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A b s t r a c t  

In  electric generat ion plants ,  facility 
administration is  going to be  computerized 
for  s e c u r e  and  efficient maintenance, a n d  
i t  is needed t o  input  many a l ready  existing 
plant diagrams (so called piping & ins t rument  
diagrams) into computer  systems. Then i t  i s  
required to  recognize plant  diagrams, whose 
drawing quality is  s o  tough  f o r  recognition, 
t h a t  t h e  drawn elements, namely, symbols, 
lines and  charac te rs ,  of ten have contac t s  with 
each other .  

Thus  we developed a n  automatic recog- 
nition system for  plant  diagrams,  which 
enabled t o  input  s u c h  diagrams a t  recognition 
rate  over  80 %. And toge ther  with a n  effi- 
c ient  verification process ,  t h e  total time t o  
input  a diagram is  reduced  to be  u n d e r  30 %, 
compared t o  conventional CAD-system input .  

1. Introduct ion 

Facility administration of e lectr ic  gene- 
ration and  o ther  plants ,  s u c h  a s  maintenance 
and  overhaul ing of ins t ruments  a n d  pipings, 

a r e  based on plant  diagrams. In o r d e r  t o  
computerize th i s  administration, i t  is  needed 
to input  many a l ready  existing plant  diagrams 
into computers. I t  i s  requ i red  t o  recognize 
the  diagrams automatically, s ince a conven- 
tional CAD-system i n p u t  needs  much cos t  [ I ] .  

There have been a t tempts  t o  develop 
automatic recognition systems,  b u t  most of 
them did not t r e a t  diagrams with much com- 
plexity. Our development aims t o  input  such  
type  of diagrams. 

2. S y s t e m  O v e r v i e w  

2.1 Fea tures  of t h e  system 
The plant diagrams to be recognized 

contain many elements, and a s  t h e y  a r e  not 
intended for  computer  input ,  t h e y  have many 
contacts  of symbols, l ines a n d  c h a r a c t e r s  
with each other .  And t h e  diagrams a r e  in poor 
drawing quality d u e  t o  reproduct ion with size 
reduction and  retouching correct ion (Fig. 1). 

Most of t h e  symbols consis t  of a basic 
figure ( a s  a pa i r  of t r iangles  in valve 
symbols) a n d  some additional f igures (Fig. 2), 
and t h e r e  a r e  h u n d r e d s  of t h e i r  c lasses .  

Fig. 1 An example of a plant  diagram Fig. 2 Samples of symbols 



Thus  we developed a system to input  s u c h  
diagrams efficiently with a combination of 
recognition and  verification process ,  with t h e  
following features .  

(1) Recognition; The items, which need 
much correct ion time, s u c h  a s  t h e  positions 
of symbols, l ines a n d  charac te rs ,  a r e  t o  have 
high recognition rate .  But t h e  items, which 
need less  correct ion time, s u c h  a s  t h e  classes  
of symbols and  charac te rs ,  may have not so  
high rate .  

(2) Verification; For  t h e  classes  of 
symbols and  charac te rs ,  whose recognition 
r a t e  t e n d s  to  be  not s o  high, verification 
and  correct ion a r e  t o  be done efficiently. 

2.2 Chief specifications of recognition 
The following items a r e  to  be recognized. 
(l)symbols, (i.e. valves a n d  o t h e r  inst-  

ruments) ;  t h e i r  position, orientation a n d  
symbol class. 

(2)lines, (i.e. pipings a n d  measurement/ 
controlling wires); t h e i r  position and  
connection information t o  t h e  symbols. 

(3 )charac te r  s t r i n g s ,  (i.e. a t t r i b u t e s  of 
symbols); t h e i r  position a n d  charac te r  codes. 

2.3 System configuration 
The developed recognition system consis ts  

of a n  image reader ,  a minicomputer and a 
workstation (Fig. 3). The minicomputer is  
equipped with a n  image processor  and  a 
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charac te r  recognition processor. 
The minicomputer recognizes t h e  plant 

diagrams input  b y  t h e  image reader ,  and  t h e  
workstation is  f o r  verification and  correc- 
tion of t h e  recognized data. The d a t a  a r e  
finally converted t o  t h e  format required by  
t h e  facility administration system. 

3. Recognition Process  

The recognition process  of the  plant 
diagram is  a s  follows (Fig. 4). 

3.1 Classification of t h e  elemfn 
After t h e  vectorization of t h e  r a s t e r  

input  image, t h e  d rawn elements a r e  roughly 
classified. The elements in contact  with each 
o t h e r  a r e  not deal t  here. (See 3.3). 

(1) Detection of  c h a r a c t e r s  
A block of connected vector  elements is 

measured, a n d  a block with height  and  width 
less  t h a n  th resholds  is considered to be a 
charac te r  candidate. 

(2) Detection of connection l ines  
From t h e  vec tors  (without t h e  charac te r  

candidates) ,  a horizontal o r  vertical vector  
with length more than  a threshold is  detected 
to  be a line candidate. And a vector  in i t s  
elongation, o r  a vector  perpendicular  t o  it, 
is  also judged to be a line candidate. The 
o ther  vectors  become symbol candidates .  
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Fig. 3 System configuration Fig. 4 Recognition flow 



3.2 Symbol recognition 
From t h e  symbol candidates ,  characte-  

r is t ic  f igures  s u c h  a s  loops o r  black regions 
a r e  detected,  and  t h e y  a r e  matched t o  t h e  
symbol dictionaries, s o  t h a t  t h e  detection a n d  
recognition of t h e  symbols a r e  ca r r ied  ou t  
parallelly. For detail, s e e  t h e  Section 4. 

