QUANTIFICATION METHOD OF THE FEATURE OF A TUMOR
AND AN IMAGING METHOD OF THE SAME

BACKGROUND OF THE INVENTION

i.Field of the Invention

The present invention relates w a guantification method and an
imaging method, and more particularly, to the quantification method
capable of guantifying the margin fearure, the cvsts feature, the
calcifications feature, the echoic feature and the heterogenesis feature of a
tumor, and to the imaging method capable of imaging the margin feature,
the cysts feature, the caicifications feature and the heterogenesis feature of a
turnor.
2. Description of Related Art

in recent years, since the resolution of the image and the digitized
process of the image of the medical use ultrasonic imaging technology have
both increased significantly, the application filed of the medical use
ultrasonic imaging technology is not iimited in monitoring the growth of a
baby anymore. The medical use ultrasonic imaging technology is gradually
used n the diagnosis of the nature of many kinds of tumor, such as the
thyroid tumor. Moreover, due to the non invasion imaging nature of the
medical use ultrasonic imaging technology. more and more doctors uses the
medical use ultrasonic imaging technology as an assistance in diagnosing
the nature of a tumor and evaluating the possible treatments to the wmor.

The first step for a doctor to diagnose the nature of a tumor through
an ultrasonic image is to identify the contour of the mmor, i.e. the wmor
contour, for defining the tumor inmer region and the twmeor external region in

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



such as the margin feature, the cysts feature, the calcifications feature, the
echoic featwe and the heferogenesis in the tumor inner region, as the
reference for diagnosing the nature of the tumor. However, the medical use
ultrasonic imaging system of the present time can only allow the doctor to
input the tamor contour identified by his naked eyes 1o the ultrasonic image
of the tumor, with the help of a handwriting input device. But. the
unreliability of the diagnosis of the nawre of the tumor is significant just
due to this umor contour identifving process, for the reasons below:

The wmor contour identifving process mamniy depends on the
subjective feeling and experience of the doctor, even the mental condition
of the doctor can also plays an important role in it. As a result, for a certain
ulfrasonic image of a tumor, the tumor contours indentified by different
doctors are different from each other, as shown in FIG. 1A, Moreover, even
for the same doctor, the amor contours identified at different time slot are
different from each other, either.

After that, with the assistance of the identfied wmor contour, the
doctor can denufy whether the above feawres of the wmor is existed in the
mmor inner region by his naked eves. And if there exists at least one of the
aoove features of the tumor i the tumor inner region, the ratio of the at least
one of the above features of the tumor in the tumor inner region is evaluated
bv the docior. At final, based on the results collected on hand. such as the
distribution of certain kind of feature of the tumor, the doctor diagnoses the
nature of the wmor. In other words, no objective mechanism exists in the
present diagnosis process of the nature of 2 wmor, based on the ultrasonic
image. Therefore, mistakes on diagnosis of the nature of 2 wmor exist from

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



of a tumor by the medical use ultrasonic imaging technology to the medical
field and the sociery,

Besides, lots of image margin idensification methods have been
proposed in the image identification field (such as the license identification
field) for example, the snake algorithms. However. before the snake
algorithms starts 1o work., the uses neads to input a preliminary margin into
the algorithms, which means the doctor still needs to input a rough twmor
contour through the handwriting input device. Then, the snake algorithms
continues to execure the following algorithm process. But, duz to the
inirinsic property thereof, the snake algorithims is preferably applied in the
case of the image having obvious margin, or the result of the snake
algorithms will be extremely different from the actual margin. However, in
most cases, the margin of a tumor is not obvious, 1.e, the margin of the
tumor is always blurred. Therefore, even with the snake algorithms, the
resulting wmor contour 1s still quite different from the actual contour of the
tumor, ash shown i F1G, 1B,

Besides, for decreasing the calculation time of the snake algorithme,
the doctor still needs 1o spend lot of time to input a preliminary margin close
to the actual tumor contour nto the aigorithms. Thus, the burden of the
doctor is not released significantly. Moreover, since the vlirasonic image is
a gray scale image, the features of the tumor (such as the margin feature, the
cysts feature. the calcifications feature, the echoic feature and the
heterogenesis feature) may be displaved as minor change of the gradient
value of the gray scale of some of the pixel points of the gray scale image,
which s hard to identify by the naked sves of the doctor. Therefore. the
doctor can only identify the existence of these features of 2 umor by his
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feeling, making the diagnosing process of the nature of a tumor merely



depending on the subjective feeling of the doctor, not depending on the
obiative facts.

