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A b s t r a c t  
 

T h e p a p er des crib es  t h e a p p l ica t ion s  of  a rt if icia l  n eu ra l  n et w ork  m odel s  t o 
ca l cu l a t in g  t h e em is s ion  of  ex h a u s t  g a s es  a n d ea rl y  det ect ion  of  a  s t ea m  
l ea k  in  p ow er f l u id b oil ers .  B ot h  t a s k s  a re rel a t ed t o t h e m on it orin g  of  
b oil ers  op era t ion  n eces s a ry  f or f u l f il l in g  t h e ecol og ica l  req u irem en t s  
( b a l a n cin g  a n d redu ct ion  of  t h e con t a m in a t ion  em is s ion s )  a n d l im it in g  t h e 
da m a g e res u l t s .  T h e p a p er des crib es  es p ecia l l y  p rob l em s ,  t h a t  a re of  
g en era l  ch a ra ct er a n d a re im p ort a n t  f or im p l em en t a t ion  of  in du s t ria l  
a p p l ica t ion s  s im il a r t o ot h er in du s t ria l  p l a n t s .  
 
K e y w o r d s :  a rt if icia l  n eu ra l  n et w ork s ,  v irt u a l  a n a l y z ers ,  f l u id b oil ers  
dia g n os is .  
 
M o nito r o wanie  k o tłó w f l u id al ny c h   
z  z asto so wanie m  ne u r o no wy c h   
m o d e l i sp al ania 

 
S t r e s z c z e n i e  

 
O p is a n o z a s t os ow a n ie m odel i n eu ron ow y ch  do w y l icz a n ia  em is j i 
z a n iecz y s z cz eń  p ow iet rz a  ora z  do w cz es n eg o w y k ry w a n ia  n ies z cz el n oś ci 
p a row y ch  w  en erg et y cz n y ch  k ot ł a ch  f l u ida l n y ch .  O b a  z a da n ia  z w ią z a n e s ą  
z  m on it orow a n iem  p ra cy  k ot ł ó w  k on iecz n y m  dl a  s p eł n ien ia  w y m a g a ń  
ek ol og icz n y ch  ( b il a n s ow a n ie i redu k cj a  em is j i z a n iecz y s z cz eń )  ora z  
og ra n icz en iem  s k u t k ó w  a w a rii.  W  a rt y k u l e p rz eds t a w ion o z w ł a s z cz a  t e 
z a g a dn ien ia ,  k t ó re m a j ą  ch a ra k t er og ó l n y  i  s ą  w a ż n e p rz y  t w orz en iu  t eg o 
t y p u  p rz em y s ł ow y ch  a p l ik a cj i dl a  in n y ch  ob iek t ó w  p rz em y s ł ow y ch .  
 
S ł o w a  k l u c z o w e :  s z t u cz n e s ieci n eu ron ow e,  w irt u a l n e a n a l iz a t ory ,  
dia g n os t y k a  k ot ł ó w  en erg et y cz n y ch .  
 
1 .  Intr o d u c tio n 
 
I n the described so lu tio ns,  the mo dels o f  p ro cesses are u sed f o r 

the mo nito ring  task s.  T he hig h and stable in time accu racy  o f  these 
mo dels is a co nditio n f o r their p ractical u sef u lness in indu strial 
ap p licatio ns.  I n many  cases,  o nly  mo delling  in artif icial neu ral 
netw o rk s stru ctu res,  w ith the u se o f  the archiv al measu red data,  
can f u lf il this co nditio n [ 1 ,  2 ] .  
C alcu latio n metho ds o f  estimatio n the exhau st f u mes emissio n 

f ro m p o w er bo ilers and a metho d o f  early  detecting  the steam leak  
f ro m bo ilers w ere examined. 
I n the f irst case,  the p u rp o se w as to  calcu late the p rincip al 

co mp o nents o f  exhau st f u mes  (C O ,  C O 2,  N O x,  du st)  o n the base 
o f  the co mbu stio n p arameters.  T he sy stems imp lementing  su ch 
calcu latio ns are named v irtu al analy sers and o f ten they  are 
alternativ e so lu tio ns to  the hardw are analy sers.  I n the indu strial 
p ractice,  the v irtu al analy sers are u sed either in p arallel w ith 
hardw are analy ser eq u ip ments since the f o rmer ensu re the real 
co ntinu ity  o f  mo nito ring ,  o r they  rep lace hardw are analy ser 
eq u ip ments.  T he seco nd case exists u su ally  w hen indep endent,  
co ntinu o u s emissio n measu rements are imp o ssible o r to o  
exp ensiv e.    
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V irtu al analy sers co u ld be the alternativ e so lu tio n o n the 

