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

Fhe-ebjeetEmbodiments of the present invention isseek 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.

the-ebjeetEmbodiments of the present invention isalso 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.

Fo-nehievethe-ebiectln an embodiment, the quantification method
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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 displa"ying 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
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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.

Fo-achieve-the-ebjestin 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.
+o--aehieve-the-objectAccording to an aspect, the quantification

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

a computer svstem 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
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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

digplay 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,

whercin 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) quantifying, by the processor, a-the cysts

feature of the tumor in the tumor inner region, based on betha threshold
value defined by the minimum value-ahd-the-standard-devdation of the

gradient value of the gray scale of the plurélity 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 recion. wherein when one of the

plurality pizel points in the tumor inner region has a gradient value of the

grav scale smaller than the threshold value, the pixel point is defined as

belonging fo the cysts feature; and (B displaying, by the display device, an

image pattern including the cysts feature of the tumor.
Jo-achieve-the-ebjectAccording 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 theréin, 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 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, -based-on-both-the-minimum-value-and the
standard-deviation-of-the-gradient-value-of the-grav-seale-of theplurality
pixel-points-in-the tumer-innerregionand 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 multinle, not equal to one, of the standard

deviation of the gradient value of the grav scale of the plurality pizel points

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

value of the gradient value of the grav scale of the pluralitv pixel noints in

the tumor mner region, wherein the cysts imaging upper Jimit is greater than

-

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

gray scale of a pixel point in the fumor inner region is between the cysis

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

defined as belonging to the cysts feature,

to-achieve-the-ebjectAccording 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, 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 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-beth

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 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, thea calcifications feature of the tumor in the

deviattons-anddefined 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 multinle, not equal to one, of the standard deviation of

the gradient value of the grav 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 havine 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 ouiside the cysits region has a eradient

value of



the grav scale lareger than the threshold value, the pixel point is defined as

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

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

Fo-achieve-the-ebjestAccording to an aspect, the imaging method of

the calcifications feature of a tumor of the present invention, execcuted 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 theby 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 inper 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

value defined by the minimum value-and
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-the-standard-deviation 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,-based-on-the-maximumn
sabae-the-siandard devistionand-the mean-value-ol

thegrav-seale-of-the-plurabity-piel-poinis-ne-the- mor-nner-region but
outside-the-evsts-—region.—and imaging thea calcifications feature of the

tumor in the tumor inner region_but cutside 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 1s the maximum value of the gradient value of the grav scale of

the plurality pizel poinis in the tumor inner region but outside the cvsty

region and the calgifications imaging lower limit 15 the mean value of the

cradient value of the gray scale of the plurality pizel noints in the tumor

mnner region but outside the cysis region plus a multiple, not equal to one, of

times of the standard deviation of the gradient value of the grav scale of the

plurality pixe! points ins the tumor inger region but outside the ¢ysis region,

and wherein when the gradient value of the gray scale of a pixel point in the

fumor mner 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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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

Ra



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

Te-achieve-the-obiectln 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 tumér 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



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

wherein the tumor
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WHAT IS CLAIMED IS:

1. A quantification method of the margin feature of a tumor, app)
on a gray scale image consisting of a plurality of pixel points and di .
at least one tumor therein, comprising the steps of: .‘

(A) retrieving a tumor contour and a tumor contour region
from the gray scale image, wherein the tumor in the tumor
contour anmular region;

(B) displaying the tumor contour over th H gray scale image for
defining a tumor inner region and a tumor ; al region on the gray scale
image;

(C) retrieving a center of gravity ot the tumor confour annuiar region,
defining a section line extending o ardaly from the center of gravity and
penetrating the tumor contour g region, and providing a measured
line segment being on the s ien line and in the tumor contour annular
region;

(D) calculating _-il.: moving variance of the gray scale of each of the

plurality pixel poing on the measured line segment; and

(E) ing the margin feature of the tumor on the section line,
based on the, variance of the gray scale of each of the plurality pixel
points on, 3 measured line segment.

