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In this paper, a new type of superheated steam temperature switching control system for thermal power plants is presented. A single
neuron adaptive PSD (Proportional Sum Differential) predictive controller is designed. The DCS (Distributed Control System)
control system platform is used for configuration design. At the same time, the feedforward compensation technology and anti-
integration saturation technology are employed to improve the characteristics of large hysteresis and multi-interference in the
superheated steam temperature system. Undisturbed switching performance can be well obtained between the new controller and
its own PID controller. This proposed method has been well applied in a thermal power plant (600MW) and achieved better control

quality.

1. Introduction

In the operation process of thermal power plants, the super-
heated steam temperature within the specified range is strictly
controlled which has great significance for ensuring the safe
and economic operation of the boiler. The thermal power
plant boiler is a complex object with nonlinear coupling,
large lag, multivariable, and multi-interference. At present,
superheated steam temperature control systems of most
domestic thermal power plant boiler still use PID controllers,
which has many shortcomings in control quality [1-13], such
as the lack of timely adjustment and excessive overshoot.
Nowadays, many scholars have proposed many advanced
control algorithm strategies for boiler superheated steam
temperature control systems. In [1], a study of modeling
and control of the combustion process in a tangentially
fired pulverized-coal boiler was developed to flame geometry
and position control by means of reallocation of firing. A
minimum entropy based neuro-PID controller is addressed
as primary controller in the cascade control system for
regulating superheated steam temperature in power plants
[2]. In the process of designing the advanced controller, it is
easy to be affected by the internal noise disturbance of the
control system and the external environment interference,

so the system control performance is difficult to achieve
the desired effect [3-7]. The system often contains a variety
of interference signals and noise. It is often impossible to
obtain an effective filtering effect by a single controller, and
it is difficult to obtain a better accuracy effect. In addition,
the diversified generation method under the actual working
conditions determines that the single control algorithm is
not ideal for eliminating the disturbance effect [8, 14-18].
Then the researchers proposed a number of integrated control
algorithms to improve the accuracy of the system. But the
real-time performance of the system is difficult to guarantee.
An application of the boiler steam temperature control
system has been modeled as the switching control plant,
and a disturbance compensator observer from the sliding
mode dynamics has been developed to enhance robustness
[6]. Therefore, how to ensure the balance between control
accuracy and real-time performance of superheated steam
temperature systems in thermal power plants is crucial [9-
13]. Inspired by the switching system, this paper introduces
the switching rules into the controller design process of
the superheated steam temperature system to achieve the
undisturbed switching between multiple controllers.

The switching system is a concept in the field of control
engineering. “Switching” as an idea was first introduced into
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the control system from the switching servo system [10, 18—
21]. It is determined by the switching rule to switch the
subsystem, and only one subsystem can work at each moment
[14-20]. On the one hand, the proposal and establishment
of the switching system theory is adapting to the needs of
the development of industrial production practice. On the
other hand, it is the inevitable result of the development of
control theory itself. The application of the switching control
technology realizes the basic problems of the control system
and also improves the transient performance of the system
and can also meet the needs of the rapid development of
intelligent control.

In this paper, inspired by the idea of switching control,
the single neuron PSD control with Levinson predictor is
successfully applied to the reheat steam temperature control
system, and an undisturbed switching scheme is designed.
For the self-learning and self-organizing ability of single neu-
rons, the weight of the controller is adjusted online according
to the change of the controlled object, while using the
predictive control mechanism of Levinson predictor to solve
the influence of the large time-delay system for the control
performance. In addition, considering the interference and
uncertainty of the control object, the Foxboro I/A series DCS
control system platform is used for configuration design, and
the single neural adaptive PSD predictive control, PID con-
trol, and manual control are performed to realize undisturbed
switching. The proposed method can improve the control
quality of the entire superheated steam temperature switching
control system.

2. Single Neuron Self-Adaptive PSD Predictive
Controller Design

In view of the large delay, time-varying, and uncertainty of
the superheated steam temperature control system of the
thermal power plant boiler, the main regulator selects the
single neuron adaptive PSD prediction controller designed in
this paper. The block diagram of the model structure is shown
in Figure 1.

