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ABSTRACT 
In this paper, we introduce a new 2D shape-encoding scheme, 
which is based on the idea of the angle-of-sight. The shape can 
be efficiently transformed into 1D signature by recording the 
angle-of-sight-vs-distance of each boundary point with respect 
to a shape-specific chord-of-sight. The chord-of-sight is selected 
by using an extension of the notion of shape to geometrical 
entities, which are not part of the shape boundary -- to the idea 
of shape-specific points and the characteristic ellipse. The angle- 
of-sight signature is a unique, information-preserving, 
transformation-invariant shape representation. It is demonstrated 
that the angle-of-sight shape-encoding scheme is capable of 
deriving well-behaved, noise-tolerant signals, convenient for 
shape matching through alignment of signatures. 

1. Introduction 

Shape representation and matching is a key problem in 
machine-vision system development. We face this problem in 
the context of a new active-object-recognition system [ 11. The 
main design concept is to reduce the dimensionality of the 
recognition task. A 3D object is modeled in this system by using 
a small set of distinct perspective views, called "standard- 
views". Shape matching is performed between the acquired 2D 
"standard-view'' of the sensed object with unknown identity and 
a library of 2D "standard-views'' of a set of objects. 

Following the same concept of dimensionality reduction 
in a "top-tdown" fashion, we address the problem of invariant 
shape-encoding-scheme design to transform the 2D "standard- 
views" into 1D signatures suitable for signal matching. 

A number of shape-representation techniques have been 
reported in the literature [2]. [3]. A signature is defined as a 1D 
signal derived from the shape by using an encoding scheme for 
mapping the information from the "shape" space to the 
"signature" space. 

The "goodness" of a signature is admittedly related to its 
uniqueness, reliability, suitability for matching and low 
processing timdmemory requirements [4]. 

The main contribution of this paper is the development of 
a new 2D-shapeencoding scheme. It is based on a new concept, 
-- the angle-of-sight -- for extracting and coding "shape" 
information. 

2. Description of the angle-of-sight shape-encoding 
scheme 

The angles of a triangle formed by any three non- 
collinear boundary points A, B and C (see Figure 1) are 
invariant under shape translation, rotation and scaling. To 
imagine how to make this property functional for a shape- 
encoding scheme, we can perform the following thought 
experiment: predetermine two of the vertices, say A and B, and 
keep them fixed while moving the third vertex C along the 
boundary (see Figure 1). Then, the angle a, associated with 

each position of the moving vertex C, is a descriptive property 
of the boundary and can be used for shape representation. 
Hereafter, the chord joining the fixed points is referred to as the 
chord-of-sight (COS) and the angle CL at the third vertex is 
referred to as the angle-of-sight (AOS). 

The AOS signature is a boundary-based descriptor of a 
planar curve and is defined as a ID signal AOS=f(l), where 1 is 
the arc length between a starting point C, and the boundary 
tracing point C in the clockwise direction. The AOS function is 
defined as follows: 

d:(l) + di(1) - d2 
f(l) = arccos( 2d,(l)d2(1) 1 I f(l) (0, n) (1) 

where dl(1) and d2(1) are the distances from the tracing point to 
the end-points of the COS, and d is the length of the COS. 

So defined, the AOS signature of a planar curve with 
unit length has the following properties: 

- It is transformation invariant; 
- It is a periodic signal if the boundary is closed, 
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Flgure l(a) Definition of the Angle-of-Slght Scheme 
(b) The Derived Signature 
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signature starting point is minimized by increasing the length of 
the COS. The distance between the centroid and the weighted 
mean point of a compact shape usually is small, a fact which 
deteriorates the noise-tolerance of the corresponding AOS 
signature. In view of this consideration, better results can be 
achieved by using shape-specific points computed from a 
Fourier expansion of the shape boundary. Kuhl and Giardina [8] 
apply Fourier trigonometric expansion to the X and Y 

. projections of a closed contour and show that the vectors 
corresponding to each harmonic have elliptical loci. The five 
basic parameters of the ellipse related to the fundamental Fourier 
harmonic are given in [9]. We have proved that this ellipse is 
shape-specific (the proof will be omitted due to lack of space). 

