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Abstract

Nowadays control and monitoring of different types of physical, chemical
or technological processes are impossible without computer systems. Computers
are actively involved in every phase of the development of these processes. It is
worth to note the growing role of the distributed computer systems, which
example is the Supervisory Control And Data Acquisition system (SCADA). This
system represents a very flexible and a pliable instrument for the complete
automation of the technological or industrial processes and provides effective way
for their monitoring and control.

Proper running cycle of the technological process requires a computerized
monitoring and control. Monitoring means the measurement and observation of
several parameters characterizing the process itself. These parameters can be
displayed on the computer screen in numerical or analog (graphics, histograms)
format and can be archived in a data base in a regular time interval. This approach
ensures the proper control of the running technological process. In case of failures
the data saved in database makes possible to identify the reason which caused the
inconveniencies.

Optimal run of the technological process requires not only the monitoring,
but also its control. This foresees the regulation of the operating parameters of the
process which has to be controlled, switching on and off the hardware resources,
optimizing the parameters’ set-up. This approach helps the personnel serving the
system to have a proper imagination on the whole cycle of the technological
process. Control also means the elaboration of the proper mechanism which has to
guarantee that the operating parameters of the system don’t exceed the
thresholded values which are defined in advance. In case if this happens an alarm
has to inform the user about the extraordinary and probably threatening situation.
Firstly the SCADA system tries to normalize the operating parameters itself, if this
is beyond its capabilities, then it alerts the user to make corresponding decisions.
This mechanism is a preventive way to avoid the unforeseen situations and
possible disrupt of the cycle of technological process.

Supervisory Control and Data Acquisition systems are on a developing
stage. Several general models are drawn, instructing how to project the high-
productive monitoring and control systems. Different approaches of enhancing the
performance of this type of systems exist already, but, nevertheless, a specific
recipe how to optimize the functioning of the SCADA systems depends
particularly on the type of the process that has to be automatized, monitored and
controlled.

The purpose of the research conducted in a frame of this dissertation was
the projection and development of the highly productive SCADA system for the
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monitoring and control of the high-resolution crystal spectrometer at Jiilich
scientific research centre in Germany. This spectrometer has a capability to detect
the fluorescence X-rays by using the Charge Coupled Device (CCD) with high
resolution and measure the corresponding energies at high precision (few
millielectronvolts of accuracy). X-rays are generated from X-ray tube, which
bombard the target compounds. During this process secondary, fluorescence X-
rays are produced, which are reflected by Bragg crystal and then detected by the
CCD semiconductor detector.

It is important to mention, that the solution of this challenging exercise
would be impossible without using the appropriate high-productivity SCADA
system, which has been projected in a frame of current PhD research work. This
system ensures the high-precision setup of the spectrometer crystal angle, its
vertical and horizontal positioning, the distance setup between the crystal and the
detector (focal distance) and their maintenance at extremely high precision (for an
angle maximum 10 seconds of arc of precision, for the focal distance tenth of
millimeters). The monitored data are continuously archived for further analysis.
The projected SCADA system was completely adapted to the requirements and
demands of the Jiilich crystal spectrometer and resulted in the high-level
monitoring and control system, pronounced by its high productivity and stability
which ensures that the capabilities of the crystal spectrometer are fully realized
and effectively managed.

Experimental measurements done at Jiilich research centre proved the
flexibility and the high performance of the projected SCADA system, efficiency of
the applied engineering decisions and the accuracy of the gained scientific results.
Using this SCADA system adapted to the X-ray spectrometer set-up, X-ray
energies from several chemical compounds have been measured at high precision.
Through the modern algorithmic approaches and the appropriate monitoring and
control politics, the risk of delays in a functionality of the projected SCADA
system has been minimized.
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