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Abstract

This paper describes an improvement of the engi-
neering process of automated plants by combining in-
formation of the technical process and plant structure.
Integrating a semi-formal process description in MS
Visio® for the requirements engineering phases and us-
ing these planning results throughout the engineering
process can be an approach for an integrated engi-
neering. By linking the semi-formal process description
with a plant structure description in AutomationML the
engineering efficiency can be increased. The potential,
arising through the presented approach, is shown by
an example from the engineering of a hot strip mill.
The requirements have been modeled within the MS Vi-
sio® implementation; these results can then be used for
a consistent observance of the stated requirements on
the technical resources that have to be engineered

1. Motivation

The planning process of automated industrial plants
is characterized by interdisciplinary cooperation of dif-
ferent disciplines. The similarities in the engineering of
manufacturing and process facilities are a breakdown
into many phases with phase-related tool support and a
lack of data exchange solutions [1, 15]. The planning
time becomes shorter and across the disciplines and all
project phases the communication extends and data ex-
change increases strongly [2]. Especially the exchange
of information between the various disciplines is one of
the biggest challenges, because each discipline’s de-
scription has specific methods and specific tools engi-
neering tasks [15].

Nowadays the necessary coordination between the
engineers of different disciplines is often handled on
the basis of a non-formal description of the realizable
technical process [16]. Thus, this non-formal process
description is a central document for system engineer-
ing. Beginning in the requirements elicitation the re-
quirements are today written down in a non formal
way, using textual descriptions and drawings prepared
with tools like MS Word”, MS PowerPoint” and partly
MS Visio®. Due to the different usage of various se-
mantics some misunderstandings and misinterpreta-
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tions are preprogrammed. Furthermore, the increasing
usage of concurrent engineering in the planning
process of automated industrial plants leads to the
problem that upstream disciplines have to work with
unsecured planning results. If these unsecured planning
results change during the planning process, this may
result in new requirements on the technical solution
[16]. The combination of lack of data exchange solu-
tions and a heterogeneous tool landscape prevents a
transparent requirements management in the engineer-
ing of automated facilities. This results in an increased
potential for errors in the engineering process. To
counteract the aforementioned problems, in recent
years some methods and approaches for a formalized
process description and modeling of the plants topolo-
gy were developed. These methods and approaches are
already being used successfully in practice but isolated
from each other.

To create the basis for optimal information ex-
change during the planning process, this article
presents an approach for a holistic formal plant de-
scription. Furthermore, it will be shown how a transpa-
rent requirements engineering can be achieved by the
use of this holistic formal plant description.

2. Process description in the Engineering
Process

As introduced in the first section misunderstandings
and misinterpretations, e.g. of the technical process, are
pre-programmed if the communication is based on an
informal description, e.g. textual.

For the description of batch processes in [17], for-
mally known as ISA-88, there already exists an ap-
proach for the separation between process and re-
source. Also the assignment of the process structure to
the plant structure is included herein. A suggestion for
modeling and representation of the causal process flow
is not described in [17].

For our purposes a general and formalized descrip-
tion is required which is domain independent (i), easily
understandable to all engineers involved (ii) and usable
throughout the life-cycle of the system (iii) [6].

Accordingl to [7] a “technical process” is defined as
“a complete set of interacting operations in a system by
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which matter, energy or information is transformed,
transported or stored”.

2.1. Formalized Process
VDI/VDE-Guideline 3682

The formalized process description (FPB) offers the
possibility to easily and understandably describe a
process. Besides easy comprehension by all partici-
pants the process description provides process-relevant
information throughout the entire life cycle of the sys-
tems in a clear and structured way [6].

For this the guideline defines a small number of
symbols for the graphical description of the process.
The classes of objects are: operators (=process opera-
tor, technical resource), states (=product, energy) and
relations (=flow, utilization, system boundary) (Fig. 1).

