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ABSTRACT
This paper introduces a Tlayered
knowledge based vision system for
industrial environments. We focus on

model building for 3-D objects using a
commercial CAD system and expressed in
the vision based representation form.

The vision based mode ] involves
information extracted from DXF
description. The feature information

from CAD model is represented as a CAD
based frame. On the other hand, in the
knowledge-base vision system presented
here a method for shape from shading is

implemented, which allows a
classification or a detailed
reconstruction of the surfaces in the

scene. As a features defined from an
image, we have used edges and contour
information, surface orientations,
depth, Extended Gaussian Image (EGI)
and surface shape information. The
basic concept of presented system is to
match 1image features defined from an
image and available CAD based features
from the same object. This system can
be applied for image understanding of
two kinds of objects: objects described

by smooth convex visible surfaces;
objects described by their shape
peculiarities (features). The system
consists of several modules and is
written 1in Language C. It runs on
microcomputer IBM/PC.
INTRODUCTION
Flexibility in planning,

designing, assembling and manufacturing
products 1s most relevant to modern
industry.

The problem of 1linking CAD and
Vision system is very difficult, and
this 1s the basic purpose for the
researchers to begin applying Al
techniques [1,2,3,4].

In this paper, we focus on the

adaptation of preexisting CAD models of
objects for vision recognition system.
We have developed a system which used
3D object descriptions created on a
commercial CAD system and expressed 1in
the vision based representation form,
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in a database of models
The vision

which is stored
for object recognition.
based model involves information
extracted from the IGES (Initial
Graphics Exchange Specification) or
DXF (Drawing Interchenge File)
description.

In the knowledge-base vision
system presented here a method for
shape from shading 1is implemented,
which allows a <classification or a
detailed reconstruction of the surfaces
in the scene [5]

< As a sensory data, we have used
intensity image. As a features
defined from an 1image, we have used
edges and contour information, surface

depth, Extended Gaussian

and surface shape
information. The system consists of
several modules and is written in
Language C. It runs on microcomputer
IBM/PC.

This system can
image understanding
objects:

- objects described
convex visible surfaces;

- objects described by their shape
peculiarities (features).

orientations,
Image (EGI)

be applied for
of two kinds of

by smooth

SYSTEM COMPONENTS

A general architecture of
system for image understanding of grey
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ANT DESCRIPTION

Fig.1
scale images is given in [3). According
to that architecture we present
knowledge-based vision system
consisting of the following
components:Common knowledge database;




Working result database; Knowledge
acquisition module; Features definition
and description module; Objects

recognition module; Inference engine;
User interface ( Fig.1).

COMMON KNOWLEDGE DATA BASE

The system presented here has a
layered knowledge base architecture.
The knowledge is stored in three
different layeres: the layer of facts;
the layer of inference rules; and the
layer of metarules. Metarules in the
top layer are used to control the
actions in the next layer- the layer
of inference rules. Inference rules are
used for facts analysis in the bottom

layer and for achieving the goal-
generating operation plans. The
knowledge representation scheme used in
each layer is discussed in the
following.

The working data base stores the
input 1images, the internal CAD-data
representation and the 1intermediate
resultant images, the results of

processing and making them available to
processing algorithms as necessary.

VISIBLE FEATURES AND GEOMETRIC
RELATIONSHIPS DEFINITION

This part of the system deals with
the segmentation of images and the
representation of segmentation results
as geometric structure. The
representation of segmentation results
is iven 1in Fig. 2 [3]. Segmentation
means the decomposition of an image
into simple parts. Attributes of these
parts, like strenght, centrainty and
surface normal are detected. A line or
the contour of a region is represented
by the chain code or approximated by
polylines, splines or straight lines
and arcs. Since the system deals with
the analysis of three-dimensional scene
the information about the shape of the
objects is very important.

=l
=l =

Fig.2
Qur goal is to develop an
algorithm for recovering the three-
dimensional shape of the visible
surfaces in a scene from a single two-
dimensional image on the base of

iterative method [6, 7,
and vision applications.

