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ABSTRACT

In image retrieval applications one of the boundary-
dependent approaches is matching contours with their
polygonal representation. We introduce (1) a new polygonal
shape representation, (2) an efficient algorithm to compute a
unique representation of a polygon to handle orientation and
(3) a matching method that is invariant to rigid and affine
transformation. In the method, polygons are represented by
a sequence of distance vectors ordered in a predefined
cyclic way. Each vector is composed of two primitives
which are radial distance from the centroid to a vertex and
the following edge distance in a specified direction.
Matching of polygons is achieved by bitwise comparison of
their string code. The algorithm has a computational
complexity of O(n log n), hence it has advantage for
practical use.

Index Terms— Image coding, Image databases, Image
matching, Image representations, Image shape analysis,
String matching, Correlation.

1. INTRODUCTION

Image retrieval is an important task due to the increasing
amount of image data employed in automated decision
making processes. Shape representation as a way of
abstraction is used to decrease the search space in image
retrieval processes. Numerous models have been defined for
shape representation. Each representation has its own
primitives employed to find the best match. Shape
primitives can be grouped based on utilizing radial distance
from an origin, edge segments, and angles [1-8].
Representing shapes can be achieved using vertex-
based or edge-based methods. The former has less
computation time, while the latter is more accurate [2].
Among the edge-based methods, polygonal representation
of shapes has been studied extensively [2]. Matching of
polygons has been achieved by string representation using
the three primitives mentioned above [5, 7]. These three
primitives can be organized in different combinations to
obtain a unique representation. Because computing a
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segment distance is less costly then computing an angle,
radial and line segment distances are chosen in this study.

An orientation invariant representation has been
obtained by shifting [7, 3, 11] or using max/min distance [8,
10]. We propose an algorithm to find a unique starting
point. After representation is obtained, matching is achieved
by comparison of corresponding elements of the
representation.

In the matching process, error [3, 10], correlation [12],
Hausdorf distance [8], normalized central moments [8], and
edit distance of cyclic strings [7] have been employed as a
similarity measure. In this study, we define normalized
correlation and error score as our similarity measure.

The computational complexity for matching of two
polygons with n vertices has been reported as either O(x”)
[13] or O(n* log n) [11, 14] to the best of our knowledge.
Our proposed method has O(n log n) computational
complexity for representation and ®(») for matching. Hence
if shapes are stored with the proposed representation,
matching can be done in ®(n), which is the optimum, and
online matching can be achieved in O(n log n) after
obtaining vertices.

2. SHAPE REPRESENTATION

Definitions: Let P=7,V,, ...,

of n vertices

V,» denote a polygon
Vi=(x;,y;) listed in counter-clockwise
direction and let ¢=(x_,y,) denote the centroid of P

where x, = Enjxi/n, Y, = iyi/n and let J; =(J};,04) =
i=1 i=1

be a distance vector where J;; = \/ (xl- X )2 + (yl- =Y )2

and &y, =0, —x, Y +(v; = y. ) . Let P =(8,.8,....5,)
denote a cyclic canonical representation of P using distance
vectors. (Note that, 5, = & where 1 <7 @ n =mod(i + n, n)
<nfor 1 <i<n)Let Py =(J,,0,p1 - Oupcy) denote
the normalized cyclic canonical representation of a polygon
(NCCRP) where o, 1s a reference anchor computed by the
algorithm NORMALIZE STRING given below.
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Computation of max distance vector: Given two distance
vectors 6; and 0, , and a threshold 7, we say & >3, if

01— 0 >t orif |8, -0, |<7 and &y — 0, > 7.

