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ABSTRACT 

Th is  paper in t roduces a layered 
knowledge based v i s i o n  system fo r  
i n d u s t r i  a7 environments. We focus on 
model b u i l d i n g  for  3-D ob jec ts  using a 
cornrnerci a1 CAD system and expressed i n  
the v i s i o n  based representa t ion  form. 
The v i s i o n  based model i nvo l ves  
i n fo rma t ion  ex t rac ted  from DXF 
d e s c r i p t i o n .  The f e a t u r e  i n fo rma t ion  
f r o m  CAD model i s  reeresented as a CAP 
based frame. O n  t he  a the r  hand, i n  the 
knowledge-base v i s r o n  system presented 
here a method f o r  shaae from shading i s  
i mpl enented, which a1 lows a 
c l a s s i f i c a t i o n  o r  a d e t a i  l e d  
recons t ruc t i on  o f  the sur faces  i n  the  
scene. A s  a fea tu res  def ined f rom an 
image, w e  have used edges and contour 
in format ion ,  s u r f a c e  o r i e n t a t i o n s ,  
depth, Extended Gaussian Image (EGI) 
and sur face shape in format ion .  The 
bas i c  concept of presented system i s  t o  
match image features  defined from an 
image and avai  1 able CAD based features 
from the same ob jec t .  This  system can 
be app l i ed  f o r  imago understanding o f  
t w o  k i n d s  o f  ob jects :  objects descr ibed 
b y  smooth convex v i s i b l e  surfaces; 
ob jec ts  descr ibed by t h e i r  shape 
p e c u l i a r i t i e s  ( f e a t u r e s ) .  The system 
consis ta  o f  severa l  modules and i s  
w r i t t e n  i n  Language C .  It runs on 
microcomputer IBM/PC. 

INTRODUCTION 

F l o x i  b i  1 i t y  i n  p lann ing , 
designing,  assembling and manufacturing 
products i s  most r e l e v a n t  t o  modern 
i ndus t r y .  

The problem o f  l i n k i n g  CAD and 
V js ion  system i s  very d i f f i c u l t ,  and 
t h i s  i s  the basic purpose fo r  the 
researchers t o  beg in  app ly ing  A 1  
techniques [ 1 , 2 , 3 , 4 ] .  

I n  this paper, we  focus on t h e  
adapta t ion  of p r e e x i s t i n g  CAD models of 
objects f o r  v i s i o n  r a c o g n i t i o n  system. 
We have developed a system w h ~ c h  used 
3 0  ob jec t  descriptions created on a 
commercial CAD system and expressed i n  
the vrston based rep resen ta t i on  form, 

which i s  s to red  i n  a database o f  models 
f o r  o b j e c t  recogn i t i on .  The vlsion 
based model i nvo l ves  i n fo rma t ion  
ex t rac ted  f rom t h e  ZGES ( I n i t i a l  
Graphics Exchange S p e c i f i c a t i o n  ) ar 
DXF (Draw ing  Interchenge F i  l e )  
d e s c r i p t i o n .  

I n  the knowl edge- base v i s i  on 
system presented here a method fo r  
shape from shading i s  implemented, 
which a l l ows  a c l a s s i f i c a t i o n  o r  a 
d e t a i l e d  recons t ruc t i on  o f  t he  surfaces 
i n  the scene (51 
, A s  a sensory data, w e  have used 
intensity image. As a f ea tu res  
def ined f rom an image, we have used 
edges and contour i nf ormataon, surf ace 
o r ien ta t ions ,  depth, Extended Gaussian 
Image ( E G I )  and sur face shape 
in format ion .  The system ~onsists of 
several modules and i s  w r i t t e n  i n  
Language C. I t  runs on microcomputer 
IBMJPC. 

