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Abstract

The communication of humans with manufacturing processes — respectively their representation in software
— is an integrated cooperation. It includes information acquisition via sensors, information processing by control
systems and feedback information. This supports control personnel in supervising and operating the processes
using information captured in real time. This paper proposes an approach of building an innovative graphical

user-interface for intelligent process control systems based on the analysis of various requirements for process
control of today’s manufacturing. Information and presentation models are used for transforming real-time pro-
duction data into a dynamic and easy-to-use graphical user interface using XML technology.
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1. Introduction

The manufacturing systems of today consist of
various processes from planning to transport. Tech-
nical production processes are initialized by the
human and accordingly must be monitored and con-
trolled by the human. The human-process communi-
cation of manufacturing is an integrated cooperation
that works together with information acquisition via
sensors, information processing by control system
and information feedback which supports control
personnel to manipulate the processes with the cap-
tured information in real time [1].

Today’s manufacturing requires real-time moni-
toring and control of the production process through
innovative mechatronics. The EU project INT-
MANUS (Intelligent Networked Manufacturing Sys-
tem) addresses these problems by developing a

Smart-Connected-Control (SCC) Platform that will
allow decentralized control of the production process
in a new way. One important part of such an SCC
platform is a user-friendly interface that visualizes
and interacts with complex data of production
processes. The user interface will be embedded into
a display wall [2] that enables the supervisors to
monitor the real-time process values and on their
PDAs handled by the control personnel [3].

This paper proposes an approach of building an
innovative graphical user-interface for intelligent
process control systems based on the analysis of
various requirements for process control of modern
manufacturing. In order to distinctly model the func-
tions of a user-interface the tasks of this work are di-
vided into the information model [4] and the
presentation model. In the information model, the



process values are modeled according to data struc-
tures and data types. The presentation model des-
cribes the graphical objects that present the data to
the user in various manners. The bridge to connect
the two function models are interactive elements.
The objective of this work is to build information
and presentation models which are used for
transforming real-time production data into a
dynamic and easy-to-use graphical user interface
using XML technology.

2. Determining needs of process control in
different problem domains

The analysis of requirements for a process
control system is the foundation of building models
for human-machine interfaces. The restriction of the
requirements is the basis of choosing graphical user
interface technologies. Process control engineering
encompasses all technical means that assist humans
to control a process according to previously captured
requirements. In automation systems the processes
are controlled by monitoring the process values and
allow full access to measurement and configuration
of execution data. In this work three problem do-
mains in process control systems are discussed: real-
time monitoring and control, statistical process con-
trol, and phase model of production processes.

2.1 Real-time monitoring and control

One of the important functions of a user-interface
for process control systems is to display current pro-
cess information in real-time because the control per-
sonnel must acquire the process values for process
management.

General information on a production process,
such as the order of the products, the model of the
target product, the number of workers, etc. is
essential information required by all production pro-
cesses.

Besides this general information the real-time
process values include also the inner information of
partial processes and atom elements, for example,
the running state of a machine. For a certain value
the exact address from where a value is coming is
important as well as attributes and type of the value.
For further usage in deciding what kind of
(interactive) element is used, it should also be
considered, whether a value is controllable or not.

For reliable process control the ability of re-
sponse to exceptions and errors is important and

necessary in case a value exceeds or falls below a
limit. If the control person is just alarmed when the
value is already out of the threshold, it will be too
late to avoid dangerous errors. Therefore, the alert
range of a value should be definable in model in
order to warn the control person when the value
approaches the threshold value.

Table 1 shows an example for a complex data
type “machine temperature”, which has a valid range
from 18°C to 27°C. Lower than 15°C and higher
than 32°C the alert will be started.

Table 1
An example of complex data type - Temperature

Warning Min Warr}ing Current

Unit Control Max Max Min

Data Type|string bool float float float  float float
Example | °C false 32 27 15 18 25

2.2 Statistical process control

For the quality control of a manufacturing system
not only the current process values but also the trend
and history or statistics of the values are of interest to
the control personnel. In other words, what is
happing currently and what has happened previously
should be analyzed by the system. In the database for
a production process the process values during a
certain time should be stored in an archive.

Normally the history and trend of a process are
displayed in a diagram or a chart with an axis for
value and an axis for time. The following questions
should be considered for the statistical process
control:

*  How long should be the history reported?

* How many values should be compared in a dia-
gram?

* How many curves should be displayed at the
same time?

*  How should the coordinates be scaled?

* Has the Diagram more than one abscissa or or-
dinate?

* How is the history of a binary value presented
such as the running state of a machine?

e What is the sample rate or sensors refresh fre-
quency of the statistical diagram per minute, per
hour or per day.

Diagram representations for engineering data like
histograms, check sheets, scatter diagrams, and con-
trol charts and more ways to visualize the process
values are described and illustrated in [5].



