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A b s t r a c t 

An I n t e r a c t i v e Scene I n t e r p r e t a t i o n System 
( I S I S ) is being developed by S t a n f o r d Research 
I n s t i t u t e ' s A r t i f i c i a l I n t e l l i g e n c e Center a s a 
t o o l f o r c o n s t r u c t i n g and e x p e r i m e n t i n g w i t h man-
•achine and automatic scene a n a l y s i s methods 
t a i l o r e d f o r p a r t i c u l a r image domains. A r e g i o n 
a n a l y s i s subsystem was developed r e c e n t l y based 
on the work of B r i c e and Fennema, and Yaklmovsky. 
Using t h i s subsystem a s e r i e s of experiments was 
conducted t o determine good c r i t e r i a f o r i n i t i a l l y 
p a r t i t i o n i n g a scene i n t o atomic r e g i o n s and merg
i n g these r e g i o n s i n t o a f i n a l p a r t i t i o n o f the 
scene along o b j e c t boundaries. Semantic (problem-
dependent) knowledge i s e s s e n t i a l f o r complete, 
c o r r e c t p a r t i t i o n s o f complex r e a l - w o r l d scenes. 
An i n t e r a c t i v e approach to semantic scene segmenta
t i o n was developed and demonstrated on b o t h l a n d 
scape and indoor scenes• This approach p r o v i d e s a 
reasonable methodology f o r segmenting scenes t h a t 
cannot be processed c o m p l e t e l y a u t o m a t i c a l l y at 
present and I s a p r o m i s i n g b a s i s f o r a f u t u r e f u l l y 
automatic system. 

I . I n t r o d u c t i o n 

Most computer analyses o f r e a l - w o r l d scenes 
f i r s t a t tempt t o p a r t i t i o n the Image I n t o coherent 
r e g i o n s c o r r e s p o n d i n g t o known o b j e c t s ( 1 , 2 , 3 , 4 ) . 
Regions p r o v i d e a c o n v e n i e n t b a s i s f o r semant ic 
a n a l y s i s by r e d u c i n g b o t h t he amount o f d e t a i l and 
t he a m b i g u i t i e s o f I n t e r p r e t a t i o n found a t t h e 
p i c t u r e - e l e m e n t l e v e l . 

An I n t e r a c t i v e Scene I n t e r p r e t a t i o n System 
( I S I S ) i s be ing developed by S t a n f o r d Research 
I n s t i t u t e ' s A r t i f i c i a l I n t e l l i g e n c e Cen te r a s a 
t o o l f o r c o n s t r u c t i n g and e x p e r i m e n t i n g w i t h man-
machine and a u t o m a t i c s c e n e - a n a l y s i s methods 
t a i l o r e d f o r p a r t i c u l a r image domains (5 , 6 ) . A 
subsystem was developed to e x p l o r e s y s t e m a t i c a l l y 
r e g i o n - a n a l y s i s t e c h n i q u e s a p p l i e d t o s e v e r a l image 
domains . We summarize ou r most i n f o r m a t i v e f i n d 
ings in t h i s pape r . A more complete p r e s e n t a t i o n 
o f our r e s u l t s can b e found i n ( 6 ) . 

I I . Bas ic model 

F o l l o w i n g B r l c e and Fennema ( 7 ) , we d i v i d e 
r e g i o n a n a l y s i s I n t o two stages: f i r s t p a r t i t i o n 
and re g i o n growing. The purpose o f t h e f i r s t p a r 
t i t i o n stage i s t o o b t a i n a c o n s e r v a t i v e I n i t i a l 
segmentation of the image where each r e g i o n con
s i s t s o f p i c t u r e elements b e l o n g i n g t o o n l y one 
o b j e c t . I n the r e g i o n growing stage, adjacent 
regions w i t h s i m i l a r c h a r a c t e r i s t i c s are merged 
i n t o a s i n g l e r e g i o n t o s i m p l i f y f u r t h e r the o r g a n i 
z a t i o n . The d e s i r e d r e s u l t Is a set of r e g i o n s 
corresponding t o d i s t i n c t o b j e c t s i n the scene. 

