
QUANTIFICATION METHOD OF THE FEATURE OF A TUMOR 

AND AN IMAGING METHOD OF THE SAME 

BACKGROUND OF THE INVENTION  

1. Field of the Invention 

The present invention relates to a quantification method and an 

imaging method, and more particularly, to the quantification method 

capable of quantifying the margin feature, the cysts feature, the 

calcifications feature, the echoic feature and the heterogenesis feature of a 

tumor, and to the imaging method capable of imaging the margin feature, 

the cysts feature, the calcifications feature and the heterogenesis feature of a 

tumor. 

2, Description of Related Art 

In recent years, since the resolution of the image and the digitized 

process of the image of the medical use ultrasonic imaging technology have 

both increased significantly, the application filed of the medical use 

ultrasonic imaging technology is not limited in monitoring the growth of a 

baby anymore. The medical use ultrasonic imaging technology is gradually 

used in the diagnosis of the nature of many kinds of tumor, such as the 

thyroid tumor. Moreover, due to the non invasion imaging nature of the 

medical use ultrasonic imaging technology, more and more doctors uses the 

medical use ultrasonic imaging technology as an assistance in diagnosing 

the nature of a tumor and evaluating the possible treatments to the tumor. 

The first step for a doctor to diagnose the nature of a tumor through 

an ultrasonic image is to identify the contour of the tumor, i.e. the tumor 

contour, for defining the tumor inner region and the tumor external region in 

the ultrasonic image. Then, the doctor can identify the features of the tumor, 



such as the margin feature, the cysts feature, the calcifications feature, the 

echoic feature and the heterogenesis in the tumor inner region, as the 

reference for diagnosing the nature of the tumor. However, the medical use 

ultrasonic imaging system of the present time can only allow the doctor to 

input the tumor contour identified by his naked eyes to the ultrasonic image 

of the tumor, with the help of a handwriting input device. But, the 

unreliability of the diagnosis of the nature of the tumor is significant just 

due to this tumor contour identifying process, for the reasons below: 

The tumor contour identifying process mainly depends on the 

subjective feeling and experience of the doctor, even the mental condition 

of the doctor can also plays an important role in it. As a result, for a certain 

ultrasonic image of a tumor, the tumor contours indentified by different 

doctors are different from each other, as shown in FIG. IA. Moreover, even 

for the same doctor, the tumor contours identified at different time slot are 

different from each other, either. 

After that, with the assistance of the identified tumor contour, the 

doctor can identify whether the above features of the tumor is existed in the 

tumor inner region by his naked eyes. And if there exists at least one of the 

above features of the tumor in the tumor inner region, the ratio of the at least 

one of the above features of the tumor in the tumor inner region is evaluated 

by the doctor. At final, based on the results collected on hand, such as the 

distribution of certain kind of feature of the tumor, the doctor diagnoses the 

nature of the tumor. In other words, no objective mechanism exists in the 

present diagnosis process of the nature of a tumor, based on the ultrasonic 

image. Therefore, mistakes on diagnosis of the nature of a tumor exist from 

time to time, decreasing the reliability of the diagnosis process of the nature 



of a tumor by the medical use ultrasonic imaging technology to the medical 

field and the society. 

Besides, lots of image margin identification methods have been 

proposed in the image identification field (such as the license identification 

field) for example, the snake algorithms. However, before the snake 

algorithms starts to work, the uses needs to input a preliminary margin into 

the algorithms, which means the doctor still needs to input a rough tumor 

contour through the handwriting input device. Then, the snake algorithms 

continues to execute the following algorithm process. But, due to the 

intrinsic property thereof, the snake algorithms is preferably applied in the 

case of the image having obvious margin, or the result of the snake 

algorithms will be extremely different from the actual margin. However, in 

most cases, the margin of a tumor is not obvious, i.e. the margin of the 

tumor is always blurred. Therefore, even with the snake algorithms, the 

resulting tumor contour is still quite different from the actual contour of the 

tumor, ash shown in FIG. 1B. 

Besides, for decreasing the calculation time of the snake algorithms, 

the doctor still needs to spend lot of time to input a preliminary margin close 

to the actual tumor contour into the algorithms. Thus, the burden of the 

doctor is not released significantly. Moreover, since the ultrasonic image is 

a gray scale image, the features of the tumor (such as the margin feature, the 

cysts feature, the calcifications feature, the echoic feature and the 

heterogenesis feature) may be displayed as minor change of the gradient 

value of the gray scale of some of the pixel points of the gray scale image, 

which is hard to identify by the naked eyes of the doctor. Therefore, the 

doctor can only identify the existence of these features of a tumor by his 

feeling, making the diagnosing process of the nature of a tumor merely 



depending on the subjective feeling of the doctor, not depending on the 

objetive facts. 

Therefore, a quantification method capable of quantifying the 

margin feature, the cysts feature, the calcifications feature, the echoic 

feature and the heterogenesis feature of a tumor, and an imaging method 

capable of imaging the margin feature, the cysts feature, the calcifications 

feature and the heterogenesis feature of a tumor are required in the field. 

SUMMARY OF THE INVENTION  

Embodiments of the present invention seek to provide a 

quantification method capable of quantifying the margin feature, the cysts 

feature, the calcifications feature, the echoic feature and the heterogenesis 

feature of a tumor, for the diagnosis of a doctor. 

Embodiments of the present invention also seek to provide an 

imaging method capable of imaging the margin feature, the cysts feature, 

the calcifications feature and the heterogenesis feature of a tumor, for the 

diagnosis of a doctor. 

In an embodiment, the quantification method of the margin feature 

of a tumor of the present invention, applying on a gray scale image 

consisting of a plurality of pixel points and displaying at least one tumor 

therein, comprising the steps of: (A) retrieving a tumor contour and a tumor 

contour annular region from the gray scale image, wherein the tumor 

contour is in the tumor contour annular region; (B) displaying the tumor 

contour over the gray scale image for defining a tumor inner region and a 

tumor external region on the gray scale image; (C) retrieving a center 
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of gravity of the tumor contour annular region, defining a section line 

extending outwardly from the center of gravity and penetrating the tumor 
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contour annular region, and providing a measured line segment being on the 

section line and in the tumor contour annular region; (D) calculating the 

moving variance of the gray scale of each of the plurality pixel points on the 

measured line segment; and (E) quantifying the margin feature of the tumor 

on the section line, based on the moving variance of the gray scale of each 

of the plurality pixel points on the measured line segment. 

In another embodiment, the imaging method of the margin feature 

of a tumor, applying on a gray scale image consisting of a plurality of pixel 

points and displaying at least one tumor therein, comprising the steps of: (A) 

retrieving a tumor contour and a tumor contour annular region from the 

gray scale image, wherein the tumor contour is in the tumor contour annular 

region; (B) displaying the tumor contour over the gray scale image for 

defining a tumor inner region and a tumor external region on the gray scale 

image; (C) retrieving a center of gravity of the tumor contour annular region, 

defining a section line extending outwardly from the center of gravity and 

penetrating the tumor contour annular region, and providing a measured 

line segment being on the section line and in the tumor contour annular 

region; (D) calculating the moving variance of the gray scale of each of the 

plurality pixel points on the measured line segment; and (E) defining a 

margin imaging upper limit and a margin imaging lower limit based on the 

moving variance of the gray scale of each of the plurality pixel points on the 

measured line segment, and imaging the margin feature of the tumor on the 

section line in coordination with a rainbow level. 

According to an aspect, the quantification method of the cysts 

feature of a tumor of the present invention, executed by a computer system 

including a display device, a processor, a memory, an 
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input device, and a storage device, applying on a gray scale image 

consisting of a plurality of pixel points and displaying at least one tumor 

therein, comprising the steps of: (A) retrieving, by a processor, a tumor 

contour and a tumor 
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contour annular region from the gray scale image, wherein the tumor 

contour is in the tumor contour annular region; (B) displaying, by the 

display device, the tumor contour over the gray scale image for defining a 

tumor inner region and a tumor external region on the gray scale image, 

wherein the tumor inner region is the region enclosed by the tumor contour; 

(C) calculating, by the processor, both the minimum value and the standard 

deviation of the gradient value of the gray scale of the plurality pixel points 

in the tumor inner region; (D) quantifying, by the processor, a cysts feature 

of the tumor in the tumor inner region, based on a threshold value defined 

by the minimum value of the gradient value of the gray scale of the plurality 

pixel points in the tumor inner region plus a multiple, not equal to one, of 

the standard deviation of the gradient value of the gray scale of the plurality 

pixel points in the tumor inner region, and calculating, by the processor, the 

ratio of the region having the cysts feature over the tumor inner region, 

wherein when one of the plurality pixel points in the tumor inner region has 

a gradient value of the gray scale smaller than the threshold value, the pixel 

point is defined as belonging to the cysts feature; and (E) displaying, by the 

display device, an image pattern including the cysts feature of the tumor. 

According to an aspect, the imaging method of the cysts feature of a 

tumor of the present invention executed by a computer system including a 

display device, a processor, a memory, an input device and storage device, 

applying on a gray scale image consisting of a plurality of pixel points and 

displaying at least one tumor therein, comprising the steps of: (A) retrieving, 

by a processor, a tumor contour and a tumor contour annular region from 

the gray scale image, wherein the tumor contour is in 
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the tumor contour annular region; (B) displaying, by the display device, the 

tumor contour over the gray scale image for defining a tumor inner region 

and a tumor external region on the gray scale image wherein the tumor inner 

region is the region enclosed by the tumor contour; (C) calculating, by the 

processor, both the minimum value and the standard deviation of the 

gradient value of the gray scale of the plurality pixel points in the tumor 

inner region; and (D) defining, by the processor, a cysts imaging upper limit 

and a cysts imaging lower limit, imaging the cysts feature of the tumor in 

the tumor inner region based on said defining, and displaying, by the 

display device, an image pattern including the cysts feature of the tumor, 

wherein the cysts imaging upper limit is a value defined by the minimum 

value of the gradient value of the gray scale of the plurality pixel points in 

the tumor inner region plus a multiple, not equal to one, of the standard 

deviation of the gradient value of the gray scale of the plurality pixel points 

in the tumor inner region, and the cysts imaging lower limit is the minimum 

value of the gradient value of the gray scale of the plurality pixel points in 

the tumor inner region, wherein the cysts imaging upper limit is greater than 

the cysts imaging lower limit, and wherein when the gradient value of the 

gray scale of a pixel point in the tumor inner region is between the cysts 

imaging upper limit and the cysts imaging lower limit, the pixel point is 

defined as belonging to the cysts feature. 