co nditio n that their accu racy  is co mp arable w ith the accu racy  o f  
the hardw are analy sers.  T his is o btained w hen the accu rate eno u g h 
descrip tio n o f  emissio n as the f u nctio n o f  the p ro cess p arameters 
is k no w n.   
T he steam leak ag es cau se esp ecially  strenu o u s and exp ensiv e 

damag e o f  p o w er bo ilers.  T y p ical co ntro lling  arrang ements detect 
leak ag es in a v ery  adv anced p hase,  w hen the destru ctio n o f  the 
bo iler is v ery  extensiv e,  and additio nally  is it u su ally  necessary  to  
sw itch o u t the p o w er u nit.  E arly  detectio n and lo caliz atio n o f  
leak ag es is the su bj ect o f  many  research imp lemented du ring  
many  y ears.  T here w ere trials in w hich sp ecial measu ring  
techniq u es sensible f o r the aco u stic and o p tical ef f ects w ere u sed.  
T he main f au lts o f  su ch so lu tio ns are v ery  hig h exp enses related to  
the necessity  o f  u sing  the sp ecial ap p aratu s that co u ld w o rk  in 
extremely  dif f icu lt co nditio ns.   
I n last y ears,  v ery  interested metho ds o f  leak ag e detectio n by   

a v ery  adv anced analy sis o f  the bo iler o p eratio n w ere inv ented.  
T he steam g o ing  o u t f ro m the steam-w ater circu its chang es the 
energ etic balance and ef f iciency  o f  p articu lar step s and co nditio ns 
o f  the co mbu stio n.  S u ch chang es are at the beg inning  no t hig h,  bu t 
it w as tested and p ro v ed that w ith the u se o f  esp ecially  ef f icient 
analy sing  metho ds,  su ch chang es co u ld be detected and u sed f o r 
the diag no stic p u rp o ses.  C hap ter 3  p resents resu lts o btained du ring  
tests o f  that metho d f o r bro w n co al f lu id bo ilers.   
 
 

  
F i g .  1 .   D i a g r a m  o f   t h e   r e s e a r c h  a r r a n g e m e n t  
R y s .  1 .   S c h e m a t  u k ł a d u  b a d a w c z e g o  
 
A ll o f  the p resented resu lts co me f ro m the tests p rep ared u sing  

the arrang ement sho w n in F ig .  1 .  B o x described as a v irtu al 
analy ser w as u sed bo th f o r the emissio n o f  exhau st f u mes 
estimatio n (p rimary  task ) ,  and f o r testing  the metho ds o f  the 
leak ag e detectio n.  
 

2 .  V ir tu al  anal y se r  o f  c o m b u stio n g ase s 
 
V irtu al analy sers rep lace the hardw are analy sers in this w ay  that 

they  calcu late the req u ired v alu e o f  the p hy sical v ariable o n the 
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grounds of values of other available physical variables that most 
often come from measurements. T hus,  one can avoid to apply 
additional hardw are investments. 
 F eatures and possibilities of analysers w ill be presented w ith 

the use of the ex ample of calculating the nitrogen-ox ides  ( N O x)  
contents in combustion gases. T hese ox ides come from nitrogen 
ex isting in the air and in fuel,  and the creation processes are of 
different kinds. T herefore the task of creating ( N O x)  emission 
model is especially complex  and adeq uate for presenting 
advantages of modelling in structures of artificial neural  
netw orks [ 3 ,  4 ] . 
T he comparison of readouts obtained from the hardw are 

eq uipment and a virtual analyser is presented in F ig. 2 . U sed 
model of N O x emission w as a multilayer feedforw ard perceptron 
structure w ith one hidden layer and 2 4  input signals   
( temperatures in burning chamber,  flow s of the air,  combustion 
gases and fuel,  etc.) . T reating readouts of the hardw are analyser as 
a pattern,  the accuracy of virtual N O x analyz er can be described as 
follow s:  error of the average value < 0 .5 % ,  error of efficient value 
fluctuation component < 1 .5 % .  
 
