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After that, fundamental theorems for modeling manufacturing
systems using C.A.D. environments are discussed.
Subsequently, the use of SCL language to describe structural
and behavioral is explained. Finally, conclusions are drawn.

Abstract—This work shows the benefits of a virtual graphical
environment to model soft faults behavior in the resources of
typical manufacturing processes applying Fuzzy Filter Time
Series. It is shown in this work that using the programming tool
called Scheduling Control Language (SLC), it is possible to
improve the level of abstraction to introduce non-deterministic
characteristics in the structural and functional description for
each resource and the whole definition for the model. A graphical
representation is proposed to generate an on-line platform as a
virtual manufacturing laboratory. This instrument will be useful
for academic, research and industrial applications. This tool can
be used for validating and evaluating models, simulation of
scheduling tasks and verification of control algorithms.

II. FUNDAMENTAL THEORY
When the standard of "Intelligent" is desired to be
accomplished current manufacturing processes must achieve
new requirement of high performance characteristics, such as:
interoperability, open and dynamic structures, interaction
between human beings, software and hardware and fault
tolerance [1].
The Integration of human beings with software and
hardware means that people and computers need to be
incorporated to work collectively at various stages of the
developed product, and even the whole product life cycle with
rapid access to require knowledge and information.
Heterogeneous sources of information must then be integrated
to support these needs and to enhance the decision capabilities
of the system. Bi-directional communication environments are
required to allow effective and quick communication between
human beings and computers to facilitate the interaction.
In the case of Fault Tolerance requirement, the system
should be fault tolerant in both cases: at the system level and
at the subsystem level. This characteristic is important to be
able to detect and recover from system failures and minimize
the impact on the working environment. When the two
requirements are needed to be verified in a Manufacturing
Process, it is adequate to use the Computer Environment in
modeling, simulating and Model Based Direct Control
Generating [2].
In many applications in which a malfunction of the system
can cause significant losses or even cause danger to the
environment or human life, a fault analysis model is required
to evaluate the performance in order to anticipate possible
faults. Examples of such areas are material transporting,
process controlling and instrumentation. The systems used in
such or similar application areas are expected to exhibit
always an acceptable behavior. This system property is often
referred as “dependability”. Any deviation from the acceptable
behavior is considered a system failure. Failures are caused by
faults, which can arise in different phases of the process
system lifecycle [3].
By definition, a fault represents an unexpected change of
system function, although it may not represent a physical
failure. The term failure indicates a serious breakdown of a

Index Terms—Graphics utilities, Virtual device interfaces,
Virtual instrumentation

I. INTRODUCTION

T

he design in rapid prototyping approach for modeling,
simulation, fault analysis and control of flexible
manufacturing systems, have interested to academic and
industrial communities in the last 10 years. Several solutions
have been proposed to design using rapid prototyping;
however these solutions have not contemplated the insertion
of intelligence in the elements and devices included in the
process.
Besides, requirements such as: the active interaction of the
human with software and hardware, agility, fault tolerance and
the adaptability in general, are decisive characteristics that any
intelligent manufacturing system should satisfy [1].
Therefore, new methods and tools for designing, simulating
and controlling, must include a unified modeling language that
allow a direct translation between the parameters of the
process and the different strategies of intelligent control.
The present work begins with a brief description of
modeling, simulation and control of manufacturing systems.
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system component or function that leads to a significantly
deviated behavior of the whole system. The term fault rather
indicates a malfunction that does not affect significantly the
normal behavior of the system [4].
An incipient (soft) fault represents a small and often slowly
developing continuous fault. The effects on the system are in
the early stages almost unnoticeable. A fault is called hard or
abrupt if its effects on the system are larger and bring the
system very close to the limit of acceptable behavior. A fault
is called intermittent if its effects on the system are hidden for
discontinuous periods of time. Although a fault is tolerable at
the moment that it occurs, it must be diagnosed as early as
possible because it may lead to serious consequences after
some time [5].
A fault diagnosis system is a monitoring system that is used
to detect faults and diagnose their location and significance in
a system. The system performs the following tasks:
–
–
–