A technical process is modeled inside of a system
boundary. This enables the identification of the sys-
tems input and output variables and thus, the process
which is carried out in the system. The advantage of
defining a system boundary is the breakdown of a sys-
tem into different sub-systems which results in a hie-
rarchical structure of the process. This leads to a de-
tailed description of the process and identification of
interactions between the objects inside the system and
its environment. In the guideline states define the input
and output variables of the process and the process op-
erators and are linked by directed arcs (=flow). With
the process operator a pre-state is transferred into a
post-state. For carrying out the process a technical re-
source is associated with a bidirectional correlation
V).

The formalization is supported by rules defining in
which manner states and operators are interlinked with
each other inside the system boundary.

The technical process is first described by a graphi-
cal model in which states and operators are defined and
linked with flows. By decomposing process operators a
detailed description of the process is possible. The de-
composition of the process supports a structured pro-
ceeding and results in a hierarchical process model.
Therefore the FPB supports the creation of a graphical
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Figure 1. Graphical symbols of the guide-
line [6]
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flow of the process which is more understandable than
a textual specification as it is performed today. Besides
detailing a process by decomposing, states and opera-
tors can be detailed by assigning attributes.

Attributes are next to the name and a unique ID
process-specific data such as duration of a step, neces-
sary pressures, temperatures, as well as material and
energy quantities. These data provide the essential in-
formation of the process and are stored and managed in
an information model. The information model also
contains the causal relations between states and opera-
tors (Fig. 2).

The relational part describes e.g. different views on
the technical process like logistics, asset management
or security [6].

2.2. Advantages of the Formalized process de-
scription for modeling process requirements
The graphical description of the technical process is
intuitive, easily understandable and comprehensible to
all participants without having extensive previous
knowledge of the process. The separation within the
process description between products (=states),
processes  (=process operator) and resources
(=technical resource) provides a solution-neutral use at
the beginning of the engineering process. More impor-
tant than the graphical information are the process-
specific information like pressures, temperatures or
product quantity. These values of the states and opera-
tors enable the derivation of requirements to the later
technical resource. Therefore at the beginning of the
engineering process the technical resource is assigned a
role that serves as a placeholder in advance. This role
is gradually substituted in the engineering process
through the concrete plant component, which meets the
requirements of the role [9]. For computer-based appli-
cation and exchange of relevant data and information
of the process a computer-readable exchange format is
needed. For the seamless exchange of engineering data
in the field of automation the description language
XML (eXtensible Markup Language) has become de-
facto standard [8].
Existing software tools which are available for using
the FPB do not support an XML-based exchange of re-
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Figure 2. Information model of the FPB [6].
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levant process data. Therefore, the institute of the au-
thorsinvestigated MS Visio® for implementing the in-
formation model which is presented in section 5. The
advantage of MS Visio® is the possibility to store in-
formation in an XML data format which offers poten-
tials for a consistent data exchange with other CAE-
tools (section 5).

3. Integration of the FPB
model in MS Visio”

The tool MS Visio” has already been successfully
used in the engineering process in many ways. There-
fore it offers different Shape-Galleries for modeling
P&ID (Process & Instrumentation Diagrams), circuit
diagrams or various flow charts. In addition to the pre-
defined shape-galleries it is possible to develop indi-
vidual galleries according to one’s own needs. This
provides a basis for adjusting the requirements of the
formalized process description into MS Visio® with
Visual Basic for Application (VBA).

3.1. MS Visio® Shape-Gallery

Within MS Visio® graphical objects (=symbols) are
provided in so called shape-galleries which act as
classes for instantiating objects. The required symbols
are taken by “drag&drop” onto the worksheet and fi-
nally linked to each other.

To describe processes with the formalized process
description in MS Visio” the authors implemented a
shape-gallery with the symbols and rules defined by
the guideline (Fig. 1). For data management MS Visio®
is based on so-called shapesheets which are compara-
ble to excel sheets. These shapesheets contain general
information of objects like size, color, coordinates of
textual content (=graphical information) as well as in-
formation defined by user. This allows assigning addi-
tional information like predecessor and successor rela-
tionships of an object (=causal relationship) or assign-
ing characteristics defined by the formalized process
description (Section 3.1). The possibility to store in-
formation in shape-sheets creates an extensive informa-
tion model.