As can be seen from Figure 1, the entire control system
consists of two main components, a single neuron adaptive
PSD controller and a Levinson predictor. The basic idea of the
design is that it combines the predictive control idea based on
the single neuron adaptive PSD controller, adds a Levinson
predictor to predict the output value of the future d step of the
system, and uses the predicted value as the feedback amount
of the controller. Under the influence of pure lag, the current
control law will have an effect on the control object after the
pure lag d beat, so predicting the output value of the object
after d beat to guide the calculation of the current control law,
which can greatly improve the system performance and quick
response capabilities.

The specific control algorithm is as follows: Levinson
predictor is a method for predicting future output variables
based on historical data of output variables [4]. The least
squares method is used to select appropriate prediction
parameters a; to ensure that the deviation between the
predicted values y,,(k + d) and actual values y(k) of the
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and y,,(k + d) is the predicted value of the leading d step of
the Levinson predictor at time k. g; (i = 1,2,...n) are the
predictive parameter values which can be determined by least

A
squares estimation: 0; = {a;}. 0; is the coefficient of the least
squares estimation. Usually, after retrieving the historical data
{y(k-1), y(k-2),..., y(k-n)} of system output from the system
offline, the optimal prediction parameters are estimated by
recursive least squares method:

A
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where A is the corrected value for parameter estimation.
Then, the single neuron adaptive control normalization
processing is as follows:

u(k) =u(k-1)+ Au (k) (4)

3
Au(k) = K (k) - F (k) = K (k) - )" @] (k) x; (k) (5)

i=1

. w, (k
“w®=5 Ic(vi)(k)l ©
In (5), x,(k) is the input of controller at time k:
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where e(k) is the deviation signal, Ae(k) is the differential
input of the deviation of the controller, A%e(k) is the second
differential input of the deviation of the controller, w;(k) is
the weighting coefficient of the controller parameter, (k) is
the set value of the controlled quantity at time k, and u(k) is
the output for controller k-time.

The single neuron adaptive controller realizes the adap-
tive and self-organizing function by adjusting the weight
coefficient w;. The learning strategy has a great influence
on the adaptive ability and stability of the controller. The
adjustment of the weight coefficient is implemented based
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FIGURE 1: The block diagram of the model structure.

on Supervised Hebb learning rules [3, 9-11]. Practice results
show that the online learning correction of PSD parameters
are mainly related to Ae(k) and A%e(k). Therefore, the weight-
ing coefficient learning correction part can be modified, and
the improved learning algorithm is

w, (k+1) = w, (k) +ne (k) u (k) xz (k)

w, (k+1) = w, (k) + npe (k) u (k) x5 (k) (8)

w; (k + 1) = wy (k) + npe (k) u (k) x5 (k)

where x5(k) = e(k) + Ae(k) 2e(k) — e(k — 1); the
learning rate #p, 11y, i is preferably selected by the simulation
experiment from the integrated time absolute error (ITAE)
criterion.

The recursive formula of the gain adaptive K(k) algorithm

is as follows:

K (k) = K (k- 1) + AK (k) 9)
AK (k)
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The damping index reference value h,. is selected as 0.15
by a large number of simulation experiments, which has the
best anti-interference performance [4]. K(k) is the total gain
of the controller at time k. AK(k) is the error of the gain
adaptive K(k). ATy (k) is the recursive incremental error. f,
is the coefficient of open loop gain. L™ is a real number,
0.05<L* <0.1.

From the analysis of (9)-(13), the initial value of K is
closely related to the stability and rapidity of the system.

The experimental simulation shows that when the initial
value of K is large, the system adjustment time is short, but
the response is easy to oscillate, and the overshoot amount
becomes larger. When the value is small, the system response
is slow and the overshoot is reduced. But when the value is
small, the adjustment time becomes larger and the steady-
state error increases.

