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Abstract — At the present time there are many identification
methods. This is due to the variety of identification methods,
their different purposes and the limitations imposed on the
described process. In this article the research results of the
active identification method of a plant in a closed loop control
on the example of a flame reactor for the production of
uranium hexafluoride. The obtained identification results prove
the applicability of the developed identification method of
industrial plants under the conditions of uncontrolled
disturbances.

Index Terms— Closed-loop identification, PID-controller,
Control system.

I. INTRODUCTION

High-quality work of automatic control systems is the
basis of industrial security, durability and accessibility
of economic indicators that provided by automated control
systems of technological processes generally. However,
often a change of physical and mechanical characteristics of
raw materials, variable load of production and various
switching change characteristics of a plant that leads to the
need to reconfiguration of control systems. The problem of
providing high dynamic accuracy of the local automatic
control systems for plants with variable parameters can be
solved by adapting controller setting of the automatic control
systems to change plant characteristics.

Therefore the development of effective and reliable
methods for automatic tune of the automatic control system
is very important and actual task. A typical approach for
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providing automatic tune of the automatic control system
involves the solution of two important tasks: identification of
the plant and the calculation of controller setting.

At the present time the identification theory of systems
have achieved a high stage of completion. Good results have
been achieved in the field of identification in open-loop
control systems. But in some cases, when solving
identification problems, to break the feedback is impossible,
because it is a necessary part of the system or for security
reasons, when open-loop control systems is unstable. Also
often there is no way to break the feedback in the case, when
chances are high that procedural norm for the technological
process will be broken. Moreover, closed-loop data often
more accurately reflect the real situation, in comparison with
the data, which were obtained by breaking the feedback.

The most control systems in the chemical industry have
the structure, presented in figure 1. In capacity as a
controller uses the PID-controller. The controller parameters
are calculated by specific methods to ensure the highest
achievable quality control and robustness.
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g(t) — reference signal, &(t) — error signal, u™(t) — control signal, calculated by
the controller, f(t) — disturbance, u(t) — input signal of the plant, y"(t) — true
output signal of the plant, 7(t) — noise, y(t) — observed output signal of the plant

Figure 1 — The structure of the automatic control system

The identification problem in a closed-loop system
consists in finding model parameters of the plant on basis of
data obtained by the measurement and processing of various
system coordinates: g(t), &), u™(t), u(t), y(t). Depending on
the problem description identification methods of the plant
in a closed loop control can be divided into the following
main groups [1]:

1. Direct approach. This approach consists in the fact that
the identification of the plant is performed based on the
measured input u(t) and output y(t) signals [2, 3]. The main
advantage of a direct approach of identification is the lack of
necessity of receiving information about control system and
acting on the system external disturbances.

2. Indirect approach. It consists in the identification of the
plant on basis of data specifying change of the reference
signal g(t) and output signal y(t). In this approach is assumed
that structure of the controller must be known [4, 5, 6, 7, 8,
9, 10]. The indirect approach consists of two stages:

* ldentification of closed-loop system from reference
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signal g(t) to output signal y(t);

« Definition of plant parameters by separation from the
known model of a closed-loop system plant model.

Static and dynamic characteristics of chemical processes
are sensitive to a large number of factors. Some factors
measured, and some are not. Therefore there is a
requirement to ensure the system robustness. In paper [11] is
proved that for the synthesis of the PID-controller of robust
control system sufficiently describe the plant with self-
alignment by the differential equation (1).

T%*Y(t) =K-u(t-7), @

where K is gain; T is time constant, s; z is delay time, s.

Under the conditions the action of uncontrolled external
disturbances passive identification using the methods,
presented in [2, 3, 4,5, 6,7, 8, 9, 10], gives low accuracy.
The presence of feedback leads to the fact that the signals
u(t) and y(t) are related not only the plant operator, but
controller operators and disturbance channels. This
dependence may lead to unidentifiability of the plant.

Thus, we can conclude that the direct approach of
closed-loop identification is preferred. In this case, should
comply with the following conditions:

o to apply the test action at the plant input that involves
(provokes) an obviously more active response of the plant
versus response of the plant to typical disturbances f(t) and
noise #(1);

e at identification it is necessary to use the signals measured
on the input u(t) and output y(t) of the plant;

¢ to choose characteristics of test action taking into account
requirements of minimization of its influence on the course
of the controllable technological process.

