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Summary

The purpose of this paper is to present one of the ways to resolve the difficulties encountered
during the use of the classical process control. The article presents the problem of a dynamically
changing quality of fuel delivered to the water- grate boiler type WR-25, in which the combustion
process takes place. The method of the measurement process variables related to this process was
described. In the next part of the article, the author presents the basic concepts related to the
natural immune system, and also introduces the scheme, ideas and a negative selection algorithm.
Also, the conditions were presented in which the proposed algorithm performs a detection of
anomalies in the regulation burned. The solution of the problem and the results of the proposed
solution where presented in the final section of the article.
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DETEKCJA ANOMALII W STEROWANIU PROCESEM SPALANIA ZA POMOCA ALGORYTMU
SELEKCJI NEGATYWNEJ]

Streszczenie

Celem niniejszej publikacji jest przedstawienie jednego ze sposobdw rozwigzania trudnosci wystepujacych
podczas zastosowania klasycznego sterowania procesem spalania. W artykule przedstawiono problem zwiazany
ze zmieniajaca si¢ dynamicznie jakoscig paliwa dostarczanego do kotta wodno-rusztowego typu WR-25, w
ktérym odbywa si¢ proces spalania. Opisano sposob pomiaru zmiennych procesowych zwigzanych z tym
procesem. W kolejnej cz¢sci artykutu autor przedstawil podstawowe pojecia zwigzane z naturalnym systemem
immunologicznym, a takze przedstawil schemat, idee oraz dzialanie algorytmu selekcji negatywnej. Zostaly
réwniez przedstawione warunki w ktorych zaproponowany algorytm realizuje detekcje anomalii w procesie
regulacji spalana. W ostatniej cze$ci artykutu zaprezentowano wyniki dziatania zaproponowanego rozwigzania.

Stowa kluczowe: Kociol, spalanie, sterowanie, algorytm selekcji negatywnej, diagnostyka, detekcja anomalii.

1. INTRODUCTION

The immune system is a complex biological
system, that features a rapid defense mechanism
against foreign structures know in medicine
antigens [1]. Natural defense mechanism, which
can be observed in living organisms, have become
an inspiration for new artificial intelligence
methods which are artificial immune systems. They
imitate the ability of specific immunity (adaptive)
by the detection rate of emerging antigens, as well
as storing information about those antigens with
have already been identified. By understanding
immune mechanisms, an effective system was
created of distributed data processing with an
ability to learn. While working on the Artificial
immune systems, two basic algorithms were

developed: the clonal selection (CLONAG) and the
negative selection. Owing to the characteristics
described above, they are being increasingly used
for advanced diagnostic tasks. In next part of the
publication, the author presents the use of the
classical negative selection algorithm to diagnose
the state of combustion control in industrial
conditions.

2. DEFINITION OF THE PROBLEM

One of the important problems encountered in
controlling the combustion process is a dynamically
varying fuel quality, which is powered by a heat
source. This is due to the use of coal dust of
different calorific values and co-firing of
biomass[2][3]. A problem occurs, namely that the
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fuel is loaded into the boiler from different places
of the fuel square, which is heterogeneous and has
different calorific values, and burning occurs in a
different manner. The calorific value of the fuel can
be expressed by the relationship represented with
Formula 1:[4]

Ql, ~339,1C+1214,2(H - (1)
2)+104,75-25,12W,;

where QY — calorific value of the fuel, W, — it is the
total fuel moisture, which is the sum of moisture
hydroscopic and moisture transient.