In asummary, the control idea of the entire control system
is to use the historical data of the process output and the
Levinson predictor to predict the output value of the future
d step (d = 7/T, 7 is the delay time and T is the sampling
period). We use the predicted value as the feedback signal
and do the comparison with the set value. The predicted value
is defined as the input state variable of the single neuron
adaptive PSD control. So the delayed controlled amount is
reflected to the controller ahead of time, and the controller
moves ahead, which obviously improves the control quality of
the large pure hysteresis and large inertia system and obtains
the adaptive performance to the time-varying of the system.

3. DCS Configuration Design with
Undisturbed Switching

3.1 Structure and Characteristics of Superheated Steam Tem-
perature Control System. This paper takes a coal-fired boiler
of a 600 MW unit of a thermal power plant as an example
to introduce the model structure of the steam tempera-
ture system of the modified boiler (Figure 2). The super-
heater desuperheating water system is a secondary four-
point desuperheating [6]. The first stage desuperheater is
arranged between the low temperature superheater and the
partition screen superheater; the second stage desuperheater
is arranged between rear screen superheater and final stage
superheater. In addition to the influence of the burner swing,
the main steam temperature adjustment mainly adopts two-
stage water spray desuperheating adjustment.

3.2. Configuration Design with Undisturbed Switching Tech-
nology. In the actual operation process, it is often necessary
to switch between the various control modes. And at the same
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FIGURE 2: Boiler steam temperature system model structure. (Note. The A side of level-one desuperheater is referred to as 1A; the A side of
level-two desuperheater is referred to as 2A; the B side of level-one desuperheater is referred to as 1B; the B side of level-two desuperheater is
referred to as 2B; the A side of final desuperheater is referred to as final A; the B side of final desuperheater is referred to as final B.)

time, this operation is not required to have a big impact on
the adjustment process; the same requirements are met when
changing the controller parameters. The key to achieving
undisturbed switching is that the controller output values do
not jump large before and after switching. The DCS system of
the no. 2 unit of the thermal power plant is a configuration
system using the I/A series of Shanghai Foxboro Company.
Because the I/A series itself has conventional PID controller,
we reserve the secondary loop PID control of the cascade
control for the superheated steam temperature control system
of the power plant and switch the two control modes between
the primary loop PID controller and the single neural
adaptive PSD predictive controller.

Aiming at the automatic control engineering transfor-
mation of the four sets (1A, 1B, 2A, and 2B) superheated
steam temperature control system of the no. 2 unit, the
undisturbed switching and feedforward compensation were
considered to carry out the DCS configuration. In the case
of repeatability, the main design idea of DCS configuration
design is given by taking the 1B side as an example: the
secondary loop PID control of the primary desuperheater is
retained, and the outlet temperature of the original primary
loop PID controller is controlled by the proposed single
neuron adaptive PSD prediction controller. In the case of
manual operation, the program tracks the output and control
amount of the field operation to avoid large interference
and errors when switching to automatic operation, so it
can achieve the undisturbed switching between the two
modes. Under normal circumstances, manual operation for a
period of time makes the control system more steady before
switching to the automatic control mode.

For repetitive considerations, only the 1B side (Figure 3)
gives the SAMA (Scientific Apparatus Maker’s Association)
diagram of its DCS configuration design; other DCS con-
figuration diagrams for 1A side, 2A side, and 2B side are
similar for the basic structure. From Figure 3, PSD prediction
controller (“PSD module”) is the outer loop, and the PID
control (“PID2P module”) is the inner loop. The secondary
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FIGURE 3: SAMA diagram of undisturbed switching configuration
design at 1B side.

loop PID control of the primary desuperheater is retained,
and the single primary neuron adaptive PSD prediction
controller (“PSD module”) is used to control the outlet
temperature on the B side primary desuperheater of the
original primary loop PID control (“PID2P module”). When
the B side primary desuperheater is manually operated, the
program tracks the output of the B side desuperheater and the
primary desuperheater control law to avoid generating large
interferences and errors when switching to the automatic
operation of the B side primary desuperheater. So this
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configuration design with undisturbed switching technology
can be well obtained.

