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rerrieving a fumor coniour and a wimor contour annular
region from the gray scale image, wherein the mmor
contour i in the wimor contour annular region

dispiaying the tumor contour over the gray scale image

for defining & tumor inner region and & tumor external
regicn on the gray scale image

retieving & center of graviry of the umor contour annutar
region. defining a section line extending outwardly from
the center of gravity and penetrating the mimor contour
anmular region, and providing & measursd line segment
being on the section line and in the imor contour annular
rEgIn

e

!
i
]

H

| caleulating the moving variang

%

o Ty
the purality pixel points on the measured fine segment

quantifying the margin feature of the umor on the
ection iine, based on the moving variance of the gray
scale of 2ach of the plurality pixel points on the
measured line segment

——

FIG 3B
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mpUthing & prefimnary Lunor ontour

defining a preliminary mumor contour annular region
based on the preliminary wmor contour, wherein the
preliminary tumor contour is in the preliminary wmor
contows annular region

retrieving & preliminary center of gravity of the prelimmary
wmor contour annular region, and defining a preliminary
section line extending outwardly from the preliminary center
of gravity and penetrating the preliminary mmmor contour
annuiar regron

cajcujating the moving variance of the gray scale of sach of
the plurairty pixel poinis both on the preliminary section line
and in the preliminary wmeor contour annular region, based
on the gradient valoe of the gray scale of zach of the
plurality pixel points both on the preliminary section line
and in the prelinmnary tumor contour annutlar region

i

i

comparing the moving vanance of the grav scale of cach of
the phluraiity pixel points both on the preliminary section line
and m the preliminary trmor contour annular region, and
lefining the pixel point having the maximum moving

» variance of the gray scale as & rumor contour suggestion poiut

on the the preliminary section lins

i

i
i

changing the orientation of the preliminary section line w
scan the whole margin of the amor and connecting all the
TUmOr contour suggestion point on different preliminary
section lines, for retrieving the tumor contour and the
TUITIOr COTHOUr annular regien

FIG.3C
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calculating the standard deviation of the moving

variance of the gray scale of the plurality pixel pamts [T D1
© on the measured line segment

1
caiculating the mean vaiue of the moving variance of

o the gray scale of the plurabivy pistel points on the
measured hine segment

[

o

FIG.3E

defining a threshold value for identifyving the blur of
the margin feature of the tumor on the secton tine,

based on the standard deviation and the mean value i
of the moving variance of the gray scale of the o
plurality pixel points on the measured iine sepment

FIG.3F
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rerieving a WImor contour and & Wmor contour anmular
region from the grav scale image, wherein the wmor
contour is in the tumor contaur annular region

displaying the tumor contour over the grav scale image
for defining a tumor inner region and 2 tumor external
region on the gray scale image

retrieving & center of gravity of the tumer coniour
annular region, defining & section line extending
outwardly from the cenier of gravity and penewranng the
mmaor contour annular region, and providing a measured
line segment being on the section hinz and in the twmor
contour annuiar region

e

calculating the moving variance of the gray scale of 2ach

of the pluraiity pixel points on the measured line segment

T}

gefining a margin imaging upper imit and a margm
imaging tower lirmit besed on the moving variance of
the gray scale of each of the plurality pixel pomts on
the measured line segment, and imaging the margin
feature of the tumor on the section line in coordination
with a rainbow level

FIGAA
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calculating the standard deviation of the moving
variance of the gray scale of the plurality pixel points
on the measured ling segment

——— 1]

caicuiating the mean value of the moving vanance of the
gray scale of the pluralicy pixel points on the measured
hne segment

|
.

FIG .48

defining the margin imaging upper limit and the
margin imaging lower Hmit, based on the standard
deviation and the mean value of the moving variance
of the grav scale of the plurality pixel points on the
measured line segment

FIG.4C
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retrieving a tumor contour and a Wmor contour
annuiar region from the gray scale image, wherein the
turner contour is 1 the wmor contour annular region

P A

displaying the rurmor contour over the oray scale
image for defining 2 tumor inner region and & wmor
external region on the gray scale image

R

caicuiating both the minimum vaive and the standard
deviation of the gradient vamue of the gray scale of the
plurality pixel points i the tumor inner region

quanuiving the cysts fearure of the tumor in the
rurnor mner region, based on both the minimum vaiue
and the standard deviation of the gradient value of the
gray scale of the plurality pixel noints in the mamor
HIDEr region

FIG.6B
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defiming a threshold vaiue for calculating the ratic of the
region having the cysis feamre over the mamor inner
region. based on both the minimum value and the
standard deviatnon of the gradient value of the gray scale
of the plurality pixel points in the wmor mner region

L~ )i

FIG.6C
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errieving a tumaor contour and & urnor contour annular
region from the grav scale image, wherein the umer
contour 1§ in the mmer contour annular region

displaying the tumor contour over the gray scale image
for defining a tumor inner region and a wmor external
region on the gray scale image

calculating both the minimum value and the suandard
deviation of the gradient value of the grav scale of the
piurality pixel points in the wmor inner region

——

efining a cvsts umaging upper hmit and a cvsts imaging
lower limit based on both the mmimum value and the
standard deviation of the gradient value of the gray scale
of the plurality pixel points in the ramor inner region,
and mmaging the cvsis feature of the wmor in the wmor
Inner region
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retrieving a tumor contvur and 4 rumor contour
annular region from the gray scale bmage. whersin the
wmor contour 18 n the twmor contour annular region

e A

dispiaying the wmor contour over the gray scale
image for defining a tumor inner region and & tumor
external region on the grav scale {mage

