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UDC 004.514
USHKARENKO 0.0.
NUOS named by adm. Makarov (Ukraine)

ANALYTICAL MODELS OF GRAPHIC ELEMENTS FOR THE WORKSTATION INTERFACE
OF AUTOMATED CONTROL SYSTEMS

An approach to the construction of a generalized analytical model of the graphical user interface for a
diesel-generator parameters monitoring and control as a part of autonomous electric power plant automated
control system, which brings together a description of the user interface elements to display information in a
graphical form and management functions, is considered. A formalization technique of work process of the
operator with the on-screen controls in systems with human machine interfaces have been proposed. The
models of graphical user interface control elements have been developed.

Introduction. Modern control systems and automation in autonomous power generation are complex
systems, and consist of a large number of interrelated and interacting elements. Increasing the amount of
information transferred between the system elements and the number of operator-controlled parameters of
the system requires the development of new approaches to modelling and analysis of the functioning of such
systems with a view to streamlining and improving efficiency. To solve these problems a method for
analytical description of the user interface must be created. It allows operator to use a variety of
mathematical methods for solving optimization problems and objectives analysis.

Fundamentals of the method of analytical description of the workstation interface considered in [1, 2].
The authors considered the basics of the analytical description of user interface elements. However, this
study is incomplete, since the analytical description of some common graphic elements of the user interface
has not been considered, and a complete mathematical model of the operator’s workstation has not been
obtained. A common approach of using the method of mathematical models synthesis of logic-dynamic
processes of monitoring and control presented in [3, 4]. However, the authors of these studies considered the
description of the individual elements of the monitoring and automation system, and the question of building
a complete model of the operator workstation of autonomous electric power plant still remains. In [4], a
method of analytical description of logical-dynamic processes in electric power systems is described. In this
case, the construction of a model of only the hardware is considered, and the software part of the system and
the principles of constructing a model of an operator’s workstation are not considered at all. An analysis of
works [5] — [7] shows that there remain questions of constructing a complete model of the operator’s
workstation, highlighting the external boundaries of the monitoring and control system, as well as the
boundaries between the individual elements of the system.

The aim of the research is to develop a technique for analytical description of automated control system
software graphical user interface elements and to create a generalized analytical model of the operator
workstation interface for the diesel-generator parameters monitoring and control that allows to determine the
necessary composition of the peripheral nodes of the microcontroller, the types of communication interfaces
to solve the monitoring and control tasks.

Fig. 1 describes the user interface elements — dial indicator and the digital seven-segment display.
Disel speed

Fig. 1. Analytical description of the item display
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The source of information for these indicators is the communication interface, which provides a
connection with a microprocessor core that performs the necessary calculations and measurements —
Conn™"cqr. Data direction indicated by an arrow. Incoming information flow is indicated by the down arrow
(}). Superscript contains information about the options that appear. So, for the frequency of the voltage is a
common symbol f, and for diesel revolutions — . Because of the frequency is displayed as a number
(Number), the display method is further indicated by a graphic image. For example, the characters «eeeeee)
mean that used six-digit digital display. Each element of the user interface is a functional structure that
translates information. Therefore, for the analytical description the expression f(x) is used.

Fig. 2 is a model of user interface element representing a stylized dial device to display the value of the
RMS phase current of the generator (lenase). Before displaying the controlled parameter, its value is subject to
scale, as informed symbols %" The arrow indicates that the scaled value is passed to the output of the
functional structure. The word «Output» in the description of the functional structures means that this unit is
designed to display information, in contrast to the word «Input», which is an element of the user interface for
data entry by operator.

Phase Current

l(C — Core TlI) — Ty (To Mash ConnT lIPhase = (OutputN b erInfmIPhase)

< (Core PortPhuse;

Fig. 2. The model of the user interface element

Fig. 3 is an analytical description of the user interface element that is the oscilloscope, and allows to
display real-time instantaneous values of monitored parameters, which can act frequency w, voltage U,
amperage |, active power P, reactive power Q. Statement ™Scope shows that information is represented
visually, on a graph.

> L(Conn PMeore 101V o Mgl Pl Q)

0- ] = |> fi(™Scopet-ia 19,.5)
s =7 = A

5

[P

10
012 0128 01:30 01 0134

> fl(Tq,bMash Por 1Coreic-) &iU &il &iP &1Q)
Fig. 3. Analytical description of the scope element

Fig. 4 is a generalized model of the operator workstation. Analog voltage of generator phase received
at the input ports of microcontroller are connected with the functional structure of an analog-to-digital
converter f3(‘PortM™apc). Reference values of revolutions per minute (RPM) diesel and generator voltage,
which are given in digital form, supplied to the input ports of the functional structures, is a system of
generator excitation control fo(*PortVi.*'®) and a control system of a diesel fi(‘Port¥*!-3).

The functional structure fi(CoreM¥) is a microprocessor core that performs all the tasks associated with
the measurement, conversion and transmission of information. At the same time, implementation details of
these procedures are hidden from the operator, and all the attention is to directly controlled parameters and
how they are displayed.
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{ fi(TPortlfhier) = f1(0“t1’“t1\1'1m:b oplnfor, Disel)

[wref] = £ (LPortVees?'?)

[Vre] = H(1PortVier?!-) £(TPortlopier) = fl(OutputNulnberIﬂforImDisel
liAUtplﬁsin(O)t) — fs(TportIPOWﬂ‘Disel) — f3(O“tputl\ﬁlllﬁ)ei‘hlfol'Powﬂ_DlSel)
liBUq»zl-ZSin(mt) — ﬁ(lpol-tMuxAmI)
lichu.gSill(O)t) —

T ¥

ie ‘: N
5 fl(l“l’“tNlunb 1JnfmU) oy

Sowm
f7(TP Ol'tIUPhaseGmer) s f7(0utput~Nmnb el.InforUPhase)

f;3(TPOI“IZIUPMSeGmef) = fl(leC op elel'l'lP'irT% )

oooooo

.:"'-fg(TPOI'thvscopeGenu) = fl (h"SCOPC . IGener)

Fig. 4. Analytical model of workstation for the diesel-generator parameters monitoring and control

The proposed approach makes it easy to detect the presence duplication of information. In this
example, it is clear that information on the linear generator voltage and phase voltage (functional structures
fs and f7) represent essentially the same value. It is known that these parameters differ by an amount equal to

V2, and because one of the display elements, without prejudice to the operator, can be eliminated from the
user interface. Using manipulator "mouse" allows the operator to set the reference of the generator voltage
and the diesel engine revolutions. It describes the functional structure fi(Mouse©'¢;,).

Conclusions. The considered approach of the analytical description of graphic interface elements is
invariant to various programming languages. So, existing obsolete control panels with mechanical devices
can be described analytically using the considered approach. At the same time, the composition of the
monitored parameters and the way they are displayed, as well as many parameters that the operator can
change using various technical means, are saved. Based on the obtained analytical description, it becomes
possible to develop software that will meet all modern requirements of reliability, ergonomics, optimality,
reflect the structure of the old monitoring and control system, and perform all its functions by maintaining
the old logic of work. The scientific novelty of the obtained results consists in the development of the
technique for the formal description of elements of the automated workstation of the operator of electric
power systems, the development of new analytical models of user interface elements, as well as the
development of a full high-level analytical model of the automated workplace of the operator as part of the
control system. A distinctive feature of the obtained subdivisions is the increased information content.
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