UsET |
5370 - J

W=

Fig. 1. Vizualization of the work of stocket fire
boiler type WR-25 (Softechnik 2013) where WPP -
the primary air flow, WPW - secondary air flow,
NR - propulsion of grate, WS - extract fumes

As described in this article below, we are
dealing with control of the combustion process in
the boiler water grate type WR-25, made in the
technology of tight walls using the S7-300
controller. The process takes place in the heat DPM
that is owned by the Municipal Heat Plant in
Koszalin. It is noted here that there is a
phenomenon that has a significant impact on the
effectiveness of the control of this process. It
consists in the fact that because of the fuel of a
varying calorific value due to a different moisture
transient, which is supplied to the combustion
chamber, we have to deal with an extended
temperature setpoint to regulate the flow in the
district heating network. This is because there is an
instability in the form of deviations (up and down)
at the outlet of the boiler water temperature [5].
This is due to the outdated calculation method of
the normal values of process variables through
which we understand as the signals of known
values and that are calculated by an automation
system. Currently, the calculation of these values
takes place using mechanisms that regulate the
proportional-  integral-derivative-based  boiler

P(n) =-2-n+2,3; (2
output table, which describes the relationship
between the parameters of the boiler
[5][6].Therefore, in this paper, the author focuses
on a precise search of anomalies in the phenomena,

in other words deviations from normal values in
the control of that same process. The analysis was
one of the parameters affecting the combustion
process, i.e., the pressure of the blow of air
delivered to the  combustion  chamber.
Measurements were made using a telemetry system
with the visualization of heat source work (Fig. 1).
It is a User-Configurable Open System, which
works by simultaneous co-operation of the
Distributed Control System with the Programmable
Logic Controller which was described in [7][8][9].
This system enables remote measurement of the
basic operating parameters of the heat source, and
also to set the desired values depending on the
needs. The measurement results obtained according
to the blast pressure of the air delivered to the
combustion chamber and the resulting temperature
at the outlet of the boiler are presented in Figure 2.
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Fig 2 The chart pressure of the air delivered to the
combustion chamber and the resulting temperature
at the outlet of the boiler

The nominal value of the calorific supply to the
boiler type WR-25 is 25 000 kJ/kg. The algorithm
was used to look for anomalies in the behavior of
the control system with a very low calorific value
fuel of 22 000 kJ/kg, for a given flow temperature
of the district heating network of 110°C.The author
assumed that the process will direct the task
parameters, and the search for solutions will be
using the algorithm presented in the next section of
the article. An analysis of the power array of the
boiler demonstrated that for a very low calorific
value of the fuel pressure of the blow of air
delivered to the combustion chamber a linear
function can be used described with Formula 2.

where n is the parameters of the pattern of the
process state.
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Using the above formula, we may obtain the
pattern value of this parameter, which we will use
later in the article, as one element of the negative
selection algorithm. Table 1 shows the result of
these calculations.

Table 1 Pattern of state of combustion
process control for low fuel quality

Value of function | The parameters of
P(n) pattern of the
process state - n’
0,10 1,10
0,08 1,11
0,06 1,12
0,04 1,13
0,02 1,14
0,00 1,15

3. THE APPLICATION OF NEGATIVE
SELECTION ALGORITHM

The negative selection algorithm (Fig. 3) [10]
next to the clonal selection algorithm is one of two
solutions which make up the artificial immune
systems, and it is based on a mechanism of an
elimination of those cells that recognize their own
structures [11].Therefore, its use is mainly limited
to the detection of anomalies of such problems in
security systems, or manufacturing processes, as it
is in the case described above[12][13].

Pattern of state of the
process

No = M. Nisal

Process variables

Zo = [Zyo Zjea]

Generate random vectors
Wo = [Wy, ... Wita]

The calculation of the Euclidean
distance between vectors

i=i+l

d(W; N))

No

The rejection the vector

Addition of the vector into a
otvetos | ckefaonshy |
Wo = [Wi,.. W] No Yes
The calculation of the Euclidean
distance between vectors i < max_detector
d(W: %)
Yes
" o

Fig. 3. Negative selection agorithm

To understand this algorithm, we have to
assimilate some concepts of medicine and the
immune system of living organisms. The solution
will use a mechanism for specific immunity
(adaptive), which uses two types of immune cells: -
cells T and B [14]. Because they do not show any
significant differences in terms of construction, but
only different locations in the body, the author used
the type B cells, the model shown in Figure 4[15].