Besides the guideline-specific functions e.g. rules
for linking symbols, assigning of attributes the imple-
mentation of tool-specific functions increases the usa-
bility of the tool. With the representation of the hie-
rarchy the user gets a comprehensive overview about
the process structure with its decompositions. Further-
more, with the possibility to assign different views like
quality or safety to each attribute only relevant infor-
mation for the engineering process can be presented.
This provides the possibility to derive only those re-
quirements which are important for the engineer.

3.2. Data exchange with MS Visio®
Due to a reduced period of planning a cross-trade
exchange of information based on XML becomes in-
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creasingly important. With the use of MS Visio® for
modeling and describing technical processes according
to VDI 3682 it is now possible to provide process-
specific data and information to different CAE-Tools
as well as AutomationML.

Besides process-specific information like sequences
and duration of process steps or type of input/output
products the process description provides information
for basic engineering like requirements engineering
which is discussed in the following section. Further-
more, causal information about the process can be used
during the whole life cycle of the plant e.g. for diagno-
sis actions in the operational phase of the plant [10].

4. Bridging the gap between process and
structural description

The integration of process description and plant
structure information, in just one model will have a
significant influence on the engineering results.
Through the integration of the neutral process descrip-
tion with a multi-disciplinary plant structure descrip-
tion, the consistency in engineering can be improved.

Although on the one hand the formalized process
description provides references to the technical re-
sources and thus describes the plant structure and on
the other hand AutomationML/CAEX provides a hie-
rarchical structure, both models are used isolated no-
wadays. This contradicts the basic idea of an integrated
engineering process.

5. AutomationML/CAEX

This section gives an outline of the concept and
terms of the data format AutomationML and CAEX.
Furthermore the concepts of AutomationML, mainly
derived from CAEX, used for the approach are de-
scribed in detail.

5.1. AutomationML

The aim of the neutral data format Automa-
tionML™ is the storage and exchange of complex en-
gineering data within planning phases to bridge the gap
between separate and phase-specific CAE-Tools within
the engineering process. The problem is enhanced be-
cause during the engineering the data are subjected to a
continuous and iterative enrichment and change.
Therefore, a continuous exchange of engineering data
by the vendor-independent data format Automa-
tionML™ was developed which is based on the con-
cept of the CAEX format and supports object-oriented
aspects like re-use and inheritance [3].

Besides the storage of the plant topology Automa-
tionML supports the integration of additional engineer-
ing data. Therefore AutomationML references to other
exchange data formats [3]. In the field of robot plan-
ning information about geometry and kinematics can
be stored in AutomationML by using COLLADA™,
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COLLADA™ defines a XML-scheme to exchange 3D
plant information between different 3D applications
[12]

For storing associated behavior of e.g. the handling
device AutomationML supports the integration of pro-
grammable logic control (plc) data and information by
referencing to PLCopen XML. PLCopen XML was
developed to exchange project data and libraries of plc
programs between different environments [13].

Storing data about plant structure, geometry and ki-
nematics and behavior offers a possibility to exchange
complex engineering results. For the described ap-
proach only the opportunity for the storage of plant
structure with CAEX plays an important role.

5.1. CAEX (Computer Aided Engineering eX-
change)

The meta model CAEX sets the definition of struc-
ture and storage of objects with their properties and re-
lationships. CAEX is the basis of a general data format
for the storage and exchange of complex engineering
data. CAEX defines four fundamental elements, which
are described in the following.

The SystemUnitClass describes physical or logical
plant objects and units including their technical realiza-
tion and internal structure with a reference to specific
roles from the RoleLibrary. A plant object consists of
different attributes, interfaces, nested internal elements
as well as internal connections. Attributes including
e.g. value, unit and constraints like maximum or mini-
mum value.

The InterfaceLibrary comprises different types of
interfaces. Interfaces are needed to define connections
between objects e.g. for product, signal or information
flow.

