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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  m e t h o d  o f  d e s c r i b i n g  t h e  c o n n e c t i o n s  b e t w e e n  t h e  
p r o c e s s  c o m p o n e n t s  a n d  t h e  e l e m e n t s  o f  a  d i a g n o s t i c  s y s t e m   w i t h  t h e  u s e  
o f  t h e  s e t  o f  r e l a t i v e l y  s i m p l e  r e l a t i o n s . S u c h  a  s t r u c t u r e  c r e a t e d  a t  t h e  
c o n f i g u r a t i o n  s t a g e  i n c l u d e s  t h e  i n f o r m a t i o n  a b o u t  t h e  d i a g n o s t i c  r e l a t i o n . 
T h e  m e t h o d  o f  a n  a u t o m a t i c  d e t e r m i n a t i o n  o f  t h e  p r e l i m i n a r y  d i a g n o s t i c  
r e l a t i o n  b a s e d  o n  c o n n e c t i o n s  w r i t t e n  d o w n  i n  t h e  h i e r a r c h i c a l  s t r u c t u r e  
w a s  p r o p o s e d . C o n s i d e r e d  a l g o r i t h m  w a s  i l l u s t r a t e d  b a s e d  o n  a  r e a l  
a p p l i c a t i o n  f o r  s i m p l e ,  e x e m p l a r y  p r o c e s s . 
 
K e y w o r d s :  f a u l t  d i a g n o s i s ,  d i a g n o s t i c  r e l a t i o n ,  e x p e r t  k n o w l e d g e . 
 
W y z n acz an ie  r e l acj i d iag n o s t y cz n e j  n a 
p o d s t aw ie  r o z s z e r z o n e g o  o p is u  e l e m e n t ó w  
p r o ce s u  o r az  s y s t e m u  d iag n o s t y cz n e g o  

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

 
W  a r t y k u l e  z a p r e z e n t o w a n o  m e t o d ę  o p i s u  s t r u k t u r y  p o ł ą c z e ń  e l e m e n t ó w  
p r o c e s u  o r a z  s y s t e m u  d i a g n o s t y c z n e g o  z a  p o m o c ą  s t o s u n k o w o  p r o s t y c h   
i  i n t u i c y j n y c h  r e l a c j i . T a k  u t w o r z o n a  n a  e t a p i e  k o n f i g u r a c j i  s y s t e m u  
d i a g n o s t y c z n e g o  s t r u k t u r a  z a w i e r a  i n f o r m a c j e  o  r e l a c j i  d i a g n o s t y c z n e j . 
Z a p r o p o n o w a n o  m e t o d ę  a u t o m a t y c z n e g o  w y z n a c z a n i a  w s t ę p n e j  r e l a c j i  
d i a g n o s t y c z n e j  z a  p o d s t a w i e  z a l e ż n o ś c i  w y s t ę p u j ą c y c h  w  z a p r o p o n o w a n e j  
s t r u k t u r z e  h i e r a r c h i c z n e j . R o z w a ż a n y  a l g o r y t m  z o s t a ł  z a p r e z e n t o w a n y  n a  
r z e c z y w i s t y m  p r z y k ł a d z i e  p r o s t e g o  s t a n o w i s k a . 
 
S ł o w a  k l u c z o w e :  d i a g n o s t y k a  u s z k o d z e ń ,  r e l a c j a  d i a g n o s t y c z n a ,  w i e d z a  
e k s p e r c k a . 
 
