrete behaviours in the
net are perceived as dirac delta distributions or heaviside step functions, depending on the structure of the preset. Analogous
to the N-Place two limiting properties can be linked with an I-Place.

4.2 Transitions

D-Transitions and C-Transitions have almost the same properties:

• Output Function
• Activation Function (non negative)
• Properties of incoming arcs:

– Dynamic Delay Function (non negative)

– Input Function

In addition the D-Transition defines an activation delay function. All functions use as domain of definition the partial
marking of the transition mentioned before. So we start with the D-Transition. The input and output functions represent
the weights of the transition; the values are real numbers. As the classical P/T-Net-Transition the D-Transition in process
nets has a value-discrete behaviour. Because it could be activated at any time the behaviour over time can be continuous if
the additional activation delay function is zero. The activation delay function defines the time the D-Transition is disabled
after activation. It is re-enabled if the time elapsed since last activation exceeds the value of the activation delay function.
Stochastic timings in this case are not directly supported at the moment. They can be modelled indirectly by the use of two
extra nodes (D-Transition and I-Place) and the use of a random function provided by the simulator. If the activation delay
is different from zero value changes become discrete in time. The delay function of arcs does not influence the targeted
transition in a direct manner. Instead components of the partial marking are delayed. Delayed in this context means that
values of historical markings are used for that arc. The time index of the used values is tc−δ (a), with tc is the current time
and δ (at) the calculated delay. at represents the value of the delay function at time index t. The definition of the dynamic
delay is compatible with a classical constant delay. It will result in the same constant value. In a simplified form it can be
written in implicit form:

δ (a) :
∫ t

δ

1
aτ

dτ = 1,at 6= 0

δ (a) = 0,at = 0

As a direct consequence the state of a PNet can not be defined only by the actual marking. It is defined by the markings
over time in the interval ending at the current timestamp tc. The width of the interval is the maximum delay in the PNet
at time tc. This traces back to the fact that all delay functions have to be non negative, because otherwise causality is lost.
The activation function is a simple guard function. If its result is false, then the transition is disabled.

To get an description of the C-Transition first of all the input/output functions have to be interpreted as functions defining
the flow. The behaviour of the C-Transition depends on the behaviour of its partial marking. If this marking has only
continuous behaviour, the output flow in general will be continuous too. Moreover, there are two main exceptions from this
rule. First if there is an activation function, then the flow can be interrupted in a time-discrete manner. Second the output
function could have a value-discrete or time-discrete characteristic. All the other properties of a C-Transition are portable
from the description of a D-Transition.

The PNets are designed to be non autonomous. External events or signals can be linked with so called input places. If
an external event is processed by the simulation the value change will happen immediately. No extra properties are provided
by the HPNS-Framework.

With this knowledge we can define some structural constraints:

• If there is a D-Transition with a N-Place in its preset, then the input function of the corresponding arc is zero.
• External events or signals can only be connected with an N-Place.
• The known history of the external influences should be at least the maximum delay at the simulation start time.
• All external signals have to be bandwidth limited and the limit is known to the simulator.
• External events can be ordered in a lexicographical fashion and have a fixed scalar timestamp.
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Figure 5: PNet from the simple temperature gradient
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5 MODELLING EXAMPLES

In the following subsections we present different PNets simulated on HPNS. All results are shown using the transient
behaviour of all model signals. The axis of abscissae represents the time elapsed marked by the ongoing time indexes.

5.1 Example: Simple Temperature Gradient

In this example two different spaces are given. They are separated by a border with a defined borderline. One space is the
outer space, the other one is the inner space. If the temperature in the outer space is changed, the temperature in the inner
space is accommodated due to a time constant. If the inner temperature is increasing over 100◦C, a discrete emergency
stop is triggered. The PNet modelling this behaviour is shown in Figure 5. The central function of this net is handled
in the C-transition ‘Dep’ which realises a feedback loop to derive the inner temperature (TempIn) depending on the outer
temperature (TempOut) and their temperature gradient. The output of this C-transition is derived by:

TempOut−TempIn
300

This output is integrated in the I-place ‘TempIn’ representing the inner temperature. The I-Places ‘Operation’ and ‘Emergency’
describe the standby of operation state and the warning signal (event) coming up when the inner temperature is increased
above 100◦C.