- B

caleulating both the mumimum value and the standard
devration of the gradient value of the gray scale of the
plurality pixel ponts in the wmor inner region

retreving a cvsts region in the mimor inner region
based on both the mimmum value and the standard
deviation of the gradient value of the gray scaie of the
plurality pixel points in the wmor inner region

i
i
i
1

calculating the maximum vaiue, the sandard deviation,
and the mean vaiue of the gradient vaiue of the grav scale
of the plurality pixei points in the wmor inner region bur
nutside the cysts region

{71

quantifying the caleifications feawre of the umor i the
tumor inner region, based on the maximum vatus, the
standard deviation, and the mean value of the gradient
value of the gray scale of the plurality pixel points in the
twmor inner region but outside the cysts region

(

FIG.8B
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defining a threshold value for calculating the ratie of
the region having the caleifications feature over 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 piuraiiry pixel points in
the wmor inner region but outside the cysts region

- F1

FIG.8C
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FEIrieVIng 2 MINoT COnour and & Wnot conieur annular
region {rom the gray seale image, wherein the umor
contour 1 the wumor contour annelar region

— A

displaying the tumor corntour over the grav scale
image for defining a tumor inner region and & tumor
external region on the gray scale image

B

calculating both the minimum value and the standard
deviauon of the gradient value of the gray scale of the
plurality pixel poinis in the rumor inner region

- C

retrizving a ¢ysts region in the temor inner region
based on both the minimuin value and the standard
deviation of the gradient vajue of the gray scale of the
plurality prxel points n the wmor inner region

B e D

calculating the maximum value, the standard deviation,
and the mean value of the gradient value of the grav scale
of the plurality pixel points in the tumor inner region but
outside the cysts region, based on the gradient value of the
gray scaie of each of the plurality pixe! points in the tumor
Inner region but cutside the cysis region

—_F

j

defining a caicificarions imaging upper hmit and a
calcifications imaging lower iimit based on the
maximum value, the standard deviation, and the mean
value of the gradient value of the gray scale of the
phuraiity pixel points in the wmor inner region b
outside the cvsts reglon, and imaging the caicificatons
feature of the wmor in the Wwmor inner region

-
b b

FIG.9A
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rewrieving a Wwmor contolr and a wrnos contour
annuiar region from the grav scaic image, wherzain the
BmMor contour is in the tumor contour annular region

displaving the umor contour over the gray scale image
for defining a wmor inner region and 2 tumor exiernal
region on the gray scaie image

- B

calculating the mean value of the gradient value of the gray
cale of the plurality pixel points in the wmor inner region

selectung a reference biock 1n the umor 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 vakue of each of
the gray scale of the pluralitv pixel points in the
reference block

guantifying the echoic feature of the tumor based on
the mean value of the gradient value of the gray scale
oi the piurality pixel points in the tumor inner region
and the mean vaiue of the gradient value of the gray
scaie of the plurality pixel poinis in the reference block

F1G.10B
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rerieving & mmor contour and a fumor coniour annular
region frem the gray scale image. wherein the wmor
contour 1§ in the tumeor contour anmilar region

displaying the tumor contour over the grav scale image
for defining a tameor ianer region and a tumoer external
region on the gray scale image

defining a piurality of reference masks from the pluratity
pixel pomts m the wmor inner region, each of the plurality
of reference masks including a reference pixel point and
plural pixeis points adjacent to the reference pixel point

—

e

calculaung the locel mean and the local variance of the
gradient value of the grav scale of the reference mask
for each of the piurality of reference masks

s

a——

calculaung the vanance of local mean, the mean of local
variance, and the vanance of local vanance of the
gradient value of the gray scale of the reference mask of
the plurality of reference masks

quantifving the heterogenests feature of the temor by the
calcuiation of a heterogenesis index {or each of the
piurality of the reference masks, based on art ieast one
selecied from a group consisted of the variance of local
mean, the mean of local vanance, and the variance of local
variance ¢f the gradient value of the gray scale of the
reference mask for each of the piuratity of reference masks

FIG.11B
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defining a threshold value for calculating the ratio of
the region having the heterogenesis feamire over the
wmor inner regien, based on the heterogenesis mdex
for each of the plurality of the reference masks

FIG.11C

T}



23124

retrieving a tumor contour and a unor contour annular region from
the gray scale image, wherein the tumor contour is in the fumor
contour anwular region

displaying the ramor contour aver the gray scal
L umor mper region and a tamer exiemal region

o
poe J

~

=

lefining a plurality of reference masks from the plurality pixel points
in the twmor inner region, each of the plurality of referencs masks
mcluding a reference pixel point and plural pixels pomnts adiacent 0
the reference pixet point

T C

calculating the variance of the gradient value of the grav scaie of the
reference mask for cach of the plurality of reference masks

calculaung the mean variance of the gradient value of the gray scale
of the reference mask of the pluraiity of reference masks

calcuiating of a hetsrogenesis index for each of the plurality of the
reference masks, based on the variance of the gradient value of the
gray scale of the reference mask for sach of the piurality of reference
Inasks

calculating the maximum value, the mumimum value, the mean value,
and the standard deviation of the heterogenesis indices of the plurality
of the reference masks, based on the heterogenssis mdex for each of
the plurality of the reference masks

H
i

defining 2 heterogenests imaging upper limit and a heterogenesis
Imaging lower limit based on the maximum valug, the minimum value,
the mean value, and the standard deviation of the heterogenesis indices
ot the plurality of the reference masks, and imaging the heterogenasis
feature of the turnor in the tumor inner region in coordination with 2
|rainbow Jevel
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