This  system can be a p p l ~ e d  f o r  
image understanding o f  two k inds  o f  
ob jec ts :  

- objects descr ibed by smooth 
convex v i s i b l e  surfaces; 

- o b j e c t s  descr ibed by t h e i r  shape 
p e c u l i a r i t i e s  ( f e a t u r e s ) .  

SYSTEM CDMPONENTS 

A general a r c h i  t ec tu re  of a 
system f o r  image understanding o f  grey 

F1g. 1 
sca le  images i s  g ~ v e n  i n  [3]. According 
t o  t h a t  architecture w e  p resent  
know1 edge- based v i s ~ o n  system 
cons is t ing  of t h e  f o l l o w i n g  
components:Common knowledge database; 



Working r e s u l t  database; Knowledge 
a c q u i s i t i o n  module; Features d e f i n i t i o n  
and d e s c r i p t i o n  module; Objects 
recogn i t ron module; In ference englna; 
User i n t e r f a c e  ( F i g . % ) .  

CONHQN KNOWLEDGE DATA BASE 

The system presented here has a 
1 ayered know1 edge bas= a rch i tec tu re .  
The knowledge i s  s tored i n  three 
d i f f e r e n t  layeres:  the l a y e r  o f  f a c t s ;  
t h e  l a y e r  o f  in ference ru les ;  and t h e  
layer  of rnetarules. Metarules i n  t h e  
top laye r  a re  used t o  c o n t r o l  the  
ac t ions  i n  t h e  next  layer -  t h e  layer  
o f  inference ru les .  Inference r u l e s  are  
used fo r  f ac t s  ana lys i s  i n  the bottom 
l a y s r  and f o r  achieving the  goal- 
generat ing operat ion plans. The 
knowledge representa t ion scheme used i n  
each layer  i s  discussed i n  t h e  
f o l l o w i n g .  

The working data  base s torea t h e  
i n p u t  images, the i n t e r n a l  CAD-data 
representa t ion and t h e  in termediate 
r e s u l t a n t  images, t h e  r e s u l t s  o f  
processing and making them available t o  
processing a lgor i thms as necessary. 

VISIBLE FEATURES AND GEOMETRIC 
RELATIONSHIPS DEFINITION 

This  par t  of the system deals w i t h  
the segmentation of images and t h e  
representa t ion of segmentation r e s u l t s  
a5 geometr i c s t ruc tu re .  The 
representa t ion o f  segmentation r e s u l t s  
i s  iven i n  F i g .  2 [31. Segmentation 
means t h e  dscemposi t i o n  o f  an image 
i n t o  simple par ts .  k t t r i  butss o f  these 
p a r t s ,  1 i ke st ronght ,  c e n t r a i n t y  and 
surface normal a re  datacted. b 1 ine  o r  
t h e  contour o f  a reg ion i s  represented 
b y  the chain code o r  approximated b y  
p o l y l i n e s ,  sp l i nes  o r  s t r a i g h t  l i n e s  
and arcs.  Since the system deals w i t h  
the anal ys i  s of three-dqrnensional scene 
the in format ion about the shape of the 
ob jec ts  i s  very important .  

F i g . 2  
Our goal i s  t o  develop an 

a1 g o r i  t h m  f o r  recover ing the throe- 
dimensional shape o f  the v i s i b l e  
surfaces i n  a scene from a sdngle two- 
dirnens~onal image on t h e  base of  
i t e r a t i v e  method 18, 7,  83 f o r  CAD/CAM 
and r l s i o n  app l i ca t ions .  

Research Jn shape from shading 
considers re1 ationshi  p between image 
br ightness and o b j e c t  shape. The 
rerl a t i  onship between the shape of the 
ob jec t  expressed w i t h  the normel vec tor  
( f , g ) ,  i n  s t e r e o g r a h ~ c  plane and 
br ightness E i n  t h e  respect ive  p o i n t  o f  
t h e  image can be expressed w i t h  the 
foslowing equation: 

T h i s  image i r rad ianee  equat ion i s  
fundamental t o  the methods for 
recovering surface shape 171. This  
equat lon gives one cons t ra in t .  The 
second i s  obtained b y  assuming the 
sur face t o  be smooth ( p o i n t s  which a r e  
physically close t o  each other w i l l  
have s ~ r n i l a r  normal vec to rs ) .  

