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Abstract: The paper presents an object architecture for model-based applications for 
the steel milling facility automation. The architecture possesses three levels: 
modeling level, simulation level, and level of inverse problems. Thereby, the usage 
of reusable model elements and standard software solutions is considered. The main 
issue of the architecture is to guide the development of model-based automation 
solutions on low-cost base and to ensure an efficient model maintenance. The 
technique can generally be applied to scalable facilities in process industry. 
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1. INTRODUCTION 

 
Advanced modeling and simulation techniques play 
an increasingly role by development of control and 
supervision systems for process plants. However, the 
design of an advanced model-based control core is 
often a non-trivial problem which needs a high 
skilled personnel, is time consuming and, therefore, 
is extremely expensive. An actual research subject is 
the development of new modeling techniques and 
architectures which allow to perform the modeling 
work on a low-cost base and with a high quality. 
 
The paper presents an object architecture for model-
based automation systems, which was implemented 
for a hot steel milling facility. This issue was one of 
the key aims of the PROQUS (Advanced Model 
Based Process and Quality Supervision in Steel 
Production) project. Here, concepts of hierarchical 
modeling and distributed model processing have 
been studied. A set of simulation models builds the 
core of the system and possesses updated process 
information. Thereby, the usage of reusable model 
elements and standard software solutions will guide 
the development on low-cost base and will ensure an 
efficient model maintenance.  
 
The described project has been elaborated by a con-
sortium of 6 partners. The consortium includes the 
research  institutions  Fraunhofer-IPK  (Germany), 
Universidad Nacional de San Juan (Argentina), 
Pontificia Universidad Catolica de Chile, and 

Universidad Politecnica de Madrid (Spain), 
specialists in the fields of modeling, supervision and 
control theory as well as applications. End-user 
SIDERAR S.A. (Argentina) and engineering 
company ELPRO EPE GmbH (Germany) 
experienced in supervision and control systems for 
the steel milling industry as well as for the process 
industry in general, are also in the consortium.  
 
 

2. FACILITY STRUCTURE AND 
MODELING 

 
A hot steel milling process as an example for a 
scalable and hierarchically designed process facility 
will be considered. Bearing in mind that the 
operation interval of the steel milling processes itself 
is rather limited (with respect to its optimal perfor-
mance), the scaling the process facility (Figure 1) is 
a method to ensure an efficient processing for a 
bright product range. This method is extensively 
being applied in all branches in the process industry. 
Respectively, the modeling methodology must 
support the scalability (structural configurability) of 
the process model (Figure 2). In other words, model 
parts representing the processing units – stand, 
material transport, looper, etc. – must be linked 
dependent on the actual facility operation scenario. 
The model linking can be provided by the linking of 
the corresponding model variables. 
 
The second characteristic of the technological mo-
deling is a high complexity of the process. Typically, 
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the model involves a set of physical / chemical phe-
nomena which are closely dependent (Figure 3).  
 
As illustrated (see Figure 2 and Figure 3), the steel 
milling process model  can be considered in the  fol- 
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Fig. 1. Functional structure of milling line. 
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Fig. 2. Structure of milling line model. 
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Fig. 3. Structure of milling stand model. 

 

lowing structural parts or partial models (Spur and 
Stöferle, 1983): 
• material flow model, 
• geometry model of deformation zone, 
• processing velocity model, 
• material plasticity-elasticity model, 
• stand elasticity model, 
• static model, 
• strip temperature evolution between stands, 
• strip temperature evolution by milling, 
• looper geometrical model, 
• tension/stress model between stands,  
• strip transport model between stands. 
 
For the real time automation and on-line quality 
supervision, data-field-based (or phenomenological) 
models are usually used for the representing the 
process behavior (Lisounkin, 1996). For the milling 
facilities, the mathematical model has a clear hierar-
chical structure and possesses the scalability proper-
ty as well .  
 
 

3. MODEL STRUCTURE  
 
It should be outlined that the modeling must be 
considered related to a model application task where 
this model will be used – model tuning, model-based 
process trend forecasting, trend verification, model-
based fault detection, process control, etc. Namely, 
the model requirements and model processing 
scenarios can vary substantially.  
 
The hierarchical structure of the process can be 
conserved in a simulation model. 
 
Let us consider the model structure, in a general 
form, for one milling stand and for the milling line.  
 
 
3.1 Milling Stand Model 
 
As mathematical abstraction, the model for one 
milling stand is given by 

 ( ) 0=XS , (1) 

where nRX ∈  denotes the model variables, S  – the 
modeling operator. 
 
For the milling stand model proposed by (Lage, et 
al., 2000), equation (1) can be divided in sub-models 
and rewritten as follows 

 ( ) iii xxs =~ ,    SIi ∈ , (2) 

here  SI  denotes a set of sub-models (material flow, 
geometry, processing velocity, material plasticity/ 
elasticity, temperature, and static),  i – an index of a 
sub-model,  ix  – sub-model variables,  ix~  – model 



     

variables which not belong to sub-model i,  is  – 
sub-model operator, and  
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As already mentioned, for a technologically encap-
sulated unit, the model variables are closely linked. 
The model can be divided into sub-models only 
semantically, the processing of the model must be 
performed simultaneously for all sub-models.  
 
However, an explicit form of equations (e.g. equa-
tion (2)) can be important for the definition of 
processing scenarios, but not obligatory. The used 
model of the milling stand possess this property. 
 
Definition of the sub-models has an influence on the 
structure of objects and the model processing scena-
rios. Of course, it is non-formal procedure and 
involves the knowledge of process engineers and 
mathematicians as well. 
 