Therefore, a guantification method capable of guantifving the
margin feature, the cysts feature, the calcifications feawre, the echoic
feature and the heterogenesis feature of a tumeor, and an imaging method
capable of imaging the margin feature, the cysts feature. the caleifications

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

SUMMARY OF THE INVENTION

The object of the present invemion is to provide a guantification
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 object of the present invention is 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 4
doctor.

To achieve the object, the quantification method of the margin
feature of a tumor of the present invention, applying on a grav scale image
consisting of a plurality of pixel points and displaying at least one umor
therein, comprising the steps of: {A) retrieving a tumor contour and a wwmor
contour annular region from the gray scale image. wherein the tumor
contour Is in the twumor contour annular region: (B) displaving the tumor
comtour over the gray scale image for defining a mumor inner region and a
tumor external region on the grav 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 umor 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 (£} 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 achieve the object, the imaging method of the margin feature of 4
tumor, appiving on a gray scale image consisfing of a plurality of pixel
points and displaying at ieast 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 1s in the tumor contour annular
region; (B} displaying the tumor contour over the gray scale image for
defining a tumor inner region and a wmeor external region on the gray scale
image; (C) rewrieving 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 wmor 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 1imit 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 achieve the object. the quantification method of the cysts feature
of @ wmor of the present invention, applying on a gray scale image
consisting of a plurality of pixel points and displaving at least one tumor

therein, comprising the steps oft (A} retrieving a tumor contour and a tumor
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contour annular region from the gray scale irmage, wherein the tumor
contour is in the wmor contour annular region:; (B} displaving the tumor
contour over the gray scale image for defining & wmor inmer region and a
tumor external region on the gray scale image; (C) calculating both the
mimimum value and the standard deviation of the gradient value of the gray
scale of the plurality pixel points in the tumor inner region; and (D}
quantifying the cysts feature of the tumor in the wmor inner region, based
on both the minimum value and the standard deviation of the gradient value
of the gray scale of the plurality pixel points in the tumor inner region.

To achieve the object, the imaging method of the cysts feature of a
tumor of the present invention, applyving on a gray scale image consisting of
a plurality of pixel points and displaving at least one tumor thersin.
comprising the steps of: {A) retrieving a tumor contour and 2 tumor contour
annular region from the gray scale image. wherein the tumor contour is in
the wmor contour annular region; (B displaying the umor contour over the
gray scale mmage for defining & wmor mner region and a twmor external
region on the gray scale image: (T calculating both the minimum value and
the standard deviation of the gradient value of the gray scale of the plurality
pixel points m the wmor inner region; and (D} defining 2 cysts imaging
upper imit and a cysts imaging lower limit based on both the minimum
value and the standard deviation of the gradient value of the gray scale of
the plurality pixel points in the wmor inner region. and imaging the cysts
feature of the twumor in the fumor inner region.

To achieve the object, the guantification method of the
caleifications feature of a tumor of the present invention, applving on a gray
scale image consisting of a plurality of pixel points and displaying at least

one wmor therein, comprising the steps ofl (A) rerieving a tumor contour



and a tumor contour annular region from the gray scale image, wherein the
twmor contour i in the wnor comtour annular region; (B) displayving the
timor contour over the gray scale image for defining a wmor inner region
and a tumor external region on the gray scale image; {C) calculating both
the minimum vaiue and the standard deviation of the gradient value of the
gray scale of the plurality pixel points in the tumor inner region; (D}
refrieving a cysis region in the tumor inner region based on both the
minimum value and the standard deviation of the gradient value of the grav
scale of the plurality pixe! points in the wmor 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 pomts in the wmor
imner reglon but outside the cysts region; and (F) quamifving the
calcifications feature of the wmor 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 wmor inner region
but outside the cvsts region.