Region a n a l y s i s i s c o m p u t a t i o n a l l y expensive, 
making I t d e s i r a b l e t o o b t a i n a f i r s t p a r t i t i o n 
t h a t is as coarse as p o s s i b l e w i t h o u t e x t e n d i n g the 
s t a r t i n g regions beyond o b j e c t boundaries. The 
common p r a c t i c e i s t o sample the p i c t u r e t o reduce 

r e s o l u t i o n and then Immediately combine adjacent 
samples w i t h i d e n t i c a l c h a r a c t e r i s t i c s . When data 
are f i n e l y q u a n t i z e d o r m u l t i d i m e n s i o n a l ( i . e . , 
when c o l o r and range d a t a are a v a i l a b l e ) demanding 
s t r i c t e q u a l i t y o n a l l a t t r i b u t e s can lead t o a n 
u n n e c e s s a r i l y l a r g e number of r e g i o n s , many of 
which are caused by q u a n t i z a t i o n n o i s e . It may be 
h e l p f u l , t h e r e f o r e , t o c l a s s i f y each sample i n t o a 
s m a l l number o f c a t e g o r i e s and then t o t r e a t p i c 
t u r e elements assigned t o the same category as 
i d e n t i c a l ( 1 , 3 ) . We have conducted experiments 
w i t h s e v e r a l sampling and q u a n t i z a t i o n schemes f o r 
o b t a i n i n g f i r s t p a r t i t i o n s o f landscape and o f f i c e 
scenes, and a few methods have proved e m p i r i c a l l y 
to be adequate. We r e p o r t our f i n d i n g s in Sec
t i o n I I I . 

F o l l o w i n g Yaklmovsky ( 3 ) , our region-growing 
a l g o r i t h m proceeds b y s e r i a l l y s e l e c t i n g the p a i r 
o f a d j a c e n t r e g i o n s i n the c u r r e n t o r g a n i z a t i o n 
t h a t are g l o b a l l y "most a l i k e , " and merging these 
i n t o a s i n g l e r e g i o n . The o r d e r i n which r e g i o n s 
are merged I s determined by a f u n c t i o n t h a t com
pares the s i m i l a r i t y o f a g i v e n p a i r o f adjacent 
r e g i o n s w i t h the s i m i l a r i t i e s o f o t h e r p a i r s o f 
r e g i o n s t h a t remain to be merged. A v a r i e t y of 
c r i t e r i a f o r r e g i o n s i m i l a r i t y have been used, 
i n c l u d i n g b r i g h t n e s s c o n t r a s t (7, 8) and average 
c o l o r c o n t r a s t ( 3 ) . We present e x p e r i m e n t a l r e 
s u l t s w i t h v a r i o u s s i m i l a r i t y f u n c t i o n s i n Sec
t i o n IV. 

The experiments d e s c r i b e d i n t h i s r e p o r t are 
i l l u s t r a t e d by the landscape and Indoor scenes in 
F i g u r e 1. The b a s i c r e g i o n a n a l y s i s process is 
shown i n Fi g u r e s 2 through 5. The f i r s t p a r t i t i o n 
in F i g u r e 2 is based on the b r i g h t n e s s values 
associated w i t h the landscape scene shown in F i g 
ure l a , sampled to a 40 x 40 r e s o l u t i o n . This 
p a r t i t i o n I n c l u d e s 806 I n i t i a l r e g i o n s , h a l f a s 
many re g i o n s as i n d i v i d u a l p i c t u r e elements. 
Region growing proceeds s e q u e n t i a l l y by merging 
adjacent r e g i o n s across the weakest remaining 
boundary i n the present p a r t i t i o n . The boundary 
s t r e n g t h Is based on average a b s o l u t e b r i g h t n e s s 
and c o l o r d i f f e r e n c e . The r e s u l t s of merging arc 
i l l u s t r a t e d , r e s p e c t i v e l y , w i t h 600, 450, and 250 
r e g i o n s remaining (see Figures 3 through 5 ) . 

