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A b s t r a c t  
 

T h e  p a p e r  p r e s e n t s  t h e  a p p li c a t i on  of  t h e  AM a n d D  s y s t e m  f or  t h e  p u r p os e  
of  m on i t or i n g  of  t h e  c ok e  s e d i m e n t a t i on  p r oc e s s  a n d  c u r r e n t  d i a g n os t i c s  of  
m e a s u r i n g  p a t h s  a n d  c on t r ol va lve s  i n  t h e  h y d r oc r a k i n g  i n s t a lla t i on  i n  t h e  
PKN  O r le n  r e f i n e r y . F i r s t ,  s h or t  d e s c r i p t i on  of  t h e  AM a n d D  s y s t e m  a n d  
t h e  d i a g n os e d  i n s t a lla t i on  i s  g i ve n . N e x t ,  t h e  s t r u c t u r e  of  t h e  AM a n d D  
s y s t e m  i s  s u m m a r i z e d . T h e n ,  t h e  s u m m a r y  of  a p p li e d  m e t h od s  f or  
m on i t or i n g  of  t h e  s low  c h a n g e s  i n  t h e  p r oc e s s  a n d  c on d u c t i n g  c u r r e n t  
d i a g n os t i c s  a r e  g i ve n . 
 
K e y w o r d s :  f a u lt  d e t e c t i on  a n d  i s ola t i on ,  i n d u s t r i a l p r oc e s s e s ,  d i a g n os t i c  
s y s t e m ,  p r oc e s s  s t a t e  m on i t or i n g . 
 P il o t aż o w e t es t y  z aaw ans o w aneg o  s y s t em u d iag no s t y k i p r o ces ó w  w  P KN OR LEN 

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

 
W  a r t y k u le  op i s a n o a p li k a c j ę  s y s t e m  AM a n d D  d o m on i t or ow a n i a  p r oc e s u  
k ok s ow a n i a  or a z  r e a li z a c j i  b i e ż ą c e j  d i a g n os t y k i  t or ó w  p om i a r ow y c h   
i  z a w or ó w  r e g u la c y j n y c h  i n s t a la c j i  h y d r ok r a k i n g u  w  r a f i n e r i i  PKN  O r le n . 
N a j p i e r w  p r z e d s t a w i on o og ó ln y  c h a r a k t e r y s t y k ę  s y s t e m  AM a n d D  or a z  
op i s  i n s t a la c j i  t e c h n olog i c z n e j . N a s t ę p n i e  p od s u m ow a n o m od u ł y  s y s t e m  
w y k or z y s t a n e  w  op i s y w a n e j  a p li k a c j i  or a z  p r z e d s t a w i on o og ó ln ą  
c h a r a k t e r y s t y k ę  z a s t os ow a n y c h  m e t od  b i e ż ą c e j  d i a g n os t y k i  or a z  
m on i t or ow a n i a  p ow oln y c h  z m i a n  p a r a m e t r ó w  p r oc e s u . 
 
S ł o w a  k l u c z o w e :  d e t e k c j a  i  lok a li z a c j a  u s z k od z e ń ,  p r oc e s y  p r z e m y s ł ow e ,  
s y s t e m y  d i a g n os t y c z n e ,  m on i t or ow a n i e  s t a n u  p r oc e s u . 
 1 .  Int r o d uct io n 
 
T h e f au lt s  of  proc es s  c om ponent s ,  m eas u rem ent  d ev ic es  and  

ac t u at ors  as  w ell as  operat or errors  are u nav oid able in t h e 
t ec h nologic al ins t allat ions  of  pow er,  c h em ic al,  m et allu rgic al,  f ood  
and  m any  ot h er ind u s t ries  in s pit e of  u s age of  h igh ly  reliable 
eq u ipm ent  c om ponent s .  T h ey  c an aris e in an abru pt  or inc ipient  
m anner [ 1 -3 ] .  
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A bru pt  f au lt s  c au s e s u bs t ant ial and  long-t erm  d is t u rbanc es  of  

t h e prod u c t ion proc es s  c ou rs e lead ing t o it s  ef f ic ienc y  d ec reas e 
and  s om et im es  ev en t o t h e proc es s  s t op.  T h e ec onom ic  los s es  are 
v ery  h igh  in s u c h  c as es .  S om e of  t h e f au lt s  lead  t o f ailu re s t at es ,  
e. g. ,  proc es s  ins t allat ion d es t ru c t ion,  env ironm ent  pollu t ion and  
c an ev en c au s e lif e h azard .  
B es id e,  c at as t roph ic  f ailu res  of  t ec h nologic al c om ponent s ,  