According to an aspect, the quantification method of the 

calcifications feature of a tumor of the present invention, executed by a 

computer system including a display device, a processor, a 
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memory, an input device and a storage device, applying on a gray scale 

image consisting of a plurality of pixel points and displaying at least one 

tumor therein, comprising the steps of: (A) retrieving, by a processor, a 

tumor contour 
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and a tumor contour annular region from the gray scale image, wherein the 

tumor contour is in the tumor contour annular region; (B) displaying, by a 

display device, a tumor contour over the gray scale image for defining a 

tumor inner region and a tumor external region on the gray scale image 

wherein the tumor inner region is the region enclosed by the contour; (C) 

calculating, by the processor, both the minimum value and the standard 

deviation of the gradient value of the gray scale of the plurality of pixel 

points in the tumor inner region; (D) retrieving, by the processor, a cysts 

region in the tumor inner region based on a threshold value defined by the 

minimum value of the gradient value of the gray scale of the plurality pixel 

points in the tumor inner region plus a multiple, not equal to one, of the 

standard deviation of the gradient value of the gray scale of the plurality 

pixel points in the tumor inner region; (E) calculating, by the processor, the 

maximum value, the standard deviation, and the mean value of the gradient 

value of the gray scale of the plurality pixel points in the tumor inner region 

but outside the cysts region; and (F) quantifying, by the processor, a 

calcifications feature of the tumor in the tumor inner region, based on a 

threshold value, defined by the mean value of the gradient value of the gray 

scale of the plurality pixel points in the tumor inner region but outside the 

cysts region plus a multiple, not equal to one, of the standard deviation of 

the gradient value of the gray scale of the plurality pixel points in the tumor 

inner region but outside the cysts region, and calculating, by the processor, 

the ratio of the region having the calcifications feature over the tumor inner 

region but outside the cysts region, wherein when one of the plurality pixel 

points in the tumor inner region but outside the cysts region has a gradient 

value of 
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the gray scale larger than the threshold value, the pixel point is defined as 

belonging to the calcifications feature; and (G) displaying, by the display 

device, an image pattern including the calcifications feature of the tumor. 

According to an aspect, the imaging method of the calcifications 

feature of a tumor of the present invention, executed by a computer system 

including a display device, a processor, a memory, an input device, and a 

storage device, applying on a gray scale image consisting of a plurality of 

pixel points and displaying at least one tumor therein, comprising the steps 

of: (A) retrieving, by a processor a tumor contour and a tumor contour 

annular region from the gray scale image, wherein the tumor contour is in 

the tumor contour annular region; (B) displaying by a display device, a 

tumor contour over the gray scale image for defining a tumor inner region 

and a tumor external region on the gray scale image, wherein the tumor 

inner region is the region enclosed by the tumor contour; (C) calculating, by 

the processor, both the minimum value and the standard deviation of the 

gradient value of the gray scale of the plurality of pixel points in the tumor 

inner region; (D) retrieving, by the processor, a cysts region in the tumor 

inner region based on a. threshold value defined by the minimum value 
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of the gradient value of the gray scale of the plurality pixel points in the 

tumor inner region plus a multiple, not equal to one, of the standard 

deviation of the gradient value of the gray scale of the plurality pixel points 

in the tumor inner region; (E) calculating, by the processor, the maximum 

value, the standard deviation, and the mean value of the gradient value of 

the gray scale of the plurality pixel points in the tumor inner region but 

outside the cysts region, based on the gradient value of the gray scale of 

each of the plurality pixel points in the tumor inner region but outside the 

cysts region; and (F) defining, by the processor, a calcifications imaging 

upper limit and a calcifications imaging lower limit, imaging a 

calcifications feature of the tumor in the tumor inner region but outside the 

cysts region based on said defining, and displaying, by the display device, 

an image pattern including the calcifications feature of the tumor, wherein 

the calcifications imaging upper limit is the maximum value of the gradient 

value of the gray scale of the plurality pixel points in the tumor inner region 

but outside the cysts region and the calcifications imaging lower limit is the 

mean value of the gradient value of the gray scale of the plurality pixel 

points in the tumor inner region but outside the cysts region plus a multiple, 

not equal to one, of times of the standard deviation of the gradient value of 

the gray scale of the plurality pixel points in the tumor inner region but 

outside the cysts region, and wherein when the gradient value of the gray 

scale of a pixel point in the tumor inner region but outside the cysts region is 

between the calcifications imaging upper limit and the calcifications 

imaging lower limit, the pixel point is defined as the image of the 

calcifications feature. 
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In an embodiment, the quantification method of the echoic feature 

of a tumor of the present invention, applying on a gray scale image 

consisting of a plurality of pixel points and displaying at least one tumor 

therein, comprising the steps of: (A) retrieving a tumor contour and a tumor 

contour annular region from the gray scale image, wherein the tumor 

contour is in the tumor contour annular region; (B) displaying the tumor 

contour over the gray scale image for defining a tumor inner region and a 

tumor external region on the gray scale image; (C) calculating the mean 

value of the gradient value of the gray scale of the plurality pixel points in 

the tumor inner region; (D) selecting a reference block in the tumor external 

region, and calculating the mean value of the gradient value of the gray 

scale of the plurality pixel points in the reference block based on the 

gradient value of each of the gray scale of the plurality pixel points in the 

reference block; and (E) quantifying the echoic feature of the tumor based 

on the mean value of the gradient value of the gray scale of the plurality 

pixel points in the tumor inner region and the mean value of the gradient 
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value of the gray scale of the plurality pixel points in the reference block. 

In an embodiment, the quantification method of the heterogenesis 

feature of a tumor of the present invention, applying on a gray scale image 

consisting of a plurality of pixel points and displaying at least one tumor 

therein, comprising the steps of: (A) retrieving a tumor contour and a tumor 

contour annular region from the gray scale image, wherein the tumor 

contour is in the tumor contour annular region; (B) displaying the tumor 

contour over the gray scale image for defining a tumor inner region and a 

tumor external region on the gray scale image; (C) defining a plurality of 

reference masks from the plurality pixel points in the tumor inner region, 

each of the plurality of reference masks including a reference pixel point 

and plural pixels points adjacent to the reference pixel point; (D) calculating 

the local mean and the local variance of the gradient value of the gray scale 

of the reference mask for each of the plurality of reference masks; (E) 

calculating the variance of local mean, the mean of local variance, and the 

variance of local variance of the gradient value of the gray scale of the 

reference mask of the plurality of reference masks; and (F) quantifying the 

heterogenesis feature of the tumor by the calculation of a heterogenesis 

index for each of the plurality of the reference masks, based on at least one 

selected from a group consisted of the variance of local mean, the mean of 

local variance, and the variance of local variance of the gradient value of 

the gray scale of the reference mask for each of the plurality of reference 

masks. To achieve the object, the imaging method of the heterogenesis 

feature of a tumor of the present invention, applying on a gray scale image 

consisting of a plurality of pixel points and displaying at least one tumor 

therein, comprising the steps of: (A) retrieving a tumor 
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contour and a tumor contour annular region from the gray scale image, 

wherein the tumor 
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contour is in the tumor contour annular region; (B) displaying the tumor 

contour over the gray scale image for defming a tumor inner region and a 

tumor external region on the gray scale image; (C) defining a plurality of 

reference masks from the plurality pixel points in the tumor inner region, 

each of the plurality of reference masks including a reference pixel point 

and plural pixels points adjacent to the reference pixel point; (D) calculating 

the variance of the gradient value of the gray scale of the reference mask for 

each of the plurality of reference masks; (E) calculating the mean variance 

of the gradient value of the gray scale of the reference mask of the plurality 

of reference masks; (F) calculating of a heterogenesis index for each of the 

plurality of the reference masks, based on the variance of the gradient value 

of the gray scale of the reference mask for each of the plurality of reference 

masks; (G) calculating the maximum value, the minimum value, th.e mean 

value, and the standard deviation of the heterogenesis indices of the 

plurality of the reference masks, based on the heterogenesis index for each 

of the plurality of the reference masks; and (H) defining a heterogenesis 

imaging upper limit and a heterogenesis imaging lower limit based on the 

maximum value, the minimum value, the mean value, and the standard 

deviation of the heterogenesis indices of the plurality of the reference masks, 

and imaging the heterogenesis feature of the tumor in the tumor inner 

region in coordination with a rainbow level.. 

A computer readable medium storing a computer program for 

making a computer system to execute a quantification method of the margin 

feature of a tumor of the present invention, applying on a gray scale image 

consisting of a plurality of pixel points and displaying at least one tumor 

therein, comprising the steps of: (A) retrieving a tumor contour and a tumor 

contour annular region from. the gray scale image, wherein the tumor 
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contour is in the tumor contour annular region; (B) displaying the tumor 

contour over the gray scale image for defining a tumor inner region and a 

tumor external region on the gray scale image; (C) retrieving a center of 

gravity of the tumor contour annular region, defining a. section line 

extending outwardly from the center of gravity and penetrating the tumor 

contour annular region, and providing a measured line segment being on the 

section line and in the tumor contour annular region; (D) calculating the 

moving variance of the gray scale of each of the plurality pixel points on the 

measured line segment; and (E) quantifying the margin feature of the tumor 

on the section line, based on the moving variance of the gray scale of each 

of the plurality pixel points on the measured line segment. 

A computer readable medium storing a computer program for 

making a computer system to execute an imaging method of the margin 

feature of a tumor, applying on a gray scale image consisting of a plurality 

of pixel points and displaying at least one tumor therein, comprising the 

steps of: (A) retrieving a tumor contour and a tumor contour annular region 

from the gray scale image, wherein the tumor contour is in the tumor 

contour annular region; (B) displaying the tumor contour over the gray 

scale image for defining a tumor inner region and a tumor external region 

on the gray scale image; (C) retrieving a center of gravity of the tumor 

contour annular region, defining a section line extending outwardly from 

the center of gravity and penetrating the tumor contour annular region, and 

providing a measured line segment being on the section line and in the 

tumor contour annular region; (D) calculating the moving variance of the 

gray scale of each of the plurality pixel points on the measured line segment; 

and (E) defining a margin imaging upper limit and a margin imaging lower 

limit based on the moving variance of the gray scale of each of the plurality 



pixel points on the measured line segment, and imaging the margin. feature 

of the tumor on the section line in coordination with a rainbow level. 

A computer readable medium storing a computer program for 

making a computer system to execute a quantification method of the cysts 

feature of a tumor of the present invention, applying on a gray scale image 

consisting of a plurality of pixel points and displaying at least one tumor 

therein, comprising the steps of: (A) retrieving a tumor contour and atumor 

contour annular region from the gray scale image, wherein the tumor 

contour is in the tumor contour annular region; (B) displaying the tumor 

contour over the gray scale image for defining a tumor inner region and a 

tumor external region on the gray scale image; (C) calculating both the 

minimum value and the standard deviation of the gradient value of the gray 

scale of the plurality pixel points in the tumor inner region; and (D) 

quantifying the cysts feature of the tumor in the tumor inner region, based 

on both the minimum value and the standard deviation of the gradient value 

of the gray scale of the plurality pixel points in the tumor inner region. 

A computer readable medium storing a computer program for 

making a computer system to execute an imaging method of the cysts 

feature of a tumor of the present invention, applying on a gray scale image 

consisting of a plurality of pixel points and displaying at least one tumor 

therein, comprising the steps of: (A) retrieving a tumor contour and a tumor 

contour annular region from the gray scale image, wherein the tumor 

contour is in the tumor contour annular region; (B) displaying the tumor 

contour over the gray scale image for defining a tumor inner region and a 

tumor external region on the gray scale image; (C) calculating both the 

minimum value and the standard deviation of the gradient value of the gray 

scale of the plurality pixel points in the tumor inner region; and (D) defining 
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a cysts imaging upper limit and a cysts imaging lower limit based on both 

the minimum value and the standard deviation of the gradient value of the 

gray scale of the plurality pixel points in the tumor inner region, and 

imaaing the cysts feature of the tumor in the tumor inner region. 

