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AESTRACT:

Shape recodgnition is an essential cowmponent in anv

computer
vigeion system. A general technigque based on the normalized area
vector concept 1s presented for sloving the problems of

distortien and invariance againet translation, rotatien and zoom.
A new algorithm i1s described for extraction ci
complex neonoverlapping objects which may contain any

holes of any shape and in any configuration.

contours af

number of
Experimental resulcrs
show the rochustness of the proposed technigue in compariscn with
other well known technigues such as the shape oumber. A training
set of twepntv patterns 1s used for generatiaon of reference
patterns. A test set of tenty four patterns is used te show the
performance of the proposed technigue and resulted in a
percentaae of correct classification for koth the
test sSet paktarns.

hundreo

training and

1. INTRODUCTION

An important toplc 1n computer vision s the classification
of shapes in a scene. It has been noted [1] that features based
on the houndaries or sdges of shapes are closely related to the
salient features used by the human visual system for sczoe analy-

5is. Shave analysis based on boundary information has Eound

wide
applicacions 1in military taroget identification (2-4)}, character
recognition [5). measurement of bielegical shapes (7], x-ray
diagnosis. idustrial part identification and many other areas.

Many approaches to description of shape have been proposed and
used in a wide variety of engineering and computer vision appli-
cations. Pavlidis [6] suggested a taxonomy of shape descrioptors
based on: (1) whether Just the boundary, or the entire interior
of the object was examined (mxternal and intermal); (2} whether
the characterization was made on the basis of a scalar transform
or a space transform; and (1) whether the precedure is or is not
informatien praeserving in the sense that the originl image can be
reconstructed from the shape descriptors. Existing methods include
shape numbers (9] based on chain-coding of the boundarv, and the
medizl-axis transform [9], which traneforms the original object

te a stick figure that approximates the skeleton of the figure.
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We present here a new internal, scalar non-information preserving
shape measure that allows fast shape recognition and is immune
against noise.

A general technigue is presented here for recognition of
planar shapes. Invariance against translation, rotation and zoom
iz considered . The normalized shape is divided into arez strips
each having one pixel width and the whole image length. The
resulting area vector is used together with the’ chain code of the
planar shape to form a robust set of features for reliable shape

dascription. Experimental results of the propesed technigue are
compared to those of the well known shape number technigue and
are shown to be superior concerning the noise immunity, memory

requirements, recognition speed and percantage of correct classi-
fication.

2. SHAPE RECOGNITION SYSTEM:

A 30 HMHz Frame agrakber (CYCLOPE) with 512 x 512 pixels
resolution and 256 gray levels is used for real time image acgui-
stion from a Panasonic Vidicon tube camera. The acguired gravw
level image arrav is then thresholded with 2 dynamic thresheld
technique [7] to generate a corresponding binary image.

3. GRAPHICAL USER INTERFACE (GUI}:

A hardware independent interactive graphical user dinterface 1is

designed and implemented for the follewing vurposes:

1. Bditing and manipulation of synthétic images
by using the keyboard. mouse or the fractal image generator

2. Interfacing the szhape classifier with real images acgquired
from the video camera.

3. As an educational environment for implementation and testing of
various algorithms for digitzl image processing and shape
recognition. Considerable work can then be done with simple
means.

The GUI has been proved to be a useful tool for guicklvy testing
or explanation of pattern recognition or computer vision tech-

nigues., wvroviding a simple and cheap alternative to the often
very costly commercial image processing systems=. An optional
"ODEMC" mode helps following up every processing step in  chain

code generation and pattern classification. The different wossi-
ble resolution levels available in the editor demenstrate in a
systematic manner what is actually meant bv image guantization
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4.1 CHAIN-CODED IMAGES:

Any two-dimensional shape could be represented by the chain
code of its boundarv. The chain code is a compact representatio.
for a digital image. For a survey of algorithms that operat
directly on the chain code, s.Le Freeman [8]. The chain form of
representation has been shown to be well suited for most of th
nrocessing bLasks likely to be encountered. Features such a:
chain length, width, height , area. first moment about x-axis,
sacond moment about x-axis, distance betwsen Ltwo points, rotatior
of a chain, expansion and contraction of a chain, minor and major
axes are exreacted from the chain code as follows:

1. Length of a chain

L =T = { N“ =% ]= NS 2 }

where N, and ND are the numbers of even and odd valued links
respectively and T is the image size [11].

