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Intro to AI

PATTERN RECOGNITION


My research involves a subject of AI known as pattern recognition. Pattern recognition is simply an AI topic that deals with the categorization and depiction of data (patterns).

The goal of this report is to reasonably present information in a matter that gives the general reader no less than adequate understanding pattern recognition. 

In today’s society, pattern recognition is very important in maintaining a complex security system. The retinal scan is a machine that relates to pattern recognition because it processes the patterns of blood vessels on the back of human eyes. These patterns will then be characterized and matched up with the appropriate patterns. Another example of pattern recognition is in fingerprinting. Typical crime solving units rely on pattern recognition systems when processing and locating fingerprints. All humans have a unique fingerprint and this trait is used to solve many crimes. With pattern recognition technology; authorities are able to process and categorize fingerprint patterns. 

There is useful information available relating pattern recognition. With my acquired information I hope to express what pattern recognition is, the different types of pattern recognition that exist, and examples of pattern recognition. If possible I will implement a simple program that demonstrates pattern recognition. My paper will also include a section on biometrics (the field relating to fingerprinting). I hope to gain a lot from this research and if all goes well I will have a stronger foundation of AI intellect.  
IMAGE PROCESSING


Understanding how computer systems process images expresses the dynamics of pattern recognition.

Images are represented by an array of digits with in a computer system. Each element of this array is known as a pixel. When a computer system perceives a pixel in a colored image, the pixel is compromised in three layers. One layer for red, blue, and green because the color perception is based on the function C(R, G, B): where any color in the rainbow is a mixture of red, green, and blue. This mixture of colors is often known as the color cube. In an 8-bit color image the red, green, and blue layers can have values that range from 0 to 255. Monochrome images can be just as important as colored images. They are sometimes known as a grey level image because an 8-bit monochrome image will have 256 different shades of grey. 


Digitization is the method of converting an image into an array of numbers. This is done by graphing the image on a square grid and sampling the brightness of each point on the grid. Sampling the grid points is a process known as spatial quantization. Spatial quantization makes it possible to produce an exact copy of the original image. The accuracy of the new image depends on how many samples were taken; the more samples the more accuracy. Shannon’s sampling theory states that an image can be reconstructed identically if the image is sampled at the Nyquist frequency. The Nyquist frequency is a sample rate that is double the highest frequency in the original image. 


Grey level quantization helps boost a computer’s processing time, and conserves storage. The brightness values within an image can have an infinite range. However, grey level quantization restricts these values to a finite range. Restricting the brightness values conserve storage; integers in the range 0 to 2^n require only n-bits to be represented. We would need only 4 bits per point for an image with brightness values in the range of 0 to 16 as oppose to 32 or 64 bits. 


When assigning integers to the brightness values, one may think of the linear quantization method. In this method; an image with the range 0 to 256 (or we could say 0 to N) would be divided into 257 (or we could say N+1) equal intervals. There is also the non-linear quantization method. Obviously with this method the range is divided into unequal values. Initially the use of non-linear quantization came as a surprise to me but there is a logical explanation for its use. Some instances require that grey levels that are frequently occurring be represented by more integers. For an example: humans have a exclusive manner of perceiving brightness. It is more difficult to see the difference in darker tones because our eyes have a logarithmic response to brightness. That is why images are usually quantized based on a logarithmic scale, meaning more bits are used for the darker range of coloring.


There are operations that can be executed on images called point processes. These operations are based on arithmetic. The point process: Cij = Aij + b (i = rows j = columns) would set image C equal to an increase of the brightness within image A.  Point processes can also include operations on two images such as an addition. The sum of two images would be as follows: Cij = Aij + Bij. Point processing is valuable when a graphical representation of an image is being used. These graphical representations can be known as grey level histograms. The grey level histograms are graphs of the pixels in an image at each grey level. The changes that point processes bring are expressed well in the histograms.


There is a case of grey level quantization in which only 2 levels of grey are used. Images in this case are known as binary images. In the binary images all points in the background have the value 0 and all points on the object (foreground) have the value 1. Binary images are important because they efficiently save storage and processing time. When dealing with binary image data it is important to understand the threshold value.   

The threshold value is used to convert a grey level image into a binary image. The way to convert a grey level image is to determine a threshold value from the range of grey level values. This threshold value will be like a boundary; all values less than it will be a 0 and all values greater than it will be a 1.                 

WHAT IS MISSING?

Glossary – all terms highlighted in yellow will be included

Finger Printing Section – a whole section devoted to the relation of fingerprinting and pattern recognition.

Classification Section – a whole section devoted to the classification element of pattern recognition.

Graphics – downloaded and self-created graphics that help the reader better understand the related issue. 