Il. THEORETICAL PART

In this article we will consider efficiency of the offered
identification method on the example of control system of
the flame reactor [12]. The plant in this system is described
by the differential equation (2).

3 2
52504 d’t's(t) 110259 d‘t’z(t) + 60% +y(t) = Kp-ut—100).  (2)

The controller parameters of the control system
calculated by the method of optimal module [13], provided
approximation of the original plant model (1) with
parameters K = 1; T = 42 s; r = 121 s. In practice, for the
open-loop identification process their response to a typical
action. These include a step and pulse changes the
controlling coordinates u(t). Consider the application
consequences of these actions in the closed loop control.

Transient process of the output signal y(t) of the
closed-loop automatic control system to step and pulse
changes of the control signal «’(z) is presented in figure 2.

As can be seen from figure 2, with the same amplitude
(Au’(t) = 22 %) influence of the pulse action is significantly
lower than the step action. Therefore, identification of the
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plant in a closed-loop system under the assumed restrictions
should be feeding pulse action to the plant input.
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Figure 2 — Transient response of the plant y(t) in a closed control loop for
step (a) and pulse (b) change of control action u(t)

600

In reference [14] proved that on response of the open-
loop automatic control system (figure 3) to pulse change of
the control signal, using the method of planimetering, can
accurately determine the model parameters (1) describing
the behavior of the plant. Calculation of parameters of the
plant according to the method of planimetering encouraged
to produce by the equations (3).
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Figure 3 — The response of the plant to pulse change of the input signal (a):
S, - area, bounded by the output coordinate of the plant y(t); S,, - area,
bounded by the input coordinate u(t); ¢’- time point corresponding to the
equality of the areas S, and S, ; Ay,,, - maximum deviation of the output
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coordinate of the plant y(t) from the initial value

th;Tzis"“t ;T:r'—t—“. (3)

Sin Aymax 2
Comparing the response of the closed-loop and open-
loop automatic control system (figure 4) on the pulse action
of the same size (figure 4) can be noted the proximity of the

areas S, and S, .
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Figure 4 — The response of the closed-loop (a) and open-loop (b) automatic
control system to the pulse change of the control action: Sa is area, bounded
the curve a; Sp is the area, bounded the curve b
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This fact gives a basis to explore the possibility of
using the method of planimetering to determine the reference
values of the plant model parameters (1) in a closed loop
control.

Increasing accuracy of description of the plant model
(1) can be achieved by the application of optimization
methods of functional (4).

> (- fax)’ @

where y; — measured output signal of the plant on the j-th
step; f(q,xj) — response of plant model with parameters

q=[k, T,z]" onthe inputsignal x;.

In this article wused the Levenberg-Marquardt
method [15, 16] due to the fact that it is the most stable
among analogues. This method allows to achieve a
minimization of the functional (4) due to the consecutive
correction values of the model parameters by equation (5).

Aq=(370+2-diag(373)) 37 (g~ F(ax,)) (5)

To calculate the components of equation (5),
continuous plant model (1) is represented the equivalent
discrete model (6):

£(a,x;) = (0, %) +8(F(a, %) — £(q, %)) +
+ 00 (Xj_g 1= Xjoa-2) — O (Xj_a2 = Xjg3)s
where 5=e™""; @, = K(1-6"°); @, =k(6-5"°); r=d +c;
At - quantization interval of input and output signals; d -

whole amount At prevailing in the t intervals At; C -
fractional interval.

(6)

I1l. RESULTS OF EXPERIMENTAL RESEARCH

The efficiency of the developed identification method
is tested in two stages. The first stage involved the definition
of reference values of the plant model parameters (1)
according to the method of planimetering (3). The second
stage contained an optimization of the reference plant model
parameters according to the Levenberg-Marquardt method.
The results of the first and second stages of the identification
of the plant at different durations of pulse action are
presented in figures 5 and 6.
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Figure 5 — The dependence of relative errors of the model parameters of the
plant on the first stage of identification from the duration of pulse action: a
— gain (K); b —time constant (T); ¢ — delay time (1)
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Figure 6 — The dependence of relative errors of the model parameters of the
plant on the second stage of identification from the duration of pulse
action: a — gain (K); b — time constant (T); ¢ — delay time (1)

The relative error, illustrated in Figures 4 and 5, is
numerically evaluates the compliance of the results of
identification parameters: K=1; T=42.1s; t=120.9s.