A computer readable medium storing a computer program for 

making a computer system to execute a quantification method of the 

calcifications feature of a tumor of the present invention, applying on a gray 

scale image consisting of a plurality of pixel points and displaying at least 

one tumor therein, comprising the steps of: (A) retrieving a tumor contour 

and a tumor contour annular region from the gray scale image, wherein the 

tumor contour is in the tumor contour annular region; (B) displaying the 

tumor contour over the gray scale image for defining a tumor inner region 

and a tumor external region on the gray scale image; (C) calculating both 

the minimum value and the standard deviation of the gradient value of the 

gray scale of the plurality pixel points in the tumor inner region; (D) 

retrieving a cysts region in the tumor inner region based on both the 

minimum value and the standard deviation of the gradient value of the gray 

scale of the plurality pixel points in the tumor inner region; (B) calculating 

the maximum value, the standard deviation, and the mean value of the 

aradient value of the gray scale of the plurality pixel points in the tumor 

inner region but outsid.e the cysts region; and (F) quantifying the 

calcifications feature of the tumor in the tumor inner region, based on the 

maximum value, the standard deviation, and the mean value of the gradient 

value of the gray scale of the plurality pixel points in the tumor inner region 

but outside the cysts region. 

A computer readable medium storing a computer program for 

making a computer system to execute an imaging method of the 
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calcifications feature of a tumor of the present invention, applying on a gray 

scale image consisting of a plurality of pixel points and displaying at least 

one tumor therein, comprising the steps of: (A) retrieving a tumor contour 

and a tumor contour annular region from the gray scale image, wherein the 

tumor contour is in the tumor contour annular region; (B) displaying the 

tumor contour over the gray scale image for defining a tumor inner region 

and a tumor external region on the gray scale image; (C) calculating both 

the minimum value and the standard deviation of the gradient value of the 

gray scale of the plurality pixel points in the tumor inner region; (D) 

retrieving a cysts region in the tumor inner region based on both the 

minimum value and the standard deviation of the gradient value of the gray 

scale of the plurality pixel points in the tumor inner region; (B) calculating 

the maximum value, the standard deviation, and the mean value of the 

gradient value of the gray scale of the plurality pixel points in the tumor 

inner region but outside the cysts region, based on the gradient value of the 

aray scale of each of the plurality pixel points in the tumor inner region but 

outside the cysts region; and (F) defining a calcifications imaging upper 

limit and a calcifications imaging lower limit based on the maximum value, 

the standard deviation, and the mean value of the gradient value of the gray 

scale of the plurality pixel points in the tumor inner region but outside the 

cysts region, and imaging the calcifications feature of the tumor in the 

tumor inner region. 

A computer readable medium storing a computer program for 

making a computer system to execute a quantification method of the echoic 

feature of a tumor of the present invention, applying on a gray scale image 

consisting of a plurality of pixel points and displaying at least one tumor 

therein, comprising the steps of: (A) retrieving a tumor contour and a tumor 
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contour annular region from the gray scale image, wherein the tumor 

contour is in the tumor contour annular region; (B) displaying the tumor 

contour over the gray scale image for defining a tumor inner region and a 

tumor external region on the gray scale image; (C) calculating the mean 

value of the gradient value of the gray scale of the plurality pixel points in 

the tumor inner region; (D) selecting a reference block in the tumor external 

region, and calculating the mean value of the gradient value of the gray 

scale of the plurality pixel points in the reference block based on the 

gradient value of each of the gray scale of the plurality pixel points in the 

reference block; and (E) quantifying the echoic feature of the tumor based 

on the mean value of the gradient value of the gray scale of the plurality 

pixel points in the tumor inner region and the mean value of the gradient 

value of the gray scale of the plurality pixel points in the reference block. 

A computer readable medium storing a computer program for 

making a computer system to execute a quantification method of the 

heterogenesis feature of a tumor of the present invention, applying on a gray 

scale image consisting of a plurality of pixel points and displaying at least 

one tumor therein, comprising the steps of: (A) retrieving a tumor contour 

and a tumor contour annular region from the gray scale image, wherein the 

tumor contour is in the tumor contour annular region; (B) displaying the 

tumor contour over the gray scale image for defining a tumor inner region 

and a tumor external region on the gray scale image; (C) defining a plurality 

of reference masks from the plurality pixel points in the tumor inner region, 

each of the plurality of reference masks including a reference pixel point 

and plural pixels points adjacent to the reference pixel point; (D) calculating 

the local mean and the local variance of the gradient value of the gray scale 

of the reference mask for each of the plurality of reference masks; (E) 
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calculating the variance of local mean, the mean of local variance, and the 

variance of local variance of the gradient value of the gray scale of the 

reference mask of the plurality of reference masks; and (F) quantifying the 

heterogenesis feature of the tumor by the calculation of a heterogenesis 

index for each of the plurality of the reference masks, based on at least one 

selected from a group consisted of the variance of local mean, the mean of 

local variance, and the variance of local variance of the gradient value of 

the gray scale of the reference mask for each of the plurality of reference 

masks. 

A computer readable medium storing a computer program for 

making a computer system to execute an imaging method of the 

heterogenesis feature of a tumor of the present invention, applying on a gray 

scale image consisting of a plurality of pixel points and displaying at least 

one tumor therein, comprising the steps of: (A) retrieving a tumor contour 

and a tumor contour annular region from the gray scale image, wherein the 

tumor contour is in the tumor contour annular region; (B) displaying the 

tumor contour over the gray scale image for defining a tumor inner region 

and.  a tumor external region on the gray scale image; (C) defining a plurality 

of reference masks from the plurality pixel points in the tumor inner region, 

each of the plurality of reference masks including a reference pixel point 

and plural pixels points adjacent to the reference pixel point; (D) calculating 

the variance of the gradient value of the gray scale of the reference mask for 

each of the plurality of reference masks; (B) calculating the mean variance 

of the gradient value of the gray scale of the reference mask of the plurality 

of reference masks; (F) calculating of a heterogenesis index for each of the 

plurality of the reference masks, based on the variance of the gradient value 

of the gray scale of the reference mask for each of the plurality of reference 
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masks; (G) calculating the maximum value, the minimum value, the mean 

value, and the standard deviation of the heterogenesis indices of the 

plurality of the reference masks, based on the heterogenesis index for each 

of the plurality of the reference masks; and (H) defining a heterogenesis 

imaging upper limit and a heterogenesis imaging lower limit based on the 

maximum value, the minimum value, the mean value, and the standard 

deviation of the heterogenesis indices of the plurality of the reference masks, 

and imaging the heterogenesis feature of the tumor in the tumor inner 

region in coordination with a rainbow level. 

As a result, with the quantification method of the margin feature of a 

tumor, the imaging method of the margin feature of a tumor, the 

quantification method of the cysts feature of a tumor, the imaging method of 

the cysts feature of a tumor, the quantification method of the calcifications 

feature of a tumor, the imaging method of the calcifications feature of a 

tumor, the quantification method of the echoic feature of a tumor, the 

quantification method of the heterogenesis feature of a tumor, and the 

imaging method of the heterogenesis feature of a tumor, a doctor can obtain 

both the quantified result of these features and the imaging result of these 

features (in the foul' of image pattern) at the same time when the ultrasonic 

gray scale image is available to him, as the reference for the doctor to 

diagnose the nature of the tumor. Thus, both the accuracy and the reliability 

of the diagnosis of the nature of a tumor thorough the ultrasonic gray scale 

image can thus be increased. The burden of the doctor on the diagnosis of 

the nature of a tumor is also released. 

Other objects, advantages, and novel features of the invention will 

become more apparent from the following detailed description when taken 

in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS  

FIG. IA is the ultrasonic image whose tumor contour is labeled by a 

doctor's hand. 

FIG. IB is the ultrasonic image whose tumor contour is calculated 

and labeled by the snake algorithms. 

FIG. 2 displays the structure of a computer system. 

FIG. 3A is an ultrasonic gray scale image. 

FIG. 3B is a flowchart of the quantification method of the margin 

feature of a tumor according to the first embodiment of the present 

invention. 

FIG. 3C is the flowchart of the tumor contour retrieving method. 

FIG. 3D is a gray scale image displaying a tumor, whose tumor 

contour and the tumor contour annular region is retrieved by the tumor 

contour retrieving method. 

FIG. 3E is the flowchart displaying the substeps of step (D) of the 

quantification method of the margin feature of a tumor according to the first 

embodiment of the present invention. 

FIG. 3F is the flowchart displaying the substep of step (E) of the 

quantification method of the margin feature of a tumor according to the first 

embodiment of the present invention. 

FIG, 4A is a flowchart of the imaging method of the margin feature 

of a tumor according to the second embodiment of the present invention. 

FIG. 4B is the flowchart displaying the substep of step (D) of the 

imaging method of the margin feature of a tumor according to the second 

embodiment of the present invention. 

FIG. 4C is the flowchart displaying the substep of step (E) of the 

imaging method of the margin feature of a tumor according to the second 
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embodiment of the present invention. 

FIG. 5 displays a image pattern displaying the margin feature of a 

tumor. 

FIG. 6A is an ultrasonic gray scale image. 

FIG. 6B is a flowchart of the quantification method of the cysts 

feature of a tumor according to the third embodiment of the present 

invention, 

FIG. 6C is the flowchart displaying the substep of step (E) of the 

quantification method of the cysts feature of a tumor according to the third 

embodiment of the present invention. 

FIG. 7A is a flowchart of the imaging method of the cysts feature of 

a tumor according to the fourth embodiment of the present invention. 

FIG. 7B displays a image pattern displaying the cysts feature of a 

tumor. 

FIG, 8A is an ultrasonic gray scale image. 

FIG. 8B is a flowchart of the quantification method of the 

calcifications feature of a tumor according to the fifth embodiment of the 

present invention, 

FIG. 8C is the flowchart displaying the substep of step (F) of the 

quantification method of the calcifications feature of a tumor according to 

the fifth embodiment of the present invention. 

FIG. 9A is a flowchart of the imaging method of the calcifications 

feature of a tumor according to the sixth embodiment of the present 

invention. 

FIG. 9B displays a image pattern displaying the calcifications 

feature of a tumor. 

FIG. 10A is an ultrasonic gray scale image. 
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FIG. 10B is a flowchart of the quantification method of the echoic 

feature of a tumor according to the seventh embodiment of the present 

invention. 

FIG. 11A is an ultrasonic gray scale image. 

FIG. 11B is a flowchart of the quantification method of the 

heterogenesis feature of a tumor according to the eighth embodiment of the 

present invention. 

FIG. 11C is the flowchart displaying the substeps of step (F) of the 

quantification method of the heterogenesis feature of a tumor according to 

the eighth embodiment of the present invention. 

FIG. I2A is a flowchart of the imaging method of the heterogenesis 

feature of a tumor according to the nineth embodiment of the present 

invention. 

FIG, 12B displays a image pattern displaying the heterogenesis 

feature of a tumor. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

With reference to FIG. 2, a computer system is shown. The 

computer system is capable of executing the quantification method of the 

margin feature of a tumor, the imaaing method of the margin feature of a 

tumor, the quantification method of the cysts feature of a tumor, the imaging 

method of the cysts feature of a tumor, the quantification method of the 

calcifications feature of a tumor, the imaging method of the calcifications 

feature of a tumor, the quantification method of the echoic feature of a 

tumor, the quantification method of the heterogenesis feature of a tumor, 

and the imaging method of the heterogenesis feature of a tumor of the 

present invention. 



As shown in FIG 2, a computer system comprises: a display device 

21, a processor 22, a memory 23, an input device 24 and a storage device 25, 

wherein data such as image, words, instructions, etc. could be input through 

the input device 24. The storage device 25 could be a hard drive, a 

CD-ROM drive or a remote database coupled with the Internet, for storing a 

system program, application program and the data of the user. The memory 

23 is used to register the data or the program to be executed. The processor 

22 is used to compute and process data. The display device 21 displays the 

output data. The computer system of FIG 2 executes kinds of application 

programs under on the basis of the system program 26, such as the word 

processing program, drawing program, scientific calculation program, 

browsing progam and e-mail program, etc. 