The results for the outer and the inner temperature (tin, tout) are given in Figure 6. The constant delay, which has no
physical correspondence, can be modelled very simple by adding a delay to the C-transition, is shown in Figure 7. It can
be seen between time index 2000 and 2100.
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Figure 8: PNet of the temperature compensation

 0

 20

 40

 60

 80

 100

 120

 140

 160

 0  1000  2000  3000  4000  5000

’Ke_ex.sim’
’Kt_out.sim’

’Kt_in.sim’

Figure 9: Simulation of the temperature compensation
PNet

B


Output


Dep1


Sin
-
function


Dep2

A


Input


B


Output


Dep1


Sin
-
function


Dep2

A


Input
 Output
Output


Dep1
Dep1


Sin
-
function


Dep2
Dep2

A


Input
Input


Figure 10: PNet of a dynamic delayed external signal (sinus)

5.2 Temperature Compensation with Air Conditioning

A more complex example is given in the PNet in Figure 8 which is based on the PNet in Figure 5 extended by a proportional
plus integral plus derivative controller (PID, feedback loop). Based on this controller the temperature scenario is extended by
an air conditioning unit, which controls the inner temperature (Figure 9). If the outer temperature is increasing over 60◦C,
the air conditioning is working based on a closed-loop control (overshooting between time index 2400 and time index 3000
in Figure 9). Between time index 3100 and time index 3200 the delayed response of the control can be seen very good.
After 100 time units, the closed-loop control decrease the cooling power because of the lower outer temperature.

5.3 Example: Dynamic Delay

In this example (Figure 10) we demonstrate the ability of the HPNS to calculate dynamic delay functions. The synthetic
example uses a linear decreasing dynamic delay, represented by the I-Place in Figure 10. The external supplied input signal
is delayed by the marking of that place. As external input signal we use a sinus function over time. Thus the bandwidth of
the signal is easy to calculate. The resulting traces are shown in Figure 11. Figure 12 is a zoom of the interesting section
when the output becomes valid. At the beginning the delay is high, decreasing continuous over time to zero. The output
trace is undefined at the beginning in this simulation, because no information is provided before time index 0. The HPNS
is starting the time where enough historical information is present. In fact a signal processing unit at the input of external
signals, used to form and provide the necessary data for the kernel, adds a small delay too.
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Figure 11: Trace of delayed external signal
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Figure 12: Zoom of figure 11

6 CONCLUSION

The objective of this publication was the establishment of a new modelling approach that can provide a unified representation
for technical systems within a simulation framework. This model approach, inspired by hybrid Petri nets, covers several
formalism describing the subclasses of the given system, like discrete subsystems, continuous subsystems and subsystems
described by differential equations. It is integrated into the HPNS framework to support the two modes of operation, the
online- and the offline-analysis, in an efficient way. Moreover the HPNS framework, based on the modelling approach,
supports static and dynamic response times, an extension of the state-of-the-art variants of Petri nets, and combines most
parts of these description formalism in one single method of modelling.

The particular characteristics are reached by several innovations, like the decision memory, interaction and superposition
strategies. The decision memory expands the finite state character by a time background horizon, while the interaction
and superposition strategy allows the HPNS framework an interaction between discrete and continuous signals not only at
fixed time points due to the continuous character of interference. By the limitation of bandwidth of external interaction it
is possible to connect the HPNS-Framework to existing automation systems. The contribution of the new model approach
to the study of technical systems can be manifold. The model facilitates the description of complex technical processes
using the powerful symbols. Based on the two operation-modes, the offline- and online-analysis of technical processes is
simplified. Thus, the automation and the design of automation systems can be put on a new basis.

A semi-automated identification frame presented in Figure 1 is under development. Based on particular machine learning
algorithms and certain characteristics (C1 to C5) of the HPNS model approach, it will provide an efficient data driven process
identification.
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