3.3. Configuration Design with Feedforward Compensation
Technology. Feedforward control is a control strategy that
utilizes disturbance signals to improve the performance of
the control system fairly economically. In actual operation,
there are up to ten impact parameters affecting the main
steam temperature, such as steam flow, main steam pressure,
total coal volume, E-layer coal volume, F-coal coal volume,
swinging nozzle angle, front screen to rear screen guide tube
temperature, etc. The feedforward amount considered by the
DCS feedforward compensation on the 1B side includes the
1B desuperheater outlet temperature, the 2B desuperheater
inlet temperature, the total fuel amount, and the F-coal mill
coal amount. Because of the addition of the feedforward
compensation signal, the main disturbance factor affecting
the process is measured in advance, and then according
to the material balance condition, the adjustment amount
adapted to the disturbance is calculated and then controlled
[11-13, 22]. Therefore, the control system not only exerts the
advantage of timely feedforward control, but also maintains
the feedback control to overcome multiple disturbances and
has the advantage of performing feedback test on the adjusted
amount.

3.4. Configuration Design with Anti-Integration Saturation
Technology. Since the low water spray desuperheating door is
all closed, an effective method to prevent integral saturation is
to first cut off the steam temperature automatically and then
reinject when the steam temperature rises. However, this will
increase the labor intensity of the operating personnel, and
the time for casting and cutting will not be well mastered
[21, 22]. Therefore, the following logic is designed: when
the subregulator output command reaches the upper and
lower limit values (i.e., upper limit value is the maximum
value and lower limit value is the minimum value), the input
deviation of the main and subregulators is automatically
cleared. After the configuration logic is completed, the inter-
face display of the superheated steam temperature control
system is configured and displayed the real-time control
system temperature, and the manual-automatic switching
can be conveniently performed. Also, effectiveness of system
parameters should be clearly illustrated, so it is better to
extend the current results for the underlying systems under
the filter and switching method [23-27].

4. Simulation Experiment and On-Site
Debugging Operation Curve

The dynamic characteristics of the thermal power plant in
the thermal power plant are closely related to the operating
conditions of the entire unit. The dynamic characteristics of
superheated steam temperature on water spray disturbance
were measured by the high temperature superheater of the
power plant under four typical loads of 37% (222MW), 50%
(300MW), 75% (450MW), and 100% (600MW). Through
a large number of simulations in the laboratory simulation
software, the feasibility of the control algorithm is verified

and the parameters are optimized. Also, the advanced control
platform designed by the laboratory is employed to verify the
algorithm. So the single neuron PSD predictive controller of
the new thermal power plant superheated steam temperature
switching control system can be applicable in engineering.

After a lot of preparations in the early stage (measuring
dynamic characteristics, simulation, optimization parame-
ters, DCS configuration, etc.), the undisturbed switching
control system designed in this paper was put into trial and
debugging operation. The feedforward amount considered by
the DCS feedforward compensation on the 2B side includes
the front screen desuperheater outlet temperature, the 2B
desuperheater outlet temperature, the final over desuper-
heater outlet temperature, the total fuel amount, and the F-
coal mill coal amount. After the disturbance is generated,
the feedforward control system controls the disturbance
according to the size of the disturbance before it is changed.
So, feedforward control scheme can compensate the influence
of the disturbance on the controlled variable, which can
control more timely than the feedback control. When the
generator no. 2 generator set (600MW) was steady running at
75% load (450MW) +30 MW, a comparison test was made for
the 2A side and the 2B side. The system simulated time is from
7:00 am to 12:30 pm. The settling time which is defined as the
time taken for the transient response to go from the initial
(starting) state to the steady-state value is 25 minutes. Figure 4
shows the running curve of the PID control system on the 2A
side with the DCS platform. Figure 5 shows the running curve
of control system on the 2B side designed in this paper. The
parameters of PID parameters obtained by ITAE criterion are
chosen K = 1.35, p = 040, #; = 0.35, and 5, = 0.35.
Since the valve structures of 2A and 2B are basically similar,
the static and dynamic valve characteristics are the same. By
comparing the analysis of Figures 4 and 5, it can be seen
that the deviation of the outlet temperature of 2A (Figure 4,
curve 4) is steady within 535 + 8°C, and the deviation of the
outlet temperature of 2B (Figure 5, curve 7) is steady within
535 + 4°C. Therefore, under the condition of the same valve
characteristics, the new thermal power plant superheated
steam temperature switching control system designed in this
paper (Figure 5) is more steady than the own PID control
system of the DCS platform (Figure 4), which can fully satisty
the static and dynamic characteristics of superheated steam
temperature.