To achieve the object, the imaging method of the calcifications
feature of a tumor of the present invention. applving on a gray scale image
consistmg of a plurality of pixel pomts and displaving at least one wmor
therein, comprising the steps oft (A} retrieving a tumor contour and a tumor
contour annuiar region from the grav scale image, wherein the wmor
contour is in the tumor contour annular region: (B) displaving the tumor
contour over the gray scale image for defining a wmor imner region and a
tumnor external region on the grav scale image; (C) calculatng both the
minimum value and the standard deviation of the gradient value of the gray
scale of the plurality pixel points in the tumor inner region; (D} retrieving a

cysts region in the tumor inner region based on both the minimum value and



the standard deviation of the gradient value of the gray scale of the pluralitv
pixel points i the tumor inner region; (£) calculatng 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
cysis region, based on the gradisnt value of the gray scale of each of the
plurality pixel points in the tumor inner region but outside the cysts region;
and (F) defining a calcifications imaging upper limit and 2 caleifications
mmaging lower Hmif 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 inn the wmor inner region but outside the cysts region, and
imaging the calcifications feature of the tumor in the tumor inner region.
To achieve the object, the gquantification method of the echoic
eature of a tumor of the present invention, applying on a gray scale image
consisting of a plurality of pixel points and displaving at least one wmor
therein, comprising the steps of! (A} retrieving & tumor contour and a wmor
contour annuiar region from the gray scale image, wherein the tumor
contour 18 1n the tumor comour annular region: (B displaying the mumor
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 1nner region; (D) selecting a reference block in the tumor external
region, and caiculating the mear value of the gradient value of the grav
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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 wmor based
on the mean value of the gradient value of the gray scale of the plurality

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



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

r

To achieve the object, the gquantfication method of the
heterogenesis feature of a tumor of the present invention, applying on a grav
scale image consisting of a plurality of pixe! poinis and displaying at least
one tumor therein, comprising the steps oft (A) retrieving a tumor contour
and a tumor contour annular region from the gray scale image, wherein the
tumor contour i3 in the tumor contour annular region; (B) displaving 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 wmer inner region,
each of the pluraiity of reference masks including a reference pixel point
and plural pixels points adiacent 1o the reference pixel point; {IJ} 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
varianice of local variance of the gradiemt value of the grav scale of the
reference mask of the plurality of reference masks: and (F) quantifying the
heterogenests feature of the tumor by the calculation of a heterogenesis
mmdex 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 grav 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 & tumor of the present invention, applying on a gray scale image

consisting of a plurality of pixel points and displaying at Jeast one mmor
therein, comprising the steps of: (A) retrieving a tumor contour and a umor

comtour annular region from the gray scale image., wherein the tumor



contour i in the tumor contour annular region: (B) displaving the tumor
contour over the gray scale Image for defining a wmor inner region and a
twmor exiernal region on the gray scale image: (O defining a plurality of
reference masks from the plurality pixel points in the twumor inner region.
each of the plurality of reference masks including a reference pixel point
and plural pixels points adjacent to the reference pixel point: {1} calculating
the variance of the gradient value of the gray scale of the reference mask for
each of the plurality of reference masks: (E) calculating the mean variance
of the gradient value of the gray scale of the reference mask of the piurality
of reference masks: (F} calculating of a heterogenesis index for each of the
plurality of the reference masks. based on the variance of the gradient value
of the gray scale of the reference mask for each of the plurality of reference
masks; (G} calculating the maximum value, the mmimum value, the mean
value, and the standard deviation of the heterogenssis indices of the
plurality of the reference masks, based on the heterogenesis index for each
of the plurality of the reference masks: and (M) defining a heterogenesis
imaging upper limit and a heterogenesis imaging lower limit based on the
maximum value, the minimum value, the mean valie. and the standard
deviation of the heterogenesis indices of the plurality of the reference maslks.
and 1maging the heterogenesis feature of the tmor in the tumor inner
region In coordination with a rainbow level.

A computer readable medium storing a computer program for
making a computer system 1o execute a quantification method of the margin
feature of a tumor of the present invention, applying on a gray scale image
consisting of a plurality of pixel points and displaying at least one tumor
therein. comprising the steps oft (A} retrieving a tumor contour and a tumor

contour annular region from the gray scale image. wherein the tumor
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contour 1s in the twmor contour annular region; (B) disnlaving the wumor

o

comiour over the grav scale image for defining a tumor mnner region and a

tumor external region on the grayv scale image; (C) rewrieving a center of
gravity of the tumor contour annular region, defining a section line
extending outwardly from the center of gravity and penctrating the wmor
contour annular region. and providing a measured line segment being on the
section line and in the wmor 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) guantifving the margin feature of the tumor
on the section line, based on the moving variance of the grav scale of each
ol the plurality pixel points on the measured line segment.