inc ipient  d es t ru c t iv e c h anges  of t en t ak e plac e.  T h ey  c h ange t h e 
proc es s  c h arac t eris t ic s  and  d ec reas e it s  f u nc t ional q u alit y  ind ic es .  
S u c h  c h anges  c an be c au s ed  by  s u c h  ph enom ena as  proc es s es  of  
d egrad at ion of  m at erials ,  s ed im ent at ion of  d if f erent  k ind s  of  
s u bs t anc es  on eq u ipm ent  part s ,  et c .  P eriod ic al ins pec t ions  and  
m aint enanc e are c arried  ou t  in ord er t o c ou nt erac t  t h e 
c ons eq u enc es  of  s u c h  ef f ec t s  and  t o prev ent  t h e f au lt y  s t at es  
oc c u rrenc e.  P roc es s  int erru pt ion  in ord er t o c arry  ou t  t h e 
ins pec t ion and  nec es s ary  m aint enanc e w ork  lead s  t o h igh  
prod u c t ion los s es  and  h igh  m aint enanc e c os t s .  L engt h ening t h e 
period  bet w een m aint enanc es  c an lead  t o m ac h inery  and  
eq u ipm ent  break d ow ns  and ,  in t h e c as e of  h azard ou s  t ec h nologic al 
ins t allat ions ,  ev en t o d is as t er.  T h e only  rat ional w ay  of  proc eed ing 
is  t o replac e period ic al ins pec t ions  and  m aint enanc e by  t h e 
s t rat egy  of   m aint enanc e planning bas ed  on t h e c u rrent  ev alu at ion 
of  t h e proc es s  t ec h nologic al s t at e.   
T h e t as k s  of  proc es s  d iagnos t ic s  are,  s o f ar,  realis ed  by :  

m aint enanc e s t u f f ,  s y s t em  of  v ibro-ac ou s t ic  d iagnos t ic s  and  
m od u les  of  alarm  s ignalling in t h e D C S  and  S C A D A  s y s t em s .  T h e 
s y s t em s  of  v ibro-ac ou s t ic  d iagnos t ic s  are u s ef u l m ainly  f or 
s u perv is ion of  rot at ing m ac h inery .  T h e alarm  t h res h old s  c ont rol 
u s ed  in t h e D C S  and  S C A D A  s y s t em s  h as  m any  d is ad v ant ages ,  
lik e:  great  nu m ber of  alarm s  s ignalled  in s h ort  period  of  t im e in 
t h e c as e of  d angerou s  f au lt  f orm ing,  t h e lac k  of  pos s ibilit y  t o 
d et ec t  m any  param et ric  f au lt s  ( in res pec t  t o c om pens at ing ac t ion 
of  c ont rol loops ) ,  large d et ec t ion d elay s  and  t h e reas oning 
m ec h anis m s  allow ing f au lt  is olat ion [ 3 ] .  T h e abov e f eat u res  m ak e 
it  d if f ic u lt  t o f orm u lat e t h e d iagnos is  by  t h e operat ors ,  i. e. ,  t o 
rec ognis e t h e c au s e of  appearing of  t h e s et  of  v is ible alarm s .  S u c h  
d iagnos is  is ,  in m any  c as es ,  nec es s ary  t o u nd ert ak e proper 
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protecting actions. Therefore proper diagnosis formulation 
depends only  on the operator’ s k now ledge, experience and 
psy cho-phy sical state.   
The dev elopment w ork s focused on diagnostics sy stems for 

industrial processes w ere caused by  imperfections of alarm 
signalling sy stems and the need for q uick  and precise recognition 
of abnormal and faulty  states. 
The adv anced monitoring and diagnostic sy stem A M andD  

dev eloped in the I nstitute of A utomatic C ontrol and R obotics, 
W arsaw  U niv ersity  of Technology , is one of the first of such 
solutions. I t is dedicated for applications in pow er, petrochemical, 
chemical, metallurgical, food and other industries. The sy stem is 
the uniq ue solution in the global scale in respect to its 
functionality . The adv anced process diagnostics in the  A M andD  
sy stem utilises modelling and dy namic process identification 
methods, methods of k now ledge engineering and the techniq ues of 
artificial intelligence: neural netw ork s, fuz z y  logic and genetic 
algorithms [ 4 -8 ] . 
 