Objects, derived from the RoleLibrary are used for
an abstract description of physical plant objects. The
use of roles within the engineering process supports the
independent description of the concrete technical reali-
zation of the objects’ functionality. Roles are used as

4 [ vDI-2682 RoleClassLib
4 [Role| States {Class:}
Energy {Class: Product}
Product {Class: Product}
Infarmation {Class: Product}
4 [Role| Operator {Class:}
Technical Resource {Class: Rescurce}
Role| Process operator {Class: Process}

Figure 3. RoleLibrary of VDI-guideline 3682

placeholders at the beginning of the engineering
process and are consecutively specified and replaced
by the concrete object. Furthermore, roles can be used
to determine requirements which the realization has to
fulfill.

The InstanceHierarchy enables the description of
the plant’s topology with all its components, instan-
tiated from the SystemUnit, and all physical and elec-
trical connections. Furthermore, roles from the RoleLi-
brary can be referenced to the objects in the instance
hierarchy to describe their function [5].

6. Integrating the FPB in  Auto-
maionML/CAEX

The first step to integrate the formalized process de-
scription in CAEX is done by the expansion of a role
library derived from the directive containing roles
shown in Fig. 3.

Since the objects of the formalized process descrip-
tion are connected through flows and utilization the ne-
cessary interfaces have to be defined in the interface li-
brary. One approach is to expand the interface library
with the interface classes process-product, process-
energy, process-information (=flow) and process-
resource (=utilization). With these additional role and
interface classes the formalized process description can
be mapped in AutomationML [9].

P_Product-A
4 [IH] Example
4 [IE] Product {Class: Product Role: Product)
4 [IE] Product-A {Class: Role:Product}y ~ _________,
4 =0 Interfaces :Internal !
=0 Output_to_Process-1 {Class: Process-Product} | —— :
4 @ Product-B {Class: Role: Product} :LInkS 1
4 ~0 Interfaces 1 :
=0 Input_from_Process-1 {Class: F'i:I):Z@S\-F‘:“Jdul‘t‘,: 1
l4 [IE]| Process {Class: Process Role: Process) 1 :
. > 4 [IE| Process-1 {Class: Role: Pracess operator) ! 1
T_Technical Resource-1 4 =0 Fiteifaces ) H !
I =0 Output_to_Product-B {Class: Pro oduc! i 1
| <0 Input_from_Product-A {Class: Process-Product) < :
<0 Qutput_TR-1 {Class: Process-Resource} L it
4 [IE| Resource {Class: Resource Role: Resource}
P_Product-B 4 [IE] Cooling street {Class:laminar Cooling street Type A Role: laminal cooling street)

4 =0 Interfaces
<0 Input_Process-1 {Class: Process-Resource}

Figure 4. Mapping of the graphical process description to AutomationML
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6.1. Mapping of the process description in Au-
tomationML
The integration of roles and interfaces into an Au-
tomationML library offers the possibility of transfer-
ring the graphical relationship as well as process-
related information into a structural description with
CAEX. As the FPB AutomationML also supports the
separation of the three aspects product, process and re-
source as it can be seen in Fig. 4 [11]. Therefore the
graphical objects of the process description in the left
part of Fig. 4 are already assigned to the views in Au-
tomationML on the right side. The interfaces derived
from the corresponding interface class build knots for
modeling the input and output relation of the process.
Due to lack of space the representation of the relational
part with InternalLinks (IL) between the InternalEle-
ments (IE) has been dispends with.
As shown in Fig. 4 a transfer medium like XML is
required for an automatic assumption of process infor-
mation.

7. Use Case: Integrated Engineering

Based on the concept presented in section 4 the fol-
lowing section describes which possibilities arise from
this proceeding for a software assisted requirements
elicitation and requirements management. For a better
understanding this will be shown by the simplified ex-
ample of a steel strip production model. The following
use case deals with the planning of the laminar cooling
section of a hot strip mill.

The task of a laminar cooling section is to cool the
hot rolled steel strip distributed locally to adjust the de-
sired material properties. Therefore the steel strip is
applied selectively with water from both sides. De-
pending on the material properties to be achieved, dif-
ferent requirements for the technical realization of the
cooling section arise. If the plant operator decides to
modify the production process during the planning
phase, e.g. to expand the product range, this leads to
new requirements for the technical realization of the
cooling section.