A computer readable medium storing a computer program for
making a computer system to execule an imaging method of the margin
feature of 2 aumor, applying on a gray scale image consisting of 2 plurality
of pixel points and displaying at least one tumor therein. comprising the
steps of: (A} retrieving a tumor contour and a twmeor 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 tmor external region
on the gray scale image; (C) retrieving a center of gravity of the wmor
contour annuiar region, defining a secuon line extending outwardly from
the center of gravity and penetrating the tumor contour annular region, and
providing 2 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 feawre
of the mor on the s&czii}ﬁ line in coordination with a rainbow level.

A computer readable medium storing a computer program for
making a computer system to execute a quantification method of the cysts
feature of a tumor of the present inventon, applying on a gray scale image
consisting of a plurality of pixel points and displaying at least one tumor
therein, comprising the steps oft {A) refrieving a wmor contour and a mor
contour annuiar region from the grav scale image. wherein the tumor
contour is in the wmor contour annular region; (B) displaving the umor
contour over the gray scale image for defining a tumor inner region and a
tumor external region on the grav scale image: (C) caleulating both the
minimum value and the standard deviation of the gradient value of the gray
scale of the plurality pixel points in the wmor inner region; and (D)
quaniifying the cysts feature of the tumor in the tumor inner region, based
on both the mimimum vaiue and the standard deviation of the gradient value
of the gray scaie of the plurality pixel points in the umor inner region.

A computer readable medium storing & computer program for
making a computer system (o execute ap imaging method of the cvsts
feature of @ tunor of the present invention. applying on a gray scale image
consisting of a plurality of pixel points and displaving at least one tumor
therein, comprising the steps of: (A} remeving a wimor contour and a twmor
contour annular region from the grav scale image. wherein the twmor
contour 1s 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) caleulating both the
minimum value and the standard deviation of the gradient value of the gray

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



a cysts imaging upper limit and a cysts imaging lower limit based on both
the minimum value and the standard deviation of the gradient value of the
gray scale of the plurality pixel points in the fumor inner region. and
imaging the cysts feature of the tumor in the tumor ipner region.

A computer readable medium storing & computer program for
making 2 computer system ¢ execuie a guantification method of the
calcifications feature of 2 tumor of the present invention, applying on a grav
scale image consisting of a plurality of pixel points and displaying at least
one tumor therein, comprising the steps oft (A) refrieving a tumor contour
and a tumor contour annular region from the gray scale image, wherein the
tumor contour is in the tumor contour annuiar region; (B) dispiaving the
tumor contour over the grav scale image for defining 2 tumor inner region
and 2 tumor external region on the gray scale image; (C) calculating both
the minimum value and the standard deviation of the gradient value of the
gray scale of the plurality pixel poinis in the twmor inner region: (I
refrieving a cysts region in the tumor inmer region based on both the
minimum value and the standard deviation of the gradient value of the gray
scale of the plurality pixel points in the wmor inper region: (£} caiculating
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
nner region but outside the cysts region: and (F) gquanufving the
calcifications featurs of the tumor in the wumor inner region, based on 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 twmor inner region
but outside the cvsis region.

A computer readabie medium storing a computer program for

making a computer sysiem 0 execule an imaging method of the



caleifications feanire of a mamor of the present invention, applying on a gray
scale image consistng of a plurality of pixel points and displaying at least
one tumor therein, comprising the steps oft (A) retrieving a wmor contour
and a tumor contour annular region from the gray scale image, wherein the
tumor contour 1s in the tumor contour annular region; (B) displaying the
twmor contour over the gray scale image for defining a wmeor inner region
and a tumor external region on the gray scale image; (€} calculating both
the minimum value and the standard deviation of the gradient value of the
grav scale of the plurality pixel points in the tumor inner region: (D)
rerieving 2 cysts region in the tumor innsr region based on both the
minimum value and the standard deviation of the gradient value of the gray
scale of the plurality pixel points in the wmor inner region; (£) 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 umor
1nner region but outside the cysts region. based on the gradient value of the
gray scale of each of the plurality pixel points in the umor inner region buz
outside the cysts region: and (F) defining & calcifications imaging upper
limit and a calcifications imaging lower limit based on the maximum value,
the stanaard deviation, and the mean value of the gradient value of the gray
scale of the plurality pixel points in the tumor inner region but outside the
cysts region, and imaging the calcifications feature of the tumor in the
TUMOr INner region.

