
14

The Centering of the Invariant Feature for the Unfocused 

Input Character using a Spherical Domain System
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Abstract

TIn this paper, a centering method for an unfocused input character using the spherical domain

system and the centering character to use the shift invariant feature for the recognition system is

proposed. A system for recognition is implemented using the centroid method with coordinate average

values, and the results of an above 78.14% average differential ratio for the character features were

obtained.

It is possible to extract the shift invariant feature using spherical transformation similar to the

human eyeball. The proposed method, which is feature extraction using spherical coordinate transform

and transformed extracted data, makes it possible to move the character to the center position of the

input plane. Both digital and optical technologies are mixed using a spherical coordinate similar to the

3 dimensional human eyeball for the 2 dimensional plane format.

In this paper, a centering character feature using the spherical domain is proposed for character

recognition, and possibilities for the recognized possible character shape as well as calculating the

differential ratio of the centered character using a centroid method are suggested.
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1. Introduction

As the various science fields are developed, a

variety of information is used, and many

requirements for fast, accurate systems are need in

the field of information processing. These systems

are developed in signal processing, image processing

and many applied science fields. This research has

had many effective results and is being developed

currently. Much research is underway in the image

processing and recognition fields, specially, image

information processing systems using a human-like

viewpoint modeling. Along with the robot viewpoint

system and automatic monitoring system, automatic

object recognition is very important and is being

developed actively. Humans have greater than 90%

information intake from the sense of sight among the

various information acquisition methods of the human

system. To implement a human-like vision system,
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invariant recognition properties are needed for the

naturally changing state of the information. These

correspond to scale, position and rotation changes.

The methods to obtain the rotation and scale

invariant feature use the CHF (circular harmonic

filter)[1] and Mellin transform[2], etc. These

methods require the Fourier transform of input

image signal as these invariant algorithms use high

frequency elements in the frequency domain. The

information for the shift variant is obtained using

the Fourier transform.

The Mellin transform [3-5] has the problem of

obtaining a central point for the input image while

the Fourier transform has the disadvantage of a

long calculation time.

A spherical domain is similar to the human eye

structure[6]. The visual information that enters the

human eye are projected onto the retina in the same

way as the spherical domain, and it is possible to

recognize input image using this information

structure. The three types of coordinate

information[7] from the spherical domain are

distance between the input devices just as for the

eyes, and the two angles of the information

coordinate from which a two-dimensional input

image is composed.

Accordingly, it is possible to obtain the scale and

shift information of the input character using the

spherical domain, and to transfer the input character

to the central point using this information.

Therefore, a character feature extraction method

using the spherical domain to obtain the shift

invariant feature is proposed in this paper.

2. Images and Eye

2.1 The Basic Structure of the Eye

The structure of the eye is shown in Fig. 1.

The lens is one component of the structure of the

eye, and is has the same function as a lens in a

camera.

Fig. 1. The structure of the eye

This element is composed of the pupil, while the

retina is like a plate upon which the image is

formed, just as with camera film. Images that are

recorded with reverse real images on this plate

through the lens are transferred to the brain through

the optic nerves[8].

The eye is composed of the cornea, iris, vitreous

cavity, optic nerve and other parts including the

retina. The cornea and crystalline lens is transparent

and refracts light to project the image on the retina.

The iris exists between the cornea and the

crystalline lens. Iris color differs by ethnicity and

genes. The iris has the function of controlling light

intensity in the same way as the camera's

diaphragm. Light is transferred through the vitreous

cavity with a transparent gelatin material, and is

focused on the retina. Images projected on the retina

are transferred to the brain via the optic nerves[9].

2.2 Eye and Camera function

The human eye is similar to the camera structure

shown in Fig. 2. Light is focused to the retina

through the cornea and the crystalline lens just as
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the image is focused onto the camera film[9].

Fig. 2. Difference between the camera and the eye

2.3 Focusing the Image Form to the 

Eye 

The image that is projected onto the human eye is

shown in Fig. 3. This figure shows the eyeball's

operation whereby the object image is projected

with the reverse image onto the retina through the

crystalline lens.

Therefore, the inner operation of the eyeball is the

same as the spherical coordinate domain[9]. In this

paper, the new feature extraction method for the

character using a spherical domain that is similar to

the operation of the eyeball's image projection is

proposed.

Fig. 3. Imaging through the eye for the object

3. Spherical Coordinate

3.1 Basic Spherical Coordinate 

The spherical coordinate system is shown in Fig.

4. The spherical coordinate is one of many

coordinates which present points in three

dimensional space. Generally, the point is presented

with  in the spherical coordinate.

Fig. 4. The spherical coordinate system

The distance  from the origin to the point has the

range from 0 to infinite and the degree  from the

 axis in the positive direction to the point has the

range from 0 to . The degree  which is turned

from  axis to the positive direction on the  axis

base has the range from 0 to . Sometimes,  is

presented with latitude, and  is presented with

longitude. The single point in space is presented

with these parameters by the method below. First,

measure the  on the  axis from the origin (0, 0,

0). Secondary, rotate the degree  from  axis in the

 plane. Finally, rotate this  plane to the

degree  in a counterclockwise direction (from 

axis to  axis) from  axis base.