If the concept described in section three is imple-
mented, this provides not only the ability to specify the

Eigenschaften von Cooling steel band
-szess Version: 1.1.0
Langname:
Kurzname:

| Kommentar:
Merkmale: length

water flow
water pressure

Cooling steel ban:

T_laminar cooling street :

resulting requirements from the process description
formally, but additionally the option, to match this
automatically with the parameters of the chosen tech-
nical implementation and point out the discrepancies
that occur to the planning engineers (requirements
management).

7.1. Requirements modeling with the FPB

At the beginning of a project the technical process
will be described with the formalized process descrip-
tion. For this purposes each process step, e.g. cooling
the steel band, is represented by a process operator.

As described in section 3 a technical resource is as-
signed to each process operator in the process descrip-
tion. The technical resource is a placeholder for par-
ticular types of technical realization. The attributes of
these placeholders describe the requirements which
have to be fulfilled by the technical realization. After
these requirements have been modeled in MS Visio®,
the results can be exported into a CAEX file. The
placeholder of the technical resource of the FPB is rep-
resented as an Internal Element and is connected with
the process operator in CAEX as exemplarily shown in
Fig. 4. Furthermore a predefined role from the Role
Class Library is assigned to this Internal Element and
the previously defined attributes are transferred to the
role requirements of this Internal Element. This proce-
dure creates a formal description of requirements of the
technical process. Through the mapping into CAEX
these process requirements can be reused by the fol-
lowing disciplines for their subsequent tasks. Fig. 5
summarizes this with an example of the role require-
ments of the laminar cooling section.

7.2. Synergy by bridging the gap in the plan-
ning process of a plant
Based on the results of the requirements modeling
the selection of appropriate technical resources has to
be supported. Therefore the engineers compare the de-
fined attributes in the role-requirements of the place-
holders with the available technical resources. When
those resources are part of the unit library, this com-
parison can be automated. In the next step the place-
holders can be replaced by instances of the Unit-

[RBE| VDI-3682 RoleClassLib

4 8 Rolelib_Manufacturing

Role| 1 Process {Class:}

4 [Role 2 Technical Resource {Class:}
Role| role stand {Class:}

[Role| laminar cooling street {Class:}

| Attrioutes

length
water pressure

4 Attributes | M Internal Links

Figure 5. Mapping of the graphical process description to AutomationML
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library. The predefined role-requirements remain with
the Internal Elements.

Changes in the project, e.g. expanding the product
range, which though leading to new requirements cre-
ate a discrepancy between the requirements of the roles
and of the technical realization exemplarily shown in
Fig. 6.

e {Class:

ling street {Class: laminar Cooling street Type ARole: laminar cooling street)

Ems 0 )

water pressure

lenght

(awiove: N =
f 7
water pressur Name: water flow DataType: double
Value 6000 Unit m*/h

) Attributes | 4 Internal Links

Figure 6. Discrepancy between require-
ments and attributes of the technical rea-
lization

The model-based merging of the resulting require-
ments from the process description with the informa-
tion of the technical resources contained in the plant
forms the basis for a software based support of re-
quirements management. As shown in [11] ruled based
queries are appropriate to identify inconsistencies like
this in the plant model. The following rule points this
out in an example: IF the attribute water flow in the
RoleRequirements of an Internal Element is higher
than the attribute water flow of this Internal Element,
THAN an unsuitable technical resource was chosen.

A software assisted requirements management
based on a neutral data exchange format can lead to a
significant reduction of possible mistakes in the plant
engineering process, without losing discipline specific
tool support.

8. Conclusion

Within this article an approach for bridging the gap
between process and plant description based on a for-
malized process description is presented. It has been
shown how to integrate a semi-formal process descrip-
tion in MS Visio® and how to make the results auto-
matically available in the neutral engineering data ex-
change format AutomationML. Based on this it was
shown how the requirements resulting from the process
description can be matched with the properties of the
technical resources of the plant model which allows a
software assisted requirements management
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