In the present embodiment, the storage device 25 stores the 

computer program making a computer system to execute a quantification 

method of the margin feature of a tumor, the computer program making a 

computer system to execute an imaging method of the margin. feature of a 

tumor, the computer program for making a computer system to execute a 

quantification method of the cysts feature of a tumor, the computer program 

for making a computer system to execute an imaging method of the cysts 

feature of a tumor, the computer program for making a computer system to 

execute a quantification method of the calcifications feature of a tumor, the 

computer program for making a computer system to execute an imaging 

method of the calcifications feature of a tumor, the computer program for 

making a computer system to execute a quantification method of the echoic 

feature of a tumor, the computer program for making a computer system to 

execute a quantification method of the heterogenesis feature of a tumor, and 

the computer program for making a computer system to execute an imaging 
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method of the heterogenesis feature of a tumor. Once the computer system 

is subject to execute a quantification method or an imaging method, the 

corresponding computer program is loaded to the memory 23, for executing 

the quantification method or the imaging method in the processor 22. At 

final, the result of the quantification method or the imaging method is 

displayed on the display device 21 or stored in the remote database coupled 

with the Internet. 

Besides, the ultrasonice gray scale image is stored in the storage 

device 25, and the ultrasonice gray scale image is loaded to the memory 23 

as the quantification method or the imaging method being executed. 

Moreover, the preliminary tumor contour of the tumor contour retrieving 

method is input to the computer system through the input device 24. The 

preliminary tumor contour is then integrated with the ultrasonice gray scale 

image, for the execution of the following steps. 

FIG. 3A displays an ultrasonic gray scale image consisting of a 

plurality of pixel points, wherein each of the plurality of pixel points has a 

gradient value of the gray scale. Besides, the ulvasonic gray scale image of 

FIG. 3A displays a thyroid tumor and the surrounding thyroid tissue. 

Besides, as shown in FIG. 3B, which is a flowchart of the 

quantification method of the margin feature of a tumor according to the first 

embodiment of the present invention, comprisng the steps of: 

(A) retrieving a tumor contour and a tumor contour annular region 

from the gray scale image, wherein the tumor contour is in the tumor contour 

annular region; 

(B) displaying the tumor contour over the gray scale image for 

defining a tumor inner region and a tumor external region on the gray scale 

image; 
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(C) retrieving a center of gravity of the tumor contour annular region, 

defining a section line extending outwardly from the center of gravity and 

penetrating the tumor contour annular region, and providing a measured line 

segment being on the section line and in the tumor contour annular region; 

(D) calculating the moving variance of the gray scale of each of the 

plurality pixel points on the measured line segment; and 

(E) quantifying the margin feature of the tumor on the section tine, 

based on the moving variance of the gray scale of each of the plurality pixel 

points on the measured line segment. 

With reference to FIG. 3C and FIG. 3D,a tumor contour retrieving 

method for retrieving the tumor contour and the tumor contour annular 

region of step (A), the tumor contour and the tumor contour annular region 

retrieved from the gray scale image of step (A), and the defintion of the 

center of gravity and the section line in the tumor inner region will be 

descirbed below. FIG. 3C is the flowchart of a tumor contour retrieving 

method. FIG. 3D is a gray scale image displaying a tumor, whose tumor 

contour and the tumor contour annular region is retrieved by the tumor 

contour retrieving method. 

As shown in FIG. 3C, in the present embodiment, a tumor contour 

retrieving method for retrieving the tumor contour and the tumor contour 

annular region of step (A) comprises the steps of: 

inputting a preliminary tumor contour (the track 31 of FIG. 3D); 

defining a preliminary tumor contour annular region (the region 

between the track 32 and the track 33 of FIG. 3D) based on the preliminary 

tumor contour, wherein the preliminary tumor contour is in the preliminary 

tumor contour annular region; 
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retrieving a preliminary center of gravity of the preliminary tumor 

contour annular region (the point 34 of FIG. 3D), defining a preliminary 

section line (the segment 35 of FIG. 3D) extending outwardly from the 

preliminary center of gravity and penetrating the preliminary tumor contour 

annular region, and providing a preliminary measured line segment being on 

the preliminary section line and in the preliminary tumor contour annular 

region; 

calculating the moving variance of the gray scale of each of the 

plurality pixel pointson the preliminary measured line segment, based on the 

gradient value of the gray scale of each of the plurality pixel pointson the 

preliminary measured line segment; 

comparing the moving variance of the gray scale of each of the 

plurality pixel pointson the preliminary measured line segment, and defining 

the pixel point having the maximum moving variance of the gray scale as a 

tumor contour suggestion point (the point 36 of FIG. 3D) on the preliminary 

section line; and 

charming the orientation of the preliminary section line to scan the 

whole margin of the tumor and connecting all the tumor contour suggestion 

point on different preliminary section lines, for retrieving the tumor contour 

and the tumor contour annular region. 

After the tumor contour is retrieved from the gray scale image of FIG. 

3D, the region enclosed by the tumor contour is difinied as the tumor inner 

region. The region of the gray scale image of FIG. 3D not yet defined as the 

tumor inner region is defined as the tumor external region. 

The calculation of the moving variance (Wyk) of the gray scale of 

each of the plurality pixel points on the preliminary measured line segment, 

based on the gradient. value of the gray scale of each of the plurality pixel 
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points on the preliminary measured line segmentwill be explained 

hereinafter, with reference to Table I below: 

At first, the moving variance is defined as the ratio of the variance of 

the gray scale of a local segment for a certain pixel point over the mean 

variance of the gray scale of the plural moving horizon belong to the local 

segment, i.e. 

fk 

Wherein, the local segment includes the certain pixel ponit and plural 

pixel points before (or after) the certain pixel point, being on the preliminary 

measured line segment. In general, if p represents the number of pixel points 

before or after the certain pixel point, then the local segment includes 2p+1 

pixel points therein. 

Besides, the moving horizon of the local segment includes the certain 

pixel point and plural pixel points after the certain pixel point, being in the 

moving horizon. In general, if q represents the number of pixel points after 

the certain pixel point in the moving horizon, then the local segment includes 

2p-q+2 moving variance therein. 
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k 	1 	2 3 	4 5 

G i jk 	77 	79 78 	79 94 

Mi/Uk  4.996216 	5.431265 5.72553 	4.359829 5.065877 

k 6 	7 8 9 10 

ijk 	93 	I 	93 88 78 64 

Wjk 8.586214 1.1.91848 13.55545 i 12.59645 17.43012 

k 	1 	11  12 13 	14 15 

G fik 50 52 56 	I 	65 62 

Wyk  14.88913 10.87886 	6.907269 4.268695 4.830066 

k 16 17 	18 19 

uk  60 	65 	67 69 

MVuk  11.60418 	13.1099 ' 7.002381 	6.10648 
-I 

Table 1 

Wherein, k represents the serial number of the pixel points on the 

preliminary measured line segment. Guk  repersents the gradient value of the 

gray scale of the pixel point. .Atilik represents the moving variance of the 

gray scale of the pixel point. 

As shown in Table 1, the pixel point having the serial number 10 has 

the maximum moving variance of the gray scale. Thus, this pixel point on 

the preliminary measured line segment is the tumor contour suggestion 

point. 

Besides, as shown in FIG. 3E, the step (D) of the quantification 

method of the margin feature of a tumor of the present embodiment includes 
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a step (D l ), i.e. calculating the standard deviation of the moving variance of 

the gray scale (strili/iVi) of the plurality pixel points on the measured line 

segment, based on the moving variance of the gray scale (MV;) of each of 

the plurality pixel points on the measured line segment. However, since the 

method of calculating the standard deviation of the moving variance of the 

gray scale (stdMVI) from the moving variance of the gray scale (Mri) is 

well-known in the art, the detailed steps of the method is omitted herein. 

Moreover, as shown in FIG. 3E, the step (D) of the quantification 

method of the margin feature of a tumor of the present embodiment includes 

a step (D2) following the step (DI), i.e. calculating the mean value of the 

moving variance of the gray scale ( MV; ) of the plurality pixel points on the 

measured line segment, based on the moving variance of the gray scale (MV-i) 

of each of the plurality pixel points on the measured line segment. However, 

since the method of calculating the mean value of the moving variance of the 

gray scale ( M(; ) from the moving variance of the gray scale (MV;) is 

well-known in the art, the detailed steps of the method is omitted herein. 

As shown in FIG. 3F, the step (E) of the quantification method of the 

margin feature of a tumor of the present embodiment includes a step (El), i.e. 

defining a threshold value for identifying the blur of the margin feature of 

the tumor on the section line, based on the standard deviation (S&W)  and 

the mean value ( MV; ) of the moving variance of the gray scale of the 

plurality pixel points on the measured line segment. 

In the present embodiment, the threshold value is the mean value of 

the moving variance of the gray scale (M1) of the plurality pixel points on 

the measured line segment, plus 3 times of the standard deviation of the 

moving variance of the gray scale (stdMVi) of the plurality pixel points on 

the measured line segment (i.e. MV; +3 xstdiVIT/j). If a pixel point on the 
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measured line segment has a moving variance of the gray scale (MV;) 

smaller than the threshold value, the pixel point is defined to have the blur 

margin feature. After examing all pixel points on the measured line segment, 

by dividing the number of pixel points being defined to have the blur margin 

feature with the number of entire pixel points on the measured line segment, 

the ratio of the blur margin feature on the measured line segment over the 

pixels points on the section line is obtained. 

At final, the quantification method of the margin feature of a tumor of 

the present embodiment includes a step (F) following the step (E), i.e. 

changing the orientation of the section line to scan the whole margin of the 

tumor, for quantifying all the margin feature of the tumor. Therefore, the 

ratio of the blur margin feature over the whole margin of the tumor is 

obtained. 

As shown in FIG. 4A, which is a flowchart of the imaging method of 

the margin feature of a tumor according to the second embodiment of the 

present invention, comprisng the steps of: 

(A) retrieving a tumor contour and a tumor contour annular region 

from the gray scale image, wherein the tumor contour is in the tumor contour 

annular region; 

(B) displaying the tumor contour over the gray scale image for 

defining a tumor inner region and a tumor external region on the gray scale 

image; 

(C) retrieving a center of gravity of the tumor contour annular region, 

defining a section line extending outwardly from the center of gravity and 

penetrating the tumor contour annular region, and providing a measured line 

segment being on the section line and in the tumor contour annular region; 



(D) calculating the moving variance of the gray scale of each of the 

plurality pixel points on the measured line segment; and 

(E) defining a margin imaging upper limit and a margin imaging 

lower limit based on the moving variance of the gray scale of each of the 

plurality pixel points on the measured line segment, and imaging the margin 

feature of the tumor on the section line in coordination with a rainbow level. 

However, since the tumor contour and the tumor contour annular 

region retrieved from the gray scale image of step (A), the tumor inner 

region and the tumor external region defined by the tumor contour of step 

(B), the center of gravity and the section line in the tumor inner region of step 

(C), and the calculating method of the moving variance of the gray scale of 

each of the plurality pixel points on the section line of step (D) have been 

described above, the detailed description of them is omitted herein. 

Besides, as shown in FIG. 4B, the step (D) of the imaging method of 

the margin feature of a tumor of the present embodiment includes a step (Dl ), 

i.e. calculating the standard deviation of the moving variance of the gray 

scale (srdMVi) of the plurality pixel points on the measured line segment. 