/ The guantification method as claimed in claim 1, wherein the step
( ncludes a step (D1), calculating the standard deviation of the moving

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

sepment.
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3. The quantification method as claimed in claim 2, wherein
(D) includes a step (D2) following the step (ID1), calculating the mea, [ ’aiue
of the moving variance of the gray scale of the plurality pixel !'a'. on the
measured line segment. |

4. The quantification method as claimed in claim 3 the step
(E}} includes a step (E1}, defining a threshold value for entifying the blur
of the margin feature of the tumor on the section Ii - asad on the standard
deviation and the mean value of the moving varig : e of the gray scale of the
. plurality pixel points on the measured line «- ent,

5. The quantification method as ¢l in any one of claims 1 to 4,
farther comprises a step (F) following ( step (E), changing the orlentation
of the section line to scan the whoargin of the tumor, for quantifying all
the margin feature of the

6. An imaging method/of the margin feature of a tumor, applying on a
gray scale image consistifig of a plurality of pixel points and displaying at
Jeast one tumor therejs, comprising the steps of:

(A) retriev a tumor contour and a tumor contour annular region
from the graale image, wherein the tumor contour 15 in the tumor
contour a Tegion;

} displaying the tumor contour over the gray scale image for

g a tumor inner region and a fumor external region on the gray scale

(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 fumor contour annular region, and providing a measured |
iine segment being on the section line and in the tumor contour
region; | |

(D) caleulating the moving variance of the gray scale of ea the
plurality pixel points on the measured line segment; and

(E) defiming 2 margin imaging upper limit and 2 r imaging
lower limit based on the moving variance of the gray s }e of each of the
plurality pixel points on the measured line segment, ' imaging the margin
feature of the tumor on the section line in with a rainbow level.

7. The imaging method as claimed in ¢ im 6, wherein the step (D)
includes a step {D1), calculating the deviation of the moving
variance of the gray scale of the plura pixel points on the measured line
segment,

8. The imaging method g5 claimed in claim 7, wherein the step (D)
includes a step {I32) followidyg the step (D1), calculating the mean vaiue of

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

measured line segmept.

0. The mmagging method as claimed in claim &, wherein the step (E)
inciudes a step (El), defining the margin imaging upper hmit and the
margin imgaing lower limit, based on the standard deviation and the mean

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

on fiie 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 €

standard deviation of the moving variance of the gray scal the plurality
pixel points on the measured line segment.

11, The imaging method as claimed in any a of claims 6 to 10,
wherein the rainbow level is a level changingntinuously from red fo
purple, through orange, vellow, green, d indigo; and when a pixel
point on the measured line segment h.avie moving variance of the gray
scale larger than or equal to the margip Jaging upper limit, the pixel point
is covered by a red block while feature of the tumor is imaged.

12, The imaging r claimed in any one of claims 6 to 11,
wherein the rainbow levela level changing continuously from red to
purple, through orange,i}ow, green, blue, and indigo; and when a pixel
point on the measured segment having the moving variance of the gray
scale smaller thay equal to the margin imaging lower limit, the pixel
point 18 -s a purple block while the margin feature of the tumor is
imaged.

A. The imaging method as claimed in any one of claims 6 to 12,
wherein the rainbow level is a level changing continuously from red to
surple, 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 imaging/
lower limit, the pixel point i1s covered by a block having the color
from the rainbow level corresponding to the relation among the m ing
variance of the gray scale of the pixel point, the margin imaging a timit

and the margin imaging lower limit, while the margin feature of the tumor Is

imaged. |

14, The imaging method as claimed in any on,f claims 6 to 13,
further comprises a step (F) following the step (E), the orientation
of the section line to scan the whole margin of t / mor, for imaging all the
margin feature of the tumor. |

15. A quantification method of s‘cs 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 the steps of’

(A) retrieving a tumor | o and a tumor contour annular region
from the gray scale ima 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, #iner region and a tumor external region on the gray scale

image;

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

the : value of the gray scale of the plurality pixel points in the tumor
1 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 poinis in the
inner region.

16. The quantification method as claimed in claim 15, the
step (D) includes a step (D1}, defining a threshold value for ciating the
ratic of the region having the cysts feature over the o region,
based on both the minimum value and the standard devin of the gradient
value of the gray scale of the plurality pixel points tumor inner region.

17. Animaging method of the cysts - tumor, applying on a
gray scale image consisting of a plurality of - points and displaying at
least one tumor therein, comprising the . of;

{A) retrieving a tumor contour a tumor contour annujar region
from the gray scale image, wher the tumor contour ig in the tumor
contour annular region;

{B) displaying the contour over the gray scale image for
defining a tumor inner g, and a tumor external region on the gray scale
image; |

{C) ca}cuia both the minimum value and the standard deviation of
the gradient a of the gray scale of the plurality pixel points in the tumor
inner regio

l a cysts imaging upper limit and a cysts imaging lower

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

region,



I8, The imaging method as claimed in claim 17, wherein the
tmaging upper limit is the minimum value of the gradient value of
scale of the plurality pixel points in the tumor inner region, phus 6. ‘es of
the standard deviation of the gradient value of the gray scale of 4 plurality
pixel points in the tumor inner region; and the cysts imags _ iimit is

the minimum value of the gradient value of the oray of the plurality

pixel points in the tumor inner region.