I I I . F i r s t - P a r t i t i o n Experiments 

The o b j e c t i v e o f the f i r s t p a r t i t i o n stage i s 
t o group a d j a c e n t p i c t u r e samples having s i m i l a r 
a t t r i b u t e s t o o b t a i n the fewest i n i t i a l regions 
w i t h o u t a f a l s e merge o c c u r r i n g . In the example 
above, the p i c t u r e was sampled to a 40 x 40 r e s o l u 
t i o n ; then adjacent samples w i t h i d e n t i c a l b r i g h t 
ness were combined to form homogeneous atomic 
re g i o n s ( F i g u r e 2 ) . We consider here some attempts 
t o improve the q u a l i t y o f the f i r s t p a r t i t i o n by 
us i n g d i f f e r e n t sampling methods and d i f f e r e n t 
c r i t e r i a f o r Judging the s i m i l a r i t y o f adjacent 
samples. 
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Sampling Experiments 

We experimented w i t h modal, mean, and s t r a i g h t 
sampling to determine which method is t h e most ad
v i s a b l e f o r f i r s t p a r t i t i o n . A l l experiments were 
performed on gray s c a l e images u s i n g a 40 X 40 r e c 
t a n g u l a r sampling g r i d . Note t h a t i n scenes w i t h 
p e r i o d i c t e x t u r e a random sampling s t r a t e g y would 
have been necessary t o avoid a l i a s i n g e f f e c t s . 

I n modal sampling ( F i g u r e 6 ) , the gray l e v e l 
o f each g r i d p o i n t i s taken t o b e the most f r e 
q u e n t l y o c c u r r i n g v a l u e o f gray l e v e l f o r nearby 
p o i n t s . The number o f i n i t i a l r e g i o n s o b t a i n e d i n 
t h i s manner i s s i g n i f i c a n t l y reduced (by about one-
t h i r d ) because many s m a l l " n o i s e " p o i n t s (which 
occurred i n the t r e e t o p and t h e ground) disappeared. 
Some f i n e d e t a i l and c o n t r a s t boundaries were l o s t , 
however, in t h e modal smoothing. Mean sampling of 
the gray l e v e l in a s m a l l neighborhood around each 
g r i d p o i n t i s a poor technique because i t tends t o 
smooth d i s c o n t i n u i t i e s (see F i g u r e 7 ) . 

From experiments w i t h the Images presented 
here and s e v e r a l o t h e r s , w e concluded t h a t f i r s t 
p a r t i t i o n s based on a s t r a i g h t sampling of the 
g r a y - s c a l e Image taken through a n e u t r a l d e n s i t y 
f i l t e r contained most o f the i n f o r m a t i o n necessary 
t o a r r i v e a t a c o n s e r v a t i v e p a r t i t i o n o f r e a l l a n d 
scape and i n d o o r scenes. 

C o l o r Q u a n t i z a t i o n 

The sampling experiments o f t h e l a s t s e c t i o n 
were based e n t i r e l y on b r i g h t n e s s i n f o r m a t i o n . The 
o t h e r extreme i s t o base the f i r s t p a r t i t i o n e x c l u 
s i v e l y o n c o l o r i n f o r m a t i o n , w i t h b r i g h t n e s s norma
l i z e d o u t . One way t o accomplish t h i s i s t o t r a n s 
form the o r i g i n a l image i n t o a two-dimensional 
c o l o r space based on t h e r e l a t i v e c o n t e n t of red, 
green, and b l u e at each p o i n t [ u s i n g the model des
c r i b e d i n ( 5 ) ] . This c o l o r space can b e quantized 
i n t o u n i f o r m i n t e r v a l s , w i t h image p o i n t s f a l l i n g 
i n t o t h e same c o l o r quantum grouped t o g e t h e r i n t o 
r e g i o n s . W e found t h a t the p a r t i t i o n s o b t a i n e d i n 
t h i s manner were c o n s i s t e n t l y worse than p a r t i t i o n s 
based on sampled b r i g h t n e s s . Major leaks occurred 
between s e m a n t l c a l l y d i s t i n c t r e g i o n s i n b o t h l a n d 
scape and i n d o o r scenes. Moreover, because of t e x -
t u r a l i r r e g u l a r i t i e s , the t o t a l number o f r e g i o n s 
in landscape scenes was g r e a t e r than the number p r o 
duced by p a r t i t i o n s based on sampled b r i g h t n e s s . 

We t r i e d t o improve f i r s t p a r t i t i o n s based on 
c o l o r q u a n t i z a t i o n b y s e l e c t i n g q u a n t i z a t i o n i n t e r 
v a l s corresponding t o c h a r a c t e r i s t i c c o l o r s o f 
prominent o b j e c t s . Our attempts were u n s u c c e s s f u l 
i n b o t h landscape scenes, because o f the o v e r l a p p i n g 
hue d i s t r i b u t i o n s o f t h e p r i n c i p a l o b j e c t s , and i n 
i n d o o r scenes, because i n t e r i o r surfaces are gener
a l l y c o l o r c o o r d i n a t e d and hues tend t o c l u s t e r i n 
a narrow range. 