The unit sphere ( ) is called the spherical

coordinate system.

A point on the Cartesian coordinate is transformed

to a point of the spherical coordinate. As the inverse

function of the trigonometric function is not

consistent, however, a point on the spherical

coordinate will be many presented forms if the

range of the degree is not restricted. For example,

(1, 0°, 0°), (1, 0°, 45°) and (-1, 180°, 270°) are the

same point position[10].

Many different references exist for three
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coordinate presentations. The distance from the

origin, the degree for the space loop (altitude or

raised carving), azimuth, etc. are presented by

 form in physics following the guidelines of

the International Organization for Standardization

(ISO). The altitude and raised carving are presented

with ‘’ and ‘ ’ in U.S. mathematics.

The coordinate  is defined below. If a point

is  immediately.

 : distance from the origin to 

 : angle from the origin to  for positive direction

 axis

 : angle from the line between the origin in the

positive direction  axis and  to the

projected line on the  plane

≤ 
≤≤
≤≤ 

(1)



  arccos




  arctan 




(2)

Generally, the range of each variable is restricted

by Eq. (1), as the point is presented with many

different coordinate forms in the spherical

coordinate.

The transformed form from a point  on the

Cartesian coordinate to a point  in the

spherical coordinate is shown in Eq. (2).

In the case of the opposite direction of the Eq.

(2), the transformed form from the spherical

coordinate to the Cartesian coordinate is shown

with Eq. (3).

  cos

  sin 

  

(3)

3.2 Proposed Spherical Coordinate 

Transform Algorithm 

The spherical coordinate is composed with three

point parameters  as in Fig. 4, and these point

parameters are transformed to .

It is possible to transform the function  to the

function  by Eq. (2), if a point coordinate on the

Cartesian coordinate is  and a point

transformed point coordinate in the spherical

coordinate is  .

However, the proposed point in this paper is that

image position does not exist in the sphere space of

the spherical coordinate. If the spherical coordinate

inner space is a human eyeball, the objects that

humans see do not exist in the inner space of the

human eyeball but exist out of the space of the

human eye. Using this point, the spherical

coordinate transform element is found.

Two cases from the Cartesian coordinate to the

spherical coordinate transform are shown: 1) the

case of the Cartesian coordinate exists within the

spherical coordinate and 2) the case of the Cartesian

coordinate exists outside of the spherical coordinate.

1) Where the Cartesian coordinate exists within

the spherical coordinate

This is presented by Eq. (2). As this case is

very sensitive to distance , the spherical

coordinate values are changed by the

parameters.

2) Where the Cartesian coordinate exists out of

the spherical coordinate

This is assumption case that the Cartesian

coordinate is farthest from the sphere’s surface.

The parameter  in the Eq. (2) is nearest the

value of the  when the Cartesian coordinate

transforms to the spherical coordinate. The
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Cartesian coordinate parameters are not

calculated by the following sphere surface of

the spherical coordinate. The Cartesian

coordinate parameters are transformed directly

using the trigonometric function from the

origin in the spherical coordinate.

￭ Where  is farthest

assumpt  as ≃



  arccos




  arctan 




(4)

In this case, as the center axis of the input image

and  axis of the spherical coordinate exist on the

same axis, the distance from the center of the

spherical coordinate is the value on the  axis from

the center to the input image.

≤ 




≤≤






≤≤ 



(5)

In this paper, as the experiment is designed that

the center of the input image is on the x axis. Eq.

(1) is changed by Eq. (5).

As the length, width and height of the input plane

is limited by the size of the diameter in the spherical

coordinate in this paper, the parameter  is not

greater than the range of the Eq. (6) for the case of

the input plane is on the tangent line of the sphere

surface.

≤ 




≤≤






≤≤ 



(6)

3.3 Centering the Character Image 

using the Spherical Coordinate 

Parameter 

The object center point of the input image is

solved from the Centroid formula, as in Eq.

(7) and (8)[11]. If an immediate image is

 , the Centroid of  and  axis are shown

in Eq. (8).

 
 



  
 



 (7)

 


 






 





 


 






 





(8)

After the information of the input image is

transformed to the spherical coordinate, the image

information for the center point movement include

image features with the information existence status

for the character image. Therefore, it is possible to

move to the center with the position of the

information by not using the value for the information.

If the information function of the transformed to

the spherical coordinate is  , the center of the

input character image is calculated with near side

values (left, right, top, bottom) of the parameter 

and  , and shown in Eq. (9) and (10).

 

 
(9)

where, Aver is the average function,  are

information positions of the effective values for

the transformed character to the spherical

coordinate.
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4. Experiment and Results

In the experiment, the flowchart to get the shift

invariant features of the input English letter image

is shown in Fig. 5, and the obtained features are

mapped on the spherical coordinate.