2.3 Phase Model

A  manufacturing process system can be
described in different models. The model for the
workflow of a process is called phase model [6].
Here, a process can be decomposed into more
process elements and each process element can again
be hierarchically composed of other process
elements. A process can exist individually or serve
as successor or predecessor of another process.
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Fig. 1. An example of phase model

A simple process contains process elements,
input product as well as semi-finished and end
products from process elements and other output
elements. Fig.1 shows a simple phase model of the
process for lacquering the door of car. The door of
car is an output product produced from other
processes and acts in this process as input product.
The first process element (Mixing) accomplishes
mixing of the raw materials. The output product
from this process element works together with
another input product (door) through the second
process element (Lacquering).

3. Information models of process control systems

Manufacturing a process is an integration of
products, machines, and process eclements. We
attempted to model our user-interface for manufac-
turing systems step by step from simplicity to
complexity. At first the models for the simplest enti-
ties such as products and machines are built with
their attributes, each entity must have a unique
identifier in the whole production process in order
that it can be easily referenced by the other models

without confusion. Based on the models of all
entities it should be considered how the entities are
combined for a complex function. Fig. 2 shows an
entity model of a machine. In this work, the
information model is built on Product Model,
Machine Model and Process Model that will be
explained later.

Machine

State Information

Fig. 2. An entity model of a machine

Identifier. In order to let a process control system
run trouble-free it must be avoided that a component
of the system has different meanings or a notation
corresponds to more than one component. In this
case the ambiguous relationship of system
components will lead to confused operations and
false control. Therefore, the uniqueness of all
components in the control system is necessary.

To make a product unique in the control system,
the product model should contain the information of
both the inner properties of the product such as name
and unit and the exterior properties such as its
position in a process. For a machine, the function of
the machine, the product which the machine
produces, and the position of a machine in a process
are considered for a unique reference in the whole
system. Similar to product and machine, a unique id
of a process denotes a sub-process, which works for
a certain processing phase and has definitive pre-
decessor and subsequence.

Product model. A product model can be des-
cribed in a class. For each special product an in-
stance of this class or model is created. One product
model can correspond to more than one product with
variable parameters which are distinguished by
unique ids. Because each id corresponds to one pro-
duct for a certain usage the control person can moni-
tor the states of all products by choosing the product
id.

Machine Model. To model a tool machine the



configuration and state information of the machine
should be considered. The configuration of a ma-
chine is determined by the usage and functions of the
machine.
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Fig. 3. Model of machine group in XML Schema
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For different functions the information is divided
into two blocks, the inner information and the exter-
nal information. The inner information of a machine
exists free of context, that is, the information is inde-
pendent of other machines and the position in a pro-
cess. The inner information is mostly defined by the
machine manufacturer, limited by sensors and speci-
fication.

The external information of a machine is context
sensitive that depends on cooperating machines and
the function of the machine in a process. The
external information determines the logical
relationship between the machines and other
cooperative compositions.

In practical production processes it is possible
that some machines are designed for multiple func-
tions or more than one machine is used for one
task/purpose. Such machines with complex functions
are built based on the model of single machine with
single function. Fig.3 shows a model of a machine
group that is built with referenced models of single
machine and products.

Process model. A process element model can be
built by combining the models of product and ma-
chines with additional process information. A pro-
cess consists of process elements and products.
These are connected according to their functions and
their positions in the process — referenced to their
unique identifiers.

4. Modeling with XML Schema

In this work we adopted XML Schema to build
the information model by defining the data of
process values with their data types in XML Schema
which can be treated as a meta-model for the farther
modeling. In XML Schema an arbitrary data type
can be easily defined and referenced anytime when
required. Besides, the XML Schema diagram enables
the developer to have an entire concept of the model.

Step 1: Building models from atom elements.
Each atom element is defined in a separate model.
Complex data types are defined by combination of
simple data types and other complex data types.

Step 2: Associating models of atom elements.
The process model is built stepwise by associating
product models, machine models and process ele-
ment model. Each atom model can be referenced re-
peatedly.

Step 3: Application-specific models. Based on
the models defined in XML Schema the data of
process values can be specified in XML format
corresponding to different tasks.

5. Presentation Model

The presentation model describes which gra-
phical elements will be presented to the users.
According to the functions of a user interface for
process control we divided the presentation model
into two major parts: navigation model and process
information display.

In the navigation window the graphical naviga-
tion flow chart, in which each process element is
represented by an icon, is used to visualize the pro-
duction phase for quick switch between processes [7].
The sequence and relationship of components in the
flow chart should correspond to the real process
phase model.

In the information window various minor user
interface elements such as process bar, control slider,
diagram, etc. are employed to display the process in-
formation and receive user commands. The selection
of suitable minor user interface elements is driven by
the information models described in the previous
sections.