2. S y s t e m  A M a n d D  
 
A M andD  is a distributed sy stem, w ork ing on standard P C  

machines w ith the M S  W indow s operating sy stem. I t is adj usted to 
cooperation w ith different decentraliz ed control sy stems ( D C S ), as 
w ell as w ith the sy stems of superv ision and monitoring of 
processes ( S C A D A ). P rocess data are collected from the control 
sy stem ( or appropriate av ailable process data w arehouse lik e P I  
O S I -S O F T sy stem or iHistorian) w ith the use of industrial data 
exchange standards lik e O P C  client-serv er communication. 
The main task  of the A M andD  sy stem is the early  and precise 

detection of faults of control v alv es, measurement paths and 
technological dev ices, as w ell as the monitoring the degradation 
degree of technological apparatuses. I n the abnormal and faulty  
states, the sy stem assists the process operators by  passing them the 
generated diagnosis about the existing faults and, if possible, 
adv isory  messages informing about necessary  prev enting actions 
to be undertak en.  The diagnosis specifies the process state much 
more precisely  than the seq uences of alarms generated by  modern 
control sy stems. M oreov er, the sy stem is eq uipped w ith an 
adv anced tool for the process modelling. I t mak es the creation of 
softw are sensors and analy sers possible. Thank s to the extended 
v ariable processing module, it is also possible to build the process 
simulators based on the A M andD  sy stem [ 4 , 8 ] . 
 
3 . P i l o t  t e s t s  i n  P K N  O R L E N  
 
3 .1 . D i a g n o s e d  e q u i p m e n t  
 
P ilot tests of the A M andD  sy stem w ere conducted in the P K N  

O R L E N  refinery  on H-O il plant ( HO G ). The task s of the sy stem 
are as follow s: 
• monitoring of the cok ing degree of the technological apparatus: 
v acuum heater H3 0 2  and distillation column C 3 0 3 , 

• early  detection and isolation of the measuring dev ices and 
control v alv es faults w ithin the sections of the v acuum ov en 
H3 0 2  and distillation column C 3 0 3 . 
The aims of the sy stem application w ere: 

• the implementation of the maintenance strategy  based on the 
current ev aluation of the technological installation state, 

• haz ard limitation of dangerous and faulty  states appearing in the 
installation, and shutdow ns that result from these states. 
The main process purpose is to conduct the desulfuriz ation of 

the feed medium ( the heav y  remainder left from crude oil), and 
crack ing it to light, more v aluable products. I n the processing  of 
the raw  material, the phenomenon of the deriv ativ e material 
sedimentation on the process technological dev ices and apparatus 
tak es place ( mainly  cok e). 
 
 

  
Fig. 1.  S im p l if ie d  d iagr am  o f  m az o u t  t r an s p o r t  in  t h e  v ac u u m  h e at e r   H 3 0 2  

(o n l y  o n e  o f  f o u r  c o il  p ip e s  is  p r e s e n t e d ) 
R y s . 1.  U p r o s z c z o n y  s c h e m at  t r an s p o r t u  m az u t u  w  p ie c u  p r ó ż n io w y m  H 3 0 2 

(p o k az an o  t y l k o  j e d n ą  z  c z t e r e c h  w ę ż o w n ic ) 
 
 
 

  
Fig. 2.  D iagr am  o f  d is t il l at io n  c o l u m n  C 3 0 3  
R y s . 2.  S c h e m at  k o l u m n y  d e s t y l ac y j n e j  C 3 0 3  
 
The tw o subsections of the w hole H-oil plant w ere defined to 

conduct detailed research. The first one w as the v acuum heater, 
and the second one w as the distillation column. F ig. 2 . presents the 
simplified diagram of one of the four medium passes in the 
v acuum heater H3 0 2 . The mentioned abov e process of cok e 
sedimentation can lead to: incorrect heat exchange in heater passes 
and exchangers, problems in v acuum tow er and other eq uipment 
operation, w rong temperature and lev el indications and finally  to 
the disturbances in the main process. 
I n the column of v acuum distillation product, the 

desulfuriz ation and its final preparation for the thermal-electric 
pow er station tak es place. The places w here the influence of cok e 
sedimentation is most v isible are the structural pack ages in 
v acuum tow er at the bottom of the column w ith the heav iest oil 
fractions ( F ig. 2 ). The cok e sedimented on the structural pack ages 
causes the deterioration of lighter fractions flow  at the top of the 
column. I t finally  leads to w orse output of additional products. 
The cok e accumulate at the bottom of the column. I t is also 