The presented data show that when using the method of
planimetering at small durations of pulse action gain and
delay time of the plant model determined with sufficient
accuracy, but it does not ensure the required accuracy of the
time constant. After the second stage of identification the
accuracy of determination of all model parameters increases
significantly (figure 6).

The main purpose of identification is drawing up a
model simulating the plant behavior in conditions close to
the operating point. To check the degree of achievement of
this requirement were calculated according to equation (7)
values of the adjusted mean square deviations.

Zn:(y(tj)_ f (q,xj ))2

j=1
5 = n-1

Y |

-100 (7)

where n is the number of discretization steps in the
observation interval; | is change range of the output
coordinates y(t);

The results of calculation of the parameter &, for the

first and second stage of identification is presented in

figure 7.
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Figure 7 - The adjusted mean square deviations y(t;) from f (q,xj) ra-
at the first stage of identification; b - at the second stage of identification

The accuracy of behavior description of the original
plant in a closed loop y(t) by models made on the first and
second stages according to figure 7 was less than 11 % and
3% respectively.

The developed algorithm was applied for identification
of the flame reactor for the production of uranium
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hexafluoride. As a result of performed analysis of the flame
reactor control system were selected characteristics of a
pulse action. The amplitude of pulse action is taken to be
10% of the nominal value, the duration is 40 seconds (from
the deviation of the output y (t) is not more than 5 %). The
result of experimental research in industries served as the
input u(t) and output y(t) coordinate of the flame reactor,
presented in figures 8 and 9.
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Figure 8 — Frequency of rotation of the download screw uranium oxides in
the flame reactor in a closed loop control
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Figure 9 — Concentration of fluorine in the flame reactor output: a is the
production data; b is the data received from the model (1) with parameters
defined at the first stage of identification; c is the data obtained from the
model (1) with parameters defined at the second stage of identification
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The parameters of the flame reactor model, calculated
for two stages of identification, are presented in Table I.

TABLE I
THE PARAMETERS OF THE FLAME REACTOR MODEL

Stage K, [%/%] T,s 7,8
First 0.54 73 94
Second 0.50 37 106

The error description of the original data by model (1)
with the parameters, found on the first and second stages of
identification (Table 1), estimated by value of the adjusted
mean square deviations, was 7.2% and 4.4%. The achieved
accuracy of identification is sufficient to use the found
parameters for the model (1), describing the flame reactor
for the synthesis of control systems.

IVV. DISCUSSION OF THE RESULTS

The problem of identification of the plant in the closed
loop is important part of the design process of control
systems. This article proposes the identification method,
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based on the analysis of response of the closed-loop control
system on the test pulse action, supplied to the input of the
research plant. The choice of pulse action is justified by the
requirement for minimum intervention in the technological
process. The amplitude of pulse action is limited to the
operation features of actuation mechanisms and regulating
units. The duration of pulse action is selected based on
restrictions imposed on the maximum allowable deviation of
the output coordinates of the system.

The aim of identification is definition the parameters
(K, T, t) of model, describing the plant with self-alignment
by the first-order differential equations with delay. The
identification carried out in two stages. At the first stage the
reference values of the required model parameters
determined by method of planimetering. At the second stage
of identification is performed the specification of parameters
of plant model. For that end the functional minimizes by
Levenberg-Marquardt method (4). The conducted researches
proved that the model required parameters are determined
with an error of less than 3%. The achieved accuracy of the
description of the plant for the synthesis of single-loop
control systems is sufficient.

The proposed method was tested in the identification of
flame reactor for the production of uranium hexafluoride.
The identification results were used in the parametric
synthesis of control systems of this device.

V. CONCLUSION

This article is devoted to the development and research
of the active identification algorithm of plant in a closed
loop control. Obtained results during the research prove the
applicability of the proposed algorithm for identification of
the plant by measuring its input and output coordinates. The
paper presents the identification results of the flame reactor
of fluorination production of uranium hexafluoride.
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