(Note: in Figures 4 and 5, curve 1 indicates the change
curve of coal quantity; curve 2 indicates the valve feedback
curve; curve 3 indicates the load change curve; curve 4
indicates the outlet temperature curve of 2A; curve 5 indicates
the set value curve; curve 6 represents the end A side
outlet temperature curve; curve 7 represents the 2B outlet
temperature curve; curve 8 represents the end B side outlet
temperature curve.)

Through many long-time operation observations, the
superheated steam temperature control system based on
single neuron adaptive PSD predictive controller is designed
in this paper, which is employed to implement automanual
switching and undisturbed switching between the controllers.
The running results show that the steam temperature under
stable load obtains the range of variation within +4°C of the
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FIGURE 4: The running curve with the PID method at 2A side.
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FIGURE 5: The running curve with undisturbed switching method at 2B side.

set value, and the range under variable load is only within
+7°C of the set value. These indexes can satisfy the static index
of superheated steam temperature specified by the technical
transformation group of the power plant (with a tolerance of
+4°C under 70-100% load) and dynamic index (at 70-100%
load, when the load change rate is 3%, the deviation is within
+8°C).

Remark 1. The weight of a single neuron can change accord-
ing to the change of the system, and it can adjust itself
according to the changes of the outside world, so it has
strong anti-interference performance. It can be seen from the
adjustment formula of the weights that the self-adjustment of
the weight coefficients has nonlinear approximation ability
and therefore has good steady-state performance. The gain
coeflicient K of a single neuron is the most sensitive param-
eter of the system. The single neuron dynamic adjustment
process rises smoothly, but the response time is very long. The
main reason is that the gain coefficient K cannot be adjusted
online, and the stability and rapidity cannot be achieved.

Remark 2. By comparing with the self-contained control
law with cascade controller, the proposed switching control
system based on single neuron adaptive PSD predictive
controller has the following advantages: (1) The presented
method can improve the control characteristics and solve
the influence of the large time-delay system for the control

performance. (2) Undisturbed switching performance can be
well obtained between the new controller and its own PID
controller. (3) The feedforward compensation technology
and anti-integration saturation technology are employed to
improve the characteristics of large hysteresis and multi-
interference in the superheated steam temperature system.
Therefore, the presented control method is effective and gets
better switching control performance than the traditional
cascade control method.

5. Conclusion

In this paper, a new thermal power plant superheated steam
temperature switching control system based on single neuron
adaptive PSD predictive controller is developed and applied
in a thermal power plant (600MW). The single neuron
adaptive PSD control combined with the Levinson predictor
is utilized to improve the control characteristics of large
lag and multi-interference systems. At the same time, the
configuration of the DCS control system platform of Foxboro
I/A series is designed, including the undisturbed switching,
feedforward compensation, and anti-integration saturation,
etc. the presented method can achieve automanual switching
and reasonable switching between the controllers. Since the
set of superheated steam temperature automatic switching
control system has been running steadily, the expected effect
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can be achieved under the normal working condition of stable
load or the complicated working condition of variable load,
and the control quality can be well obtained. The system
is beneficial to improve the control quality of the main
steam temperature of the thermal power plant boiler and the
automation degree of the power plant operation. Meanwhile,
with the undisturbed switching method of superheated steam
temperature systems, the economic and safety of the thermal
power plant operation can be correspondingly improved and
has a high promotion value and application prospect.
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