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IMAGE PROCESSING AND PATTERN MATCHING
Abstract:

Provided  are  an  image  processing  method  employing  pattern  matching , whereby  the number  of  calculations  for  a  normalized  correlation  factor can  be  reduced  and  processing speed  can  be  increased  in a  pattern  matching  process ,  and  an  image  processing  system therefore.  In  the  pattern  matching  processing  when  an  insensitive  region  is  set  in  a template image, values  (the sum and the squared sum)  obtained  during  a  previous  operation for  a  prior  search  target  sub-image  are  employed  to  perform  calculations  for  a  current search  target  sub-image ,  relative  to  coordinate  sequence  code  that  indicates  the  start  point  and  the  end  point  of  a  sequence  of  pixels  having values  of  "1." 

                   In  computer  science , pattern matching  is  the  act  of  checking  for  the  presence of  the constituents  of  a  given  pattern.  In contrast to pattern recognition, the pattern is rigidly specified. Such a pattern concerns conventionally either sequences or tree structures.  Pattern matching is used to test whether things have a desired structure, to find relevant structure, to retrieve the aligning parts, and to substitute the matching part with something else. Sequence (or specifically text string) patterns are often described using regular expressions (i.e. backtracking) and matched using respective algorithms. Sequences can also be seen as trees branching for each element into the respective element and the rest of the sequence, or as trees that immediately branch into all elements.


Pattern matching is a powerful tool for syntax analysis. The main idea of pattern matching comes from the SNOBOL4 language (see the wonderful book THE SNOBOL4 PROGRAMMING LANGUAGE by R. E. Griswold, J. F. Poage and I. P. Polonsky). Some of the pattern expression atoms and statements were taken from there. One can find that patterns are very similar to the Backus-Naur forms. Comparing with the regular expressions (used by grep and egrep in UNIX) patterns are more powerful, but slower in matching
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Description:

FIELD OF THE INVENTION 

 
 The present invention relates to an image processing method, a pattern matching apparatus, an image processing system, and a recording medium on which is recorded a pattern matching control program. More specifically, the present invention pertains to a process for matching a template image and an image to be searched for when both an insensitive region and a sensitive region are present in a template. 

BACKGROUND ART 


A conventional, fast pattern matching process for a template image and an image in a search region is disclosed in, for example, Japanese Unexamined Patent Publication No. Hei 5-298451, Japanese Examined Patent Publication No. Sho 62-11389, and Japanese Unexamined Patent Publication No. Sho 62-249293 .In the example disclosed in Japanese Unexamined Patent Publication No. Hei 5-298451, Hadamard's transformation is employed for the pattern matching. To calculate a Hadamard factor, a Hadamard factor that was previously obtained is employed and calculations are performed only for portions that have changed, so as to reduce the number of calculations required and to provide fast processing. 


 In the example disclosed in Japanese Examined Patent Publication No .  Sho 62-11389, a pattern recognition technique is employed whereby the outline of the elements included in a pattern is traced to acquire pattern information. One point is extracted for each element while at the same time pattern linkage is detected, so that a start point for tracing can be detected within a short period of time. 


In the example disclosed in Japanese Unexamined Patent Publication No. Sho 62-249293, a technique is employed whereby image data are recognized by using a template. The degree to which the run-length coding data for the image data match a template comprising run-length data is measured directly, so that a process whereby run-length coding data are decoded to obtain binary image data is eliminated, and fast processing can be performed. 


Other conventional examples resembling pattern matching are disclosed in Japanese Unexamined Patent Publication Nos. Hei 2-68682, Hei 4-337889, Hei 8-30784 and Hei 8-54221. 

SUMMARY OF THE INVENTION 


However, when pattern matching is to be performed by employing a normalized correlation factor, there is a possibility that an insensitive region will be set in an area of a template. Conventionally, in order to calculate a normalized correlation factor when an insensitive region is set, a mask image that consists of a sensitive region composed of "1," and an insensitive region composes of "0" is multiplied by a partial area of an image to be searched for that corresponds to the template area. In this case, each time the template area is shifted one pixel, the mask image should be multiplied by the partial area of the image to be searched for. Therefore, the amount of calculations is enormous compared with an instance when an insensitive region is not set. 