observ ed in the degree of cok ing of the eq uipment of the particular 
section. The degradation caused by  cok e sedimentation is  
a rev ersible process. B ut the cleaning procedure of the installation 
and  instrumentation eq uipment req uires installation shutdow n and 
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complete process switch off. In respect to hig h cost of such 
operation, it is realiz ed periodically , during  the scheduled 
turnarounds. Q uite often, the process still runs even if the service 
personnel are aware of the increased deg ree of the installation 
deg radation. D uring  such situations, the need for evaluating  in an 
on-line mode, the cok e sedimentation deg ree and predicted 
remaining  time to achieve critical state arises. 
 
3.2. S y s t e m  s t r u c t u r e  
 
S everal A M andD  sy stem modules are utiliz ed in the 

config uration for the H O G  application. Each module realises 
particular constituent sy stem task s. B lock  diag ram of the sy stem is 
presented in F ig . 3 . T he following  modules and realiz ed task s can 
b e disting uished:  
• P IL ink . P rocess data from the D C S  sy stem are collected b y  the 
P I-O S I-S oft sy stem which is a factory  g lob al data distrib ution 
sy stem. T he A M andD  sy stem collects the data from the P I 
server throug h the dedicated b ridg e P IL ink . A ll the process data 
are collected with  the 6 0  seconds sampling  time. 

• P ExS im-P reproc. C alculation module work ing  with the 6 0  
seconds sampling  time. T his module calculates averag e sig nals 
and re-samples data for the purpose of the proper cok ing  
analy sing  module. 

• P ExS im-Incipient. M odule responsib le for calculating  the 
current values of cok ing  coefficients and the predicting  time left 
to archives the critical process parameters. T his module work s 
with the 48 0  seconds sampling  time. 

• InV iew-Incipient. O perator g raphical interface module. C urrent 
and predicted process state are shown in specially  desig ned 
mimics. 

• S V A rchiviser. M odule responsib le for storing  the processed 
data in an archival datab ase. W ith the use of data from the 
datab ase, the operators can analy z e historical process states. 

• P ExS im-F D I and iF uz z y F D I. M odules responsib le for 
implementation of on-line F D I procedures ( classical fault 
detection and isolation) . Elab orated diag nosis is visualiz ed with 
the use of the dedicated operator g raphical interface InV iew-
F D I. 

 
 

  
F i g .  3.   S t r u c t u r e  o f  t h e  A M an d D  s y s t e m  u s e d  i n  t h e  H O G  ap p l i c at i o n  
Ry s .  3.   S t r u k t u r a s y s t e m u  A M an d D  z as t o s o w an a w  ap l i k ac j i  d l a H O G  
 
 
3.3. I n s t a l l a t i o n  c o k i n g  d e g r e e  m o n i t o r i n g  
 
T he alg orithm of the estimation of the time remaining  to reach 

the critical cok e sedimentation deg ree in the process is b ased on 
several proposed coefficients, different for each part of the 
process. T he tests calculation coefficients for the oven use the 
relations from heat exchang e. In the case of ideal installation 
work ing  conditions ( no cok e sediment) , the heat exchang e 
coefficient should k eep a constant level. It results from constant 
values of the heat exchang e resistances ( thick ness of pipe walls, 
etc.) . W hen the sedimentation inside the pipeline prog resses, the 
heat exchang e resistance should increase. 

T he tests conducted for the distillation column are b ased on the 
comparison of the pressure drop along  the whole column with the 
pressure difference b etween the outlets of the sections S I and S IV . 
T he tests and its derivative enab le to validate the flows of lig hter 
fractions towards the top of the column  and the clog g ing  of 
particular structural pack ag es ( e.g . P D T 3 0 45) . 
 
 

  
F i g .  4.   B l o c k  d i ag r am  ( g r ap h i c al  r e p r e s e n t at i o n  i n  P E x S i m  m o d u l e )  o f  t h e  

al g o r i t h m  u s e d  t o  c al c u l at e  t h e  c o k i n g  d e g r e e  c o e f f i c i e n t  an d  t h e  t i m e  
r e m ai n i n g  t o  r e ac h  c r i t i c al  p r o c e s s  d e g r ad at i o n  l e v e l  f o r  t h e  c o l u m n  C 30 3 