Computation of max sequence: Given two sequences
T, =(5!,83,...6) and T, =(6%,6%,...,62) , we say Ty > T
if 5] > 67 orif 8} =57 and 8}, > 57

s LS J<SF

Computation of max segment:
Let H=H,; ={5;:5; = max (J,)}, for some n>0,
J=L, 2
denote a head and T denote a tail, which is the subsequence
between two successive heads H,; and H,q, and let

S, =(H,,T;) denote a segment of P. We compute max of

two segments S‘l =(H,,T;) and S‘Z =(H,,T,) using

wgmaGy, &)= [EPUELILD 1T |#|%,|
P argmax(T, 7y ) if |73 |=| 1, |
(1)

Computation of parent segments: Let $™® denote the set of

segments at iteration k£ and [/ ® denote the starting index of
segments to be computed at iteration &£ + 1.

§® = £ O [EDy 2 (§B gB 56

Mgy

= (a5 By, R T

My
2.1)
where §© =((8)).(6,),....(,)) . head H* =5 (nand
tail T,(k) = <5I(k—1) o1 51(1;71) @27 51(1;71) (t®1)71> fort=1,
2, ..., m_p,and
®) _ D . 800 _ &)
I AN O\ 13%%,1@ jae); (2.2)

Algorithm NORMALIZE STRING:
Strategy: Divide and conquer cyclically while
constructing a tree in bottom-up form (An operation
such as find, merge, compare are done cyclically.).
Goal: To find a unique ordering among the cyclic
permutations of Pc.
Input: A cyclic string Pc.
Output: The normalized form Py of string Pc.

1. [Initialization]: Set of initial segments:
SO = (8780, 810) = (61, (00) s (8,
2. [Terminal layer construction]: Find all heads of
$© and store their indices in
19 =5, =1<m]a<xn(§§_0))}, my =1V |. Let 1®

be a set of terminal nodes of the tree.

3. [Parent layer construction: /), 1 <k < K]: Repeat
until m,_; =1or a symmetrical case (m;,_; =my )
will be decided

a. Compute the set of parent segments s®
from child segments S&D by (2.1).

b. Find the max segments S'I()k) eS®,

1<¢ <my_;, and store their index in ® by
(2.2) using the following operations
i. First compare the segments in length,

ii. If more than one max segments exists,
then lexicographically compare the
segments having max length.

4, a:IK(l), PN :<5a,5a@1,..., 5a®(n71)> 3

For example, let Fe =((3,1),(2,1).(5.1),(3.1), (4,1),(5.1))
then Py will be computed as Py =((5, 1), (3, 1), (4, 1), (5,

1), (3, 1), (2, 1)) where segments are §1 =(5, 1,3, 1), 4,

1)) and §2 ={(5,1,3, D), 2, ))ywith H={(5, 1))and T} =
(B, 1), @4 1yand T, =(3, 1), @4, 1)), and 6, = & A
symmetrical example is P =((5,1),(3, 1), (4, 1), (5, 1), (3,
1), (4, 1)), so o, will be any of head.

Invariance property of the representation: NCCRP is
invariant under similarity transformation. Affine invariance
can be obtained by first fitting an ellipse to the polygon and
normalizing it by a unit circle-mapping, and then computing
NCCRP from the normalized version of the polygon. Figure
1 shows such normalization.

Complexity of the representation: NCCRP can be
obtained in O(n log n) computational complexity from Pc.
Informally, at the worse case there will be even number of
heads at the beginning and their count will be halved at a
successive iteration. Hence computation complexity will be
of O(n log n).

Similarity properties: The similarity score satisfies 1)
reflexivity: S(4, A) = 1 ii) symmetry: S(4, B) = S(B, 4).