Our o b j e c t i v e  i s  t o  f i n d  t w o  
funct ions f E x , y )  and glx,y), t h a t  
ensure t h a t  the image equation, 
E ( x , y )  = R ( f . g )  i s  sat~sfied, where 
R ( f , g )  i s  t h e  re f l ec tance  map expressed 
i n  stereograhic coordinates. 

We t r y  t o  m i n i m i z e  the  e r r o r  i n  
the image i r rad iance  equation: 

We also t r y  t o  minimize the e r r o r  
which measures t h e  departure from 
smoothness a t  the p o i n t  ( i , j ) :  

We seek a set  o f  values ( f i , j  ) 
and g i  , j ) t h a t  minimize the total 
a r r o r .  The total e r r o r  can be def ined 
as : 

where rn i s  a constant to adjust 
the t w o  k inds o f  e r r o r  t o  be i n  
reasonable balance. Equation ( 4  ) 1s 
minimized b y  d i f f e r e n t i a t i n g  w i t h  
respect t o  f and g.  To f i n d  f and g we 
use the r e l a x a t ~ o n  process [ 7 ] .  

Fig.3 
Then we create  needle diagram. 



We now wish t o  recover the surface 
{ r i , j  } .  To do t h i s ,  we use an 
i t e r a t i v e  method based on the fol 1 owing 
r e l a x a t i o n  process: 

We use t h e  method of B-sp7ine 
i nte rpo l  a t 1  on f o r  s u r f  ace approximati on 
and an graph surface form i s  created 
(z=f(x,y)). 

The whole a lgo r i thm of the shape 
from shading i s  show i n  F i g .  3. 

Accord1 ng t o  the objects defined 
a t  the beg in ing o f  t h i s  paper d i f f e r e n t  
k inds o f  features  a re  used: edge 
d i s t r i b u t i o n ,  region d i s t r i b u t i o n ,  E G I ,  
surface patch c h a r a c t e r i s t ~ c s  such as 
p lanar ,  c y l i n d r i c a l ,  e l l i p t i c ,  o r  
hyperbo l ic .  

On the bas is  o f  the needle diagram 
(su r face  o r i e n t a t i o n  1 we ob ta in  t h e  
EGI rep ressn ta t i  on , the  Gaussian 
curvature  K and the mean curvature H of 
the sur face as f o l l o w  9: K = (eg  - F~)/(EG - F 
H = (1/2)((eG - 2 f F  + g E ) / ( E G  - F ' ) )  

where E. F.  G are  the coef i c i e n t s  
of f i r s t  fundamental form and e, f ,  g 
are  t h e  c o e f i c i e n t s  o f  second 
fundamenta7 form. 

Gaussign curvature  K and mean 
curvature  H determine the sur f  acm 
c h a r a c t e r i s t i c  as fo l lows:  
f .  K = 0 and H = 0 then p lanar  sur face 
2 .  K = 0 and H = 0 then c y l i n d r i c a l  
surf  ace 
3. K > 0 and H > 0 then convex e l l i p t i c  
surf  ace 
4. K > 0 and H < O then concave 
e l l i p t i c  surface 
5. K c 0 then hyperbo l i c  surface 

The c h a r a c t e r i s t i c s ,  def ined i n  
terms of t he  Gaussian and mean 
curvature,  are independent of the 
viewer d i r e c t i o n  and the  r o t a t i o n .  

Surf ace representa t  ions seem idea l  
f o r  recogniz ing o b j e c t s  for f o o l  lowing 
reasons: 

1 . We can s t i  1 1 f i n d  the equat ion 
o f  a plane even though it i s  p a r t i a l  1 y 
hidden. 