can be used to model, simulate and obtain the control for the
system. Therefore it is possible to include faults in the activity
or availability for the resources such as Robots, C.N.C.,
Conveyor Belts, etc.
Cassandras [8] has proposed Three Levels of Abstraction in
the Study of Discrete Event Systems, i.e. untimed (or logical),
timed, and stochastic.
Queuing models provide a convenient framework to
describe manufacturing systems because their real physical
limitations (Fig. 1), buffers in a manufacturing system usually
have finite size. However when a type of fault is inserted for
tolerance analysis the size of the model could be increased
exponentially. If this procedure is inserted as an algorithm
developed in a C.A.D. platform, describing the structural and
behavioral level of the system, then the computing time is
difficult to reduce [9]. Munoz-Hernandez et al [10] have
reported some novel schemes to describe efficiently, on size
and computing time, the use of Graphical C.A.D.
environments.

Fault detection: to indicate if a fault occurred or not in the
system.
Fault isolation: to determine the location of the fault.
Fault identification: to estimate the size and nature of the
fault.

The first two tasks of the system -fault detection and
isolation are considered the most important.
Fault diagnosis is often named as Fault Detection and
Isolation (FDI). A fault -tolerant scheme is a robust system
that continues to operate acceptably after faults are presented
in the system or in the controller. An important feature of such
system is the automatic reconfiguration, once a malfunction is
detected and isolated. Fault diagnosis contributes to develop a
fault-tolerant control system, which will be capable of
detecting and isolating the faults in order to decide how to
perform reconfiguration [6].
Using a modeling Soft Fault Graphical Environment, the
model based fault diagnosis can be defined as the
determination of the faults in a system by comparing available
system measurements with a priori information represented by
an analytical/mathematical model system, through generation
of residuals quantities and their analyses [6].
When an analytical model is used to represent any system
under diagnosis, it cannot perfectly model uncertainties due to
disturbances and noise. The differences provoked by the noncomplete description of the model, cause residual values,
which are instruments to indicate faults. Vasile [5] and
Lakhmi [6] presented a robust FDI scheme that provides
satisfactory sensitivity to faults, while being robust
(insensitive or even invariant) to modeling uncertainties.
The principal challenge in designing a robust FDI scheme is
to make it able to diagnose incipient faults. The effects of an
incipient fault on a system are almost unnoticeable in the
beginning, thus effects of uncertainties on the system could
hide these small effects. Gracios et al [7] presented a work
where any Manufacturing System can be described as a
Discrete Event System (DES) because when digital sensors
and actuators are included in each resource, using this
approach typical methods of modeling Discrete Event System
Polibits (46) 2012

Fig. 1. Typical resources for a Manufacturing System.

Examples as VHDL, Matlab® and others platform have
been applied with good results. Recent solution using
explicitly environment have been also reported. In the issue of
manufacturing process, Nasr and Kamrani [11] established the
use of C.A.D. modeling as part of a framework collaborative
environment.
Design problems can be decomposed into models such as
physical components, parametric models, or analysis
procedures. The important aspect of the proposed framework
is the integration of these models used during the design
process in the collaborative environment. Thus, the proposed
collaborative framework allows the integrated model to be
revised with any change made by individual involved in the
modeling process. The individual does not have to analyze the
scenario repeatedly for every change in the design of variables
and to validate it for each instance. This framework allows the
designer to collaborate with the vendors, and other design
team members to speed up and optimize the design process
considering the relationship within these models. Parametric
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The main characteristic provided by Quest® is the
possibility of inserting the source code to increase the level of
description (open programming). The Simulation Control
Language (SCL) [13] is a procedural language used to
construct logic, which can be employed to govern the actions
and behavior of individual model entities in a simulation. SCL
incorporates conventions commonly used in high-level
computer languages with specific enhancements for discrete
event logic processing and simulation environment inquiries.
In Figures 4 and 5, samples of the capability to describe
parametric details for each resource is showed, in this case, the
functional parameters for the robot, in its particular behavior.

modeling can also be introduced to take its advantages of
quicker response, accuracy, consistency, documentation, etc.
Several companies around the world have developed
frameworks with programmable tools to describe real
resources with libraries and capabilities to change the
structural and behavioral description.
III. GRAPHICAL APPROACH
There are several methods proposed to develop the
description for the structural and behavior definition of each
resource included in a typical manufacturing system. In this
study, the method proposed by Gracios [9] was chosen to
demonstrate the reduction of size and timing in the internal
environment scheduling. The application of the method was
developed by Lebano [12], the model is currently used for
teaching and researching in postgraduate courses at the
“Universidad Popular Autonoma del Estado de Puebla”.
The first level of application is: to determine the layout for
the system to establish the physical distribution for each
resource. Figure 2 shows this abstraction level.