A computer readable medium storing a computer program for
making a computer system to execute a guantification method of the echoic
feature of a tumer of the present invention, applving on a grav scale image
consisting of a plurality of pixel points and displaying at least one tumor

therein, comprising the steps oft (A) retrieving a tumor contour and 3 wmor



contour annular region from the gray scale image, wherein the tumor
contour is in the tomor contour annular region; (B) displaying the twmor
contour over the grav scale image for defining a tumor inner region and a
tumor external region on the gray scale image; (C) caloulating the mean
value of the gradient value of the gray scale of the plurality pixel points in
the umeor 1nner region; (D} selecting a reference block in the tumor external
region, and calculating the mean value of the gradient value of the grav
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} guantifving the schoic feature of the wumor based
on the mean value of the gradient value of the grayv scale of the plurality
pixel points in the tumor inner region and the mean value of the gradient
value of the gray scale of the plurality pixe! points in the reference block.
A computer readable medium storing a computer program for
making a computer system lo execute a guaniification method of the
heterogenesis feature of a umor of the present invention. applying on a grayv
scale image consisting of a plurality of pixel points and displaying at teast
one tumer therem, comprising the steps off {A) refrieving a tumor contour
and a tumor contour annular region from the gray scale image, wherein the
Wmor contour is in the wmor contour annular region; (B) displaving the
tumor contour over the gray scale image for defining a wemor inner region
and a tumor external region on the gray scale image; (C) defining a plurality
of reference masks from the plurality pixel peints 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; (ID) calculating
the local mean and the local variance of the gradient value of the grav scale

of the reference mask for each of the pluralitv of reference masks: (E)
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calculating the variance of local mean. the mean of local variance. and the
variance of iocal variance of the gradient value of the grav scale of the
reference mask of the plurality of reference masks: and (F) quantifying the
heterogenesis feature of the tamor 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 jocal mean. the mean of
local variance, and the variance of local variance of the gradient value of
the gray scale of the reference mask for each of the plurality of reference
masks.

A computer readable medium storing a computer program for
making a computer system 10 execute an imaging method of the
heterogenesis feature of a wmor of the present invention, applyving on a gray
scale image consisting of a plurality of pixel points and displaying at ieast
one tumor therein, comprising the steps of: (A) retrieving a wmor contour
and & tumor contour annular region from the gray scale image, wherein the
tumor contour 1s in the twmor contour annular region; (B) displaving the
tumor contour over the gray scale image for defining 2 tumor inner region
and a tumor external region on the gray scale image; (C) defining 2 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 pixe! pomt; (D calculating
the variance of the gradient value of the gray scale of the reference mask for
each of the plurality of reference masks; (E) calculating the mean variance
of the gradient value of the gray scaie of the reference mask of the plurality
of reference masks; (I} calculating of a heterogenesis index for each of the
plurality of the reference masks, based on the variance of the gradient value

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



masks: (&) caleulating the maximum value, the minimum value, the mean
value, and the standard deviation of the heterogenesis indices of the
plurality of the reference masks, based on the heterogenesis index for each
of the plurality of the reference masks: and (M) defining a heterogenesis
imaging upper limit and a heterogenesis imaging lower limit based on the
maximum value, the minimum value, the mean value, and the standard
deviation of the heterogenesis indices of the plurality of the refarence masks,
and imaging the heterogenesis feature of the wmor in the twumor inner
region in coordination with a rainbow level.

As aresult, with the quantification method of the margin feature of a
tumor, the maging method of the margin feature of a tumor, the
guantification method of'the cysts featre of a tumor, the imaging method of
the cysts feature of a tumor. the quantification method of the calcifications
feature of a wmor, the imaging method of the calcifications feature of a
tumor, the guantification method of the echoic feature of & tumor, the
guantification method of the heterogenesis feature of a tumor, and the
imaging method of the heterogenesis feature of a tumor, a doctor can obtain
both the quantified result of these fearures and the imaging result of these
features {in the form of image patiern) at the same time when the ultrasonic
gray scale image 18 available 1o him. as the reference for the doctor to
diagnose the nature of the tumer. Thus. both the accuracy and the reliability
of the diagnosis of the nature of a tumor thorough the ultrasonic gray scale
image can thus be increased. The burden of the docior on the diagnosis of
the nature of a tumor is also released.