However, since the method of calculating the standard deviation of the 

moving variance of the gray scale (stdMV1) from the moving variance of the 

gray scale (M) is well-known in the art, the detailed steps of the method is 

omitted herein. 

Moreover, as shown in FIG. 4B, the step (D) of the imaging method of 

the margin feature of a tumor of the present embodiment includes a step (D2) 

following the step (DI), i.e. calculating the mean value of the moving 

variance of the gray scale (ITV) of the plurality pixel points on the 

measured line segment. However, since the method of calculating the mean 

value of the moving variance of the gray scale ( 	) from the moving 



variance of the gray scale (MV;) is well-known in the art, the detailed steps 

of the method is omitted herein. 

As shown in FIG. 4C, the step (B) of the imaging method of the 

margin feature of a tumor of the present embodiment includes a step (El), i.e. 

defining the margin imaging upper limit and the margin imaging lower limit, 

based on the standard deviation (stdAiiii) and the mean value ( 	) of the 

moving variance of the gray scale of the plurality pixel points on the 

measured line segment. 

In the present embodiment, the margin imaging upper limit is the 

mean value of the moving variance of the gray scale of the plurality pixel 

points on the measured line segment, plus 3 times of the standard deviation 

of the moving variance of the gray scale of the plurality pixel points on the 

measured line segment (i.e. MY, +3 xsidifriVi). The margin imaging lower 

limit is the mean value of the moving variance of the gray scale of the 

plurality pixel points on the measured line segment, minus 3 times of the 

standard deviation of the moving variance of the gray scale of the plurality 

pixel points on the measured line segment (i.e. M!' -3 xstdMri).  However, 

if the margin imaging lower limit is smaller than the minimum value of the 

moving variance of the gray scale of the plurality pixel points on the 

measured line segment, then the margin imaging lower limit is adjusted to be 

equal to the minimum value of the moving variance of the gray scale of the 

plurality pixel points on the measured line segment. 

It should be noticed that, in other application case, the margin imaging 

upper limit and the margin imaging lower limit could have other value, 

respectively. For example, the margin imaging upper limit could be the mean 

value of the moving variance of the gray scale of the plurality pixel points on 

the measured line segment, plus 2 times of the standard deviation of the 
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moving variance of the gray scale of the plurality pixel points on the 

measured line segment (i.e. MV +-2xstdMV1). The margin imaging lower 

limit could be the mean value of the moving variance of the gray scale of the 

plurality pixel points on the measured line segment, minus 2 times of the 

standard deviation of the moving variance of the gray scale of the plurality 

pixel points on the measured line segment (i.e. MV -2 -x 	The only 

requirement is that the margin imaging upper limit must be larger than the 

margin imaging lower limit. 

Besides, the rainbow level used in step (E) of the imaging method of 

the margin feature of a tumor of the present embodiment is a level changing 

continuously from red to purple, through orange, yellow, green, blue, and 

indigo, as shown on right side edge of FIG. 5. While the margin feature of 

the tumor is imaged, all pixels points on the measured line segment are 

imaged according to the imaging rules below: 

1. If a pixel point on the measured line segment having the moving 

variance of the gray scale larger than or equal to the margin 

imaging upper limit, the pixel point is covered by a red block; 

2. If a pixel point on the measured line segment having the moving 

variance of the gray scale smaller than or equal to the margin 

imaging lower limit, the pixel point is covered by a purple block; 

and 

3. If a pixel point on the measured line segment having the moving 

variance of the gray scale between the margin imaging upper 

limit and the margin imaging lower limit, the pixel point is 

covered by a block having the color selected from the rainbow 

level corresponding to the relation among the moving variance 
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of the gray scale of the pixel point, the margin imaging upper 

limit and the margin imaging lower limit. 

After all pixels points on the measured line segment are imaged 

according to the imaging rules above, i.e. after the step (B) is completed, the 

imaging method of the margin feature of a tumor of the present embodiment 

can further comprises a step (F), changing the orientation of the section line 

to scan the whole margin of the tumor, for imaging all the margin feature of 

the tumor. Therefore, all pixel points in the tumor contour annular region of 

the tumor are imaged, and an image pattern having the margin feature 

imaged is obtained, as shown in FIG. 5, With the assistance of the image 

pattern of FIG. 5, a doctor can easily discover the distribution of the margin 

feature of the tumor and the blur index of the margin feature of the tumor. 

It should be noticed that the color blocks of the imaging pattern of FIG. 

7 can not only displays on the ultrasonic gray scale image continuously, it 

can also displays on the ultrasonic gray scale image periodically. Thus, the 

doctor can observe other features of the tumor while the margin feature is 

imaged. 

FIG. 6A displays an ultrasonic gray scale image consisting of a 

plurality of pixel points, wherein each of the plurality of pixel points has a 

gradient value of the gray scale. Besides, the ultrasonic gray scale image of 

FIG. 6A displays a thyroid tumor and the surrounding thyroid tissue, 

wherein the thyroid tumor includes a cysts region therein. 

As shown in FIG. 6B, which is a flowchart of the quantification 

method of the cysts feature of a tumor according to the third embodiment of 

the present invention, comprisng the steps of: 
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(A) retrieving a tumor contour and a tumor contour annular region 

from the gray scale image, wherein the tumor contour is in the tumor contour 

annular region; 

(B) displaying the tumor contour over the gray scale image for 

defining a tumor inner region and a tumor external region on the gray scale 

image; 

(C) calculating both the minimum value And the standard deviation of 

the gradient value of the gray scale of the plurality pixel points in the tumor 

inner region; and 

(D) quantifying the cysts feature of the tumor in the tumor inner 

region, based on both the minimum value and the standard deviation of the 

gradient value of the gray scale of the plurality pixel points in the tumor 

inner region. 

However, since the tumor contour and the tumor contour annular 

region retrieved from the gray scale image of step (A), and the tumor inner 

region and the tumor external region defined by the tumor contour of step 

(B), have been described above, the detailed description of them is omitted 

herein. 

Moreover, since the calculating method of the minimum value and the 

standard deviation of the gradient value of the gray scale of the plurality 

pixel points in the tumor inner region of step (C) is well-known in the art, the 

detailed steps of the method is omitted herein. 

As shown in FIG. 6C, the step (D) of the quantification method of the 

cysts feature of a tumor of the present embodiment includes a step (D l ), i.e. 

defining a threshold value for calculating the ratio of the rezion having the 

cysts feature over the tumor inner region, based on both the minimum value 
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(minGO and the standard deviation GtdGO of the gradient value of the gray 

scale of the plurality pixel points in the tumor inner region. 

In the present embodiment, the threshold value is the minimum value 

(minGui) of the gradient value of the gray scale of the plurality pixel points in 

the tumor inner region, plus 0.1 times of the standard deviation (soGifi) of 

the gradient value of the gray scale of the plurality pixel points in the tumor 

inner region (i.e. minGiii+0.1. xsidGW. If a pixel point in the tumor inner 

region has a gradient value of the gray scale (GO smaller than the threshold 

value, the pixel point is defined to have the cysts feature. After examing all 

pixel points in the tumor inner region, by dividing the number of pixel points 

being defined to have the cysts feature with the number of entire pixel points 

in the tumor inner region, the ratio of the cysts feature in the tumor inner 

region is obtained. 

As shown in FIG. 7A, which is a flowchart of the imaging method of 

the cysts feature of a tumor according to the fourth embodiment of the 

present invention, comprisng the steps of: 

(A) retrieving a tumor contour and a tumor contour annular region 

from the gray scale image, wherein the tumor contour is in the tumor contour 

annular region; 

• (B) displaying the tumor contour over the gray scale image for 

defining a tumor inner region and a tumor external region on the gray scale 

image; 

(C) calculating both the minimum value and the standard deviation of 

the gradient value of the gray scale of the plurality pixel points in the tumor 

inner region; and 

(D) defining a cysts imaging upper limit and a cysts imaging lower 

limit based on both the minimum value and the standard deviation of the 
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gradient value of the gray scale of the plurality pixel points in the tumor 

inner region, and imaging the cysts feature of the tumor in the tumor inner 

region. 

However, since the tumor contour and the tumor contour annular 

region retrieved from the gray scale image of step (A), and the tumor inner 

region and the tumor external region defined by the tumor contour of step (B) 

have been described above, the detailed description of them is omitted 

herein. 

Moreover, since the calculating method of the minimum value and the 

standard deviation of the gradient value of the gray scale of the plurality 

pixel points in the tumor inner region of step (C) is well-known in the art, the 

detailed steps of the method is omitted herein. 

Besides, the cysts imaging upper limit defined in. step (D) of the 

imaging method of the cysts feature of a tumor of the present embodiment is 

the minimum value (mi,Giji) of the gradient value of the gray scale of the 

plurality pixel points in the tumor inner region, plus 0.1 times of the standard 

deviation (staiGiji) of the gradient value of the gray scale of the plurality pixel 

points in the tumor inner region (i.e. minGyi+0. I  xstaGyi). The cysts imaging 

lower limit is the minimum value (minGiji)  of the gradient value of the gray 

scale of the plurality pixel points in the tumor inner region. 

It should be noticed that, in other application case, the cysts imaging 

upper limit and the cysts imaging lower limit could have other vaule, 

respectively. For example, the cysts imaging upper limit could be the 

minimum value (minGifi) of the gradient value of the gray scale of the 

plurality pixel points in the tumor inner region, plus 0.3 times of the standard 

deviation GoGiii) of the gradient value of the gray scale of the plurality pixel 

points in the tumor inner region (i.e. minGiji+0 .3 xstdGijy). The cysts imaging 
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lower limit could be the minimum value (,,inGN) of the gradient value of the 

gray scale of the plurality pixel points in the tumor inner region, plus 0.05 

times of the standard deviation (stdGifi) of the gradient value of the gray scale 

of the plurality pixel points in the tumor inner region (i.e. minG,71+0. 05 

stdGiji). The only requirement is that the cysts imaging upper limit must be 

larger than the cysts imaging lower limit. 

Besides, while the cysts feature of the tumor is imaged, if a pixel point 

having the gradient value of the gray scale between the cysts imazing upper 

limit and the cysts imaging lower limit, the pixel point is covered by a peach 

block. After all the pixel points in the tumor inner region being imaged 

according to the imaging rules above, an image pattern having the cysts 

feature imaged is obtained, as shown in FIG. 7B. With the assistance of the 

image pattern of FIG. 7B, a doctor can easily discover the distribution of the 

cysts feature of the tumor and the ratio of the cysts feature over the tumor 

inner region. 

Moreover, the imaging method of the cysts feature of a tumor 

according to the fourth embodiment of the present invention can further 

comprise the below steps, following the step (D), such as: 

(B) defining a plurality of reference masks from the plurality 

pixel points in the tumor inner region, each of the plurality of reference 

masks including a reference pixel point and plural pixels points 

adjacent to the reference pixel point, wherein the gradient value of the 

gray scale of the reference pixel point is between the cysts imaging 

upper limit and the cysts imaging lower limit; and 

(F) covering the reference pixel point and all the plural pixels 

points with a peach block while the gradient value of the gray scale of 

at least one of the plural pixels points is between the cysts imaging 
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upper limit and the cysts imaging lower limit and the cysts feature of 

the tumor is imaged. 

On the other hand, the imaging method of the cysts feature of a tumor 

according to the fourth embodiment of the present invention can further 

comprise step (0) following the step (F): 

(0) removing the peach block covering the reference pixel point and 

all the plural pixels points while only the gradient value of the gray scale of 

the reference pixel point is between the cysts imaging upper limit and the 

cysts imaging lower limit and the cysts feature of the tumor is imaged. 