1 .  I n t r o d u ct io n  
 
T h e pa per  co n sider s t h e co m m o n ly  u sed cla ss o f  dia gn o st ic 

sy st em s w h ich  r ea so n in g a lgo r it h m s st r u ct u r e co m plies w it h  t h e 
o n e pr esen t ed in  F ig. 1 . I t  is a ssu m ed t h a t  t h er e a r e so m e k in ds o f  
det ect io n  a lgo r it h m s a v a ila b le w h ich  ca lcu la t e dia gn o st ic sign a ls 
S. T h ey  a r e b a sed o n  t h e a n a ly sis o f  cu r r en t  pr o cess v a r ia b les X ,  
a cco r din g t o  t h e r ela t io n  RXS. A t  t h e seco n d st a ge,  t h e dia gn o st ic 
r ea so n in g is per f o r m ed. I t  is co n du ct ed a cco r din g t o  t h e dia gn o st ic 
r ela t io n  RSF  descr ib in g t h e r ela t io n  b et w een  t h e ex ist in g f a u lt s a n d 
t h e o b ser v ed dia gn o st ic t est  r esu lt s. A s a  r esu lt  o f  t h e r ea so n in g,  
t h e sy st em  gen er a t es t h e set  o f  f a u lt  cer t a in t y  f a ct o r s ( F )  w h ich  
f o r m u la t e t h e f in a l dia gn o sis a b o u t  t h e sy st em  st a t e. 
O n e ca n  dist in gu ish  t h e f o llo w in g m a in  co n f igu r a t io n  st a ges o f  

su ch  pr o cesses:  ( a )  def in it io n  o f  t h e set  o f  co n sider ed f a u lt s a n d t h e 
set  o f  a v a ila b le pr o cess v a r ia b les,  ( b )  det er m in in g t h e set  o f  pa r t ia l 
m o dels,  ( c)  design in g t h e set  o f  dia gn o st ic t est s ( f o r  f a u lt  det ect io n  
pu r po se) ,  ( d)  dia gn o st ic r ela t io n  det er m in a t io n ,  ( e)  dia gn o st ic 
sy st em  deco m po sit io n  ( in  t h e ca se o f  co m plex  sy st em s) .  
T h e a lgo r it h m s a n d design in g m et h o ds r ela t ed t o  st a ges ( a )  - ( c)  

w er e su b j ect s o f  m a n y  r esea r ch  a n d a r e n o w  q u it e w ell r eco gn iz ed 
[ 2 ,  3 ] . T h e b iggest  pr o b lem  is t h e im plem en t a t io n  o f  st a ges ( d)  a n d 
( e) . D u r in g t h ese st a ges it  is n ecessa r y  t o  m a k e so m e decisio n s,  

depen din g m o r e o r  less o n  t h e o b j ect iv e k n o w ledge a b o u t  t h e 
pr o cess v a r ia b le set ,  t h e a v a ila b le k n o w ledge a b o u t  t h e o b j ect ,  t h e 
est a b lish ed r eq u ir em en t s,  a n d a lso  o n  t h e su b j ect iv e k n o w ledge o f  
t h e dia gn o st ic sy st em  en gin eer . 
 

  
F i g .  1.   T h e  d i a g r a m  o f  d i a g n o s i n g  
R y s .  1.   O g ó l n y  s c h e m a t  w n i o s k o w a n i a  
 
A  pr o per  def in it io n  o f  t h e dia gn o st ic r ela t io n  det er m in es t h e 

po ssib ilit y  t o  ca r r y  o u t  t h e pr o per  f a u lt  iso la t io n . I n  t h e discu ssed 
gr o u p o f  sy st em s,  t h e dia gn o st ic r ela t io n  is u su a lly  def in ed b y  a n  
ex per t ,  b a sin g o n  t h e pr o cess k n o w ledge,  a lgo r it h m s o f  t h e 
r esidu a l ca lcu la t io n ,  in f lu en ce o f  in div idu a l f a u lt s o n  t h e o per a t io n  
/  per f o r m a n ce o f  co n st it u en t  elem en t s o f  in st a lla t io n  /  sy st em ,  et c. 
T h e pr o cess o f  r ela t io n  def in it io n  is n o t  ea sy . 
O n  t h e o t h er  h a n d,  t h e dia gn o sed pr o cess is u su a lly  t o o  