E x t r a c t i o n o f D i s t i n g u i s h e d Objects 

Objects can o f t e n be e x t r a c t e d from the image 
p r i o r t o g e n e r a l p a r t i t i o n i n g b y s e l e c t i n g c o n t i 
guous c o l l e c t i o n s o f image p o i n t s w i t h d i s t i n g u i s h 
i n g p r o p e r t i e s . For example, t h e sky was the o n l y 
r e g i o n i n our landscape scenes t h a t i s b r i g h t e r than 
3 0 (on a s c a l e o f 3 1 ) . E x t r a c t i o n i s e s p e c i a l l y e f 
f e c t i v e when m u l t i s e n s o r y d a t a are a v a i l a b l e , i n 
c r e a s i n g the p r o b a b i l i t y t h a t p a r t i c u l a r o b j e c t s 

w i l l be d i s t i n g u i s h e d along some dimension. By ex
t r a c t i n g d i s t i n g u i s h e d o b j e c t s s e q u e n t i a l l y ( o r , i n 
g e n e r a l , h i e r a r c h i c a l l y ) we can t a k e advantage of 
c o n t e x t r e d u c t i o n s achieved b y e a r l i e r p r e d i c a t e s . 
For example, a l t h o u g h the p i c t u r e o n the w a l l I n 
F i g u r e la is a complex p a t t e r n , we were able to ex
t r a c t i t b y simple c o n d i t i o n s o n h e i g h t , hue, and 
s a t u r a t i o n once the w a l l samples were accounted f o r 

Table 1 presents a set of s e q u e n t i a l l y a p p l i e d 
c r i t e r i a developed I n t e r a c t i v e l y u s i n g ISIS f o r 
S t a n f o r d Research I n s t i t u t e o f f i c e scenes. P o i n t s 
not c l a s s i f i e d b y the c r i t e r i a g i v e n i n Table 1 
were p a r t i t i o n e d o n the b a s i s o f t h e i r sampled 
b r i g h t n e s s . F i g u r e 8 p r o v i d e s a comparison of the 
p a r t i t i o n o b t a i n e d u s i n g these c r i t e r i a w i t h the 
p a r t i t i o n o b t a i n e d b y sampled b r i g h t n e s s alone. 
The s i m p l i f i c a t i o n o f the p a r t i t i o n i s c l e a r from 
the comparison. 

I n landscape scenes o b j e c t s are u s u a l l y d i s 
t i n g u i s h e d by t e x t u r e and shape r a t h e r than by 
f e a t u r e s a t the image p o i n t l e v e l . Consequently, 
o b j e c t e x t r a c t i o n techniques are more d i f f i c u l t t o 
apply and we have n o t , as y e t , been able to use 
them s u c c e s s f u l l y . 

I V Merge P r i o r i t y Experiments 

The sequence of merges performed d u r i n g r e g i o n 
growing is ordered by nonsemantic measures of r e g i o n 
s i m i l a r i t y . The purpose of these experiments was 
t o determine c o n s e r v a t i v e s i m i l a r i t y measures, which 
w i l l d e f e r q u e s t i o n a b l e merges i n t h e hope t h a t t he 
d e c i s i o n w i l l be c l a r i f i e d o r even rendered unneces
sary i n the c o n t e x t r e s u l t i n g from the e x e c u t i o n o f 
more r e l i a b l e merges -

We compared the q u a l i t y of s e v e r a l d i f f e r e n t 
measures o f r e g i o n s i m i l a r i t y by p e r f o r m i n g a f i r s t 
p a r t i t i o n based on sampled b r i g h t n e s s , and then by 
a p p l y i n g a g l o b a l , b e s t - f i r s t merge o r d e r based on 
each measure o f s i m i l a r i t y u n t i l o n l y 250 r e g i o n s 
remained in the scene. The r e s u l t s of the merge 
sequences were compared on the b a s i s of how w e l l 
they honored the c o r r e c t o r g a n i z a t i o n on the scene. 

