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operators to generate pattern matching results, and the
pattern matching results output.
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[0001] This application claims bene?t of priority of US.
Provisional Application Serial No. 60/371,474 titled “Pat
tern Matching System Utilizing Discrete Curve Matching
With a Mapping Operator”, ?led Apr. 10, 2002.
FIELD OF THE INVENTION

[0002] The present invention relates to a system and
method for determining the presence of an object of interest
in a target data set. For example, the invention may relate to
locating portions of a target data set that match an object of
interest, e.g., in a template data set, With respect to various

boundary information, e.g., luminance, color, etc.
DESCRIPTION OF THE RELATED ART

[0003] In many applications it is necessary or desired to
determine the presence of an object of interest in a data set,

such as a target image. For example, in many image pro

pixel column in the target image, and the pattern matching
algorithm is repeated, etc. Thus, the pattern matching algo
rithm generally involves comparing the template image
pixels against all possible locations in the target image in an
iterative fashion. The pattern matching may produce the
location of the match in the image, the quality of match and

possibly the orientation, siZe and/or scaling of the match.

[0007] The template is typically compared With portions
of the target image by utiliZing a correlation based pattern
matching, i.e., using normaliZed tWo dimensional correla
tion (normaliZed 2D correlation). This 2D correlation is

performed by placing the template over the respective
portion of the image and performing a complete normaliZed
2D correlation betWeen the pixels in the template and the

pixels in the corresponding portion of the image, using
values associated With the pixels, such as grayscale values.
This correlation generally produces a correlation value
Which indicates the degree of correlation or match. For
example, the correlation value may range betWeen —1 and
+1, Wherein +1 indicates a complete match, 0 indicates no
match, i.e., that the tWo images are uncorrelated, and —1
indicates that the tWo images are anti-correlated, i.e., a
complete reversal of a match.

cessing applications it is desirable to ?nd one or more

[0008]

matches of a template image in a larger target image.
Exemplary machine vision applications include process

on a point-Wise multiplication Wherein the template is ?rst
conceptually placed over a portion of the image, the value
associated With each point or pixel of the template is

monitoring, feedback control, and laboratory automation;
image and video compression; and jitter compensation in

The normaliZed 2D correlation operation is based

video cameras, among others. Various characteristics may be
used in classifying a location in the target image as a match,

multiplied With the corresponding pixel value in the respec
tive portion of the target image, and the result is summed
over the entire template. Also, as noted above, the template

including luminance pattern information, color pattern infor

image is generally compared With each possible portion of

mation, and color information.

the target image in an iterative fashion. This approach is thus
very computationally intensive.

[0004] Additionally, the object of interest in the target
image may be transformed relative to the knoWn object

[0009] Various optimiZations or algorithms have been

information, e.g., in the template image. For example, the
object of interest in the target image may be shifted, scaled,

developed to provide a more efficient pattern matching
technique. One prior art technique is to use selected samples
or pixels from the template image, referred to as sample
pixels, to represent the template image and hence to reduce
the number of computations in the correlation.

rotated, or may have other geometric or topological trans
formations.

[0005] Prior art pattern recognition systems have typically
used a template matching technique Wherein the stored
image or pattern to be located is iteratively compared With
various portions of a target image in Which it is desired to
locate the template. FIG. 1 illustrates the pattern matching
problem as knoWn in the prior art. As shoWn, the pattern
matching problem involves a template image, Wherein one

[0010] FIG. 2 illustrates the pattern matching process of
the prior art Which involves characteriZation of the template
With a reduced number of sample pixels. In this process, a

characteriZation of the template is performed to extract
features from the template image. In other Words, the
template is characteriZed to represent the template image

or more instances of the template image are desired to be

With a lesser number of points or pixels, referred to as

located in the target image. The template image and the
target image are provided to a pattern matching algorithm
Which performs the pattern matching. The pattern matching
algorithm generally operates to compare the pixels, e.g., the
grayscale value associated With the pixels, in the template

sample pixels, Which presumably accurately characteriZe the
template image. The template image is characteriZed in this

image, or a selected subset of sample pixels, against each of
the possible various locations in the target image.

[0006] Typically, the pattern matching algorithm involves
comparing the template image, or a subset of sample pixels

representing the template image, against locations in the
target image on a horiZontal pixel column basis and hori
Zontal scan line basis. In other Words, the sample pixels

representing the template image are compared against a
portion of the pixels in the target image, such as by using a

fashion because the time required for the pattern matching is
generally directly proportional to the number of points or
pixels representing the template image Which are used in the
pattern matching. Thus the template is characteriZed to
reduce the number of samples or pixels Which are used in the

correlation operation, thereby reducing the amount of com
putation. Once a lesser number of sample pixels have been
generated, these sample pixels are then used in the pattern

matching algorithm to locate instances of the template image
in the target image.

[0011] Another prior art technique for performing pattern

2D correlation, the sample pixels representing the template

matching utiliZes hue plane or color information, either
alone or in combination With pattern matching. UtiliZing

are then moved doWn or across a one pixel scan line or one

color information can often be used to simplify a grayscale