co m plica t ed t o  a pply  it s m o r e f o r m a l descr ipt io n  t h a t  co u ld b e 
f u r t h er  u sed f o r  t h e a u t o m a t ic det er m in a t io n  o f  t h e dia gn o st ic 
r ela t io n . S o m et im es,  it  is po ssib le t o  a pply  so m e k in d o f  b eh a v io u r a l 
m o del. H o w ev er ,  cr ea t io n  o f  su ch  a  m o del is u su a lly  a  v er y  t im e-
co n su m in g pr o cess. I t  is r ea so n a b le in  t h e ca se,  w h en  su ch  a  m o del is 
a lso  u sed f o r  o t h er  pu r po ses,  e.g.,  is dir ect ly  co n n ect ed w it h  design in g 
a n d /  o r  r u n n in g det ect io n  a lgo r it h m  pr o cedu r es [ 1 ] . 
T h er e w a s a  n eed t o  design  a  r ela t iv ely  sim ple m et h o d o f  

su ppo r t in g t h e dia gn o st ic sy st em  design  w it h o u t  t h e n ecessit y  o f  
in t r o du cin g m a n y  a ddit io n a l pa r a m et er s t o  t h e o n es a lr ea dy  u sed. 
T h e pa per  in t r o du ces a n  ex t en ded descr ipt io n  o f  t h e st r u ct u r e o f  
t h e pr o cess a n d dia gn o st ic sy st em  co m po n en t s. I t  a lso  pr esen t s t h e 
b a sic m et h o ds o f  t h e a u t o m a t ic det er m in a t io n  o f  t h e dia gn o st ic 
r ela t io n  b a sed o n  su ch  a  descr ipt io n . 
 

2 .  Sy s t e m  co m p o n e n t s  an d  it s  r e l at io n s  
 
T h e f o llo w in g b a sic co m po n en t s a r e pr esen t  in  t h e descr ipt io n  

o f  a lm o st  ea ch  dia gn o st ic sy st em :  
• T h e set  o f  f a u lt s u n der st o o d a s dest r u ct iv e ev en t s ca u sin g t h e 
decr ea se o f  t h e pr o cess o per a t io n  q u a lit y :  
 

 { }KkfF k ,,2,1: K== . ( 1 )  
 

• T h e set  o f  pr o cess v a r ia b les,  i.e. m ea su r ed a n d co n t r o l sign a ls,  
u t iliz ed f o r  t h e f a u lt  det ect io n :  
 

 { }IixX i ,,2,1: K== . ( 2 )  
 

• T h e set  o f  dia gn o st ic sign a ls,  ca lcu la t ed o n  t h e o u t pu t s o f  
det ect io n  a lgo r it h m s ( t est s) ,  w h ich  ca n  b e b a sed o n  t h e pr o cess 
m o dels a s w ell a s t h e sign a l a n a ly sis:  
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 { }JjsS j ,,2,1: K== . ( 3 )  
 

• R elat ion RXS def ined on t h e C art esian p roduct  of  t h e set s S and X: 
 

 SXRXS ×⊂ . ( 4 )  
 
E x p ression < xi , sj>∈RXS denot es t h at  a v alue of  t h e p rocess 
v ariable xi is ut ilised by  t h e tth t est  f or t h e generat ion of  
diagnost ic signal sj. T h is relat ion comes direct ly  f rom t h e 
st ruct ure of  t h e diagnost ic t est . T h is relat ion can be ex p ressed in 
t h e f orm of  sub-relat ions w h ich  are more f riendly  t o def ine and 
manage during t h e diagnost ic sy st em conf igurat ion and f urt h er 
ex p loit at ion [ 4 ] . T h ese are t h e relat ions bet w een: calculat ed 
v ariables and v ariables used in calculat ions,  models and 
v ariables used as t h eir inp ut s,  models and it s out p ut s,  et c. 

• R elat ion RSF  def ined on t h e C art esian p roduct  of  t h e set s  S and F: 
 

 FSRSF ×⊂ .  ( 5 )  
 