Claims:

1.    An image processing method for matching a template image and a search image comprising the steps of: 

· capturing a reference image to generate, from said captured image, a template image having an insensitive region and a sensitive region; 

· generating in an image raster direction in a mask image of the same size as said generated template image, based on a sequence of pixel values corresponding to said sensitive region, a coordinate sequence code having coordinates for a start point and for an end point of said sensitive region; 

· multiplying said mask image having said pixel values by said template image to acquire a variance for said template image having a mask; 

· capturing said search image, and obtaining a covariance for said captured image and said template image having said mask by performing a multiplication and accumulation operation for said captured image and said template image having a mask; 

· multiplying said search image by said mask image having said coordinate sequence of said pixel values and calculating the sum and the squared sum of a search image with a mask to be searched for; 

· subtracting said sum of said search image having said mask corresponding to pixel values for said coordinate sequence of said start points, from said sum of said search image having said mask corresponding to pixel values for said coordinate sequence of said end points; 

· subtracting said squared sum of said search image having said mask corresponding to pixel values for said coordinate sequence of said start points, from said squared sum of said search image having said mask corresponding to pixel values for said coordinate sequence of said end points; 

2.      An image processing apparatus, for matching a template image and a search image, comprising: 

· means for capturing a reference image to generate, from said captured image, a template image having an insensitive region and a sensitive region; 

· means for generating in an image raster direction in a mask image of the same size as said generated template image, based on a sequence of pixel values corresponding to said sensitive region, a coordinate sequence code having coordinates for a start point and for an end point of said sensitive region; 

· means for multiplying said mask image having said pixel values by said template image to acquire a variance for said template image having a mask; 

· means for capturing said search image, and obtaining a covariance for said captured image and said template image having said mask by performing a multiplication and accumulation operation for said captured image and said template image having a mask; 

· means for acquiring, from said sum and said squared sum of said search image having said mask, a variance for said search image having said mask having the same size as said template image having said mask; 

· means for calculating a normalized correlation factor by employing said variance for said template image having said mask, said covariance and said variance for said search image having said mask being searched for; and 

· means for determining whether said template image matches said image being searched for by calculating a coordinate value for which said normalized correlation factor is the maximum.

3.     A recording medium on which is recorded a control program for enabling a computer to match a template image and a search image, said control program enabling said computer to perform the processes for: 
· capturing a reference image to generate, from said captured image, a template image having an insensitive region and a sensitive region; 

· generating in an image raster direction in a mask image of the same size as said generated template image, based on a sequence of pixel values corresponding to said sensitive region, a coordinate sequence code having coordinates for a start point and for an end point of said sensitive region; 

· multiplying said mask image that has said pixel values and said template image to acquire a variance for said template image having a mask; 

· capturing said search image, and obtaining a covariance for said captured image and said template image having said mask by performing a multiplication and accumulation operation for said captured image and said template image having a mask; 

· multiplying said search image by said mask image having said coordinate sequence of said pixel values and calculating the sum and the squared sum of a search image with a mask to be searched for; 

· subtracting said squared sum of said search image having said mask corresponding to pixel values for said coordinate sequence of said start points, from said squared sum of said search image having said mask corresponding to pixel values for said coordinate sequence of said end points; 

· calculating a normalized correlation factor by employing said variance for said template image having said mask, said covariance and said variance for said search image having said mask being searched for; and 

· determining whether said template image matches said image being searched for by calculating a coordinate value for which said normalized correlation factor is the maximum.
· Image Processing Principles


Pattern matching


In computer science, pattern matching is the act of checking for the presence of the constituents of a given pattern. In contrast to pattern recognition, the pattern is rigidly specified. Such a pattern concerns conventionally either sequences or tree structures. Pattern matching is used to test whether things have a desired structure, to find relevant structure, to retrieve the aligning parts, and to substitute the matching part with something else. Sequence (or specifically text string) patterns are often described using regular expressions (i.e. backtracking) and matched using respective algorithms. Sequences can also be seen as trees branching for each element into the respective element and the rest of the sequence, or as trees that immediately branch into all elements.