By completing the steps (B) to (0) described above, the shape and the 

area of the peach block is more coincident with the actual shape and the area 

of the cysts feature of the tumor. Besides, in the present embodiment, the 

reference mask defined in step (E) includes 9 pixel points. 

FIG. 8A displays an ultrasonic gray scale image consisting of a 

plurality of pixel points, wherein each of the plurality of pixel points has a 

gradient value of the gray scale. Besides, the ultrasonic gray scale image of 

FIG. 8A displays a thyroid tumor and the surrounding thyroid tissue, 

wherein the. thyroid tumor includes a calcifications region therein. 

As shown in FIG. 8B, which is a flowchart of the quantification 

method of the calcifications feature of a tumor according to the fifth 

embodiment of the present invention, comprisng the steps of: 

(A) retrieving a tumor contour and a tumor contour annular region 

from the gray scale image, wherein the tumor contour is in the tumor contour 

annular region; 

(B) displaying the tumor contour over the gray scale image for 

defining a tumor inner region and a tumor external region on the gray scale 

image; 

37 



(C) calculating both the minimum value and the standard deviation of 

the gradient value of the gray scale of the plurality pixel points in the tumor 

inner region; 

(D) retrieving a cysts region in the tumor inner region based on both 

the minimum value and the standard deviation of the gradient value of the 

gray scale of the plurality pixel points in the tumor inner region; 

(E) calculating the maximum value, the standard deviation, and the 

mean value of the gradient value of the gray scale of the plurality pixel points 

in the tumor inner region but outside the cysts region; and 

(F) quantifying the calcifications feature of the tumor in the tumor 

inner region, based on the maximum value, the standard deviation, and the 

mean value of the gradient value of the gray scale of the plurality pixel points 

in the tumor inner region but outside the cysts region. 

However, since the tumor contour and the tumor contour annular 

region retrieved from the gray scale image of step (A), the tumor inner 

region and the tumor external region defined by the tumor contour of step (B) 

and the cysts region retrieved in step (D) have been described above, the 

detailed description of them is omitted herein. 

Moreover, since the calculating method of the minimum value and the 

standard deviation of the gradient value of the gray scale of the plurality 

pixel points in the tumor inner region of step (C) and the calculating method 

of the maximum value, the standard deviation, and the mean value of the 

gradient value of the gray scale of the plurality pixel points in the turnor 

inner region but outside the cysts region of step (E) is well-known in the art, 

the detailed steps of the methods are omitted herein. 

As shown in FIG. 8C, the step (F) of the quantification method of the 

calcifications feature of a tumor of the present embodiment includes a step 

38 



(F1), i.e. defining a threshold value for calculating the ratio of the region 

having the calcifications feature over the tumor inner region, based on the 

maximum value (m„_,Giii), the standard deviation (std,_,Gui), and the mean 

value ( ne„_,Gifi) of the gradient value of the aray scale of the plurality pixel 

points in the tumor inner region but outside the cysts region. 

In the present embodiment, the threshold value is the mean value 

0„,„,_,G0 of the gradient value of the gray scale of the plurality pixel points 

in the tumor inner region but outside the cysts region, plus 2.8 times of the 

standard deviation (std_,Gifi) of the uradient value of the gray scale of the 

plurality pixel points in the tumor inner region but outside the cysts region 

(i.e. „an ,Gyi +2.8 Xstd_cGO. If a pixel point in the tumor inner region but 

outside the cysts region has a gradient value of the gray scale (GO larger 

than the threshold value, the pixel point is defined to have the calcifications 

feature. After examing all pixel points in the tumor inner region, by dividing 

the number of pixel points being defined to have the calcifications feature 

with the number of entire pixel points in the tumor inner region, the ratio of 

the calcifications feature in the tumor inner region is obtained. 

As shown in FIG. 9A, which is a flowchart of the imaging method of 

the calcifications feature of a tumor according to the sixth embodiment of the 

present invention, comprisng the steps of: 

(A) retrieving a tumor contour and a tumor contour annular region 

from the gray scale image, wherein the tumor contour is in the tumor contour 

annular region; 

(B) displaying the tumor contour over the gray scale image for 

defining a tumor inner region and a tumor external region on the gray scale 

image; 
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(C) calculating both the minimum value and the standard deviation of 

the gradient value of the gray scale of the plurality pixel points in the tumor 

inner region; 

(D) retrieving a cysts reaion in the tumor inner region based on both 

the minimum value and the standard deviation of the gradient value of the 

gray scale of the plurality pixel points in the tumor inner region; 

(E) calculating the maximum value, the standard deviation, and the 

mean value of the gradient value of the gray scale of the plurality pixel points 

in the tumor inner region but outside the cysts region, based on the gradient 

value of the gray scale of each of the plurality pixel points in the tumor inner 

region but outside the cysts region; and 

(F) defining a calcifications imaging upper limit and a calcifications 

imaging lower limit based on the maximum value, the standard deviation, 

and the mean value of the gradient value of the gray scale of the plurality 

pixel points in the tumor inner region but outside the cysts region, and 

imaging the calcifications feature of the tumor in the tomor inner region. 

However, since the tumor contour and the tumor contour annular 

region retrieved from the gray scale image of step (A), the tumor inner 

region and the tumor external region defined by the tumor contour of step (B) 

and the cysts region retrieved in step (D) have been described above, the 

detailed description of them is omitted herein. 

Moreover, since the calculating method of the minimum value and the 

standard deviation of the g-Rdient value of the gray scale of the plurality 

pixel points in the tumor inner region of step (C) and the calculating method 

of the maximum value, the standard deviation, and the mean value of the 

gradient value of the gray scale of the plurality pixel points in the tumor 
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inner region but outside the cysts region of step (E) is well-known in the art, 

the detailed steps of the methods are omitted herein. 

Besides, the calcifications imaging upper limit defined in step (F) of 

the imaging method of the calcifications feature of a tumor of the present 

embodiment is the maximum value (,,,,,LeGiji) of the gradient value of the 

gray scale of the plurality pixel points in the tumor inner region but outside 

the cysts region. The calcifications imaging lower limit is the mean value 

(mean_eGyi) of the gradient value of the gray scale of the plurality pixel points 

in the tumor inner region but outside the cysts region, plus 2.8 times of the 

standard deviation (std.,Giji) of the gradient value of the gray scale of the 

plurality pixel points in the tumor inner region but outside the cysts region 

(i.e. mean_cG+2.8     x,td_,,GO. 

It should be noticed that, in other application case, the calcifications 

imaging upper limit and the calcifications imaging lower limit could have 

other value, respectively. For example, the calcifications imaging upper 

limit could be the maximum value (max  ,G0 of the gradient value of the 

gray scale of the plurality pixel points in the tumor inner region but outside 

the cysts region, minus 0.1 times of the standard deviation (stdeGui) of the 

gradient value of the gray scale of the plurality pixel points in the tumor 

inner region but outside the cysts region (i.e. 	,.G max_ 	-0.1  xstdc•G if!) • The 

calcifications imaging lower limit could be the mean value (mean ,G i11) of the 

gradient value of the gray scale of the plurality pixel points in the tumor 

inner region but outside the cysts region, plus 2.5 times of the standard 

deviation (ski aGyi) of the gradient value of the gray scale of the plurality 

pixel points in the tumor inner region but outside the cysts region (i.e. 

mean_c • +2.5 xstasGyi). The only requirement is that the calcifications 
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imaging upper limit must be larger than the calcifications imaging lower 

limit. 

Besides, while the calcifications feature of the tumor is imaged, if a 

pixel point in the tumor inner region but outside the cysts region having the 

gradient value of the gray scale between the calcifications imaging upper 

limit and the calcifications imaging lower limit, the pixel point is covered by 

a. yellow block. After all the pixel points in the tumor inner region but 

outside the cysts region being imaged according to the imaging rules above, 

an image pattern having the calcifications feature imaged is obtained, as 

shown in FIG. 9B. With the assistance of the image pattern of FIG. 9B, a 

doctor can easily discover the distribution of the calcifications feature of the 

tumor and the ratio of the calcifications feature over the tumor inner region. 

FIG. 10A displays an ultrasonic gray scale image consisting of a 

plurality of pixel points, wherein each of the plurality of pixel points has a 

gradient value of the gray scale. Besides, the ultrasonic gray scale image of 

FIG. 10A displays a thyroid tumor and the surrounding thyroid tissue. 

As shown in FIG. 10B, which is a flowchart of the quantification 

method of the echoic feature of a tumor according to the seventh 

embodiment of the present invention, comprisng the steps of: 

(A) retrieving a tumor contour and a tumor contour annular region 

from the gray scale image, wherein the tumor contour is in the tumor contour 

annular region; 

(B) displaying the tumor contour over the gray scale image for 

defining a tumor inner region and a tumor external region on the gray scale 

image; 

(C) calculating the mean value of the gradient value of the gray scale 

of the plurality pixel points in the tumor inner region; 
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(D) selecting a reference block in the tumor external region., and 

calculating the mean value of the gradient value of the gray scale of the 

plurality pixel points in the reference block based on the gradient value of 

each of the gray scale of the plurality pixel points in the reference block; and 

(E) quantifying the echoic feature of the tumor based on the mean 

value of the gradient value of the gray scale of the plurality pixel points in 

the tumor inner region and the mean value of the gradient value of the gray 

scale of the plurality pixel points in the reference block. 

However, since the tumor contour and the tumor contour annular 

region retrieved from the gray scale image of step (A) and the tumor inner 

region and the tumor external region defined by the tumor contour of step (B) 

have been described above, the detailed description of them is omitted 

herein. 

Moreover, since the calculating method of the mean value of the 

gradient value of the gray scale of the plurality pixel points in the tumor 

inner region of step (C) and the calculating method of the mean value of the 

gradient value of the gray scale of the plurality pixel points in the reference 

block of step (D) is well-known in the art, the detailed steps of the methods 

are omitted herein. 

Besides, the aforementiond reference block is the region enclosed by 

the rectangular frame outside the tumor contour of FIG. I OA, i.e. in the 

tumor external region. In general, the reference block is located at the region 

of the ultrasonic gray scale image displaying the ordinary tissue. 

In the present embodiment, the echoic feature of the tumor is 

quantified by dividing the difference between the mean value (rne,G,J1) of 

the gradient value of the gray scale of the plurality pixel points in the tumor 

inner region and the mean value (m„,Gr) of the gradient value of the gray 
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scale of the plurality pixel points in the reference block with the mean value 

GwartGOOf the gradient value of the gray scale of the plurality pixel points in 

the reference block, as shown in the following formula: 

 

mean i l mean x100% 
ER = 

 

mean 

in general, the result of the above fotniula is represented by ER. If ER 

is larger than or equal to 0 (i.e. ERA 0), the tumor is defined to have the 

hyperechoic feature. If ER is smaller than 0 (i.e. ER<0), the tumor is defined 

to have the hypoechoic feature 

FIG. 11A displays an ultrasonic gray scale image consisting of a 

plurality of pixel points, wherein each of the plurality of pixel points has a 

gradient value of the gray scale. Besides, the ultrasonic gray scale image of 

FIG. 11A displays a thyroid tumor and the surrounding thyroid tissue. 

