
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 

The-olLinbodiments of the present invention isseelc 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. 

,eetEmbodiments of the present invention isa so 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. 

Te-ach 	The-t,i-je.Plin 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. 

To-a-ski-eve the-okiLeetln  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. 

To— ' ' 	4i 	t 	' 	According to an aspect, the quantification 

method of the cysts feature of a tumor of the present invention,  executed by  

computer system inciudin ia diarlay device, a processor a memo 	n 
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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 regionenclosed 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) quantifying, by the processor, a-The cysts 

feature of the tumor in the tumor inner region, based on botha threshold 

value defined by the minimum 	 deviation value—a-Rd 	rd 	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  .gay scale of the plurality  pixel points m the tumor 

inner region, and calculatim,  b 	t e 	ocessor, the ratio of 	ion havin , 

the cysts feature over the tumor he • 	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 sixcloint is defined as 

belonging to the cysts 	ature• amend. (E) displa 	it 	b 	distil_ 	device, An 

image  pattern including the c sts feature of the tumor. 

"11 	 bjectAccording 	imaging to an aspect, the 	method of 

the cysts feature of a tumor of the present invention executed b 	a 	uter 

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 limits-based--en-beth-the-fainimum-vafue-anfl-the 

- 	 - • 	 f-the-pturality : 	: 	 • 	: 

•, 	-4 imaging 	feature . 	the cysts 	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. 

Te—ashieve—the—ehjestAccording 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 

tumor 

therein, comprising the 

contour 

steps of: (A) retrieving 	b 	a essor a 
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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,_2y  a 

display device,  thea 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 re ion 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) retrievinga_by  the processor a cysts 

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

the minimum 	 lev 	the value-and—the standar 	at-ton of 	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  retn; (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,  thea calcifications feature of the tumor in the 

tumor inner region, based on the. ihresholdrnaximA±m 	the ,A,444,444 value, 

El-ey;h4ieriT 	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  gin)/  scale  of the plurality pixel points in the tumor 

inner region but outside the  c sts re g ion,  and calculating, by the processor,  

the ratio of  the region  havin 	e calcifications feature over the tumor inner 

region but outside the cats region, wherein when one of the pluralit 	aixel 

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

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

belongingio the calcifications feature; and (0 	di 	a in, 	h 	display  

device, antpattern including the calcifications feature of the tumor. 

To-acii-i-eve-t-he-ehieretAccording to an aspect, the imaging method of 

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

computer system includi±g, i_i di 	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 th-eby 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 urocessori 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 

proc,essoLa cysts region in the tumor inner region based on betha threshold 

valuedefined by the minimum value-anti 

7a 



4entandard-deviatien 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,-haserkni4e-inanimain 

• - , 	: 	: 	: 	. 

• - 	- • . : 	 . - 

... 	. 	imaging thee 	 feature 	the : 	 . 	 calcifications 	of 

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 apixel 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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e-the-obie-ertIn  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. 

To tk 	 the 	 method -achieve 	etln an embodiment, 	quantification 

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 

9 



contour 

wherein 

and 

the 

a tumor 

tumor 

contour annular region from the gray scale image, 
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WHAT IS CLAIMED IS: 

I. A quantification method of the margin feature of a tumor, app 	g 

on a gray scale image consisting of a plurality of pixel points and d 	laying 

at least one tumor therein, comprising the steps of: 

(A) retrieving a tumor contour and a tumor contour z 	ular region 

from the gray scale image, wherein the tumor conto . is in the tumor 

contour annular region; 

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

defining a tumor inner region and a tumor ex 	al region on the gray scale 

image; 

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

defining a section line extending o 	ardly from the center of gravity and 

penetrating the tumor contour • 	.ular region, and providing a measured 

line segment being on the s• non line and in the tumor contour annular 

region; 

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

plurality pixel po' a on the measured line segment; and 

(E) quan 	ing the margin feature of the tumor on the section line, 

based on the . oving variance of the gray scale of each of the plurality pixel 

points o 	i e measured line segment 

. The quantification method as claimed in claim 1, wherein the step 

(D, includes a step (D1), calculating the standard deviation of the moving 

ariance of the gray scale of the plurality pixel points on the measured line 

segment 
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3. The quantification method as claimed in claim 2, wherein the 	p 

(D) includes a step (D2) following the step (DI ), calculating the me • 	value 

of the moving variance of the gray scale of the plurality pixel po t.ts on the 

measured line segment. 