2. The type of surface patch i s  
f a i r ?  y s tab le  w i t h  respect  t o  
v a r i a t i o n s  i n  the p o s i t i o n  o f  t h e  view 
po in t .  

3 .  It's poss ib le  t o  choose a 
d e s c r i p t i o n  o f  t h e  s u r f  ace 
representa t ion t ha t  f o l l o w s  simple 
r u l e s  of t ransformat i  on when ro ta ted  o r  
t rans la ted .  

When the  sur face o r i e n t a t i o n  , t h e  
a f f i ne  mat r i x  and the observed region 
shape are known, t h e  o r i g i n a l  face 
shapes can be recovered by the image 
region shape w i t h  the a f f  i n e  t ransform 
1101. L e t  ( p , q )  be the sur face 
o r i e n t a t i o n  of one face .  

T= 
0 ( 1  + p2 + q2)/(1 + p21 

g ives the a f f i n e  m a t r i x  t o  recover 
the o r i g i n a l  face ~ n f a r m a t i o n  from t h e  
observod face i nf ormat i  on. Thus, g iven 
( p , q )  from shape from shading method we 
can d e r ~ v e  T and t ransform apparent 
features  to or i g i  nal  stored features.  
For example, the  ver tex  p o s i t i o n s  are  
converted t o  ob jec t  coordinates us ing 
the a f f i n e  mat r i x .  Then, the 
corresponding area i s  examined t o  
determi ne whether s u r f  ace pathches 
h a v ~ n g  the c h a r a c t e r i s t i c s  e x i s t  o r  
not .  

The frame desc r ib ing  image domain 
know1 edge, i nvo lves  a1 1  de f in ing  
features  as follows: 

Image-feature-rectangular pocket: 
RECTANGLE: 

AREA-SIZE: s i z e  
WINDOW: coordinate 
LENGTH: s i z e  
WIDTH: s i z e  
DEPTH: s i z e  
SURFACE TYPE: e l l i p t i c  surface 

KNOWLEDGE ACQUISITION MODULE 

The task o f  component knowledge 
a c q u i s i t i o n  i s  t o  l i n k  t h e  CAD and t h e  
V is ion  system. 

Aa a matter  o f  f a c t .  computer 
vision a1 gorithms use o b j e c t  feature  
in fo rmat ion  t o  understand the v isua l  
word. Therefore, t h e  design f e a t u r e  
based scheme IS not o n l y  usefu l  f o r  t h e  
CAD/CAM a p p l i c a t i o n  [ t l ] ,  but a l s o  has 
general appXicat ion i n  the v i s i o n  
in fo rmat ion  process1 ng area. 

The CAD system u t i l i z e d  i n  Chis 
p r o j e c t  i s  AutoCAD ( a  product  o f  
Autodesk, I n c . ) ,  which runs on 
rnicrocamputers bu t  w e  can cons t ruc t  a 
v i s i o n  fea tu re  based representa t ion 
f r o m  the ICES o r  DXF output  o f  any 3-D 
CAD system 1 1 2 1 .  

As an experiment w e  have used a 
drawing 7 nterchange f i 1 e ( DXF ) , wh i eh 
i s  an A S C I I  t e x t  f i l s .  From surface 
d e s c r i p t i o n  (mesch o f  ponts) w e  have 
ca lcu la ted  E G I  usable i n recognat i  on 
modu 1  e 

Ta t rans form the e n t i t i e s  o f  
s i g n i f i c a n c e  i n  CAD systems ( l i n e s ,  
circles, arcs,  etc.) i n t o  geometric 
ob jec ts  ( fea tu res )  o f  s ign i f i cance  i n  
manufacturing and v i s i o n  processing w e  
use the  presented i n  1131 method . 
I n i t i a l l y  the DXF f i l e  i s  read and 
f a c t s  a re  assorted f o r  each e n t i t i e s  
found i n  the f i l s :  For example, when w e  
descr ibed rectangul  ar pocket bas ic  
d e s c r i p t i o n  e n t i t e s  a re  LINE and 
CIRCLE.  