Other objects, advantages, and novel features of the invention will
become more apparent from the following detailed description when wken

in conjunction with the accompanying drawings.



BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is the ultrasonic irmage whose tumor contour is labeled by &
doctor’s hand,

FI1G. 1B is the uhrasonic image whose tumor contour is calculated
and labeled by the snake algorithms.

FIG. 2 displays the structure of a computer system,

FIG. 3A 15 an ultrasonic gray scale image.

FIG. 3B is a flowchart of the quantification method of the margin
feature of a tumor according to the first embodiment of the present
invention.

FIG. 3C 15 the flowchart of the wmor contour retrieving method,

FIG. 3D is a gray scale image displaving a tumor, whose mmor
contour and the tumor contour annular region i retrieved by the tumor
contour retrieving method.

FIG. 3k is the fiowchart displaying the substeps of step (D} of the
quantification method of the margin feature of a tamor according 10 the first
embodiment of the present invention.

FIG. 3F is the flowchart displaying the substep of step (E) of the
quantification method of the margin featwre of a tumor according to the first
embodiment of the present invention.

FIG. 4A 15 2 flowchart of the imaging method of the margin feature
of a umor according to the second embodiment of the present invention.

FIG.- 4B is the flowchart dispiaying the substep of step (D)) of the
imaging method of the margin feature of a tumor according to the second
embodiment of the present invention.

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

imaging method of the margin feature of 2 umor according 1o the second

[p2a)



embodiment of the present invention.

F1G. 5 displays & image pattern displaving the margin feature of a
TUmor.

FIG. 64 is an ultrasonic gray scale image.

FIG. 6B s 2 flowchart of the quantification method of the cysts
feature of & twmor according to the third embodiment of the present
IVEnon.

F1G. 6C is the flowchart displaying the subsiep of step (B} of the
quantification method of the cysts feature of a umor according to the third
embodiment of the present invention.

FIG. 74 1s a flowchart of the imaging method of the cysts feature of
a tmor according to the fourth embodiment of the present invention.

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

F1G. 8A is an ultrasonic gray scale imuge.

FiG. 8B is a flowchart of the quantification method of the
calcifications feature of a tumor according to the fifth embodiment of the
present Invention,

FIG. 8C is the flowchart displaving the substep of step (F) of the
quanufication method of the calcifications feature of a umor according to
the fifth embodiment of the present invention,

FIG. 9A 1s a flowchart of the imaging method of the calcifications
feature of e wmor according to the sixth embodiment of the present
inventon.

F1Gi. 9B displays a image pattern displaying the calcifications
feature of a tumor.

FIG. 10A 15 an ultrasonic gray scale image,
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FIG. 10B 15 a flowchart of the guantification method of the echoic
feature of a tumor according to the seventh embodiment of the present
invention.

F1G. 11A 15 an ultrasonic gray scale image.

FIG. 11B 15 a2 flowchart of the guantification method of the
heterogenesis feature of a tumor according to the eighth embodiment of the
present invention.

FIG. 11 15 the flowchart displaying the substeps of step {F) of the
quantification method of the heterogenesis feature of a tumor according to
the eighth embodiment of the present invention.

FIG, 12A00s a flowchart of the imaging method of the heterogenesis
feature of 2 tumor according to the nineth embodiment of the present
ivention.

FiG. 12B displays a image patern displaying the heterogenesis

feature of 2 umor,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference to FIG 2. a2 computer system: is shown. The
computer system 1s capable of execuning the quantificanion method of the
margin feature of a wmor, the imaging method of the margin feature of 2
tumor, the quantification method of the cysts feature of a tumor, the imaging
method of the cysts feature of a tumor. the guantification method of the
caicifications feature of a tumor, the imaging method of the calcifications
teature of a wmor, the guantification method of the echoic feature of 2
tumor. the quantification method of the heterogenesis feature of a wmor,
and the imaging method of the heterogenesis feature of a tumor of the

present invention.