4. The quantification method as claimed in claim 3 	erein the step 

(E) includes a step (E 1 ), defining a threshold value fo 	dentifying the blur 

of the margin feature of the tumor on the section 1 	, based on the standard 

deviation and the mean value of the moving var ., ce of the gray scale of the 

plurality pixel points on the measured line s: u. ent. 

5. The quantification method as cl med in any one of claims 1 to 4, 

further comprises a step (F) followini • e step (E), changing the orientation 

of the section line to scan the whol= margin of the tumor, for quantifying all 

the margin feature of the tumor 

6. An imaging metho• of the margin feature of a tumor, applying on a 

gray scale image consist, 1 of a plurality of pixel points and displaying at 

least one tumor there 	comprising the steps of: 

(A) retrievi g a tumor contour and a tumor contour annular region 

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

contour . 	.. ar region; 

: 	displaying the tumor contour over the gray scale image for 

defi 	.g a tumor inner region and a tumor external region on the gray scale 

i 	age; 

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

defining a section line extending outwardly from the center of gravity and 
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penetrating the tumor contour annular region, and providing a measured 

line segment being on the section line and in the tumor contour annul:•  

region; 

(D) calculating the moving variance of the gray scale of ea• 	of the 

plurality pixel points on the measured line segment; and 

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

lower limit based on the moving variance of the gray s' ale of each of the 

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

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

7. The imaging method as claimed in - aim 6, wherein the step (D) 

includes a step (Dl), calculating the s 	dard deviation of the moving 

variance of the gray scale of the plura y pixel points on the measured line 

segment. 

8. The imaging method 	claimed in claim 7, wherein the step (D) 

includes a step (D2) folio 	g the step (D1), calculating the mean value of 

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

measured line segme 

9. The im -ling method as claimed in claim 8, wherein the step (E) 

includes a s =. (El), defining the margin imaging upper limit and the 

margin i 	ling lower limit, based on the standard deviation and the mean 

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

on .e measured line segment. 

10. The imaging method as claimed in claim 9, wherein the margin 

imaging upper limit is the mean value of the moving variance of the gray 
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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 

plurality pixel points on the measured line segment; and the margin ' . • :ing 

lower limit is the mean value of the moving variance of the gray sc • e of the 

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

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

pixel points on the measured line segment 

11. The imaging method as claimed in any . ne of claims 6 to 10, 

wherein the rainbow level is a level changing 	ontinuously from red to 

purple, through orange, yellow, green, blue, • .d indigo; and when a pixel 

point on the measured line segment havint the moving variance of the gray 

scale larger than or equal to the margi 	imaging upper limit, the pixel point 

is covered by a red block while the .. argin feature of the tumor is imaged. 

12. The imaging meth. < as claimed in any one of claims 6 to 11, 

wherein the rainbow level 	a level changing continuously from red to 

purple, through orange, 	ellow, green, blue, and indigo; and when a pixel 

point on the measure,  line segment having the moving variance of the gray 

scale smaller ill. , or equal to the margin imaging lower limit, the pixel 

point is cove : i by a purple block while the margin feature of the tumor is 

imaged. 

. The imaging method as claimed in any one of claims 6 to 12, 

wh - in the rainbow level is a level changing continuously from red to 

•. rple, through orange, yellow, green, blue, and indigo; and when a pixel 

point on the measured line segment having the moving variance of the gray 
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scale between the margin imaging upper limit and the margin imagin_ 

lower limit, the pixel point is covered by a block having the color sele e- . 

from the rainbow level corresponding to the relation among the 	, •ving 

variance of the gray scale of the pixel point, the margin imaging 	.per limit 

and the margin imaging lower limit, while the margin feature 	the tumor is 

imaged. 

14. The imaging method as claimed in any on of claims 6 to 13, 

further comprises a step (F) following the step (E), 	anging the orientation 

of the section line to scan the whole margin of 	tumor, for imaging all the 

margin feature of the tumor. 

15. A quantification method of the ysts feature of a tumor, applying 

on a gray scale image consisting of a ! 	rality of pixel points and displaying 

at least one tumor therein, compri 	g the steps of: 

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

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

contour annular region; 

(B) displayin._ the tumor contour over the gray scale image for 

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

image; 

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

the '4 . i lent value of the gray scale of the plurality pixel points in the tumor 

r 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 
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gradient value of the gray scale of the plurality pixel points in the • I, ,r  

inner region. 