As a resu7t we descr ibe the design 
fea tu re  (pocket, s l o t )  i n  t h e  frame 
c a l l e d  CAD based frame l i k e  t o  image 
feature frame. T h i s  description 1s 
usable i n  recogn i t i on  module and i n  the 
fea tures  d e f i n i t i o n  module as well. 



RECOGNITION MODULE 

The bas ic  concept o f  presented 
recogn i t i on  module i s  t o  match image 
features  def ined from an image and 
avai  l a b l e  CAD-based features  f o r  the 
same o b j e c t  i n  the  know1 edge database. 
The procedural r u l e s  c o n t r o l  matching 
process. The bas ic  l o g i c  can be 
explained as fo l l ows :  

1. The r u l e  c a l l s  two frames, 
image f e a t u r e  frame and CAD-based frame 
i n t o  working memory; 

2. The length ,  Depth and Width are  
checked f i r s t ;  

3. The r e s t  o f  t he  r u l e  i s  f o r  
examining whether the  surface has the  
c h a r a c t e r i s t i c s  descr ib ing i n  CAD based 
frame. I f  the  in ference succeeds, the  
CAD fea tu re  i s  asserted, the  next  CAD 
f e a t u r e  i s  loaded i n t o  the working 
memory, and the  in ference goes back t o  
s tep 2; 

4. The procedure repeats u n t i l  a l l  
CAD based features  are  completed. 

INFERENCE ENGINE 

The f i v e  func t ions  o f  the  
in ference engine are: 

1. C o l l e c t i n g  a v a i l a b l e  ru les ;  
2. Scheduling r u l e - f i r i n g  seguence 
3. Se lec t ing  an appropr ia te  r u l e ; .  
4. Executing commands def ined i n  

the r u l e ;  
5. Modi fy ing knowledge database; 
The func t ions  1, 2 and 3 are  done 

i n  the top  laye r  o f  metarules, f u n c t i o n  
2 i s  r e l a t e d  t o  the knowledge i n  the 
second laye r  and the  l a s t  f u n c t i o n  i s  
r e l a t e d  t o  the  knowledge i n  the bottom 
laye r .  The layered knowledge database 
i s  i n teg ra ted  by the inference engine. 

EXPERIMENTS 

The image i s  us ing TV camera and a 
computer system f o r  image processing. 
The s i z e  o f  the  image mat r i x  i s  256 X 
256 and 8 b i t s  per p i x e l .  The equations 
( 5 )  are  solved when the values o f  
parameters are the  fo l l ow ing :  m = 0,001 
and e = 0.001. F igure  4 shows the  
needle diagram f o r  the  3D o b j e c t  and 
F ig .  5 shows the  recover ing surface. 

F ig .4  ~ i g . 5  
The system cons is ts  o f  several  

modules and i s  w r i t t e n  i n  Language C. 
It runs on microcomputer IBM/PC. 

CONCLUSIONS 

1. We presented system inc lud ing  
shape from shading a lgor i thm,  which 
a l lows t o  match CAD model and observed 
o b j e c t  a t  many d i f f e r e n t  l e v e l s  o f  
desc r ip t i on  ( lower o r  h igher l e v e l ) .  

2. The system can understand many 
d i f f e r e n t  p a r t s  which are  designed w i t h  
combinations o f  s l o t s ,  ho l  l s ,  pockets. 
The system can be elaborated so t h a t  
more complex d e t a i l s  can be recognized. 
I n  t h i s  case i t ' s  necessary several 
images from d i f f e r e n t  views o f  the 
d e t a i l  t o  be anal ized.  

3. The developed system i s  cheap 
because i t ' s  r e a l i z e d  on IBM/PC and use 
on ly  one TV camera. 
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