 
3.2 Milling Line Model 
 
The mathematical model of the milling line can be 
represented as a set of the stand and transport models  

 ( ) 0=jj XS ,    ( ) 0=jj YT ,    Jj ∈ , (4) 

with the linking equations  

 ( ) 0,1 =jj YXL ,  ( ) 0, 12 =+jj XYL ,  Jjj ∈+ 1, , (5) 

here,  J denotes a set of stands,  j – an index of the 
stand, n

j RX ∈  – stand model variables, m
j RY ∈  – 

transport model variables,  jS  – stand model,  jT  – 

transport model,  1L  – stand-to-transport link model,  

2L  – transport-to-stand link model.  
 
The transport model  T  can also be given in the 
explicit form  (Lage, et al., 2000): 

 ( ) iii yyt =~ ,    TIi ∈ , (6) 
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Within the operation intervals, the models jS  and 

jT , Jj ∈ , are considered to be smooth functions. 

This assumption allows the usage of Newton 
algorithm for the model processing. 
 
The link models 1L  and 2L  are associated with a 
very simple structure: they assign the corresponding 
variables in the stand and transport models respec-
tively.  
 

 
4. MODEL PROCESSING 

 
The model processing is provided using numeric 
algorithms and requires the respective model func-
tionality. Here, two main scenarios for the model 
processing will be considered. The scenarios mirror 
two important mathematical problems: the direct 
simulation and an inverse problem solving. Both 
scenarios are substantial for the process automation. 
 
Analyzing the model hierarchy, one can see that the 
model has a block structure which can be exploited 
by the solving procedure. Moreover, the block 
structure of the model offers the possibility to 
distribute the model processing in a automation 
network. The last aspect is significant with respect to 
low-cost hardware solutions for automation systems. 
In the newest time, PC-based automation networks 
with agent based software architectures are exten-
sively used.  
 
Using the results of (Beyko, 1997), the processing of 
the block structured models can be optimized with 
respect to the accuracy and evaluation time. Thus, 
every model block is processed with its own accu-
racy, depending on the available time resource. The 
overall model accuracy is controlled respectively. 
 
 
4.1 Trend Simulation Task 
 
For the process trend forecasting, the direct simula-
tion problem builds the mathematical origin for the 
model processing.  
 
Considering the structure of the model (2) and (4-6), 
one can see that a simple iteration algorithm can be 
used for the numerical treatment of the simulation 
problem. The convergence conditions for the hot 
steel milling line model have been checked.  
 
 
4.2 Model Tuning Task 
 
As mentioned above, the model tuning task belongs 
to the class of inverse problems. For the model 
parameter tuning task, a modified Newton algorithm 
has been used.  
 
The procedure involves substantially the results of 
the simulation task and some additional attributes 
which must be supported by the model. These 
attributes are the derivatives of the modeling 
functions with respect to model variables and 
parameters.  
 
The next chapter gives the ideas, how the imple-
mentation of the mentioned methods, procedures and 
models can be provided in a well structured object 
oriented form. 



     

 
5. OBJECT ARCHITECTURE 

 
Based on the analysis of the mathematical tasks 
associated with an advanced facility automation 
functionality – e.g. model tuning, process prediction, 
and fault diagnostic – a three-level functional archi-
tecture for the model processing modules has been 
derived.  
 
The model levels are listed below: 
• Level 1: Partial sub-system behavior modeling.  
• Level 2: Procedures and scenarios for the facility 

simulation. 
• Level 3: Model tuning, fault detection and 

diagnostics procedures. 
 
Level 1 represents the engineering view on the 
model. This level implements data structures of the 
process model and partial functional dependencies 
between the process attributes. With this, the 
scalable systems (as in our case the line of milling 
stands) can also be easily instantiated. 
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Fig. 4. Model classes of Level 1 (UML notation is 

used). 

Level 2 contains scenarios for the facility model 
processing. Here, the main objective is to calculate a 
model behavior by given input values. This allows to 
compare the simulated model trends with the 
corresponding  measured  process  variables,  and  to 
calculate, on this basis, a relevant model quality 
function.  
 
Level 3 represents model tuning, fault detection and 
diagnostic tasks in abstract mathematical form. 
General purpose solvers (Newton algorithm) and 
libraries (linear algebra library) are housed here. 
 
We divided the functional tasks in the described 
three levels in order to separate the functionality and 
responsibility of the corresponding classes and, with 
this, to achieve their encapsulation for the related 
user groups. This approach supports an efficient 
model maintenance and further improvement. 
 
Figures 4-6 depict the architecture of the objects and 
illustrate the functionality and interaction of the 
classes within one level and over the levels. Here, 
the data model classes host the model attributes, they 
mirror the topology of the facility. The evaluating  
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Fig. 5. Interaction of simulation task (Level 2) with 

Level 1 objects (UML notation is used). 
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Fig. 6. Interaction of identification task (Level 3) 
with objects of Level 1 and Level 2 (UML 
notation is used). 

 
classes support the implementation of sub-models 
and do not possess model relevant attributes. The 
evaluating classes can be accessed from the 
Identification class, where an actual scenario for the 
model processing is implemented. The Identification 
class can access the model attributes, however, the 
functional interface has an abstract mathematical 
specification and supported with the Simulation 
class. 
 
 

6. CONCLUSION 
 
The developed software architecture was used for 
implementation of the supervision and fault 
detection system. The efficiency of the system is 
being tested at the end-user site. With this, the 
performance of the system components will be 
tested, the parameters of the algorithm will be tuned. 
(The detailed results will be shown in the final 
paper.) 
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