Fig. 4. Graphical detail for the robot.

Fig. 2. Layout for the system.

For the particular case of the Cyclic Conveyor Belt, only the
interaction with the robot, pallets, and machines is described.
The second level of abstraction for the system is: to
describe the structural part of each resource. For this step,
Quest® by Delmia® (Dassault System) was used as the C.A.D.
environment.
Figure 3 shows the initial graphical description for the robot
in the system. Quest® provides a complete graphical tool that
accepts files from other platforms, as Solid Works®.

Fig. 5. Parametrical information.

The term "logic" is used to describe the decision-making
activities that occur at specific instances during the simulation.
QUEST® provides large numbers of built-in logic; however,
because unique and complex requirements may not be met
with the standard built-in logic, the user may compose custom
SCL logic programs to control any or all aspects of element
behavior. An SCL file may contain several SCL logic
programs. SCL logic may be written to control:
–
–
–
–
–
–
–
–

Fig. 3. Structural graphical description for the robot.
ISSN 1870-9044
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Routing.
Processing.
Queuing.
AGV/labor Motion.
Decision Point Activity.
Initialization, Termination, Simulation.
Pre and Post event actions.
Defined user behavior (buttons/macros).
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SCL defines several data types that allow the programmer
to access the specific information of each element. It also
provides a rich collection of built-in procedures and routines
that can be used to call actions in the model such as routing or
starting a process.
The solid models of the components for the complete system are generated and can be displayed at the user interface in
graphical format. This gives to the designer the opportunity to
visualize the different alternatives and the optimum
configuration of the component. These CAD models as a
repository can further be used for FDI analysis, NC code
generation, manufacturing documentation, reuse for new
products, and several other applications.

Fig.7. Complete graph definition for the Manufacturing System.

IV. INSERTING SOFT FAULT.-SIMULATION
AND CONTROL STEPS
When the insertion of any fault in the behavior is made, the
"normal" activity of the logic for the resource must be
modified. In Figure 6, the SCL code is listed in terms of a
minimal variation when a fault is inserted. In this section, the
complete structural and functional behavior for the whole
system is shown.

Fig. 8. Logical Sequence description.

SCL environment is used to insert the Soft Fault
considering four restrictions:
–
–

–
–

The preliminary description of a fault in the activity of the
robot is presented in Figure 9 using SCL code. The insertion
of soft fault is developed by the used of research results
presented by Munoz et al where Fuzzy Time Series (FTS) are
applied as a stochastic model in [15].

Fig. 6. SCL code example for fault insertion.

When the submenu of Simulation is selected, new tools are
available to insert the parametrical restrictions for the FDI
analysis. Figure 7 shows these new characteristics. The tabs
which will be more used are: Simulation, SCL program and
the subtab of experimentation. The subtab is used to obtain the
graphical report of simulation without faults and soft faults
routines.
Figure 8 indicates the graphical representation of the
Logical Sequence Assigned for this example. The figure
shows an application of graphical modeling to Detect Soft
Faults in the real system.

Polibits (46) 2012

The number and type of soft faults were obtained by
Lebano [12] and was reported in [14].
The graphical model is expressed in the present article
with restrictions by Copyright Laws of the institution
(Universidad Popular Autonoma del Estado de Puebla).
The results obtained with this model have only academic
and research application.
The soft fault model is focused in terms of robot
interaction with the other resources.

V. CONCLUSIONS
This work has shown the use of a C.A.D. environment
inserting the ability of fault detection and isolation modeling
where a typical manufacturing system has included soft faults.
The level of abstraction obtained is a good approach to
develop a virtual graphic environment to model, simulate and
control manufacturing system using online interfaces. The
quality of the graphical models is adequate to be inserted into
the real structural environment and functional behavior.
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