F i g u r e s 5 and 9 t h r o u g h 13 present the r e s u l t s 
o f merging, down t o 250 r e g i o n s w i t h s i x d i f f e r e n t 
measures o f r e g i o n s i m i l a r i t y . Each f i g u r e legend 
g i v e s the f o r m u l a used f o r computing the s i m i l a r i t y 
o f adjacent r e g i o n s i n each case. I n these formulas, 
br . is the b r i g h t n e s s seen through a n e u t r a l d e n s i t y 
f i l t e r , o f the i t n image p o i n t on the boundary o f 
r e g i o n a, and brbi is the b r i g h t n e s s of adjacent 
image p o i n t s in r e g i o n b; r a i , g a i, and b a i are t h e 
b r i g h t n e s s e s of the i t h boundary element from r e g i o n 
a seen t h r o u g h the r e d , green, and b l u e f i l t e r s r e 
s p e c t i v e l y , and r b i, gb, and b b i are the correspond
i n g b r i g h t n e s s e s from r e g i o n b; T&t £ft, and Bfl are 
the average b r i g h t n e s s e s over r e g i o n a seen through 
t h e r e d , green, and b l u e f i l t e r s , and *b, KD» and 
B b are t h e corresponding averages over r e g i o n b. 

I n F i g u r e 11, the s i m i l a r i t y o f adjacent r e 
gions was determined by averaging over sample p o i n t s 
along t h e common boundary the maximum c o l o r c o n t r a s t 
between any two p i c t u r e elements drawn from the o r i 
g i n a l , f u l l - r e s o l u t i o n , sampling neighborhoods o n 
o p p o s i t e s i d e s of t h e boundary. This method was ex
pected t o overcome e r r o r s r e s u l t i n g from inadequate 
sampling; however, t e x t u r e d r e g i o n s , such as the 
ground and t h e t r e e t o p , f a i l e d t o coalesce before 
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b e f o r e d i s t i n c t smooth r e g i o n s grew t o g e t h e r . Our 
best r e s u l t s were o b t a i n e d u s i n g the measure of 
s i m i l a r i t y a p p l i e d i n F i g u r e 13. I n t h i s case the 
s i m i l a r i t y of two r e g i o n s was computed c o n s e r v a t i v e 
ly u s i n g the maximum of b o t h the boundary c o l o r con
t r a s t and the r e g i o n c o l o r c o n t r a s t a s d e f i n e d i n 
the legends of Figures 5 and 12. 

V. Semantic Region Growth 

We saw i n the merge p r i o r i t y f u n c t i o n e x p e r i 
ments o f the p r e v i o u s s e c t i o n t h a t , r e g a r d l e s s o f 
the nonsemantlc s i m i l a r i t y c r i t e r i o n used, a n e r 
roneous merge i s proposed w e l l b e f o r e a f i n a l par
t i t i o n i s o b t a i n e d . Semantics must be used e i t h e r 
t o r e f i n e the boundary s t r e n g t h c r i t e r i o n s o t h a t 
i t proposes fewer erroneous merges (3) o r t o block 
proposed merges t h a t are i n c o r r e c t . Stepping 
t h r o u g h merges proposed by our best nonsemantic 
s i m i l a r i t y c r i t e r i o n , w e observed t h a t s e r i o u s 
f a l s e merges seldom occurred u n t i l t h e regions 
i n v o l v e d had grown s u f f i c i e n t l y l a r g e t o p e r m i t 
semantic i n t e r p r e t a t i o n s based on r e g i o n proper
t i e s . This suggested t h a t merging e r r o r s could be 
avoided on semantic grounds simply by r e f u s i n g to 
merge regions w i t h d i f f e r e n t i n t e r p r e t a t i o n s . We 
t e s t e d t h i s idea i n t e r a c t i v e l y b y m o d i f y i n g the 
r e g i o n growing a l g o r i t h m to check semantic compata-
b i l i t y b e f o r e p e r f o r m i n g a proposed merge. Merging 
i s allowed o n l y i f both r e g i o n s c a r r y the same i n 
t e r p r e t a t i o n o r i f a t l e a s t one o f t h e r e g i o n s i s 
not y e t i n t e r p r e t e d . Newly merged r e g i o n s i n h e r i t 
the i n t e r p r e t a t i o n o f t h e i r p a r e n t s ( o r p a r e n t , i f 
o n l y one r e g i o n i s i n t e r p r e t e d ) . When two u n i n t e r 
p r e t e d r e g i o n s are merged, i f the s i z e o f the r e 
s u l t a n t r e g i o n s exceeds a t h r e s h o l d , the program 
requests the experimenter to supply manually a c o r 
r e c t i n t e r p r e t a t i o n . 