16. The quantification method as claimed in claim 15, w 	rein the 

step (D) includes a step (D1), defining a threshold value for ca ulating the 

ratio of the region having the cysts feature over the tum• 	inner region, 

based on both the minimum value and the standard devi. • on of the gradient 

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

17. An imaging method of the cysts featur of a tumor, applying on a 

gray scale image consisting of a plurality of • 	el points and displaying at 

least one tumor therein, comprising the st- s of: 

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

from the gray scale image, wher i 	the tumor contour is in the tumor 

contour annular region; 

(B) displaying the 	a or contour over the gray scale image for 

defining a tumor inner re ..• on and a tumor external region on the gray scale 

image; 

(C) calcul . • , g both the minimum value and the standard deviation of 

the gradient v. • e of the gray scale of the plurality pixel points in the tumor 

inner regio . and 

I 	defining a cysts imaging upper limit and a cysts imaging lower 

limit . ased on both the minimum value and the standard deviation of the 

..n.dient 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. 
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18. The imaging method as claimed in claim 17, wherein the cys . 

imaging upper limit is the minimum value of the gradient value of the i  • y 

scale of the plurality pixel points in the tumor inner region, plus 0.1 uses of 

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

pixel points in the tumor inner region; and the cysts imag. 	lower limit is 

the minimum value of the gradient value of the gray s • e of the plurality 

pixel points in the tumor inner region. 

19. The imaging method as claimed in c •' •• 17 or 18, when a pixel 

point in the tumor inner region having the gr • lent value of the gray scale 

between the cysts imaging upper limit and .. e cysts imaging lower limit, the 

pixel point is covered by a peach bloc 	hile the cysts feature of the tumor 

is imaged. 

20. The imaging metho• • 	claimed in any one of claims 17 to 19, 

further comprises the below • eps following the step (D): 

(E) defining a plu •fity of reference masks from the plurality pixel 

points in the tumor 	er region, each of the plurality of reference masks 

including a refer - • e pixel point and plural pixels points adjacent to the 

reference pixel •oint, wherein the gradient value of the gray scale of the 

reference p el point is between the cysts imaging upper limit and the cysts 

imaging • wer limit; and 

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

•• 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 upper limit and the 

cysts imaging lower limit and the cysts feature of the tumor is imaged. 
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21. The imaging method as claimed in claim 20, further cot. .rises 

the step (G) following the step (F): 

(G) removing the peach block covering the reference p 	l point and 

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

the reference pixel point is between the cysts imaging 	.per limit and the 

cysts imaging lower limit and the cysts feature of th- 	i or is imaged. 

22. A quantification method of the calcifi . ons feature of a tumor, 

applying on a gray scale image consisting of . .lurality of pixel points and 

displaying at least one tumor therein, coma sing the steps of: 

(A) retrieving a tumor contour • d a tumor contour annular region 

from the gray scale image, where' 	the tumor contour is in the tumor 

contour annular region; 

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

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

image; 

(C) calculatin t . sth the minimum value and the standard deviation of 

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

inner region; 

(D) trieving a cysts region in the tumor inner region based on both 

the mi . a um value and the standard deviation of the gradient value of the 

gray cale 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 
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(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. 

23. The quantification method as claimed in claim 22, wherein 	e 

step (F) includes a step (F1), defining a threshold value for calculati -1 the 

ratio of the region having the calcifications feature over the 	**or inner 

region, based on the maximum value, the standard deviation, :i d the mean 

value of the gradient value of the zray scale of the plural 	pixel points in 

the tumor inner region but outside the cysts region. 

24. An imaging method of the calcifica* ins feature of a tumor, 

applying on a gray scale image consisting of - • lurality of pixel points and 

displaying at least one tumor therein, com 	sing the steps of: 

(A) retrieving a tumor contour • d a tumor contour annular region 

from the gray scale image, whe 	m the tumor contour is in the tumor 

contour annular region; 

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

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

image; 

(C) calc ating both the minimum value and the standard deviation of 

the gradie r value of the gray scale of the plurality pixel points in the tumor 

inner 	ion; 

(D) retrieving a cysts region in the tumor inner region based on both 

Ie minimum value and the standard deviation of the gradient value of the 
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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 p 	el 

points in the tumor inner region but outside the cysts region, based sn the 

gradient value of the gray scale of each of the plurality pixel .. . is in the 

tumor inner region but outside the cysts region; and 

(F) defining a calcifications imaging upper limit 	a calcifications 

imaging lower limit based on the maximum value, 	standard deviation, 

and the mean value of the gradient value of the ,.., y scale of the plurality 

pixel points in the tumor inner region but o 	ide the cysts region, and 

imaging the calcifications feature of the 	. or in the tumor inner region. 