8] for CAD/CAM
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Research in shape from shading
considers relationship between 1image
brightness and object shape. The

relationship between the shape of the
object expressed with the normal vector
(f,g), in stereograhic plane and
brightness E in the respective point of
the 1image can be expressed with the
following equation:
E(x,y) = R(f,q) (1)
is
for
This

irradiance equation
the methods

This image
fundamental to
recovering surface shape [7].
equation gives one constraint. The
second 1is obtained by assuming the
surface to be smooth (points which are
physically close to each other will
have similar normal vectors).

Our objective 1is to find two
functions f(x,y) and g(x,y), that
ensure that the image equation,
E(x,y) R(f,g) is satisfied, where
R(f,g) is the reflectance map expressed
in stereograhic coordinates.

We try to minimize the error
the image irradiance equation:

in

ri,j = (Ei.j—R[fi.j.Qi'j))z (2)
We also try to minimize the error
which measures the departure from
smoothness at the point (i,j):
3 e e S AR e
®i,0 = 0,570, 907084, 5794, 3) (3)
We seek a set of values { fi,J }
and { gi,jJ } that minimize the total
error. The total error can be defined
as:

nm
e=i§j; wid +mq'j)

where m is a constant to adjust
the two kinds of error to be in
reasonable balance. Equation (4) 1is
minimized by differentiating with
respect to f and g. To find f and g we
use the relaxation process [7].

(4)

fn+1k,1=fnk'1+m[Ek‘1—R(fk‘}.gk_1)]dnfg§

n

9 +1k,l=9nk,1+m[Ek,1-R(fk,1.9k_1)1dR/d9

SEGMENTATION ALGORITHM

I

ITERATIVE SHAPE FROM SHADING
ALGORITHM

RECOVERING DEPTH FROM
A NEEDLE DIAGRAM

I

AFFPROXIMATION ALGORITHM

Fig.3
Then we create needle diagram.




We now wish to recover the surface
{Z3 j }. To do this, we use an
1terat1ve method based on the following
relaxation process:
2™ 1 = h/40(PK, 1-1-Pk,1#Pk-1,1-1 -
Pty 1)+(ak-1,1-9k ,1+9k-1,1-1-9k, 1- Lo
4 {2%ei y=1 * Tlp=q,901 + 2 k+1.2 ;
+ 24y 1-1) 6

We wuse the method of B-spline
interpolation for surface approximation
and an graph surface form 1is created
(z=Ff(x,y)).

The whole algorithm of the shape
from shading is show in Fig. 3.

According to the objects defined
at the begining of this paper different
kinds of features are used: edge
distribution, region distribution, EGI,
surface patch characteristics such as
planar, cylindrical, elliptic, or
hyperbolic.

On the basis of the needle diagram
(surface orientation ) we obtain the
EGI representation 4 the Gaussian
curvature K and the mean curvature H of
the surfacezas fo1low§
K (eg — F*)/(EG - F 2
H (1/2)((eG - 2fF + gE)/[EG - F<))

where E, F, G are the coeficients
of first fundamanta} form and e, f, g

nn

are the coeficients of second
fundamental form.

Gaussian curvature K and mean
curvature H determine the surface

characteristic as follows:

1. K=0and H = 0 then planar surface
2. K = 0 and H = 0 then cylindrical
surface

3. K >0 and H > 0 then convex elliptic
surface

4. K > 0 and H <«
elliptic surface

5. K ¢ 0 then hyperbolic surface

The characteristics, defined in
terms of the Gaussian and mean
curvature, are independent of the
viewer direction and the rotation.

Surface representations seem ideal
for recognizing objects for foollowing
reasons:

1. We can still find the equation
of a plane even though it is partially
hidden.

2. The type of surface patch is

0 then concave

fairly stable with respect to
variations in the position of the view
point.

3. 1It's possible to choose a
description of the surface
representation that follows simple

rules of transformation when rotated or
translated.

when the surface orientation , the
affine matrix and the observed region
shape are known, the original face
shapes can be recovered by the 1image
region shape with the affine transform
[10]. Let (p,q) be the surface
orientation of one face.
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2 (pq)/(1+p?)