 

  
F i g .  2 .   C o m p a r i s o n  o f  i n d i c a t i o n s  f r o m  t h e  e q ui p m e n t  a n d  v i r t ua l  a n a l y s e r s     
R y s .  2 .   P o r ó w n a n i e  w s k a z a ń  a n a l i z a t o r a  s p r z ę t o w e g o  i  w i r t ua l n e g o  
 
F or other components of fumes,  the results w ere somew hat 

different. I n the case of C O 2,  a simpler model ensured higher 
accuracy,  in the case of C O  and dusts,  the high accuracy of 
evaluating the mean value w ith bigger errors for estimating the 
instantaneous time values w ere obtained. T he biggest difficulty in 
obtaining the req uired accuracy appeared during the calculation of 
the sulphur diox ide emission and w as caused by the lack of 
measurement of the sulphur in fuel. G enerally in every case the 
req uirements for systems of monitoring and balancing of emission 
w ere fulfilled. 
 
 

  
F i g .  3 .   E x a m p l e  o f  a ut o m a t i c  c o r r e c t i o n  o f  t h e  m o d e l  o ut p ut  
R y s .  3 .   P r z y k ł a d  a ut o m a t y c z n e j  k o r e k c j i  w y j ś c i a  m o d e l u 
 
E valuating the results obtained during a couple of years of 

continued research conducted in industrial conditions,  it is 
possible to ascertain that using the modelling w ith artificial neural 
netw orks structures is possible to build very accurate virtual 
analysers. C omplication of the connections betw een variables of 
inputs and outputs is not important. T he uniq ue real limitation is 
the availability of obtaining measured signals that should be used 
in the model. 

T he initial accuracy of the virtual analyz er could become 
much w orse if the process conditions w ill be changed. T his is 
the problem common for the all systems supported by models  
of processes. M aintenance of virtual analyz ers is prepared by  
the actualiz ations of models or correction of their outputs. I n  
the case of an ex emplary analyser of combustion gases,  the 
second automatically implemented solution w as applied ( F ig. 3 )  
so that the maj ority of models has w orked w ell for more than 
tw o years. 
A n interesting development of the virtual analyser conception is 

fitting it w ith the possibility of solving the so called inverse task,   
i. e.,  the calculation of such input variable values that ensure the 
ex istence of the req uired output variable value. A s a typical 
ex ample of such operation,  one can calculate such parameters of 
the combustion process that ensure the req uired emission levels 
w ith the simultaneous fulfilment of an additional req uirement 
related to,  e. g.,  efficiency. 
T he factor impeding spreading of industrial applications of 

virtual analysers is their troublesome implementation because in 
every case it is necessary to check if there ex ist suitable conditions 
for such undertaking. G enerally it is possible to accept that virtual 
analysers are intended for industrial installations eq uipped w ith 
modern measurement and robotic systems. I n such conditions,  
analyser utilises ex isting measurements data,  and ex pensive 
eq uipment investments are not necessary.   
 
3. E a r l y  s t e a m  l e a k  d e t e c t i o n  
 
A s it w as mentioned in S ection 1 ,  the early steam leak 

detection is an unsolved and important problem of ex ploitation 
of the pow er boilers since the last year [ 5 ,  6 ,  7 ] . U sing the 
ex periences obtained during w orks on virtual analyz ers of 
ex haust fumes,  the tests are begun if technology of artificial 
neural netw orks could be used for solving this problem T he 
conceptions of diagnostic deductions on the basis of ex haust 
fumes composition and on the basis of an analysis of leakage 
sensible variables w ere tested [ 8 ,  9 ,  1 0 ] . 
F irst let us assume that the steam leaking the combustion 

chamber directly influences the moisture of combustion gases,  but 
indirectly also influences another combustion components 
( nitrogen ox ide and coal ox ide) . E x pected changes arising from 
leakages are not high and are completely masked by other changes 
from another reasons. D isclosing the influence of the leakages is 
possible by comparing the real concentration w ith the pattern 
concentration for the leakproof boiler. D ifference ( R esiduum)  is 
the symptom of the leakage appearance. T he pattern ex haust 
fumes concentration must be counted on the grounds of model that 
uses signals not sensible for the steam leakages. F or 
investigations,  neuronal netw orks models w ere used similar to 
models of the virtual analyser of ex haust fumes. 
 