As shown in FIG. 11B, which is a flowchart of the quantification 

method of the heterogenesis feature of a tumor according to the eighth 

embodiment of the present invention, comprisng the steps of: 

(A) retrieving a tumor contour and a tumor contour annular region 

from the gray scale image, wherein the tumor contour is in the tumor contour 

annular region; 

(B) displaying the tumor contour over the gray scale image for 

defining a tumor inner region and a tumor external region on the gray scale 

image; 

(C) defining a plurality of reference masks from the plurality pixel 

points in the tumor inner region, each of the plurality of reference masks 
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including a reference pixel, point and plural pixels points adjacent to the 

reference pixel point; 

(D) calculating the local mean and the local variance of the gradient 

value of the gray scale of the reference mask for each of the plurality of 

reference masks; 

(E) calculating the variance of local mean, the mean of local variance, 

and the variance of local variance of the gradient value of the gray scale of 

the reference mask of the plurality of reference masks; and 

(F) quantifying the heterogenesis feature of the tumor by the 

calculation of a heterogenesis index for each of the plurality of the reference 

masks, based on at least one selected from a group consisted of the variance 

of local mean, the mean of local variance, and the variance of local variance 

of the gradient value of the gray scale of the reference mask for each of the 

plurality of reference masks. 

However, since the tumor contour and the tumor contour annular 

region retrieved from the gray scale image of step (A) and the tumor inner 

region and the tumor external region defined by the tumor contour of step (B) 

have been described above, the detailed description of them is omitted 

herein, 

Besides, in the present embodiment, the reference mask of step (C) 

includes 25 pixel points, i.e. the reference pixel point and plural pixels points 

adjacent to the reference pixel point. The difference between the coordinate 

of these pixel points (x' y') and the coordinate of the reference pixel points 

(x,y) is smaller than 2. It should be noticed that, in other application case, the 

reference mask of step (C) could include different number of pixel points, for 

example, 49 pixel points. 
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Below, the calculation of the variance of local mean (VOM), the mean 

of local variance (MOV), and the variance of local variance (VOV), based 

on the variance, the local mean and the local variance of the gradient value of 

the gray scale of the reference mask for each of the plurality of reference 

masks is described. 

First, the variance of local mean (VOM) interprets the changes of the 

local means. That is, the variance of local mean (VOM) is calculated as the 

variance among the local averages. Second, the variance of local variance 

(VOV) interprets the scale of difference in the local area. That is, the 

variance of local variance (VOV) is calculated as the mean among the 

variances in local area. Thrid, the mean of local variance (MOV) interprets 

the changes among the differences in the local area. That is, the mean of 

local variance (MOV) is calculated as the variance among the variances in 

local area. 

An example for explaining the calculation of these three kinds of 

variance is presented below. 

At the beginning, a local squared-area (i.e. the reference mask) of an 

ifq ultrasonic gray scale image is defined (denoted as 	), for the 

measurement point Pi j which consists of (2q+1)x(2q+1) measurement 

points, where q is said to be the element to decide the width of the 

squared-area. Besides, the components within 	can be shown as: 
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0 • • 	 • * • 

• • • 

0 • • 

Pi+q,j-q 

1-q,j+q 

The sample mean of the points within ij is defined as the local mean, 

If 
denoted as 	can be calculated as: 

i+q 

GRi r 

0,2 
	 =1 • 

(2q +1)
2 

is the brightness of the Pi J at the single frame at a constant of 

timepoint. 

The sample variance of the points within Aq is defined as the local 
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S 	 q 
and 	'• for the area 	will not be calculated. 

S2, 
variance, denoted as 4j can be calculated as: 

i+q j+q 

GRI T 

z =1—q .1  =j—q 

(2q+ )2 

 

However, when 
Aiq 

contains the points that are outside the ROI, the 

Based on pre-defined region of interest (ROI), in this case, the tumor 

inner region, and a given q, in the case, 	the local means (denoted as 

2 

Avg ) and the nq  local variances (denoted as 	), where 1 < 1,  5_ nq  

Therefore, the variance of local mean (VOM) could be calculated 
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VOMq  
p4

2 

 

2 

  

as: 	
v=1  

where Li-  = 
• 4 	

nq 

The mean of local variance (MOV) could be calculated as: 

77 /7  

MO V, 	 
nq  

The variance of local variance (VOV) could be calculated as: 
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nq  

VOV = v=1 

nq  —1 

I/ q  

A, 
v=1 	v  where s 

nq  

As a result, the calculation of the local mean (VOM), the mean of local 

variance (MOV), the variance of local variance (VOV), as well as the ratio 

of the variance of local. variance (VOV) divided by the variance of local 

mean (VOM), the ratio of the mean of local variance (MOV) divided by the 

variance of local variance (VOV), and the ratio of the mean of local 

variance (MOV) divided by the variance of local mean (VOM) are 

disclosed. 

Among these 6 forms of the heterogenesis index, the one in which the 

heterogenesis index is a function of the ratio of the variance of local 

variance (VOV) divided by the variance of local mean (VOM) has the best 

performance. 
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As shown in FIG. I 2A, which is a flowchart of the imaging method of 

the heterogenesis feature of a tumor according to the nineth embodiment of 

the present invention, comprisng the steps of: 

(A) retrieving a tumor contour and a tumor contour annular region 

from the gray scale image, wherein the tumor contour is in the tumor contour 

annular region; 

(B) displaying the tumor contour over the gray scale image for 

defining a tumor inner region and a tumor external region on the gray scale 

image; 

(C) defining a plurality of reference masks from the plurality pixel 

points in the tumor inner region, each of the plurality of reference masks 

including a reference pixel point and plural pixels points adjacent to the 

reference pixel point; 

(D) calculating the variance of the gradient value of the gray scale of 

the reference mask for each of the plurality of reference masks; 

(E) calculating the mean variance of the gradient value of the gray 

scale of the reference mask of the plurality of reference masks; 

(F) calculating of a heterogenesis index for each of the plurality of the 

reference masks, based on the variance of the gradient value of the gray scale 

of the reference mask for each of the plurality of reference masks; 

(G) calculating the maximum value, the minimum value, the mean 

value, and the standard deviation of the heterogenesis indices of the plurality 

of the reference masks, based on the heterogenesis index for each of the 

plurality of the reference masks; and 

(H) defining a heterogenesis imaging upper limit and a heterogenesis 

imaging lower limit based on the maximum value, the minimum value, the 

mean value, and the standard deviation of the heterogenesis indices of the 
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plurality of the reference masks, and imaging the heterogenesis feature of the 

tumor in the tumor inner region in coordination with a rainbow level. 

However, since the tumor contour and the tumor contour annular 

region retrieved from the gray scale image of step (A) and the tumor inner 

region and the tumor external region defined by the tumor contour of step (B) 

have been described above, the detailed description of them is omitted 

herein.Moreover, since the calculating method of the maximum value, the 

minimum value, the mean value, and the standard deviation of the 

heterogenesis indices of the plurality of the reference masks, based on the 

heterogenesis index for each of the plurality of the reference masks of step 

(G) is well-known in the art, the detailed steps of the method is omitted.  

herein. 

Besides, in the present embodiment, the reference mask of step (C) 

includes 25 pixel points, i.e. the reference pixel point and plural pixels points 

adjacent to the reference pixel point. The difference between the coordinate 

of these pixel points (x` ,y) and the coordinate of the reference pixel points 

(x,y) is smaller than 2. It should be noticed that, in other application case, the 

reference mask of step (C) could include different number of pixel points, for 

example, 49 pixel points. 

The variance of the gradient value of the gray scale of the reference 

mask for each of the plurality of reference masks calculated in step (D) is 

represented by „TWA. The mean variance of the gradient value of the 

gray scale of the reference mask of the plurality of reference masks 

calculated in step (E) is represented by 	Besides, 
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varp 

mariMHI1= 

As shown. in FIG. 11C, the step (F) of the quantification method of the 

heterogenesis feature of a tumor of the present embodiment includes a step 

(F1), by taking the square roots of the absolute value of the difference 

between the variance of the gradient value of the gray scale of the reference 

mask 	for each of the plurality of reference masks and the mean 

variance of the gradient value of the gray scale of the reference mask 

(movAiiiii) of the plurality of reference masks, calculating the heterogenesis 

index HPiz. for each of the plurality of the reference masks, as shown in the 

following formula: 

HPiz.= van' 
	

Iii MOV 	i 

Besides, as shown in FIG. 11C, the step (F) of the quantification 

method of the heterogenesis feature of a tumor of the present embodiment 

includes a step (F2) following the step (F1), defining a threshold value for 

calculating the ratio of the region having the heterogenesis feature over the 

tumor inner region, based on the heterogenesis index (HPiz) for each of the 

plurality of the reference masks. 

In the present embodiment, the heterogenesis imaging upper limit of 

step (H) is the maximum value of the heterogenesis indices („,„H.Pi) of the 

53 



plurality of the reference masks; and the heterogenesis imaging lower limit is 

the mean value of the heterogenesis indices (m„,.,HPi) of the plurality of the 

reference masks, minus 0.1 times of the standard deviation (80,riPi) of the 

heterogenesis indices of the plurality of the reference masks (i.e. 

7„eanHPro. x,tdil-Pi). 

It should be noticed that, in other application case, the heterogenesis 

imaging upper limit and the heterogenesis imaging lower limit could have 

other value, respectively. For example, the heterogenesis imaging upper 

limit could be the maximum value of the heterogenesis indices (,,,HPi) of 

the plurality of the reference masks, minus 0.1 times of the standard 

deviation (std fiPi) of the heterogenesis indices of the plurality of the 

reference masks (i.e. „,,HP/-0 .1 X  adHP f). The heterogenesis imaging 

lower limit could be the mean value of the heterogenesis indices (,„,a„HPI) 

of the plurality of the reference masks, minus 0.2 times of the standard 

deviation (std-hr-P;) of the heterogenesis indices of the plurality of the 

reference masks (i.e. „,,IIP r0 .2 xstd.HP1). The only requirement is that the 

heterogenesis imaging upper limit must be larger than the heterogenesis 

imaging lower limit. 

Besides, the rainbow level used in step (H) of the imaging method of 

the heterogenesis feature of a tumor of the present embodiment is a level 

changing continuously from red to purple, through orange, yellow, green, 

blue, and indigo. While the heterogenesis feature of the tumor is imaged, the 

reference pixel point of each of the plurality of reference masks are imaged 

according to the imaging rules below: 

I. 

	

	If a reference mask having the heterogenesis index equal to the 

heterogenesis imaging upper limit, the reference pixel point of the 

reference mask is covered by a red block; 
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2. f a reference mask having the heterogenesis index smaller than or 

equal to the heterogenesis imaging lower limit, the reference pixel 

point of the reference mask is covered by a purple block; and 

3. If a reference mask having the heterogenesis index between the 

heterogenesis imaging upper limit and the heterogenesis imaging 

lower limit, the reference pixel point of the reference mask is 

covered by a block having the color selected from the rainbow 

level corresponding to the relation among the heterogenesis index 

of the reference mask, the heterogenesis imaging upper limit and 

the heterogenesis imaging lower limit. 

After the reference pixel point of each of the plurality of reference 

masks are imaged according to the imaging rules above, an image pattern 

having the heterogenesis feature imaged is obtained, as shown in FIG. 12B. 

With the assistance of the image pattern of FIG. 12B, a doctor can easily 

discover the distribution of the heterogenesis feature of the tumor and the 

ratio of the heterogenesis feature in the tumor inner region. 

It should be noticed that the color blocks of the imaging pattern of FIG. 

12B can not only displays on the ultrasonic gray scale image continuously, it 

can also displays on the ultrasonic gray scale image periodically. Thus, the 

doctor can observe other features of the tumor while the heterogenesis 

feature is imaged. 