3.3 Reclassification of t h e  elements 
The symbol candida tes  contain c h a r a c t e r s  

and s h o r t  connection lines, d rawn in con tac t  
with symbols. Thus,  t h e  vec tors  not detected 
a s  symbols in 3.2 a r e  reclassified t o  be 
c h a r a c t e r  o r  line candidates .  For  t h i s  
process ,  utilized a r e  t h e  recognition resu l t s  
of t h e  symbols, s u c h  as;  

(1) connect ing position t o  a symbol, 
(2) rules ,  f o r  example, t h a t  a vec tor  

between 2 symbols, is a connenction line. 
A line candidate  vector  and  informations, 

a s  t o  which symbols t h e  vector  is  connected,  
toge ther  make u p  connection data .  

3.4 Recognition of c h a r a c t e r  s t r i n g s  
From t h e  c h a r a c t e r  candidates ,  a s e t  of 

vec tors  within a threshold height  a r e  detected 
to  be c h a r a c t e r  s t r i n g s .  2 c h a r a c t e r  s t r i n g s  
may be touching each o t h e r  vertically, s o  a 
s t r i n g  over  a threshold height  is  divided into 
2 s t r i n g s  [2]. 

4 -  S y m b o l  recognition 

4.1 Fea tures  of t h e  symbol recognition 
The fea tures  a r e  to  t r e a t  a plenty of 

symbol classes ,  and  to cope with con tac t s  with 
o ther  elements. 

F i r s t  detected a r e  basic figures, s tab le  t o  

contacts ,  a n d  common to plural symbol classes .  
Then t h e  a r e a  a round  a basic f igure i s  
analyzed t o  de tec t  additional fignres. The 
combination of a basic f igure a n d  some 
additional f igures decide t h e  final symbol 
class. In detect ing additional figures, seg-  
mentation is  recurs ive ly  called t o  d e t e c t  
additional f igures  in contact  with charac te rs .  

4.2 Flow of recognition 
The symbol recognition is  ca r r ied  ou t  a s  

follows (Fig. 5). 
( 1 )  Detection o f  basic f igures 

From t h e  symbol candidates ,  detected a r e  
basic f igures  s u c h  a s  closed loops, black 
regions, T-type f igures  etc ,  of cer tain sizes. 
(2) Detection o f  additional f igures  

The a r e a  a round  a basic f igure  is  
examined, a n d  additional f igures  a r e  detected 
and  classified (See 4.3). They a r e  symbol 
cons t i tuen ts  o t h e r  t h a n  t h e  basic f igures ,  
such  a s ,  rods,  a r c s ,  small rectangles ,  etc.,  
descr ibing detail  c lass  of valves. 

(3) Classification o f  a symbol 
A symbol is  classified totally by t h e  

basic f igure,  additional f igures  a round  it, 
the i r  connections, positions, e tc .  

4.3 Recursive segmentation 
In  4.2(2), additional f igures  a r e  

detected and  classified simultaneously, to  
acqui re  symbols in  contact  with charac te rs .  
Namely, t h e  a r e a  a round  a basic  f igure  is  
segmented and  matched to t h e  dict ionary of 
additional f igures .  If th i s  fails, then  
a n o t h e r  segmentation is  recurs ive ly  called, 
and  matching is  re-tried. This is to  g e t  r id  
of e r r o r n e o u s  segmentation d u e  to t h e  
c h a r a c t e r s  in contact  with symbols (Fig. 6).  
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Fig. 6 Recursive segmentation 



5 .  Verification Process  6 -  Conclusion 

Recognition e r r o r s  of t h e  c h a r a c t e r  a n d  
symbol classes  can  be verified and  cor rec ted  
in t h e  following process  [4]. 

5.1 Verification of charac te r  s t r i n g s  
The r a s t e r  image of t h e  detected 

c h a r a c t e r  s t r i n g s  and  t h e i r  recognition 
resu l t s  a r e  shown parallelly a t  a work- 
s tat ion 's  CRT display,  f o r  a n  opera tor  t o  
verify and  c o r r e c t  t h e  c h a r a c t e r s  recognized. 
By th i s  method, t h e  opera tor  does  not need t o  
verify t h e  resu l t s  re fe r r ing  direct ly  t o  t h e  
complicated plant  diagram, t h u s  enabl ing effi- 
c ient  verification (Fig 7). 

5.2 Verification of symbols 
Hundreds of t h e  svmbol classes  have been 

sor ted  b y  t h e  basic  f igures  and  assigned 
hierarchically to  verification menues. When 
a n  opera tor  picks a misclassified symbol in 
t h e  CRT display,  a menue with t h e  same basic 
element a p p e a r s  automatically, t o  allow t h e  
opera tor  t o  select  t h e  j u s t  symbol. The 
probability, t h a t  t h e  e r r o r  symbol a n d  t h e  
j u s t  symbol a r e  in t h e  same menue, is  high, 
s ince t h e  basic element hard ly  g e t  mis- 
classified (Fig. 8 )  

For plant diagrams, whose qual i ty  of 
drawing is  tough  f o r  recognition, we developed 
a n  automatic recognition system. The main 
resu l t s  of t h e  development a r e  a s  follows; 

(1) Adoption of sophisticated methods enabled 
to recognize s u c h  diagrams a t  recognition r a t e  
over  80 %. 

(2) Together  with a n  efficient verification 
process, t h e  total time to input  a diagram is 
reduced to be u n d e r  30 %, compared t o  
conventional CAD-system input .  
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