Tree patterns can be used in  programming languages as a general tool to process data based on its structure. Some functional programming languages such as Haskell, ML and the symbolic mathematics language Mathematica have a special syntax for expressing tree patterns and a language construct for conditional execution and value retrieval based on it. For simplicity and efficiency reasons, these tree patterns lack some features that are available in regular expressions. Depending on the languages, pattern matching can be used for function arguments, in case expressions, whenever new variables are bound, or in very limited situations such as only for sequences in assignment (in Python). Often it is possible to give alternative patterns that are tried one by one, which yields a powerful conditional programming construct. Pattern matching can benefit from guards.


Term rewriting and Graph rewriting languages rely on pattern matching for the fundamental way a program evaluates into a result. Pattern matching benefits most when the underlying datastructures are as simple and flexible as possible. This is especially the case in languages with a strong symbolic flavor. In homoiconic programming languages, patterns are the same kind of datatype as everything else, and can therefore be fed in as arguments to functions.

Recognizes the pattern of an image


The target pattern of a reference image is registered and stored in a pattern window. The pattern window then scans the specified search region from the upper lefthand corner to the lower right-hand corner to detect the position that best matches the registered image. 
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 Pattern matching with grayscale processing
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Pattern matching uses grayscale image processing, which assigns 256 levels of gray to each pixel and then recognizes the pattern of the target. Binary processing, in contrast, recognizes images only as black and white.

Pattern matching with color extraction
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The CV-700/301 Series color vision system recognizes the pattern stored in the pattern window not only through brightness (CV-301), but also through RGB technology which assigns 256 levels of red, green and blue color to each pixel (CV-700). The CV-700/301 Series is ideal for detection of targets with the same shape but different colors.
· Tree patterns


More complex patterns can be built from the primitive ones of the previous section, usually in the same way as values are built by combining other values. The difference then is that with variable and wildcard parts, a pattern doesn't build into single value, but matches a group of values that are the combination of the concrete elements and the elements that are allowed to vary within the structure of the pattern.A tree pattern describes a part of a tree by starting with a node and specifying some branches and nodes and leaving some unspecified with a variable or wildcard pattern. It may help to think of the abstract syntax trees of a programming language and algebraic data types.

In Haskell, the following line defines an algebraic data type Color that has a single data constructor ColorConstructor that wraps an integer and a string.

 data Color = ColorConstructor Integer String


The constructor is a node in a tree and the integer and string are leaves in branches.When we want to write functions to make Color an abstract data type, we wish to write functions to interface with the data type, and thus we want to extract some data from the data type, for example, just the string or just the integer part of Color.


If we pass a variable that is of type Color, how can we get the data out of this variable? For example, for a function to get the integer part of Color, we can use a simple tree pattern and write:
 integerPart (ColorConstructor theInteger _) = theInteger
As well:

 stringPart (ColorConstructor _ theString) = theString

The creations of these functions can be automated by Haskell's data record syntax
· Filtering data with patterns


Pattern matching can be used to filter data of a certain structure. For instance, in Haskell a list comprehension could be used for this kind of filtering:

[A x | A x <- [A 1, B 1, A 2, B 2]]   evaluates to           [A 1, A 2]
· Pattern matching in Mathematica

In Mathematica, the only structure that exists is the tree, which is populated by symbols. In the Haskell syntax used thus far, this could be defined as

data SymbolTree = Symbol String [Symbol] 
An example tree could then look like
Symbol "a" [Symbol "b" [], Symbol "c" []] 


In the traditional, more suitable syntax, the symbols are written as they are and the levels of the tree are represented using [], so that for instance a[b,c] is a tree with a as the parent, and b and c as the children.


A pattern in Mathematica involves putting "_" at positions in that tree. For instance, the pattern                   A[_] 


Will match elements such as A[1], A[2], or more generally A[x] where x is any entity. In this case, A is the concrete element, while _ denotes the piece of tree that can be varied. A symbol prepended to _ binds the match to that variable name while a symbol appended to _ restricts the matches to nodes of that symbol.


The Mathematica function Cases filters elements of the first argument that match the pattern in the second argument:

Cases[{a[1], b[1], a[2], b[2]}, a[_] ]

evaluates to

{a[1], a[2]}

Pattern matching applies to the structure of expressions. In the example below,
Cases[{a[b], a[b,c], a[b[c], d], a[b[c], d[e], a[b[c], d, e]}, a[b[_],_]]

Returns
{a[b[c],d], a[b[c],d[e]}

because only these elements will match the pattern a[b[_],_] above.
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