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Production monitoring

and control

Real time factory information
systems will soon be able to co-
ordinate automation and logistics
By Dr Olaf Sauer, Fraunhofer
Institute for Information and Data
Processing
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individual software systems to support manufacturing

operations. Production order control, process monitoring,
sequence planning, vehicle identification, quality management,
maintenance management and material control have to be
managed and monitored. In most factories these systems are not
integrated and they do not exchange information that might be
of interest to more than one application.

Production monitoring and control systems (PMCs) play a
central role in automation. These systems gather signals produced
by production facilities and programmable logic controllers (PLCs),
combine them to control relevant contexts, visualise them and
provide functionalities to operate the facilities. Their strength is
that they manage data in real time and allow access to factory
information from almost any terminal inside the plant.

While visualisation and operation of process signals and
contexts are well-known functions of so-called SCADA systems,
the main work of real time signal processing and interfacing to
production plants is done by PMCs. These are usually implemented
as object oriented systems, interfacing with their environment via
standardised protocols.

The Fraunhofer Institute for Information and Data Processing
(Fraunhofer I1TB) has almost 30 years experience in developing novel
PMCs for automotive plants. In 2005 DaimlerChrysler's Bremen plant
in Germany ordered a new generation of PMCs for its C-Class car.
Production of the new vehicle starts in early 2007, but the system is
already in operation as engineers ramp-up the facilities.

Shop floor workers use production monitoring and control systems
that collect data from PLCs allowing them to control manufacturing
processes in real time. These systems support manufacturing decisions
that are based only on production quantities. In the case of a facility
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breakdown or detected quality errors they only know that a certain
number of vehicles are affected.

They cannot identify the customer orders related to these
vehicles or important details such as colour and specification. This
is because process monitoring and control systems do not hold any
product or order related information. To overcome this weak point
a new generation of production related IT-systems is going to be
established: manufacturing execution systems (MES).

In the case of real-time data processing the MES philosophy leads
to a link between process monitoring tools and those systems that
carry product information such as preduct ID, customer order data
and production sequences. The key to this link is object identification
systems. In the automotive industry these are tools that identify and
track car bodies as well as some just-in-sequence components.

Car body identification and tracking has a high potential for
improvement, such as detection of missing cycles, fixed read/
write points, missing feedback from the manufacturing process,
and is thus completed by redundant systems for body tracking
calculation, PLC signals and scanning of paper information.

Facing the fact that PMCs are usually operated in highly
distributed hardware and software environments, where a
continuous connection of all components involved cannot be
guaranteed, the implementation of each subsystem needs to be
able to operate autonomously at least for a certain span of time.

A PMC has to be able to provide whatever approach the
factory needs. DaimlerChrysler's Bremen plant has one central
control room for its bodyshop, paintshop and final assembly, but
other factories' control facilities are not so centralised, sometimes
taking a mixed approach.

In a decentralised structure, the operation stations on the
shopfloor are able to perform visualisation and operation tasks.
In such cases, it is important to be independent from special
software operating systems, because in the future, Microsoft
Windows applications will have to be connected to Linux
systems and others.

The integration of neighbouring IT systems, such as quality
management, maintenance and repair, sequence scheduling and
car body identification should be made as easy as possible. A
connection between these applications leads to better information
to react on unexpected disturbances on the shop floor, as well as to
higher transparency concerning production related information

Difficulties arise if MES come from different vendors.
Up to now there is no standardised communication for such
systems and this leads to misunderstandings about concepts
to be communicated.

The engineering environments of all concurrently running
systems are usually specific to the single systems; there is no
common repository for such things as plant specifications, signal
types and signal wiring. A large part of the information needed to
operate the single systems has to be provided redundantly to the
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engineering parts of the subsystems. This leads to an unnecessary
engineering cost. It is also a possible source for errors due to
manual data input, especially in cases of reconfiguring the plant.

In the years to come many carmakers’ assembly lines will
be composed of equipment and programmable logic controllers
which are self-aware. They will understand the functions they
can perform and the way they can be engineered. Some assembly
robots already come with web servers, allowing their state to be
visualised and reconfigured.