This i n t e r a c t i v e r e g i o n - g r o w i n g a l g o r i t h m par
t i t i o n e d b o t h a landscape and an i n d o o r scene w i t h 
o n l y minor e r r o r s (caused p r i m a r i l y by inadequate 
s p a t i a l s a m p l i n g ) . I n b o t h experiments, the s i z e 
t h r e s h o l d f o r manual i n t e r p r e t a t i o n was set e m p i r i 
c a l l y a t seven samples. The f i n a l p a r t i t i o n d e p i c t 
ed i n Figure 14 was based on the f i r s t p a r t i t i o n i n 
F i g u r e 8b. I n i t i a l l y , manual I n t e r p r e t a t i o n s were 
pro v i d e d f o r the 2 0 (out o f 253) f i r s t p a r t i t i o n 
r e g i o n s t h a t exceeded t h r e s h o l d s i z e . About 20 ad
d i t i o n a l i n t e r p r e t a t i o n s were p r o v i d e d d u r i n g the 
subsequent a n a l y s i s when u n i n t e r p r e t e d r e g i o n s a t 
t a i n e d t h r e s h o l d s i z e by merging. Approximately 
the same number o f i n t e r p r e t a t i o n s had t o be sup
p l i e d i n i t i a l l y and d u r i n g r e g i o n growing i n the 
landscape scene. When our semantic r e g i o n - g r o w i n g 
a l g o r i t h m was a p p l i e d t o the f i r s t p a r t i t i o n o f 
F i g u r e 2, we o b t a i n e d the r e s u l t s shown in F i g u r e 
15. I n b o t h cases t h e r e were seven d i s t i n c t i n t e r 
p r e t a t i o n s . 

V I . Conclusion and Future Plans 

Several experiments i n automatic and i n t e r 
a c t i v e scene a n a l y s i s u s i n g ISIS were performed. 
Our p o s i t i v e r e s u l t s w i t h t h e i n t e r a c t i v e , semantic 
r e g i o n grower suggest two d i r e c t i o n s f o r f u t u r e work 

F i r s t , t h i s method can be used as the b a s i s f o r 
a p r a c t i c a l approach to c o o p e r a t i v e (man-machine) 
segmentation of scenes t h a t are too complex to 
process completely a u t o m a t i c a l l y , o r t o o d e t a i l e d 
t o segment r a p i d l y by hand. With r e l a t i v e l y l i t t l e 
e f f o r t a user could c r u d e l y o u t l i n e and l a b e l major 

r e g i o n s . These o u t l i n e s would p r o v i d e most of t h e 
r e q u i r e d r e g i o n i n t e r p r e t a t i o n s and a l s o serve as a 
good i n i t i a l p a r t i t i o n from which d e t a i l e d boundar
i e s can be grown r a p i d l y . 

Second, the semantic r e g i o n growing a l g o r i t h m 
p r o v i d e s a p r o m i s i n g b a s i s f o r a f u t u r e automatic 
system i n which r e g i o n i n t e r p r e t a t i o n s are deduced 
from l o c a l a t t r i b u t e s and c o n t e x t u a l c o n s t r a i n t s 
imposed by p r e v i o u s l y i n t e r p r e t e d r e g i o n s . The 
automatic system w i l l have t o d e a l w i t h r e g i o n s 
t h a t are ambiguous at a g i v e n stage of p a r t i t i o n i n g . 
Merges i n v o l v i n g such r e g i o n s w i l l be d e f e r r e d u n t i l 
the a m b i g u i t y has been r e s o l v e d as a r e s u l t of o t h e r , 
more r e l i a b l e merges. The use of semantics f o r 
b l o c k i n g merges, r a t h e r than f o r a l t e r i n g the o r d e r 
in which merges are proposed [ c f . ( 3 ) J , should sim
p l i f y t r a i n i n g , since r e g i o n l a b e l i n g c r i t e r i a and 
c o n t e x t u a l c o n s t r a i n t s can be i n t r o d u c e d or r e f i n e d 
i n d i r e c t response t o s p e c i f i c merging e r r o r s a s 
these e r r o r s are observed . 
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