19. The imaging method as claimed in 17 or 18, when & pixel
point in the tumor inner region having the value of the gray scale
between the cysts imaging vpper [imit 4 cysts imaging lower limit, the
pixel point is covered by a peach the cysts feature of the tumor
is imaged. -

20. The imaging claimed in any one of claims 17 to 19,
further comprises the below following the step (D):

(E) defining a plus ‘.JI': of reference masks from the plorality pixel
points iﬁ the tumor er region, each of the plurality of reference masks
including a s pixel point and plural pixels points adjacent to the
reference pixe int, wherein the gradient value of the gray scale of the
reference pi point is between the cysts imaging upper Hmit and the cysts
imaging Jower limit; and

() 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 ieast one
f 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 co s-
the step (G) following the step (F): |

() removing the peach block covering the refefence point and
all the plural pixels points while only the gradient value of gray scale of
the reference pixel point is between the cysts imaging n limit and the
cysts imaging lower limit and the cysts feature of mor 13 imaged.

22. A quantification method of the calcify feature of a tumor,
applying on a gray scale image consisting of a of pixel points and
displaying at least one tumor therein, coming the steps of:

{A) retrieving a tumor contour r a tumor contour annular region
from the gray scale image, r fumor contowr is in the twmor
contour annular region; |

(B) displaying the tugy o contour over the gray scale image for
defining a tumeor inner , and a tumor external region on the gray scale
image;

) caiculatioth the minimum value and the standard deviation of
the gradient valug f the gray scale of the plurality pixel points in the tumor
inner region; /

(D) gt ieving a cysis region in the tumor inner region based on both
the min um value and the standard deviation of the gradient value of the
aie of the piurality pixe! points in the tumor inner region;

(E) caicﬁiating the maximum value, the standard deviation, and the
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
mner 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.

region, based on the maximum value, the standard deviation, a' the mean
value of the gradient value of the gray scale of the pixel points in
the tumor inner region but outside the cysts region. .‘
24. An imaging method of the c&lciﬁca' feature of a fumor,
applying on a gray scale image consisting of - of pixel points and
displaying at least one tumnor therein, comp siug the steps of:
{A) retrieving a tumor contour , fod & temor contour annutar region
from the gray scale image, the tumor contour 1s in the tumor
contour annular region;
(B) displaying the or contour over the gray scale image for
defining a tumor inne = 'Lon and a tumor external region on the gray scale
image; |
{C) cale ing both the minimum value and the standard deviation of
the gradiey alue of the gray scale of the plurality pixel points in the tumor
inner rp
/ (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
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gray scale of the plurality pixel points in the tumor inner region;
() calculating the maximum value, the standard deviation, and

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

tumor inner region but outside the cysts region; and

(F} defining a calcifications imaging upper limif arg
imaging lower limit based on the maximum value, the standard deviation,
and the mean value of the gradient value of the gpay scale of the plurality
pixel points in the tumor inner region but oyfside the cysts region, and
imaging the calcifications feature of the tugor in the tumor inner region.
25, The imaging method as med in claim 24, wherein the

calcifications imaging upper limit i the maximum value of the gradient

grad
it and the calcifications imaging lower limif, 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
applying on a gray scale image consisting of a plurality of pixel
displaying at least one tumor therein, comprising the steps of:

(A) retrieving a tumor centour and a tumor contour a r region

from the gray scale image, wherein the tumor contour iy’ in the tumer

contour annular region;

(B) displaying the tumor contour over the , scale image for
defining a tumor inner region and a tumor externy gion on the gray scale
image; -l

(C) calculating the mean value of the gradient value of the gray scale
of the piurality pixel points in the tumorAnner region;

(D) selecting a reference blogk 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 e plurality pixel points in the reference block;
and |

(E) quantifying the echoic feature of the tumor based on the meaﬁ
value of the gra'm value of the gray scale of the plurality pixel points in

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

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 valne of
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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 tu
has the hyperechoic feature while a resulting value of the quantifigation
method is larger than or equal to C.

30. The quantification method as claimed in any one of 1aims 27t
29, the tumor has the hypoechoic feature while a resulting value of the
guantification method is smaller than 0.