1+p
0 (1 + p? + @%)/(1 + p?)
gives the affine matrix to recover
the original face information from the
observed face information. Thus, given
(p,a) from shape from shading method we
can derive T and transform apparent
features to original stored features.
For example, the vertex positions are
converted to object coordinates using
the affine matrix. Then, the
corresponding area is examined to
determine whether surface pathches
having the characteristics exist or
not.

The frame describing image domain
knowledge, involves all defining
features as follows:

Image_feature_rectangular
RECTANGLE:

AREA_SIZE: size

WINDOW: coordinate

LENGTH: size

WIDTH: size

DEPTH: size

SURFACE TYPE: elliptic surface

pocket:

KNOWLEDGE ACQUISITION MODULE

The task of component knowledge
acquisition is to 1ink the CAD and the
Vision system.

As a matter of fact, computer
vision algorithms use object feature
information to understand the visual
word. Therefore, the design feature

based scheme 1s not only useful for the
CAD/CAM application [11], but also has
general application in the vision
information processing area.

The CAD system utilized 1in this
project is AutoCAD (a product of
Autodesk, Ine. ); which runs on
microcomputers but we can construct a
vision feature based representation
from the ICES or DXF output of any 3-D
CAD system [12].

As an experiment we have used a
drawing interchange file (DXF), which
is an ASCII text file. From surface
description (mesch of ponts) we have
calculated EGI wusable in recognation
module

To transform the
significance 1in CAD systems (lines,
circles, arcs, etc.) 1into geometric
objects (features) of significance 1in
manufacturing and vision processing we
use the presented in [13] method
Initially the DXF file 1s read and
facts are asserted for each entities
found in the file: For example, when we

entities of

described rectangular pocket basic
description entites are LINE and
CIRCLE.

As a result we describe the design

feature (pocket, slot) in the frame
called CAD based frame 1like to image
feature frame. This description is

usable in recognition module and in the
features definition module as well.



RECOGNITION MODULE

concept of presented
recognition module 1is to match 1image
features defined from an 1image and
available CAD-based features for the
same object in the knowledge database.

The basic

The procedural rules control matching
process. The basic logic can be
explained as follows:

1. The rule calls two frames,

image feature frame and CAD-based frame
into working memory;

2., The length, Depth and Width are
checked first;

3. The rest of the rule is for
examining whether the surface has the
characteristics describing in CAD based
frame. If the inference succeeds, the
CAD feature is asserted, the next CAD
feature 1is Jloaded 1into the working
memory, and the inference goes back to
step 2;

4. The procedure repeats until all
CAD based features are completed.

INFERENCE ENGINE

The five functions of the
inference engine are:

1. Collecting available rules;

2. Scheduling rule-firing seguence

3. Selecting an appropriate rule;.

4., Executing commands defined in
the rule;

5. Modifying knowledge database;
The functions 1, 2 and 3 are done
in the top layer of metarules, function

2 is related to the knowledge 1in the
second layer and the last function is
related to the knowledge in the bottom

layer. The layered knowledge database
is integrated by the inference engine.

EXPERIMENTS

The 1image 1is using TV camera and a
computer system for image processing.

The size of the image matrix is 256 X
256 and 8 bits per pixel. The equations
(5) are solved when the values of

parameters are the following: m = 0,001
and e = 0.001. Figure 4 shows the
needle diagram for the 3D object and
Fig. 5 shows the recovering surface.

. e : t

Fig.4

Fig.5

The system consists of several
modules and is written in Language C.
It runs on microcomputer IBM/PC.

CONCLUSIONS
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1. We presented system including
shape from shading algorithm, which
allows to match CAD model and observed
object at many different levels of
description (lower or higher level).

2. The system can understand many
different parts which are designed with
combinations of slots, holls, pockets.
The system can be elaborated so that
more complex details can be recognized.

In this case 1it's necessary several
images from different views of the
detail to be analized.

3. The developed system 1is cheap

because it's realized on IBM/PC and use
only one TV camera.
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