T h is relat ion is a set  of  p airs < sj , fk>,  such  t h at  t h e signal sj is 
sensit iv e t o t h e f ault  fk ,  i.e.,  it  h as an abilit y  t o det ect  t h at  f ault . 
T h is relat ion can be somet imes det ermined based on  
a mat h emat ical descrip t ion of  diagnost ic t est  algorit h ms t h at  
t ak es int o account  t h e inf luence of  f ault s. I t  can be also 
f ormulat ed based on t h e ex p ert  k now ledge. T h is p rocess is also not  
simp le and usually  many  uncert aint ies must  be t ak en int o account . 
B asic p rocess and diagnost ic sy st em descrip t ion does not  

include any  direct  inf ormat ion about  t h e process structure. T h e 
descrip t ion of  t h e p rocess can be ex t ended by  t h e int roduct ion of  
t h e inf ormat ion about  t h e p rocess tech n ol og i ca l  com pon en ts and 
t h eir con n ecti on s w it h  t h e p rocess and t h e diagnost ic sy st em 
comp onent s. N ew  element s w ill allow  us t o def ine t h e diagnost ic 
relat ion ( 5 )  in a dif f erent  w ay  t h at  t ak es int o account  t h e p rocess 
st ruct ure. 
L et  us int roduce t h e f ollow ing addit ional comp onent s t o 

t h e diagnost ic sy st em descrip t ion: 
• T h e set  of  t ech nological ap p arat us ( comp onent s) : 
 

 { }NncC n ,,2,1: K== . ( 6 )  
 

• R elat ion RF C , f  def ined on t h e C art esian p roduct  of  t h e set s F and C: 
 
 CFR fFC ×⊂, . ( 7 )  
 
E x p ression < fk , cn>∈R F C , f  denot es t h at  t h e f ault  fk inf luences t h e 
op erat ion of  a t ech nological comp onent  cn,  i.e.,  it  af f ect s it s 
beh av iour. 

• R elat ion RC X, f  def ined on t h e C art esian p roduct  of  t h e set s X and C: 
 

 XCR fCX ×⊂, . ( 8 )  
 
E x p ression < cn, xi>∈R C X, f  denot es t h at  t h e f ault  of  t h e 
comp onent  cn af f ect s t h e v alue of  t h e p rocess v ariable xi ,  relat ed 
v ariable h as “ imp rop er v alues” ,  e.g.,  f ault y  measurement  dev ice 
p roduce w rong indicat ions. T h e “ imp rop er v alues”  causes 
observ able sy mp t oms f or all t h e diagnost ic t est s t h at  ut iliz e t h is 
v ariable. 

• R elat ion RSC  def ined on t h e C art esian p roduct  of  t h e set s C 
and S: 

 CSR fCS ×⊂, . ( 9 )  
 
E x p ression < sj , cn>∈RSC , f  denot es t h at  t h e diagnost ic t est  sj 
det ect s t h e f ault s of  t h e comp onent  cn. T h is relat ion can also be 
ex p ressed in t h e f orm of  sub-relat ions w h ich  are more f riendly  
t o def ine and manage during t h e diagnost ic sy st em 
conf igurat ion and f urt h er ex p loit at ion [ 4 ] ,  e.g.,  one can use t h e 
relat ion bet w een models and modelled comp onent s. T h e use of  
relat ion ( 8 )  is op t ional because it  can be w rit t en dow n as a p art  

of  relat ion ( 9 ) . T h e use of  t h e relat ion ( 8 )  dep ends on t h e user 
p ref erences. 

• R elat ion RC C , f  def ined on t h e C art esian p roduct  of  t h e set s C and C: 
 
 CCR fCC ×⊂, . ( 1 0 )  
 
E x p ression < cm , cn>∈R C C , f  denot es t h at  t h e f ault  of  comp onent  
cm af f ect s t h e beh av iour of  t h e comp onent  cn,  i.e.,  it  st art s t o 
beh av e in an abnormal manner. T h is relat ion def ines t h e f ault  
p rop agat ion rules bet w een t h e t ech nological comp onent s. 
R elat ions ( 7 )  and ( 8 )  result  direct ly  f rom t h e st ruct ure of  t h e 

p rocess,  and can be easily  def ined by  t h e diagnost ic sy st em 
designer. R elat ions ( 9 )  and ( 1 0 )  are t y p ically  def ined based on t h e 
ex p ert  k now ledge about  t h e model st ruct ure and t h e p rocess w it h  
it s p h y sical and ch emical dep endences. T h ey  are t h e most  dif f icult  
t o def ine and,  v ery  of t en,  are relat ed w it h  a st rong uncert aint y . T o 
be able t o t ak e it  int o account ,  it  is p ossible t o use f uz z y  relat ion 
inst ead of  a classical one. 
T h e abov e p resent ed descrip t ion can be ex t ended w it h  a relat ion 