25. The imaging method as 	med in claim 24, wherein the 

calcifications imaging upper limit 	the maximum value of the gradient 

value of the gray scale of the pl .. lity pixel points in the tumor inner region 

but outside the cysts region; • d the calcifications imaging lower limit is the 

mean value of the gradi 	t value of the gray scale of the plurality pixel 

points in the tumor i 	r region but outside the cysts region, plus 2.8 times 

of the standard d> iation of the gradient value of the gray scale of the 

plurality pixel • 4  ints in the tumor inner region but outside the cysts region. 

26. r e imaging method as claimed in claim 24 or 25, when a pixel 

point ' 	the tumor inner region but outside the cysts region having the 

gra. 	nt value of the gray scale between the calcifications imaging upper 

l'•. it and the calcifications imaging lower limit, the pixel point is covered 

by a yellow block while the calcifications feature of the tumor is imaged. 
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27. 	A quantification method of the echoic feature of a turn. , 

applying on a gray scale image consisting of a plurality of pixel poin • and 

displaying at least one tumor therein, comprising the steps of: 

(A) retrieving a tumor contour and a tumor contour : . 	ar region 

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

contour annular region; 

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

defining a tumor inner region and a tumor extern: region on the gray scale 

image; 

(C) calculating the mean value of the .4 . client value of the gray scale 

of the plurality pixel points in the tumor nner region; 

(D) selecting a reference blot 	in the tumor external region, and 

calculating the mean value of 	gradient value of the gray scale of the 

plurality pixel points in the re 'erence block based on the gradient value of 

each of the gray scale of • e plurality pixel points in the reference block; 

and 

(E) quantifyi .1 the echoic feature of the tumor based on the mean 

value of the .-. .. ent value of the gray scale of the plurality pixel pointi in 

the tumor inn 	region and the mean value of the gradient value of the gray 

scale of 	plurality pixel points in the reference block. 

. The quantification method as claimed in claim 27, the echoic 

fea•• e of the tumor is quantified by dividing the difference between the 

ean 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 

68 



the gray scale of the plurality pixel points in the reference block with the 

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

points in the reference block. 

29 The quantification method as claimed in claim 27 or 28, the 	...r  

has the hyperechoic feature while a resulting value of the quanti .4: 1 on 

method is larger than or equal to 0. 

30. The quantification method as claimed in any one o' claims 27 to 

29, the tumor has the hypoechoic feature while a res 	ng value of the 

quantification method is smaller than 0. 

31. A quantification method of the hetero, 	esis feature of a tumor, 

applying on a gray scale image consisting of . . lurality of pixel points and 

displaying at least one tumor therein, com 	ising the steps of: 

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

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

contour annular region; 

(B) displaying the .. . or contour over the gray scale image for 

defming a tumor inner 	gion and a tumor external region on the gray scale 

image; 

(C) de 	. 	g a plurality of reference masks from the plurality pixel 

points in th - 	or inner region, each of the plurality of reference masks 

includin 	a reference pixel point and plural pixels points adjacent to the 

refer; ce 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 
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reference masks; 

(E) calculating the variance of local mean, the mean of local 	anance. 

and the variance of local variance of the gradient value of the ... • y scale of 

the reference mask of the plurality of reference masks; and 

(F) quantifying the heterogenesis feature of 	e tumor by the 

calculation of a heterogenesis index for each of the pl 4 • ity of the reference 

masks, based on at least one selected from a grou ! onsisted of the variance 

of local mean, the mean of local variance, and 	e variance of local variance 

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

plurality of reference masks. 

32. The quantification meth. ,  as claimed in claim 31, wherein each 

of the plurality reference masks ' cludes 25 pixel points. 

33. The quantification r. ethod as claimed in claim 31 or 32, wherein 

the step (F) includes a st 	(F1), defining a threshold value for calculating 

the ratio of the region h 	ing the heterogenesis feature over the tumor inner 

region, based on 	' A heterogenesis index for each of the plurality of the 

reference masks. 