Ry s .  4.   S c h e m at  b l o k o w y  ( r e p r e z e n t ac j a g r af i c z n a w  m o d u l e  P E x S i m )  al g o r y t m u  
w y z n ac z an i a w s p ó ł c z y n n i k a z ak o k s o w an i a o r az  c z as u  p o z o s t ał e g o  d o  
o s i ąg n i ę c i a k r y t y c z n e g o  s t an u  d e g r ad ac j i  d l a k o l u m n y  C 30 3 

 
 
 

  
F i g .  5.   O p e r at o r ’ s  g r ap h i c al  i n t e r f ac e  f o r  t h e  c o l u m n  C 30 3 
Ry s .  5.   I n t e r f e j s  g r af i c z n y  o p e r at o r a d l a k o l u m n y  C 30 3 
 
F ig . 4 shows exemplary  b lock  diag rams of the alg orithms of 

determining  the calculation of the cok ing  deg ree coefficients. 
T hey  are constructed during  the config uration stag e b ased on 
availab le function b lock s in the calculation environment P ExS im. 
C alculated coefficients of the cok ing  deg ree as well as predicted 

remaining  time to reach critical process state are visualised in 
specially  prepared operator mimics in visualisation module 
InV iew. T his module enab les us to create g raphical user interfaces 
dedicated for the diag nostic purpose for the operators and the 
maintenance stuff. T he operator screens are divided thematically  
into sections corresponding  to the column C 3 0 3  and heater H 3 0 2 . 
Exemplary  screen for column C 3 0 3  is presented in F ig . 5. 
 
3.4 . D e t e c t i o n  a n d  i s o l a t i o n  o f  m e a s u r i n g   

d e v i c e s  a n d  a c t u a t o r s  f a u l t s  
 
S y stem A M andD  utilises methods b ased on analy tical, neural 

and fuz z y  models, as well as heuristic methods mak ing  use of 
different relations b etween the process variab les for the fault 
detection. T hese methods allow us to detect a much hig her numb er 
of faults than the classical alarm sy stem [ 1 -3 ] . T he sensitivity  of 
the model-b ased methods is an additional advantag e. It mak es it 
possib le, in many  cases, the early  detection of a small siz e fault, 
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before its negative consequences appear. In such cases, it is 
possible to undertak e proper protective or  m aintenance actions 
that lim it the consequences and losses caused by faults.   
T he algorithm s of diagnostic tests are configured w ith the use of 

function block s in the P E x S im  m odule ( see F ig. 6) . F ault detection 
w ith the use of m odels of particular signals consists in the 
evaluation of so called residuals, i.e., the differences betw een the 
value of a m easured signal and the m odel output. In the norm al 
state, the residual value is close to z ero. W hen the fault appears in 
the controlled part of the system , the residual value varies from  
z ero – the fault sym ptom  is observed. F ig. 7 presents the 
ex em plary results of a residual based on the process m odel that 
reconstructs one of the process variables. 
 
 

  
F i g .  6.   T h e  e x a m p l e  o f  d i a g n o s t i c  t e s t  c o n f i g u re d  f ro m  f u n c t i o n a l  b l o c k s  
R y s .  6.   P rz y k ł a d  t e s t u  d i a g n o s t y c z n e g o  s k o n f i g u ro w a n e g o  z  b l o k ó w  f u n k c y jn y c h  
 
 
 

  
F i g .  7.   T h e  t i m e  s e ri e s  o f  p re s s u re  P 3 0 4 9 A :  m e a s u re d  a n d  m o d e l  b a s e d  

re c o n s t ru c t e d  v a l u e s ,  re s i d u a l  
R y s .  7.   P rz e b i e g  c i ś n i e n i a  P 3 0 4 9 A :  w a rt o ś ć  rz e c z y w i s t a  i  o d t w a rz a n a   

n a  p o d s t a w i e  m o d e l u ,  re s i d u u m  
 
T he heuristic m ethods allow  us to w rite dow n the additional 

k now ledge about proper ( norm al)  installation functioning in the 
diagnostic system . T hese m ethods utilise relatively sim ple 
dependences betw een the process variables, e.g., the relations 
betw een tem peratures in different parts of the steam  draft of  
a pow er boiler. S uch dependences are not appreciated and om itted 
during the alarm  system s creation. M eanw hile, the design 
ex perience show s that they are a very essential and reliable source 
of k now ledge about the process state and present faults. T he 
k now ledge about such relations is very often possessed by the 
process and control engineers as w ell as operators. S ystem  
A M andD  delivers the tools for its form al w riting dow n and 
utilising in the current process diagnostics. R esidual values and 
the results of diagnostic tests are the outputs of detection 
algorithm s. T hey are a subj ect of tw o- or three-value fuz z y 
evaluation. 
F uz z y residual values evaluation m ak es it possible to tak e into 