31. A guantification method of the hetero 1sis feature of a tumor,
applying on a gray scale image consisting of g/plurality of pixel points and
displaying at least one tumnor therein, compfising the steps of:
(A) retrieving a tumor contour gnd a tumor contour annular region
from the gray scale image, whergin the tumor contour is in the tumor
contour annular region;

(B} displaying the

mor contour over the gray scale image for

defining a fumor mner rggion and a tumor external region on the gray scale

(D) calculating the local mean and the tocal 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 Iocariance,
and the variance of local variance of the gradient value of the - scale of
the reference mask of the plurality of reference masks;

(F) quantifying the heterogenests feature of { " tumor by the
calculation of a heterogenesis index for each of the pl lity of the reference
masks, based on at least one selected from a group nsisted of the variance
oflocal mean, the mean of local variance, variance of local variance
of the gradient value of the gray scale of mask for each of the
plurality of reference masks.

32. The guantification meth claimed in claim 31, wherein each
of the plurality reference masks .e chudes 25 pixel points.

33. The guantification thod as claimed in claim 31 or 32, wherein
the step (F) includes a stepy F 1), defining a threshold value for calculating
the ratio of the region hg ing the heterogenesis feature over the tumor inner
region, based on theterogenesis index for each of the plurality of the
reference masks.

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

ifh the heterogenesis index is a function of the variance of local

'35, The quantification method as claimed in any one of claim 31 to
34, 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 1s a function of the variance of local
variance.

37. The quantification method as claimed in any one of ¢laims 3) Ao
36, wherein the heterogenesis index is a function of the ratio of the vafiance
of local variance divided by the variance of local mean. 'l

38, The guantification methed as claimed in any one of claims 31 to
37, wherein the heterogenesis index is a function of the ratio of the mean of
local variance divided by the variance of local variancg!

39. The quantification method as claimed iy 1y one of claims 31 to
38, wherein the heterogenesis index is a functi O)  of the ratio of the mean of
local vaxiaﬁce divided by the variance of ,., mean.

40. An imaging method of the heterogenesis feature of a tumor,
applying on a gray scale image consiting of a plurality of pixel peoints and
displaying at least one tumor thepéin, 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 fumor

contour annuiar regiog,
(B) displa/y'az the tumor contour over the gray scale image for
defining a et inner region and a tumor external region on the gray scale
image:;

() defining a plurality of reference masks from the plurality pixel
pot 5 the tumor inner region, each of the pluratity of reference masks

ifcluding a reference pixel point and plural pixels points adjacent fo the

reference pixel point;



(D) calcuiating the variance of the gradient value of the gray of
the reference mask for each of the plurality of reference masks;

(E) calculating the mean variance of the gradient vaiu the gray
scale of the reference mask of the plurality of reference ,

(F) calculating of a heterogenesis index for @ac iﬁl the plurality of
the reference masks, based on the variance of the grag .nt value of the gray

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

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

value, and the standard deviation of eterogenesis mdices of the
plurality of the reference masks, based a heterogenests index for each
of the plurality of the reference

{H) defining a heterogenesaging upper limit and a heterogenesis
imaging lower limit based on 1 maximum value, the minimum value, the

mean value, and the standg#d deviation of the heterogenesis indices of the

reference masks.

42. The nnaging 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, vellow, 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 1s 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 40
wherein the rainbow level is a level changing continuously fpbm red to
purple, through orange, yellow, green, blue, and indigoy and when a
reference mask having the heterogenesis index smaller i
heterogenesis imaging lower limit, the reference pixg ‘point of the reference
mask is covered by a purple block wh:llelthe heferogenesis feature of the
tumor is imaged.

44, The tmaging method as u in any one of claims 40 to 43,
wherein the rainbow level is a level ch.anging continuously from red to

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

reference mask having the heferogenesis index between the heterogenesis

imaging upper limit and the heterogenesis Imaging lower limit, the
reference pixel point g the reference mask is covered by a block having the
color selected from the rainbow level corresponding to the relation among

the heterogendsis index of the reference mask, the heterogenesis imaging

t and the heterogenesis imaging lower limit, while the
heterogenesis feature of the tumor is imaged.
45, The mmaging 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 15 CLAIMED |S:

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 eqgual 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} dispiaying, 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
ong, 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 fram the plurality pixel points in the tumor inner
region, each of the plurality of reference masks including a reference pixel point and plurai 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 ¢ysts 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 fimit 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
whie 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
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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 scaie
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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 confour 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 threshoid
value defined by the minimum value of the gradient value of the gray scale of the plurality pixei 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 pixe! points in the tumor inner region;

{E) calculating, by the processor, the maximum vaiue, 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 caicifications 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 muitiple, 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
fower 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

61



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 caicifications 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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