34. quantification method as claimed in any one of claims 31 to 

33, where' 	the heterogenesis index is a function of the variance of local 

mean. 

35. The quantification method as claimed in any one of claim 31 to 

A , wherein the heterogenesis index is a function of the mean of local 

variance. 

36. The quantification method as claimed in any one of claims 31 to 
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35, wherein the heterogenesis index is a function of the variance of local 

variance. 

37. The quantification method as claimed in any one of claims 3 	to 

36, wherein the heterogenesis index is a function of the ratio of the v: ance 

of local variance divided by the variance of local mean. 

38. The quantification method as claimed in any one o • claims 31 to 

37, wherein the heterogenesis index is a function of the ra o of the mean of 

local variance divided by the variance of local varianc 

39. The quantification method as claimed i any one of claims 31 to 

38, wherein the heterogenesis index is a functi I 	of the ratio of the mean of 

local variance divided by the variance of to , • mean. 

40. 	An imaging method of the . eterogenesis feature of a tumor, 

applying on a gray scale image co' 	ring of a plurality of pixel points and 

displaying at least one tumor the•- in, comprising the steps of: 

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

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

contour annular regio , , 

(B) display 	l the tumor contour over the gray scale image for 

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

image; 

( r 	defining a plurality of reference masks from the plurality pixel 

p 	in the tumor inner region, each of the plurality of reference masks 

eluding a reference pixel point and plural pixels points adjacent to the 

reference pixel point; 
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(D) calculating the variance of the gradient value of the gray sc e of 

the reference mask for each of the plurality of reference masks; 

(E) calculating the mean variance of the gradient value •f the gray 

scale of the reference mask of the plurality of reference m 	s; 

(F) calculating of a heterogenesis index for each • f the plurality of 

the reference masks, based on the variance of the M , . ent value of the gray 

scale of the reference mask for each of the plural 	of reference masks; 

(G) calculating the maximum value, th minimum value, the mean 

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

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

of the plurality of the reference mas 	, and 

(H) defining a heterogenes 	imaging upper limit and a heterogenesis 

imaging lower limit based on 	e maximum value, the minimum value, the 

mean value, and the stand : • deviation of the heterogenesis indices of the 

plurality of the referenc masks, and imaging the heterogenesis feature of 

the tumor in the turn• inner region in coordination with a rainbow level. 

41. The 	aging method as claimed in claim 40, wherein the 

heterogenesis imaging upper limit is the maximum value of the 

heterogene- s indices of the plurality of the reference masks; and the 

heterog= esis imaging lower limit is the mean value of the heterogenesis 

indi 

	

	s of the plurality of the reference masks, minus 0.1 times of the 

dard deviation of the heterogenesis indices of the plurality of the 

reference masks. 

42. The imaging method as claimed in claim 40 or 41, wherein the 
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rainbow level is a level changing continuously from red to purple, through 

orange, yellow, green, blue, and indigo; and when 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 while 

the heterogenesis feature of the tumor is imaged. 

43. The imaging method as claimed in any one of claims 41 to 42, 

wherein the rainbow level is a level changing continuously v .m red to 

purple, through orange, yellow, green, blue, and indigo 	and when a 

reference mask having the heterogenesis index smaller 	an or equal to the 

heterogenesis imaging lower limit, the reference pix= point of the reference 

mask is covered by a purple block while the h erogenesis feature of the 

tumor is imaged. 

44. The imaging method as cl . • ,rn d in any one of claims 40 to 43, 

wherein the rainbow level is a lev= changing continuously from red to 

purple, through orange, yellow green, blue, and indigo; and when a 

reference mask having the 	erogenesis index between the heterogenesis 

imaging upper limit • 	a the heterogenesis imaging lower limit, the 

reference pixel point 5  the reference mask is covered by a block having the 

color selected 1 .. the rainbow level corresponding to the relation among 

the heterog 	is index of the reference mask, the heterogenesis imaging 

upper lie t and the 	heterogenesis imaging lower limit, while the 

heterogenesis feature of the tumor is imaged. 

45. The imaging method as claimed in any one of claim 40 to 44, 

wherein each of the plurality reference masks includes 25 pixel points. 
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WHAT IS CLAIMED IS: 

L 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; 

(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 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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