account the uncertainties connected w ith m odelling errors, 
disturbances, m easurem ent noises and the difficulties in defining 
threshold values. T w o-valued fuz z y evaluation of absolute 

residual value is used in the sim plest case. T hree-valued 
evaluation additionally tak es into account the residual sign. It can 
increase fault isolability [ 3 ] . A s a result of fuz z y residual 
evaluation, one gets fuz z y diagnostic signals. T he value of a fuz z y 
signal is determ ined by the values of the m em bership function of 
all fuz z y sets calculated for the particular residual value. 
T he param eters of fuz z y sets can be determ ined based on the 

ex perim ent and the ex pert’ s k now ledge. S ystem  A M andD  enables 
us to calculate these param eters autom atically based on the 
analysis of statistical param eters of residual values recorded 
during the process run in the norm al state. 
F ault isolation is conducted based on current values of the set of 

diagnostic signals ( observed sym ptom s)  and w ritten dow n as the 
k now ledge base relation betw een faults and sym ptom s. T his 
relation tak es the form  of rules:  
 

 ( ) ( )rnkj fororforfthenvsif ...=  ( 1 )  
 
w here:  sj denotes the jth diagnostic signal, v – value of the 
diagnostic signal ( fuz z y set) , fk – kth fault. 
T he reasoning is realised according to the iD T S  m ethod 

( Industrial – D ynam ic T able of S tates)  designed in the Institute of 
A utom atic C ontrol and R obotics, W arsaw  U niversity of 
T echnology. T he iD T S  m ethod is based on the fuz z y logic. T he 
elaborated diagnosis points out particular faults together w ith the 
certainty factors of their ex istence. 
E laborated diagnosis can be presented directly by the 

specialised m odules of the A M andD  system  or can be transm itted 
to the S C A D A  or D C S  system . T he indicators corresponding to 
particular faults are placed on the process m im ics, nex t to the 
related m easurem ents or the equipm ent elem ents. T hey display 
fault certainty factors that vary in the range 0 -1 . If the certainty 
factor value is high than the bar representing this value has a red 
colour. In the case of low er values, its colour changes to orange, 
than yellow  and finally it becom es w hite. 
 
  

  
F i g .  8.   F a u l t  v i s u a l i s a t i o n  i n  t h e  A M a n d D  s y s t e m :  f a u l t s  o f  c o n t ro l  v a l v e s  a n d  

m e a s u ri n g  p a t h s  o f  m a z u t  a n d  s t e a m  f l o w  – o v e n  H 3 0 2  s e c t i o n  
R y s .  8.   W i z u a l i z a c ja  d i a g n o z  w  s y s t e m i e  A M a n d D :  u s z k o d z e n i a  z a w o ró w  

re g u l a c y jn y c h  o ra z  t o ró w  p o m i a ro w y c h  p rz e p ł y w u  m a z u t u  o ra z   
p a ry  - p i e c  H 3 0 2  

 
 
4. S u m m a r y  
 
T he softw are for m onitoring the degradation degree of the 

technological apparatus and prediction of the rem aining tim e to 
achieve the critical state assists the service staff in m ak ing the 
decisions about necessary m aintenances. It is a tool that allow s us to 
im plem ent the strategy of m aintenance planning based on the 
current evaluation of the technical process state w hich can replace 
traditional, periodical m aintenance. T his strategy can allow  us to 
increase the periods betw een m aintenances, and to avoid achieving 
the situation in w hich the faulty states appear that are caused by the 
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faster technological apparatus degradation than the one assum ed. 
A pplication of this strategy increases safety of m onitored processes. 
A dditional b enefits are related to low er m aintenance costs. 
P recise and q uickly achiev ed diagnosis m ake us possib le to 

conduct the necessary protecting actions. T herefore,  the diagnostic 
system s together w ith the protecting actions play the role of the 
second,  higher layer of the process protection system . C lassical 
system s of technological b lockages and standard protection system s 
are the first,  low er lev el of the process protection system . S uperior 
process protection layer giv es us the possib ility of the reduction or 
elim ination of the fault conseq uences due to m ore precise and 
q uickly achiev ed diagnostic inform ation. T his enab les us to av oid 
the actuation of the low er lev el protection system s w hich usually 
w ould cause process stop or unnecessary drop of its efficiency. 
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