As described above, with the quantification method of the margin 

feature of a tumor, the imaging method of the margin feature of a tumor, the 

quantification method of the cysts feature of a tumor, the imaging method of 

the cysts feature of a tumor, the quantification method of the calcifications 

feature of a tumor, the imaging method of the calcifications feature of a 
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tumor, the quantification method of the echoic feature of a tumor, the 

quantification method of the heterogenesis feature of a tumor, and the 

imaging method of the heterogenesis feature of a tumor, a doctor can obtain 

both the quantified result of these features and the imaging result of these 

features (in the form of image pattern) at the same time when the ultrasonic 

gray scale image is available to him, as the reference for the doctor to 

diagnose the nature of the tumor. Thus, both the accuracy and the reliability 

of the diagnosis of the nature of a tumor thorough the ultrasonic gray scale 

image can thus be increased. The burden of the doctor on the diagnosis of the 

nature of a tumor is also released. 

Moreover, the steps of the quantification method of the margin feature 

of a tumor, the imaging method of the margin feature of a tumor, the 

quantification method of the cysts feature of a tumor, the imaging method of 

the cysts feature of a tumor, the quantification method of the calcifications 

feature of a tumor, the imaging method of the calcifications feature of a 

tumor, the quantification method of the echoic feature of a tumor, the 

quantification method of the heterogenesis feature of a tumor, and the 

imaging method of the heterogenesis feature of a tumor provided by the 

present invention can be compose into computer language for be executed by 

the computer system. The computer program of the above methods can be 

stored in a computer readable medium capable of being indentified or read 

by any kind of processor, or any object or any device including the computer 

readable medium therein. The type of the object or the device is not limited; 

it could be a hard drive, soft drive, a CD-ROM, ZIP, MO, IC chip, or RAM. 

The computer system is not limited to the ordinary form of the computer 

system, it could also be a cellphone, palm computer, smart phone, PISA, etc. 

Although the present invention has been explained in relation to its 
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preferred embodiment, it is to be understood that many other possible 

modifications and variations can be made without departing from the scope 

of the invention as hereinafter claimed. 
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WHAT IS CLAIMED IS: 

1. A quantification method of a cysts feature of a tumor executed by a computer system including a 

display device, a processor, a memory, an input device, and a storage device, applying on a gray scale 

image consisting of a plurality of pixel points and displaying at least one tumor therein, comprising the 

steps of: 

(A) retrieving, by a processor, a tumor contour and a tumor contour annular region from the 

gray scale image, wherein the tumor contour is in the tumor contour annular region; 

(B) displaying, by a display device, the tumor contour over the gray scale image for defining a 

tumor inner region and a tumor external region on the gray scale image, wherein the tumor inner region 

is the region enclosed by the tumor contour; 

(C) calculating, by the processor, both the minimum value and the standard deviation of the 

gradient value of the gray scale of the plurality pixel points in the tumor inner region; 

(D) quantifying, by the processor, a cysts feature of the tumor in the tumor inner region based 

on a threshold value defined by the minimum value of the gradient value of the gray scale of the 

plurality pixel points in the tumor inner region plus a multiple, not equal to one, of the standard 

deviation of the gradient value of the gray scale of the plurality pixel points in the tumor inner region, 

and calculating, by the processor, the ratio of the region having the cysts feature over the tumor inner 

region, 

wherein when one of the plurality pixel points in the tumor inner region has a gradient value of 

the gray scale smaller than the threshold value, the pixel point is defined as belonging to the cysts 

feature; and 

(E) displaying, by the display device, an image pattern including the cysts feature of the tumor. 

2. An imaging method of a cysts feature of a tumor executed by a computer system including a display 

device, a processor, a memory, an input device, and a storage device, applying on a gray scale image 

consisting of a plurality of pixel points and displaying at least one tumor therein, comprising the steps of: 

(A) retrieving, by a processor, a tumor contour and a tumor contour annular region from the 

gray scale image, wherein the tumor contour is in the tumor contour annular region; 

(B) displaying, by a display device, the tumor contour over the gray scale image for defining a 

tumor inner region and a tumor external region on the gray scale image, wherein the tumor inner region 

is the region enclosed by the tumor contour; 
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(C) calculating, by the processor, both the minimum value and the standard deviation of the 

gradient value of the gray scale of the plurality pixel points in the tumor inner region; and 

(D) defining, by the processor, a cysts imaging upper limit and a cysts imaging lower limit, 

imaging a cysts feature of the tumor in the tumor inner region based on said defining, and displaying, by 

the display device, an image pattern including the cysts feature of the tumor, 

wherein the cysts imaging upper limit is a value defined by the minimum value of the gradient 

value of the gray scale of the plurality pixel points in the tumor inner region plus a multiple, not equal to 

one, of the standard deviation of the gradient value of the gray scale of the plurality pixel points in the 

tumor inner region, and the cysts imaging lower limit is the minimum value of the gradient value of the 

gray scale of the plurality pixel points in the tumor inner region, 

wherein the cysts imaging upper limit is greater than the cysts imaging lower limit, and 

wherein when the gradient value of the gray scale of a pixel point in the tumor inner region is 

between the cysts imaging upper limit and the cysts imaging lower limit, the pixel point is defined as 

belonging to the cysts feature. 

3. The imaging method as claimed in claim 2, wherein, when a pixel point in the tumor inner region 

having the gradient value of the gray scale between the cysts imaging upper limit and the cysts imaging 

lower limit, the pixel point is covered by a peach block after the cysts feature of the tumor is imaged. 

4. The imaging method as claimed in claim 2, further comprising steps (E) and (F) following (D): 

(E) defining a plurality of reference masks from the plurality pixel points in the tumor inner 

region, each of the plurality of reference masks including a reference pixel point and plural pixels points 

adjacent to the reference pixel point, wherein the gradient value of the gray scale of the reference pixel 

point is between the cysts imaging upper limit and the cysts imaging lower limit; and 

(F) covering the reference pixel point and all the plural pixels points with a peach block after the 

gradient value of the gray scale of at least one of the plural pixels points is between the cysts imaging 

upper limit and the cysts imaging lower limit and the cysts feature of the tumor is imaged. 

5. The imaging method as claimed in claim 4, further comprising a step (G) following the step (F): 

(G) removing the peach block covering the reference pixel point and all the plural pixels points 

while only the gradient value of the gray scale of the reference pixel point is between the cysts imaging 

upper limit and the cysts imaging lower limit and the cysts feature of the tumor is imaged. 
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6. A quantification method of a calcifications feature of a tumor executed by a computer system 

including a display device, a processor, a memory, an input device, and a storage device, applying on a 

gray scale image consisting of a plurality of pixel points and displaying at least one tumor therein, 

comprising the steps of: 

(A) retrieving, by a processor, a tumor contour and a tumor contour annular region from the 

gray scale image, wherein the tumor contour is in the tumor contour annular region; 

(B) displaying, by a display device, a tumor contour over the gray scale image for defining a 

tumor inner region and a tumor external region on the gray scale image, wherein the tumor inner region 

is the region enclosed by the tumor contour; 

(C) calculating, by the processor, both the minimum value and the standard deviation of the 

gradient value of the gray scale of the plurality of pixel points in the tumor inner region; 

(D) retrieving, by the processor, a cysts region in the tumor inner region based on a threshold 

value defined by the minimum value of the gradient value of the gray scale of the plurality pixel points in 

the tumor inner region plus a multiple, not equal to one, of the standard deviation of the gradient value 

of the gray scale of the plurality pixel points in the tumor inner region; 

(E) calculating, by the processor, the maximum value, the standard deviation, and the mean 

value of the gradient value of the gray scale of the plurality pixel points in the tumor inner region but 

outside the cysts region; 

(F) quantifying, by the processor, a calcifications feature of the tumor in the tumor inner region 

based on a threshold value defined by the mean value of the gradient value of the gray scale of the 

plurality pixel points in the tumor inner region but outside the cysts region plus a multiple, not equal to 

one, of the standard deviation of the gradient value of the gray scale of the plurality pixel points in the 

tumor inner region but outside the cysts region, and calculating, by the processor, the ratio of the region 

having the calcifications feature over the tumor inner region but outside the cysts region, 

wherein when one of the plurality pixel points in the tumor inner region but outside the cysts 

region has a gradient value of the gray scale lager than the threshold value, the pixel point is defined as 

belonging to the calcifications feature; and 

(G) displaying, by the display device, an image pattern including the calcifications feature of the 

tumor. 

7. An imaging method of a calcifications feature of a tumor executed by a computer system including a 

display device, a processor, a memory, an input device, and a storage device, applying on a gray scale 
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image consisting of a plurality of pixel points and displaying at least one tumor therein, comprising the 

steps of: 

(A) retrieving, by a processor, a tumor contour and a tumor contour annular region from the 

gray scale image, wherein the tumor contour is in the tumor contour annular region; 

(B) displaying, by a display device, a tumor contour over the gray scale image for defining a 

tumor inner region and a tumor external region on the gray scale image, wherein the tumor inner region 

is the region enclosed by the tumor contour; 

(C) calculating, by the processor, both the minimum value and the standard deviation of the 

gradient value of the gray scale of the plurality of pixel points in the tumor inner region; 

(0) retrieving, by the processor, a cysts region in the tumor inner region based on a threshold 

value defined by the minimum value of the gradient value of the gray scale of the plurality pixel points in 

the tumor inner region plus a multiple, not equal to one, of the standard deviation of the gradient value 

of the gray scale of the plurality pixel points in the tumor inner region; 

(E) calculating, by the processor, the maximum value, the standard deviation, and the mean 

value of the gradient value of the gray scale of the plurality pixel points in the tumor inner region but 

outside the cysts region based on the gradient value of the gray scale of each of the plurality pixel points 

in the tumor inner region but outside the cysts region; and 

(F) defining, by the processor, a calcifications imaging upper limit and a calcifications imaging 

lower limit, imaging a calcifications feature of the tumor in the tumor inner region but outside the cysts 

region based on said defining, and displaying, by the display device, an image pattern including the 

calcifications feature of the tumor, 

wherein the calcifications imaging upper limit is the maximum value of the gradient value of the 

gray scale of the plurality pixel points in the tumor inner region but outside the cysts region and the 

calcifications imaging lower limit is the mean value of the gradient value of the gray scale of the plurality 

pixel points in the tumor inner region but outside the cysts region plus a multiple, not equal to one, of 

times of the standard deviation of the gradient value of the gray scale of the plurality pixel points in the 

tumor inner region but outside the cysts region, and 

wherein when the gradient value of the gray scale of a pixel point in the tumor inner region but 

outside the cysts region is between the calcifications imaging upper limit and the calcifications imaging 

lower limit, the pixel point is defined as the image of the calcifications feature. 

8. The imaging method as claimed in claim 7, wherein the calcifications imaging upper limit is the 

maximum value of the gradient value of the gray scale of the plurality pixel points in the tumor inner 

region but outside the cysts region, and the calcifications imaging lower limit is the mean value of the 
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gradient value of the gray scale of the plurality pixel points in the tumor inner region but outside the 

cysts region plus 2.8 times of the standard deviation of the gradient value of the gray scale of the 

plurality pixel points in the tumor inner region but outside the cysts region. 

9. The imaging method as claimed in claim 7, wherein, when a pixel point in the tumor inner region but 

outside the cysts region having the gradient value of the gray scale between the calcifications imaging 

upper limit and the calcifications imaging lower limit, the pixel point is covered by a yellow block after 

the calcifications feature of the tumor is imaged. 
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