In this paper, the image size is 256×256 gray level,

and the image format is a RAW image. A visual

C++ compiler is used for the programming language,

and the English font for the input image is Times

New Roman, with a font size of 100×50. As shown

as the flowchart, each step is processed through

mapping to the spherical coordinate, mapping to the

center position of the spherical coordinate, mapping

the spherical coordinate to the flat plane, and

mapping to the center of the flat plane from the

spherical coordinate for the used English characters.

The result of these 4 steps for each letter is

extracted in this experiment.

If the input image is located on the  plane

with its corresponding letter by the center of the 

axis in the Cartesian coordinate and the distance is

 from the origin to the plane input image for the

radius  in the spherical coordinate, the mapping

angles have ranges ≤  ≤, ≤≤ .

Input the Character Image

Calculate the RC

Calculate the SC

Mapping the Character to the SC

Calculate the center of the Input

Mapping to the Center of the SC

Mapping the SC to the Flat Plane

(where, RC is the Cartesian coordinate, SC is the spherical coordinate)

Fig. 5. Flowchart for getting the spherical
coordinate feature

Fig. 6. Input character images to be centered

The input character image to be centered are

shown in Fig. 6.

The various input images for which the character

‘A’ is located on at each position are shown in Fig.

7. The 26 characters shown in Fig. 6. are composed

of the input images on the 9 positions for each

character, as in Fig. 7. As the input character

images are composed in 9 positions for each

character of the 26 letters in the English alphabet,

the total input images are 234 items.

The mapping sets to the spherical coordinate for

each input character image and the centering

mapping sets to the spherical coordinate for the

input mapping sets are shown in Fig. 8.

The flat plane of the spherical coordinate and the

mapping results to the center of the flat plane are

shown in Fig. 9.

Fig. 7. Nine position of the character ‘A’ for input
image
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The mapping processing steps for the 5 English

characters from A to E, with a represented position

among the 9 positions in which each character is

placed in this experiment, are shown in Fig. 10.

(a) (b)

Fig. 8. Mapping images to the spherical coordinate
(a) mapping with 9 positions by the
transition
(b) mapping to the centering position

(a) (b)

Fig. 9. Mapping images to the planned spherical
coordinate ≃

(a) mapping with 9 positions by the
transition
(b) mapping to the centering position

Eq. (10) presents the differential ratio of the

character from A to Z for the th character[12]. The

differential ratio for an input character with any

character is calculated, and the results are shown in

Fig. 11.

In the Eq. (10),  is the different pixel number

between the th character and th character, 

is the total number of the th character,  is

the total number of the compared characters.

 


 ′ ′

′ ′




×

(10)

Input   ≃

Fig. 10. Mapping results for ‘A’-‘E’

Fig. 11. 234 mapped images to the centering of
the spherical coordinate for 26 characters

The characteristics of the extracted English

feature from the proposed spherical coordinate

transform are implemented with pixel mapping by
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the coordinate transform, and the differential ratio

for the feature is high as the pixel similarity is low.

According to this processing, the average

differential ratio in this experiment is 78.14% for the

input character per the other characters, as shown in

Fig. 11. The minimum differential ratio is 69.20% for

the case of   , 73.00% for the case of ≃ ,

and average ratio is 79.74%.

In this paper, the image feature that is compared

with the other characters is a very different feature

by the proposed spherical coordinate transform

method. Therefore, the result of the proposed

method can also be applied to the pattern recognition

system, as well as for use with a pattern matching

recognition method. In this paper, the possibility for

the shift invariant feature of the English character

recognition is proposed, and the research for the

recognition feature of Hangul and other characters is

needed in the future.

5. Conclusion

In this paper, the recognized feature of the

character is extracted using the spherical coordinate

transform for the input image of a Cartesian

coordinate, and the possibilities for the recognized

features are proposed with results by which the

differential ratios are analyzed. As the average value

of the differential ratio is 78.14%, the possibility that

is the recognized input form for each character

feature status is proposed.

Specially, the shift invariant feature is extracted

for the character input image using a spherical

transform that is similar to the human eye. It is

possible to extract the shift invariant feature by this

method. A new method adjacent to the human

process is proposed accordingly.

The proposed method, which is a feature

extraction using the spherical coordinate transform

and transformed extracted data, makes it possible to

move the character to the center position of the

input plane. Both digital and optical technology are

mixed using the spherical coordinate that is similar

to a 3 dimensional human eye against a 2

dimensional plane format. Specially, the shift

invariant feature extraction method using the

spherical coordinate element without the Fourier

transform makes it possible to approach an easy

technology and the possibility of implementation for

the character recognition system is higher.

In this paper, the input data uses the capital

alphabet character in a Cartesian coordinate and

new possibility for the recognition field of artificial

intelligent is proposed, and the nearest human

modeling feature extraction system using

human-like modeling is proposed. The relationship

to neural networking using the extracted feature

image is higher.

Accordingly, the high efficiency of the character

image recognition system with a proposed centering

feature that uses a character feature extraction

method is suggested in this paper.
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