High specificity

Lymphocyte

Detector

“
/

Low specificity

Fig. 4. Model of lymphocyte
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In the problem described, we will be talking of an
alien pathogen that threatens the structure of the
body - in this case, it is a low calorific value fuel.
Though, - it is an antigen, - this is an impressive
immune response to a pathogen, which is the
principal function of B cells, referred to as humoral
responses. The process itself, in which the system
learns to recognize a new antigen, is called a
primary immune response. A negative selection
algorithm in the sense of information technology
operates on two sets of input: a set of the patterns
its own structures and a set of randomly generated
antibodies. In contrast, the output is obtained from
the set of W antibody (referred herein as
detectors), which can only recognize a foreign
structure[16].

The algorithm includes the following steps [17]:

e Generation of a random population of
vectors W.

e Determination of the degree of matching
of all individuals in the population with
respect to all patterns (epitopes) n” shown
in Table 1, using in this case the Euclidean
distance, as described with Formula 3:

d(Xo, Yo) = V2L (X1 — y)% ©)
where x;, y; € R

if the matching degree of one individual
from the population of W exceeds a certain
threshold of tolerance A it is removed and
then we talk about low specificity,
otherwise it is added to the resulting
population that we call detectors. An
evaluation of vectors is performed
according to the equation:

d(W;, N;) < 4; 4
where threshold A = 0,2.

e The creation of the detectors of immune
memory containing antibodies: W = {wjq,
Wy,..., Wn}

e Determination of matching antibodies
from the collection W, with the values of
process variables (Table 1) using the
previously presented one as the Euclidean
distance. Determination of the degree of
matching of antibodies of the set W with
values measured the blow pressure of air
delivered to the combustion chamber, as
previously set forth using the Euclidean
distance.:

dWi, z)) =z A; (®)

If the dependency is fulfilled by Formula 3, we
are then referred to the detection of anomalies in
regulating the combustion process, and otherwise
recognize that it runs properly. The operations

described by the algorithm is performed to generate
500 random vectors defined as the parameter of
"max_detector".

4. THE RESULTS OF THE ALGORITHM

In Figure 5 shows the result of the solution for
the problem of detecting anomalies in controlling
the combustion process, which is based on an
artificial immune system. For the calculation of the
Euclidean distance (Formulas 7 and 8), five
numbers were used in the measurement windows of
length. With 500 randomly generated sets of
vectors 30 detectors were calculated marked "x"
that recognize foreign structures, as well as 26
detectors marked "*" that recognize their own
structures, and the rest were rejected as not meeting
the criteria of the algorithm. The congregation of 30
detectors from the interval of {0,9; ...; 1,0} is both
specific immune memory containing antigens
(antibodies) used to recognize the pathogenic
process variables. This solution was tested using the
higher value of the pressure of air flow, that is 1,17
+ 1,18 kPa. In this case the Euclidean distances
described in Formula 8 amounted to 0,32 -+ 0,64 or
the algorithm returned the value of "Lack of
anomaly".

The numerical value of the detector

Detectors
Fig. 5. Collection of all detectors found by negative
selection algorithm, where "x" - the detectors that
recognize foreign structure, "*" - the detectors that
recognize their own structures

5. CONCLUSIONS

In the course of the observations conducted of
the algorithm of negative selection, it was found
that the use of its classic version allows a detection
of anomalies on the level difference of 0,01 kPa of
the diagnosed control parameter, which is a value
sufficient, taking into account the very high
dynamics of combustion in industrial conditions.
Deviations from the top may be omitted due to the
operation of the PID, which prevents larger blowing
air into the combustion chamber. The choice of
threshold A was a decisive factor in the process of
diagnosis using the negative selection algorithm.
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Unfortunately, there is no satisfactory medium
selection or calculation of its value and the author
took an advantage of the method of search
conditions in the range of 0,1 + 1,0. It should also
be noted that it will have different values for
another water temperature setpoint for the power
district heating network. The decisive factor for the
convergence rate of the algorithm is the short length
of the measuring window. It was observed that the
lower it is the convergence of the algorithm is
faster. The effectiveness of the algorithm requires,
however, that it is not too small, so some optimum
is needed. In this case the author obtained five
numbers as the optimal length of the measuring
window. For a comprehensive solution to the
problem outlined in section 2, the application of the
immune system seems to have no practical
application, due to the inability to determine the
calorific value of the fuel. The author is working on
the merger outlined in this article, the negative
selection algorithm with artificial neural networks,
and fuzzy logic.