 

  
F i g .  4 .   E x a m p l e s  o f  t h e  r e s i d uum  c h a n g e s  
R y s .  4 .   P r z y k ł a d o w e  p r z e b i e g i   r e s i d uó w  
 
T he changes in time of residues of ex haust fumes moisture and 

concentration of nitrogen and coal ox ides in combustion gases 
w ere checked for a doz en registered time periods before the boiler 
stopped w orking due to the leakages.  
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Depending on the placement of the steam leakage, the reactions 
of different v alues are different, but usually the ex act and lasting 
residuum grow th could be observ ed only for a few  hours before 
the boiler w ork stop due to outage ( F igure 4 ) , so for a relativ ely 
big leakage.  W orks for the use of the method of residuums are still 
continued.   
M uch better results w ere obtained by using the analysis of 

v ariables sensitiv e to the leakage.  A  set of such v ariables is 
created by the measurement signals ( or their functions) , w hich 
v alues or mutual relations are changeable w hen the steam leakage 
appears.  A  selection of sensitiv e v ariables is a separate problem, 
w hich w ill be not presented here in details.  I n later inv estigations 
concerning a fluid boiler, sets containing from 8  to 1 8  sensitiv e 
v ariables w ere applied.   
C onception of the leakage detection is supported here using an 

assumption that the courses of sensitiv e v ariables treated j ointly 
hav e features really changeable by the steam leakage.  I f such 
assumption is fulfilled, then it is also possible to create an 
algorithm of leakage detection by q ualifying the features of the set 
of sensitiv e v ariables.  
F or checking this conception, patterns of sensitiv e v ariables 

from the period directly preceding the outage stopping the boiler 
( the phase of leakage dev eloping)  and from periods of correct 
w orking condition w ere prepared.  S uch patterns of dates w ere 
tested in classifying tasks using the K ohonen net.  T he results 
w ere not satisfying, w hat caused the beginning of trials w ith 
artificial neural nets teaching w ith a teacher.  T his time much 
better results w ere obtained.  F or all patterns of data ov er 9 0 %  of 
cases w ere correctly recognised.  S uch q uality models can be 
used j ust for the leakage recognition.  A  result of one of the tests 
of v erification of such opinion is presented in F ig.  5 .  I t presents 
the course-av eraged output from the model during 1 2  days 
preceding boiler stop from the steam leakage.  T he v alues 1   
and –1 , respectiv ely, denote the correct w orking condition and 
the condition w ith the leakage.  
 
 

  
F i g .  5 .   A v er a g ed  ou t p u t  of  l ea k a g e m od el .   

1 – c or r ec t  w or k i n g  c on d i t i on ,  -1 –l ea k a g e 
R y s .  5 .   U ś r ed n i on y  s y g n a ł  w y j ś c i ow y  m od el u  n i es z c z el n oś c i .   

P oz i om  1- s t a n  p op r a w n y ,  p oz i om  −1- n i es z c z el n oś ć  
 
T he presented results show  that j ust in 7  days before the boiler 

outage, the model show s changeability w hat should be interpreted 
as features typical for the steam leakage.  A t the beginning of the 
third day before the stop, the av eraged output from the model 
constantly takes negativ e v alues, w hat univ ocally certifies the 
leakage.  I n comparison w ith the before presented method of 
residuals, the effectiv eness of early detection of the damage is 
here considerably higher.  
I n the described ex aminations, only the possibility of an early 

detection of the leak w ithout the effort of its isolation w as tested.  
A ccording to such defined task, numerous sensitiv e v ariables and 
teaching data for the leakage model w ere taken from different 
outages causes.  L ocalisation of the leaking place could be done 
using the artificial neural netw orks models w ith sets of locally 
sensitiv e input v ariables.  

A t recapitulation of this part of the article, it is possible to 
affirm that using technology of artificial neural netw orks w ill 
allow  for early detection of steam leakages in pow er boilers.  
O btained results let us predict that the dev elopment of the 
analysis of sensible v ariables w ill enable also localiz ation of 
leakages.  
 
4. C o n c l u s i o n  
 
Described w orks confirm the adv antages of modelling in 

structures of artificial neural netw orks.  O n the grounds of archiv al 
measurement data, it is possible to obtain models of ev en v ery 
complicated processes, w hat allow s us to create adv anced 
industrial applications based on models of processes.  
W ith the use of the ex ample of monitoring the emission from 

pow er boilers, it w as prov ed that v irtual analysers can effectiv ely 
replace or be additional to the hardw are analysers.  S uch 
ascertainment is especially important because there are ecological 
demands and resulting from them req uirements of ex haust fumes 
emission monitoring in industry.  
Described inv estigations related to the detection of leakages in 

pow er boilers are now  in an initial phase but obtained results are 
v ery encouraging.   
I t seems adeq uate to say that an adv anced and w ell-directed 

analysis of processes let us solv e many difficult diagnostic 
problems.  A dv antages of modelling in structures of artificial 
neural netw orks are in this case v ery clear and v aluable.      
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