3. MATCHING AND ALIGNMENT

Computation of similarity score: Given two strings of query
Q:<q1, s qn>and reference R :<r1, ees rn> in Py form,

where ¢q; and 7 are distance vectors listed in the same
specified direction say clock-wise. Let u; =g; /”qu and
v, =7, / Hrl” be unit vectors for the distance vectors g; and 7,

respectively. We define the normalized correlation and
error ratio (NCER) as

NCER(QaR):<¢15 ¢25"'5 ¢n> (3)

where @, =u; v, 1_M
a1+ 1]

normalized correlation and error score (NCES) as

J. We define the
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NCES(Q, R) =1 - [stdev(NCER(Q. R))/mean(NCER(Q, R))]

4)

Robustness of the matching: NCCRP is robust the
minor deviations in vertex locations. A threshold can be
specified for setting robustness to small deviations. If there
are some anchor candidate vectors which are close to each
other within a threshold, then Py must be computed for each
candidate anchor. Its accuracy is dependent on how well
vertices are located. Test results show that even if vertices
are located with some small errors, similarity is not affected
too much.

Affine transformation alignment: Query and reference
polygons can be aligned by means of any three points
located at the same index of their NCCRP. Accuracy of
locating salient vertex points plays an important role;
expectedly, it affects the alignment accuracy.

4. RESULTS

Experimental Setup: We photographed physical shapes
built from plastic bricks. Each image’s size was 640x480 in
pixel. Figure 2 shows the polygonal shapes generated from
five of sample images. Rigid transformed versions of the
images are obtained by taking images either by moving the
camera to a different view or by rotating the object or
adjusting the zoom level of the camera. Extracting vertices
were done manually. (Methods for automated vertex
extraction is not the concern of this study.) For additional
data, a collection of 5000 synthetic polygons were randomly
created. Out of these polygons, extra 5000 from both rigid
and affine transformations were randomly created. Several
query shapes were tested to retriecve them from the
collection. Shapes were stored in a flat file with their
vertices. The average elapsed time to find similar polygons
among 10000 polygons including only their rigid
transformed versions was 27 sec for polygons having 10
vertices, and 76 sec for 100 vertices. It took 118 sec to find
similar polygons among 15000 polygons including rigid and
affine transformed versions. In testing we used a 1.5 GHz
PC.

Alignment of rigid body (similarity) transformed
images: Image D1 was aligned with its rigid-transformed
version Image D2 as shown in Figure 3. The transformation
parameters computed as sx = 1.8687 and sy = 1.8361 for
scale, shx = -0.0448 and shy = -0.0111 for shear, and £x = -
8.3230 and 7y = -7.2267 for translation. The small
discrepancy from rigid body structure might be either due to
shearing while moving camera or due to errors in
determining vertices from the images.

Retrieval of similar images: Images A and B, and
Images D1 and D2 were identified as similar. Table 1
summarize similarity measure results. While NCER for
Images A and B is 0.92, NCES'is 0.61. This shows Image A

and B are similar but not so identical as compared to the
perfect (100%) similarity score. Table 1 also indicates a
large similarity score in the case of close similarity when
comparing Image D1 and to its almost identical rigid
transformed version Image D2. Even images are affine
transformed, similar images within the database can be
found by the approach proposed as seen in Table 1 for
Images D1 and D2.

4. CONCLUSION

In this study a new polygonal shape representation,
which is unique for a polygon, is introduced. A matching of
polygonal shapes can be achieved using this representation
in ®(n) time. The algorithm to compute the representation
has a computational complexity of O(» log »), hence it may
be sufficiently fast for online image retrieval. It is robust
and invariant under similarity transformation and it can be
easily extended to handle affine transformations.
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Similarity A,B C,B A, C D1, D2
Mean(NCR) 92.07% 64.61% | 67.64% 97.71%
Stdev(NCR) 0.1319 0.2296 0.2159 0.0141
NCES 60.55% | 25.84% | 31.31% 87.83%

Table.1. Similarity scores
a b c Id

Figure 1. Ellipse fitting and normalization: a) Original image; b) Original image after normalization; c)
Affine transformed image; d) Affine transformed image after normalization.

Figure 2. Sample images used in experiments. The line from the centroid shows the anchor in the clock-wise
direction. (Images are scaled to fit)

],

¥

Figure 3. Rigid body alignment, O: query,
R: reference, and W: warped from Q
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