6. REFERENCES

[1] Steven A. Hofmeyer, Stephanie Forrest.
Architecture for an Artificial Immune System.
Massachusetts  Institute of  Technology.
Evolutionary Computation 8(4) (2000) pp.
443-473.

[2] MarkusGolles, StefanReiter, ThomasBrunner,
Nicolaos Dourdoumas, Ingwald Obernberger.
Model based control of a small-scale biomass
boiler. Control Engineering Practice 22 (2014)
pp. 94-102

[3] Paul J. Crutzen, Meinrat O. Andreae Biomass
Burning in the Tropics: Impact on
Atmospheric Chemistry and Biogeochemical
Cycles. Science 21 December (1990): Vol.
250 no. 4988 pp. 1669-1678

[4] Kowalewicz A. Podstawy procesow spalania.
Wydawnictwo Naukowo-Techniczne.
Warszawa (2000)

[5] Marciniak J. Wplyw jakosci paliwa na proces
sterowania kotlem rusztowym za pomocq
regulacji PID. Instal 7-8 (2014) pp. 19-22

[6] Lihong Jiang, Xiachong Kong, Qingjie Yang,
Feng Shao. Application of Compound PID
Controller in the Boiler. Chinese Control and
Decision Conference (2010) pp. 2725-2728

[71 Michael P. Lukas. Distributed control
systems: their evaluation and design. Van
Nostrand Reinhold Co. (1986)

[8] William Bolton. Programmable Logic
Controllers. Elsevier (2015)

[91 Marciniak J. Zastosowanie telemetrycznego
systemu sterowania procesem eksploatacji

systemu ciepfowniczego. Instal nr 4 (2013) pp
9-12

[10] Jason Brownlee. Clever Algorithms Nature-
Inspired Programming Recipes. Faculty of
Information and Communication
Technologies  Swinburne  University  of
Technology Melbourne, Australia (2010)

[11] Kuchta M. Sokotowski A. Sztuczne systemy
immunologiczne — Wybrane zastosowania w
zadaniach diagnostycznych. Gliwice (2013)

[12] Anil Somayiji, Steven Hofmayer, Stephanie
Forrest. New Security Paradigms Workshop
Langdale, Cumbria UK (1998) . pp. 75-82

[13] Steven A. Hofmayer. An Interpretative
Introduction to Immune System. Department
of Computer Science University of New
Mexico (2000) pp.1-20

[14] Xiao-Zahi Gao, He Xu, Xiaoley Wang, Kai
Zenger. A study a negative selection algorithm
— based motor fault detection and diagnosis.
International Journal of Innovative
Computing. Information and Control Volume
9 (2013) pp. 875-901

[15] Andrea Pellegrini, Natalia Guifiaz, Maria
Pilar Aoki, Isabel Chico Calero, Eugenio
Antonio Carrera-Silva, Nuria Girones, Manuel
Fresno and Susana Gea. Spleen B cells from
BALB/c are more prone to activation than
spleen B cells from C57BL/6 mice during a
secondary immune response to cruzipain. Int
Immunol December (2007) pp.1395-1402.

[16] L. N. de Castro, J. Timmis. Artificial Immune
Systems: A Novel Paradigm to Pattern
Recognition. SOCO0-2002, University of
Paisley, UK. (2002) pp. 67-84

[17] A Thesis. Sudies on real-valued negative
selection  algorithms  for  sel-nonself
discrimination. California Polytechnic State
University, San Luis Obispo. (2010)

Received 2015-10-15
Accepted 2016-02-15
Available online 2016-02-22

Jacek MARCINIAK
PhD Student on Faculty of
Electronic and Computer
Science Koszalin University
of Technology.

The author works as a
specialist ~ of  database
administration in the

- Municipal Heating
Company in Koszalin. He is a certified specialist of
database technology of Oracle. Scientific interests
diagnostic of control of combustion process in
industrial boilers.