2. Width and Heicht of & chain:

Let
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where €,, and aw are respectively the x and y components of the

iinks a .Then for J = 0.1,....,n, we have
Width = Max XJ - Min Xl

j i
Height = Max X -  Min Yi

] ) j

where %, and ¥, are the coordinates of initium which may be
arbitrarily selectead.

3. Freemans area enclosed by the contour path:
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The Pascal code for this process is as follows:

Scale_Factor r= N / Main_Axis_Length:
Vertical _Shift := -Y[Lower_Axis,l]:
Horizontal_Shift := - X[Main_Axis_First_Pointl;
Vertical_Width := Minor_Axis_Length * Scale_Factor:
Faor I := 1 to chain_Length do
Begin
YIE]l := Scale_Factor * { Y[I] + Vertical_shift):
X[X1 := Scale_Factor = ( X[I] + Heorizontal Shife):
End:

5. THE SCAN-PATH ALGORITHM FOR CHAIN-CODE GENERATION:

A new algorithm is developed for contour following of
complex shapes {narrow ares and line drawing images}. The idea
behind this algeorithm is- to view the contour as vour hand ean
touch it in a complete cvele to overcome the problem of entting
the contour by the scan path. The scan path is the path
consisting of all the lower-value points that have at least one
side in common with 2 contour point. Thus instead of following up
the contour itself we follow up the scan path and concurrently
callect the contour points till) we coms back to the starting
point. The scan path algorithm can be summarized as follows:

1. Find a first point on tha scan path

2. Initialize variables

3. Get the corresponding contour points if any

4. Get another scan point

5. If this point is not the starting scan point then back to step
number three.

6. Adiust the c¢hain code so that the Jleft-top point of the
contour be the first point in the chain:

7. Compute the features.

A generalization of the previous alaorithm for the case of multi-
nonoverlaoped non-simple contours i1s found in [11]. The scan path
algorithm is a completely sequential process for obtaining region
contours in images. Bifficient extraction is attained b
manipulating pointers in a dynamic data structure. The only image
buffer reguired is that for a signle line se that inecressingly
high resclution sensors could be used.

6. THE SHAPE SIMILARITY MEASURE:

The shape number (91 1s generated for arbitrary grid sizes.
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To measure the similarity between two shapes we use the following
algorithm:
1. Let the highest possible resclution be M x N where M=N
2. Divide the two images to N x N egual sgaures and generate the
corresponding shape numbers for both.
3. Comnare the two shape numbers of the two images
4. Compute the degree of similarity by Log [(M/N)} + 1
2

Shapes could be classified an the basis o©of the degree of
similarity by sorting the degrees of similarities at different
resplutions in descending order for all the training set patterns
having a degree of similarityv more than 50 % with the unkowr
pattern. If there are more than opne pattern of the traininc set
with a high degree of similarity to the unkonwn pattern,- . we

compare the original sizes as a distinguishing factor.
7. THE NORMALIZED AREA VECTOR TECHNIQUE:

In the shape number methed [9). the classification Drocess:
depends mainly on the external contour of the normalized image
The shape number is obtained from the dereivative of Freeman':
chain code [8]. This is not a verv safe process because any small
distorticen in the image or any noise affects the shape number. i
simpler apporoach to overcome this problem uses the shape are:z
vector instead of the external contcocur. A similarityv measure is
used instead of the shape factor. The normalized shape is dividecd
intoc area slides with one pixel width. The number of pixels in =
strip 1is used to construct an area vector. This area vector 1t
vesed to compare different images. The algorithm for computing the
normalized area vector is agiven as follows:

1. Acquire an imaqge

2. Normalize the acauired image

3. Divide the image into area strips with one pixel width

4. Count the number of pixels in each strip and construct the
area vector.

Compare 3 new aresa vector with the training vectors

Assign the areaz vector to the correspondina class with the
highest similarity degree with at least a value of 50%.

nom

7. Goto step 1 and repeat until all cested pvatterns are classi-
fied.

A similarity degree based on two area vectors VI and V§ 1=
computed according to the following eguation:
al

s = 100 * {Area - L {VITi}-V¥Sii}) % / Area

=
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8. NOISE AND DISTORTION IMMUNITY:

The performance of both the shape number and area vector
methods depend on the accuracy of the normalization operation.
The normzlization depends mainly on the major axis of the object.
Any noise or distortion which preserves the major axis as the
longest axis in the object could result in a successful recognit-—
ion. @n the other hand, any noise or distortion which results in
another major axis results. in failure of both methods to
corerectly identify the ebject. In the first case, the main axis
remains the lengest axis inside the object, and the area vector
method shows better behavigur tham the =shape number method,
because the shape number depeands on the external contour conly. If
just one pixel is distorted, the whole contour is distorted alse
and the processing must proceed to lower resolution. In the area
vector method, the process depends on the total area enclosed
inside the normalized contour. The distortion in ome or sven ten
pixels may lead only to a total distortion of the aresa of about 5
or 149 percent. Sco the area vector method is less sensitive to
noise and distortion than the shape number method. As an example,
we process a sguare of 20%x20 pixels as and its normalized shape
shown in Fig. 2~a. The svstem is trained (o recognize the sguare
by both methods, which succeeded in the classification process.
The same shape is then distorted by removing 2 pixels as shown in
Fig. 2-b =and then classified by both methods. The similarity
degree in the gase of the shape number method is found to be of
the fifth order so that we must reduce the resolution te 1/16 of
the original resolution such that the shape be similar te the
original sguare. The area vector methdd gives a similaritv degree
of 99 percent for the same shape. The same test is repeated for
the case of a distortion cof 25 pixels. The shapve number method

Fig. 2-a A simple sguare with its normalized form

could not recognize the shape while the area vector method gives
a similarity degree of 88 percent. Fig.2-c¢ shows the relation
between the similarity degree and the distortion level for bath
methods.
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Fig. 2-b A sguare with a notch and its normalized form
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The similaritv degree as a functicn of distortion

for both methods.
3. RESULTS AND DISCUSSION:

Experiments are performed on a real time svstem for
classification of both synthetic and real images. A training set
including twenty patterns and their corresponding normalized
patterns 1s shown in Fig. 3 and is used for aeneration of the

reference pattern vectors. In selecting these patterns we tried
ro generate diffarent shaped patterns such as SQUares,
rectangles. and fractal images. The feature=s of the training

patterns are summarized 1in table 1. The test patterns are

differently selected to test the performance of each method 1in

the following cases:

1- The unknown pattern is very tvpical to a known one

2- The unkonwn pattern is similar to a known pattern but 1is
displaced. rotated or magnified.

3~ The unknown pattern is similar te z known pattern but with
some distortion at different levels.
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4- The unknown pattern is similar to a known pattern but with a
distortion on either the major or the minor axes or both.

5- The unknown pattern has some similarity to more than one
trained pattern.

In the classification phase, a test set of twentv four patterns
as shown in Fig. 4 1s used for testing the performance of the
proposed techanique. The correspeonding features are shown in table
2. Everv entry of the similarity table 3 shows the results of
classification of each test pattern for the twn cases of the
shape number method and norwalized area vector method. An entrv
in the table is empty for the case of failure of fhe recoonition

processr. The leftmost column of the similarity table shows the
number of the test pattern. Every test pattern has two rows for
the resulting classification. The first row gives the first five
probable patterns as suggested by the shape number method. Each
pattern number 1is followed bv 3its similarity degree to the
current tsst pattern. The second vwow gives the similarity
degrees for the case of the area vector method. The overhead of
preaprocessing. classification time, storage requirements and
noise and distortion immunities are the basic fazctoers far compar-
ing the prooosed technigue with the shape number technigque. The

same preprocessing steps including the chaln-code generation,
feature extraction, normalization are used in both technigues.
The time reguired for the shape number wmethod is proportional to
8*W*sN. where N is the resclution of the sguare 1image. On the
other hand. the time reauired for the area vector technigue is
onlvy the time reguired for computation of the normalized area
vector, which is egual to the time required for scanning the
whole image array and is oroportional to N*N. It is e¢lear that
the propvosed technigue 1s much faster than the shape numbser
technigue. Concerning the storage reauirements, the shape nunmber
method needs 8*NAN bvtes in addition to the shape number length.
which 13 given by 4*N for rescolution N, sincs it is computed ak
different resolutions which needs 8*W-16 bytes. The area veatar
method needs only N bvtes for the case of an imaage resolution of
value N.

10. CONCLUSTONS:

Fast shape regognition. less memary recuirements and more reli-
ability are the basic advantages of the proposed technigue oaver
the well known technigue of shape number. Bxperimental results on
both training and test set patterns showed the recognition
capablility of the system with different degrees of similarity
with stored matching patterns. The svstem could be used for manvy
real time applicaticns such as character regonition. vecognition
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of machine parts for robot manipulation and defect detection in
machined parts.
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