def ining t h e h i era rch i ca l  structure of  th e process com pon en ts. 
S uch  a st ruct ure corresp onds t o t h e t ech nological div ision of  t h e 
inst allat ion ont o p art icular sect ions,  t ech nological ap p arat us,  et c. I t  
p erf orms mainly  ordering t ask . I t  is not  direct ly  used in t h e 
p rocess of  det ermining t h e diagnost ic relat ion. H ow ev er,  it  can be 
used in t h e p rocess of  t h e diagnost ic sy st em decomp osit ion [ 4 ] . 
T h is issue ex ceeds t h e scop e of  t h is p ap er. 
 
3. D i a g n o s t i c  r e l a t i o n  d e t e r m i n a t i o n  
 
T h e basic f orm of  a diagnost ic relat ion ( 5 )  can be reconst ruct ed 

based on relat ions bet w een p rocess comp onent s and diagnost ic 
sy st em element s p resent ed in P aragrap h  2 . I t  is p ossible t o 
det ermine t h e p reliminary  binary  diagnost ic mat rix  ( B D M )  t h is 
w ay . T h is mat rix  sh ow s a p ot ent ial dep endence ( inf luence)  
bet w een f ault s F and diagnost ic signals S. 
 
3.1 . F a u l t  p r o p a g a t i o n  p a t h s  
 
D et erminat ion of  t h e B D M  is conduct ed by  p rop agat ion of  

f ault s conseq uences t h rough  p art icular nodes of  t h e p rocess and 
diagnost ic sy st em comp onent  st ruct ure t o t h e nodes rep resent ing 
diagnost ic signals. S uch  “ f ault  p rop agat ion p at h s”  are creat ed by  
comp osing t w o or more basic relat ions described in t h e p rev ious 
p aragrap h . T h e f ollow ing p rop agat ion p at h s ( F→S)  are def ined below . 
• D irect  or indirect  inf luence F→S t h rough  t h e p rocess v ariables: 
 
 j

R
i

R
n

R
m

R
k sxccf XSfCXfCCfFC  → →


  → → ,,,  ( 1 1 )  

 
T h e algorit h m calculat ing t h e diagnost ic signal sj ut ilises 

p art icular p rocess v ariables in comp ut at ions t h at  h av e “ imp rop er”  
v alues due t o a f ault y  comp onent . T h e op t ional connect ion of  
sev eral int erconnect ed t ech nological comp onent s can ap p ear in t h e 
p at h . 
T h is p at h  can also direct ly  include used models if  such  element s 

are considered in t h e st ruct ure of  in comp ut at ions diagnost ic 
sy st em ( t h us det ailed sp ecif icat ions of  p ossible relat ions are 
bey ond t h e scop e of  t h is p ap er) .  
• D irect  inf luence F→S t h rough  indicat ion of  t h e scop e of  
p rocess being ch eck ed by  t h e p art icular diagnost ic t est : 

 
 j

R
n

R
m

R
k sccf fCSfCCfFC  →


  → → ,,,  ( 1 2 )  

 
T h e algorit h m of  a diagnost ic t est  p roducing t h e diagnost ic 

signal sj monit ors t h e st at e of  a f ault y  comp onent  ( or a comp onent  
w it h  f ault y  beh av iour due t o f ault s p resent  in connect ed 
comp onent s) . 
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3.2. G e n e r a l i s e d  f o r m  o f  t h e  d i a g n o s t i c   
r e l a t i o n  