In our opinion, this shape-specific ellipse is an important 
extension of the notion of shape: Hereafter, the shape-specific 
ellipse related to the first harmonic (the fundamental frequency) 
will be referred to as the characteristic ellipse (CE). 

5. An Improved AOS coding scheme 

The AOS function is not defined for boundary points 
which are collinear with the end-points of the chord-of-sight, 
and correspondingly, the signature suffers from having jump 
discontinuities for such points. Jump discontinuities hinder 
matching of signatures and deteriorate the spectral characteristics 
of the signal (through Gibb's phenomenon). 

This problem can be solved by placing one of the end- 
points of the COS outside of the plane of the "picture". Let us 
consider an orthogonal XYZ frame (see Figure 4), where the 
origin is coincident with the center of the characteristic ellipse of 
the boundary, and the XY axes are aligned with its major and 
minor radii. The length of the COS is defined to be equal to the 
major radius of the characteristic ellipse of the boundary. In the 
same manner as in section 2, the AOS signature is defined as a 
1D signal AOS=f(l), where 1 is the arc length between the 
moving point C and a starting point CQ measured in a clockwise 
direction. Now the AOS function has no discontinuities and is 
defined as follows: 

f0) = arctan(A) f0) G (0, x/2)  (3) dl) 
where a is the length of the.major axis of the characteristic ellipse 
and r(1) is the distance from a boundary point to its center. 

Flgure 4. Deflnitlon of an Improved Angle-of-Slght Scheme 

The crossing point of the boundary and the Y-axis is 
used as a "standard position" for the starting point. Kuhl and 
Giardina [8] use the same approach to compute a normalized 
Fourier descriptor. 

It can be seen that this improved version of the AOS 
encoding scheme has interesting properties: 

- It provides an inherent smoothing of the shape 
representation because the transferfunction (y=arctan(x)) is 
always under the line y=x. This smoothing is more pronounced 
for longer chord-of-sights, and has a potential for boundary- 

noise reduction. A family of AOS signatures of a shape 
presented in Figure 5 shows that longer COS cause smoothing 
of the form of the signal and an increase of its DC component; 
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- The signature preserves shape symmetry in the sense 
that points equidistant from the centroid have an equal AOS; 

- The simplest possible signature --a straight line -- 
belongs to the circle -- the basic shape. In this sense, the AOS 
signature shows how the shape deviates from the basic shape; 

- The signature preserves shape information. Signatures 
from which the shape can be recovered are referred to as 
information-preserving signatures [2]. To prove this property, it 
is sufficient to show a procedure performing "the shape-from- 
representation" transform. Figure 6(a) shows the geometry of 
such a shape-recovery transform. The AOS signature is defined 
by a discrete sequence AOS(i)={f(li)), i=O,1, ... N-1, 
parameterized with respect to the arc length. The 3D locus of 
points having constant angle-of-sight is the surface of a toroid (a 
surface of revolution generated by rotating constant-AOS arcs 
around the chord-of-sight -- see Figure 6 (b) ). The intersection 
of the i-th AOS toroidal locus with the picture plane is a circle 
(see also Figure 4 ), with radius: 

a 
2 sin (AOS(i)) ' Ri = (4) 

where a is length of the chord-of-sight. Consequently, a shape- 
recovery procedure can be described as follows: 

1. For i=O to N- 1 draw concentric circles with radius Ri; 
2. Choose an arbitrary starting point PO, lying on the 

first circle (Ro); 
3. For i=l to N-1 draw a circle centered at point Pi-1 

with radius k l i  - li-1. The boundary points Pi are recovered by 
taking the crossing points of this circle and circle (Ri ) in the 
direction of traversal. 

Thus, the existence of a unique inverse transform proves 
that the AOS shape-encoding scheme is an information- 

L\ traversal 

' ( a )  

Figure 6(a) Shape Recovery from the Improved AOS Signature 

(b) 30 Locus of Constant AOS Points 
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