Assuming this trend continues to grow, “Plug-and-Produce"
software components are likely to revolutionise the engineering of
production systems. This raises the need for a standardised method
of communication among different engineering systems. Software
is becoming a key driver for manufacturing concepts that would
have been impossible in the past.

Fraunhofer IITB's production monitoring systems experts
are already working on intelligent engineering tools supporting
plug-and-produce approaches. DaimlerChrysler's InteqraMCG
concept supports this approach. The benefits are that new
facilities can easily added to production lines and the lines can
be reconfigured far faster.

Production monitoring and control systems have to be able to
visualise and operate their production plants in real time. Because
of this they need very fast communications for signals and
operation actions. Even so, a connection via usual bus systems is
not necessarily possible at all times during the production process.
Special autonomous features have to be implemented to assure
the plant functions correctly.

For certain events, such as shift changes, the systems must
handle a tremendous amount of data and signals in a very short
space of time. Several hundred signals per second have to be
communicated, gathered, sorted, combined and handed over to
databases for evaluation.

Furthermore, a PMC has to provide several different protocols
to underlying production lines, such as open process control,
Microsoft and simple internet protocols. These implement different
abilities, different formats, different frequencies of communication
and different data structures. A PMC has to integrate all this
information in real time.

PMCs can't be developed as stand-alone systems; there has to be
a range of interfaces to related IT systems. These systems have usually
evolved historically in the factories. For financial reasons, these cannot
simply be replaced by newer, easier to integrate systems.

Because of this PMC systems need a platform to integrate
with other manufacturing execution system components. Vendors
such as Siemens, Wonderware and Rockwell Automation provide
a platform for their own components, but it is not usually possible
to operate different vendors' systems on the same platform. The
system needs dedicated interfaces for each specific configuration
for components coming from different vendors.
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Integration is a challenge. In principle there are several ways
of integrating concurrent systems which all have several
advantages and disadvantages. Three possible options are
vendor proprietary platform, the database centred approach
and integration on a client platform.

DaimlerChrysler and Fraunhofer IITB have chosen to integrate
using software agents. Agent platforms usually offer a standard
method of communication among the agents hosted on the
platform. Using ontologies for different subsystems assures the
unigueness of the concepts to be exchanged.

Starting from the proven object-oriented PMC ProVis.NT, which
is in operation for DaimlerChrysler's current C-class car, Fraunhofer
[ITB has decided to use software agents as the means of integration
when developing further PMCs or other MES components.

The architecture of the new production monitoring and
control system, called Provis Agent, is open for connection to
IT systems related to logistics, quality management or building
utilities control. The central monitoring server consists of a
collection of cooperating software agents. Each of these agents
covers one piece of functionality already contained in the ProVis.
NT system. It contains the functional treatment of different types
of signals such as switches, analogue values, and distances, as well
as working time models, alarming and statistical data.

The 1/0-agent encapsulates different types of 1/0-channels
and allows the control room server to have a uniform look
across all the signals delivered by underlying systems. A
visualisation agent is used for interfacing with a variety of
commonly used SCADA systems as well as with Fraunhofer's
real-time visualisation tool ProVis.Visu.

The benefit offered by the agents is that the PMC can
connect itself to other shop floor related applications. Changes
in the software can also be made more efficient than in object
oriented software systems and the system as a whole can be
maintained very easily.

The operating agent always provides the operating context for
single signals or complex actions. This context may only be the
name and operating mode of a single underlying plant. It may also
be a combination of several signals of different types coming from
several sub-plants.

The main objective is to provide the operator with all the
information needed to perform even complex operations such
as changing the working time model for different plants. At any
time the operator must be in a position to correctly evaluate the
consequences of their actions.

Today none of the production monitoring systems on the
market can view both facilities behaviour and the product
flow and logistics. But the two worlds are starting to move
towards each other. To close the gap between these disciplines
organisational borders have to be overcome inside the car plant.
That means combining knowledge from production engineers
and computer scientists. m
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