 
Th e diagnostics r elation in th e f or m ( 5 )  does not tak e into 

account th e sy stem str uctur e, h ow ev er , it is indir ectly  r elated to its 
components. Th e generalised form  of t h e diagnost ic  relat ion 
RSF,G is intr oduced to dir ectly  sh ow  th e connections of  f aults F 
and diagnostic signals S w ith  th e pr ocess components C. Th is 
r elation is def ined b y  tw o  sub -r elations: gener alised r elation RFC 
and gener alised r elation RCS . 
B ef or e def ining th e ab ov e r elations one must notice th at th e 

f ault fk can indir ectly  inf luence th e b eh av iour  of  th e tech nological 
component cm. L et us intr oduce th e gener alised r elation RCC, f  
def ined on th e C ar tesian pr oduct of  th e sets C and C: 
 
 CCR fCC ×⊂, . ( 1 3 )  
 
E xpr ession < cm, cn>∈RCC, f  denotes th at th er e exists th e path  in 

th e digr aph  r epr esenting th e r elation RCC, f  b etw een th e 
component cn and th e component cm. 
R elation RFC is def ined on th e C ar tesian pr oduct of  th e sets F 

and C: 
 CFRFC ×⊂  ( 1 4 )  
 

w h ile expr ession < fk , cn>∈RFC denotes th at th e f ault fk inf luences 
th e oper ation of  th e component cn dir ectly  accor ding to r elation ( 7 )  
or  indir ectly  accor ding to th e existing path  b etw een tech nological 
components. Th e elements of  th e r elation matr ix RFC ar e def ined as: 
 

 ( )gCC
nm

fFC
mkm

fFC
nk

FC
nk

RccRcf
RcfRcf

,,

,

,,

,,

∈∧∈∃∨

∈⇔∈   ( 1 5 )  

 
R elation RCS  is def ined on th e C ar tesian pr oduct of  th e sets C 

and S: 
 SCRCS ×⊂  ( 1 6 )  
 

w h ile expr ession < cn, sj>∈RCS  denotes th at th e diagnostic test sj 
detects th e f aults of  th e component cn. Th e elements in th e r elation 
matr ix RCS  ar e def ined as: 
 

 ( )
fSC

nj

XS
ji

fCX
ini

CS
jn

Rcs

RsxRxcRsc
,

,

,

,,,

∈∨

∈∧∈∃⇔∈  ( 1 7 )  

 
Tak ing into account th e r elations ( 1 4 )  and ( 1 5 ) , one can def ine 

th e elements of  th e diagnostic matr ix R S F, g  as: 
 

 ( )CS
jn

FC
nkn

gSF
kj RscRcfRfs ∈∧∈∃⇔∈ ,,,

,  ( 1 8 )  
 
4. T e s t  a p p l i c a t i o n  
 
Th e pr esented appr oach  to th e diagnostic r elation deter mination 

w as tested w ith  th e use of  th e lab or ator y  setup in th e I nstitute of  
A utomatic C ontr ol and R ob otics, W ar saw  U niv er sity  of  
Tech nology . Th is setup r epr esents a simple b oiler  sy stem. Th e 
av ailab ility  of  th e test installation made it possib le to compar e th e 
deter mined diagnostic r elation b ased on def ined sub  r elations w ith  
th e r eal one, ob ser v ed dur ing ph y sical tests. Th e tested sy stem 
consists of  th e tank , contr ol-v alv e and w ater  supply  sy stem. Th e 
sy stem r ealises th e contr ol pr ocess of  th e w ater  lev el in th e 
h or iz ontal tank . Th er e ar e av ailab le appr oximately  1 0  pr ocess 
v ar iab les. Th er e w er e def ined 1 4  possib le f aults ( actuator , 
measur ement path  and component f aults)  w h ich  w er e diagnosed 
w ith  th e use of  1 0  diagnostic tests ( diagnostic signals) . A ch iev ed 
B D M  matr ices b ased on th e exper t k now ledge and activ e 
exper iments ar e sh ow n in F ig. 2. A lmost all elements of  th e 

