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Abstract

Industrial automation systems may include people,
hardware, software and others necessaries to produce the
desirable results. The SysML modeling language is be-
ing proposed, by OMG and INCOSE, as a language that
allows the system description correctly and consistently
among various participants of the same project (software,
mechanical, electrical and others engineers). The objec-
tive of this work is to evaluate the SysML proposal as a
description language for industrial systems through the
modeling of an industrial automation experimental unit. A
brief system description of the case study will be made, the
SysML diagrams will be presented during the system mod-
eling and finally the comments and considerations about
the models and the modeling task.

1 Introduction

A system is a construction or collection of different el-
ements that together they produce results that cannot be
obtained by each one of its elements in separate. The el-
ements, or their subparts, can include people, hardware,
software and other necessary ways to produce the desired
results [6].

There are several proposals that address the use of
UML (Unified Modeling Language) for systems engineer-
ing [1] [2]. Each approach has its own deficiencies. Some-
times they create separate models that are difficult to inte-
grate. Some of them break up with the standardized char-
acteristics of UML.

Those that know UML find it to be an efficient model-
ing language, but its roots are firmly fixed in the software
modeling area. The Object Management Group (OMG),
responsible for maintaining the UML language, estab-
lishes that the “UML is a visual and general purpose lan-
guage used to specify, to visualize and to document mod-
els of software systems [9].” However, many system en-
gineers believe that UML is sufficiently flexible and ro-
bust to support extensions and to address its use for the

needs of their specific domains. One of its strong points
is the UML specialization mechanism that allows several
applications, with their own domain characteristics, can
be used together with UML profiles (encapsulating termi-
nologies and specific substructures of a specific domain).

It is believed that UML could potentially be a model-
ing language for system engineers, contemplating analy-
sis, design and verification of complex systems, intending
to enhance system qualities, increasing the capacity to ex-
change information among many engineering tools and to
help to fill the gap between systems and software engi-
neers [3].

In 2003, at the same time that UML 2.0 was being
defined, OMG launched a RFP (Request For Proposals)
for a definition of a language similar to UML for sys-
tems engineering. This RFP was developed together by
OMG and the International Council on Systems Engineer-
ing (INCOSE).

In agreement with the RFP, this new language should
support the specification, analysis, design and verification
of complex systems [4]. It should be done by captur-
ing information of the system in a precise and efficient
way, facilitating integration and reused in a larger context;
analyzing and evaluating the specified systems, to iden-
tify and to solve requirements of the system, to distribute
projects and to support exchange among them; communi-
cating the information of the systems, correctly and con-
sistently among several participants of the same project
(software, mechanical, electrical and other engineers).

In response to this RFP, it was created the Systems
Modeling Language (SysML) [7]. The objective of this
work is to empirically evaluate the proposal of SysML as a
language for description of industrial systems through the
modeling of an experimental industrial automation unit.
There are some SysML draft documents, but in this paper
we use, at this moment, the latest version (1.0) which is
being evaluated by the Analysis and Design Task Force
(ADTF) group to become the adoption process by the
OMG. It was renamed as OMG SysML [5].

The objective of this paper is to do a practical evalu-
ation of the modeling language SysML, in the sense of
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identifying its capacities and its limitations for the mod-
eling of industrial automation systems. It will be used as
case study an experimental automation unit system. In
section 2, the SysML language is presented. In section
3, the experimental automation unit system case study
is described. In section 4 the system is modeled using
the SysML diagrams. The section 5, contains comments
about the experience with SysML in the modeling of an
industrial automation system. Section 6, has the final con-
siderations.

2 The Systems Modeling Language
(SysML)

SysML is designed to provide simple but powerful con-
structions for the modeling of a great variety of system
engineering problems. It reuses a subset of the UML
2.0 models. This subset is called UML4SysML. Since
that some models were modified, it is actually a profile
of UML for SysML. It also provides additional construc-
tions, with the objective of satisfying the needs of system
engineering and the requirements of OMG.

It is particularly effective for specifying structure, be-
havior, requirements and constraints on properties of the
system to support analysis. SysML should be supported
by two evolving interoperability standards, OMG XMI 2.1
(standard for the exchange of information among model-
ing tools using UML 2.0) and ISO AP233 (standard for
the exchange of information among engineering tools).

Figure 1 shows the modifications in the diagrams
reused from UML 2.0 as well as the new diagrams of
SysML. The specification of SysML is classified in three
basic types of models: the structure models, the behav-
ior models and the requirement models. For each one
there are defined constructions that are used in a specific
model. Some constructions can be used together with sev-
eral model types. The constructions, as well as the mod-
els, are also classified in three types: the structural, the
behavioral and the cross-cutting constructions.
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Figure 1. SysML Diagrams [8]

The structural constructions, as well as the structural
diagrams in UML, define the static and structural elements

used in SysML. The diagrams that include the structural
constructions are: Package Diagram, Block Definition Di-
agram, Internal Block Diagram and the Parametric Dia-
gram.

Some structural generic elements are: the model el-
ements (rebuild the core of UML 2.0 packages and in-
clude extensions to provide some basic capabilities and
models management); the blocks (reuse and improve the
class structure of UML 2.0 to provide the basic capabil-
ity of describing the decomposition and interconnection
of the system, and also different types of system proper-
ties); the ports and flows (contain the semantics to define
how blocks are extended to be used together with ports
and flows); and the constraint blocks (define how blocks
are extended to be used with the Parametric Diagram that
models the constraint network on system properties, that
is to give support to the reliability analysis and others anal-
ysis).

The behavioral constructions specify the dynamic parts
used in the behavior diagrams of SysML, including among
them: the Activity Diagram (used to describe the control
flow and the input and output flow among the actions), the
Sequence Diagram, the State Machine Diagram and the
Use Case Diagram, the same ones used in UML with little
or any modification. The behavior constructions used in
the diagrams are divided in: activities (basically, the same
ones defined in UML 2.0 with some extensions to allow
continuous elements as activity parts); interactions (where
it is defined the constructions for the behavior based on
messages used in the Sequence Diagram); State Machines
(used to describe the behavior of a system based on its
states and its transitions); and Use Cases (they describe
the behavior and the use of a system in terms of its high
level functionality, like in UML).

3 The Case Study

In the Systems and Automation Department at Federal
University of Santa Catarina (UFSC) there is an experi-
mental unit of industrial automation that is used to demon-
strate the operation of several control strategies using the
same equipments and supervision tools. Figure 2 illus-
trates the experimental unit.

The experimental unit uses Foundation Fieldbus as the
communication network and it allows the implementation
of applications controlling the flow, level and temperature
of a fluid. The unit is composed by several intelligent de-
vices, and a PLC (Programmable Logical Controller), in-
tegrated in the network by an universal bridge that allows
the connection of an Ethernet network to a Foundation
Fieldbus. It also has a station for operation and supervi-
sion of the unit, constituted of a computer and supervision
software. This software receives data acquired in the plant
and presents it on the computer screen. That integrates the
supervision and the control levels of the unit.

The intelligent devices based on the Foundation Field-
bus technology are capable of executing, in a distributed
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