6. Transformation

To find a consistent and appropriate represen-
tation for information elements, it must be
considered how the data can be transformed into a
presentation object. The concept of the two-block



function model [8] is adopted for transforming data
elements to graphical elements. With the two-block
function model the task of a user-interface is divided
into two blocks, one is the information model and the
other is the presentation model, both are already
described in the previous sections. The bridge to
connect the two function model is interactive
functions that determine how the data is transformed
into graphical elements.
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Fig. 4. Transformation of data and user commands

After the instances of the information model have
been created, the data types of the concrete process
values influence directly their representation by the
presentation objects. Interactive elements play an im-
portant role as management of data model and
presentation objects. The data and the commands
from users are translated by the interactive elements
such that suitable presentation objects in the presen-
tation model can be chosen.

Fig. 4 shows the approach of transforming infor-
mation structures and data into presentation objects.
The interactive elements translate the process values
that have been acquired from a central server and
user commands via user interface. The suitable pre-
sentation objects are chosen according to the data
types and user commands.

In our scenario, we have identified a two-dimen-
sional graphical presentation as the best suited user
interface form for a process control system,
especially a control centre. In this work we declare
the method of transformation with example of the
web application.

The left XML code in Fig.5 describes an instance
of the temperature model. Because the XML ele-
ments are stored a DOM tree structure by an XML
parser, all elements can be traversed. First the ele-
ment “temperature” is found and the value of the
node attribute “controllable” is read for determining
whether the element — here temperature — is con-
trollable or not. If “controllable” is false, the pre-
defined design pattern for a non-controllable (non-
interactive) temperature element is called from
resource. Similarly, the values of children nodes

“MAX”, “MIN” and “Actual” are interpreted and
assigned to corresponding parameters.

An Instance of Temperature Model

<Temperature unit=""C" id="temp" Temperature Element
controllable="false">
<MAX> Temperature(°C)
<Max>38</Max> MAX: 38 c
<Warning>3 5</Warning> MIN: 15 '
</MAX> e i
s : "~ Actual: 18
<Min>15</Min>
<Warning>18</Warning>
</MIN> Pres: 1200
<Actual>18</Actual>
</Temperature>

Fig. 5. Presentation object from XML document

Another method for transforming the information
model into presentation objects for a web-based
interface is using XSL Transformation (XSLT) [9].
XSL Transformations is a template language ex-
pressed in XML syntax. XSL was developed to add
style to an XML document and XSLT was designed
to be more general and to allow the transformation of
documents into any documents of XML type like
XHTML or and Scalable Vector Graphics (SVG)
[10]. With different XSL Transformation an infor-
mation model can be transformed to user-interfaces
for different platforms and specific users.

7. Generation of Model-based User Interface

In our case, the application control will be done
using a web interface, so we have chosen SVG [11,
12] as the target for the user interface generation.
This vector-based representation has the advantage
of being an XML format and allowing for lossless
zooming, needed when scaling the control centre
interface to a PDA-based version with conformity to
user expectation — using the same elements. The
specification SVG Tiny provides a solution for the
generation of user interface consisting of SVG
components for the PDAs and Mobiles. The DOM
mechanism of SVG enables full access of data and
various event handlers.

For all purposes in a process control system, the
interfaces can be generated for different platforms.
For desktop-oriented graphical interfaces the Batik
SVG Toolkit [13], a Java based toolkit could be used.
For web interfaces today’s web browsers can render
SVG natively or need a special plug-in.



8. Conclusions

Building a dynamic user-interface for production
control centers it is important to consider that the
essential of process control engineering is informa-
tion exchange and visualization as well as the com-
munication between human controllers and the
production system. The basis for a model-based, dy-
namic user-interface is therefore the information
models. To build an information infrastructure we
chose to define the data of process values with their
data types in XML Schema. Based on this XML
Schema document, the defined models with adjacent
data can be specialized in XML format
corresponding to different tasks. The models built in
this work prove that XML Schema can effectively
define a meta-model of information structures even
with complex data types. In our approach the generic
information model plays the role as a meta-model
consisting of a set of first-class modeling artifacts
allowing for keeping it small and invariant.
Compared to the meta-model the application-specific
models are the lower layer of abstraction, they do not
introduce new artifacts but are depicted using the
meta-model artifacts.

In order to better model and manage the user
interface for information exchange, the functions of
data exchange through user interface are separated
into data acquisition and data representation. Both
parts can be modeled individually and connected by
interactive elements. The separation of functions
benefits code separation and code reuse. Presentation
models rely on the previous built information models,
according to specific task only limited presentation
objects are required. The data types in the meta-
model give us an early perception of which presenta-
tion objects may be possibly used.
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