patter n diagnostic matr ix giv en b y  th e exper t w er e f ound out, 
h ow ev er , some mistak es w er e done. Th r ee elements of  th e r elation 
w er e attr ib uted er r oneously : {f10 , s1}, {f12, s1} and {f3, s6}. F our  
elements of  th e r elation h adn’ t b een f ound: {f7, s2}, {f8, s2},  
{f3, s5} and {f4, s5}. Tw o elements, {f9, s8} and {f10 , s7}, h ad b een 
pointed out dur ing analy sis b ut w er e omitted b y  th e exper t. Th e 
th or ough  analy sis conf ir med th e exper t mistak es: th e missing 
elements sh ould b e added. Th e pr ocess of  deter mining th e 
diagnostic r elation is not easy  and connected w ith  many  
uncer tainties. I t is th e main r eason of  th e mistak es th at w er e f ound 
dur ing th e exper iment. Th is situation can b e “ contr olled”  b y  
intr oducing f uz z y  r elations b etw een th e pr ocess and th e diagnostic 
sy stem components. S uch  a r elation w ould allow  us to dir ectly  
tak e into account th e exper ts uncer tainty . I t w ould b e a sub j ect of  
f ur th er  r esear ch . 
 

RFS f1 f2 f3 f4 f5 f6 f7 f8 f9 f10  f11 f12 f13 f14 
s1       1 1  1x  1x 1 1 
s2   1 1     1 1  1  1 
s3    1         1  
s4      1   1 1  1 1  
s5       1 1 1 1  1 1  
s6 1 1 1x 1 1        1  
s7          1 1    
s8      1   1 1 1    
s9          1     
S10       1   1 1  1 1  
  E l e m e n t s  o f  t h e  B D M  d e f i n e d  b y  t h e  e xp e r t  a n d  c o n f i r m e d  i n  t h e  e xp e r i m e n t  
  E l e m e n t s  o f  t h e  B D M  o m i t t e d  b y  t h e  e xp e r t  b u t  c o n f i r m e d  i n  t h e  e xp e r i m e n t  
 1 E l e m e n t s  o f  t h e  B D M  a u t o m a t i c a l l y  d e t e r m i n e d  b a s e d  o f  d e f i n e d  s u b -r e l a t i o n s  
 x I n c o r r e c t l y  a t t r i b u t e d  e l e m e n t  d u r i n g  t h e  a u t o m a t i c  B D M  d e t e r m i n a t i o n  

 
Fig. 2.  D e s ign e d  a n d  a c h ie v e d  d ia gn o s t ic  m a t r ix  f o r  t h e  B O I L E R  s y s t e m  
R y s . 2.  Z a p r o j e k t o w a n a  i r z e c z y w is t a  m a c ie r z  d ia gn o s t y c z n a  d l a  B O I L E R  
 
5 . C o n c l u s i o n  
 
Th e pr oposed set of  r elations allow s us to w r ite dow n a w ide 

r ange of  inf or mation ab out existing connections b etw een th e 
pr ocess and th e diagnostic sy stem components. Th e meth odology  
is simple and easy  and intuitiv e in application. H ow ev er , one must 
r ememb er  th at th is descr iption is not complete and uniq ue. Th e 
ach iev ed f inal r esult str ongly  depends on th e designer  k now ledge 
and h is car ef ulness.  
Th e automatically  gener ated, b ased on pr oposed r elations, 

pr eliminar y  b inar y  diagnostic matr ix ( B P D M )  is a star ting point 
tow ar d cr eating th e pr oper  diagnostic r elation.  S uch  a matr ix w as 
called “ pr eliminar y ”  b ecause it def ines only  th e potential 
dependences b etw een f aults and diagnostic test r esults ( ob ser v ed 
sy mptoms) . I ts q uality  depends on th e accur acy  of  def ining th e 
elementar y  r elations. Th er e exists a need f or  a car ef ul v er if ication 
of   th e ach iev ed r elation w h ich  sh ould b e done b y  th e exper t 
b ef or e th e diagnostic sy stem is star ted.  A dditionally , in th e 
f ollow ing steps, th e r elation descr ib ed b y  th e B P D M   can b e 
cor r ected and complemented b ased on th e exper t k now ledge as 
w ell as gained exper ience, e.g., a ty pical step is th e intr oduction of  
multi-v alued ev aluation of  r esiduals th at allow s us to incr ease th e 
f ault distinguish ab ility . 
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