As shown in FIG 2, a computer svstem comprises: a display device
21, aprocessor 22, amemory 23, an input device 24 and a storage device 2
wherein data such as image, words, instructions, ete. could be input through
the input device 24. The storage device 25 could be a hard drive. a
CD-ROM drive or a remote database coupled with the Internet, for storing a

systemn program, application program and the daza of the user. The memory
23 is used to register the data or the program to be executed. The processor
2 1s used to compute and process data. The display devi | displays the
output dawm. the computer system of FIG 2 executes kinds of application
programs under on the basis of the system program 26, such as the word
processing program. drewing program, scientific calculation program.
browsing program and e-mail program. etc,

In the present embodiment. the storage device 235 stores the
computer program making a computer system [o execute a guantfication
method of the margin feature of a tumor, the computer program making a
computer svstem to execute an maging method of the margin feature of a
tumor, the computer program for making a computer system to execute a
quantification method of the cvsts feature of a tumoz, the compuier program
for making a computer system to execute an imaging method of the cysts
feature of a tumor, the computer program for making a computer system to
execute a quantification method of the calcifications feature of a tumaor, the
computer program for making a computer system to execute an imaging
method of the calcifications feature of a tamor, the computer program for
making a computer sysiem to execute a quantification method of the echoic
feature of a tumor, the computer program for making & computer sysiem o
execute a quantification method of the heterogenesis feature of a tumor, and

the computer program for making a computer system [0 execute an imaging
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method of the heterogenesis feature of a wmor, Once the computer svsiem
15 subject to execute a guantification method or an imaging method. the
corresponding computer program is loaded to the memory 23, for executing
the quantification method or the imaging method in the processor 22. At
final, the result of the quantification method or the imaging method is
displayed on the display device 21 or stored in the remote database coupled
with the Internet.

Besides, the ultrasonice gray scale image is stored in the storage
device 25, and the ultrasonice gray scale image is loaded to the memory 23
as the quantification method or the imaging method being executed.
Moreover, the preliminary tumor contour of the tumor contour retrieving
method 1s input to the computer system through the input device 24. The
preliminary tumor contour is then integrated with the ultrasonice grav scale
image, for the execution of the following steps,

FIG. 3A displays an ultrasonic gray scale image consistng of a
plurality of pixel points. wherein each of the plurality of pixel points has a
gradient value of the gray scale. Besides, the ultrasonic grav scale image of
FIG. 34 displays a thyroid wmor and the surrounding thyroid tissue.

Besides, as shown in FIG. 3B, which is a flowchart of the
quantification method of the margin fearure of a wmor according to the first
embodiment of the present invention. comprisng the steps of;

(A} retrieving a tumor contour and a tumor contour annular region
from the gray scale irnage, wheremn the wimor contour is in the wmor 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

nmage;
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(Clretrieving a center of gravity of the rumor contour annular region,
aefining a2 section line extending ourwardly from the center of gravity and
penetrating the tumor contour annular region, and providing a measured iine
segment belng on the section line and in the tumor contour annular region;

(D) calculating the moving variance of the grav scale of each of the
plurality pixel points on the measured line segment; and

(E} quantifying the margin featare of the tumor on the section line.
based on the moving variance of the gray scale of each of the pharaiity pixel
paoints on the measured line segment,

With reference to FIG. 3C and FIG. 3D.a tumor contour refrieving
method for retrieving the wmor contour and the tumor contour annular
region of step (A), the tumor contour and the tumor contour annular region
retrieved from the grav scale image of step (A), and the defintion of the
center of gravity and the section line in the tumor inner region will be
descirbed below. FIG. 3C is the flowchart of a wmmor contour re rieving
method. FIG. 3D is a gray scale image displaying 2 wmor, whose tumor
contour and the tumor contour annular region is retrieved by the wmor
contour rerieving method.

As shown in FIG. 3C, in the present embodiment, a tumor contour
retrieving method for retrieving the mumor contour and the tumor conicur
annular region of step (A) comprises the steps of;

mputting & prelimmary tumor contour (the track 31 of FIG. 3D

defining & preliminary tumor contour annular region (the reglon
between the track 32 and the wack 33 of FIG. 3D based on the prefiminary
tumor contour, wherein the preliminary tumor contour is in the preliminary

umor contour annular region;



retrieving a preliminary center of gravity of the preliminary tumor

~ A
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contour annular region {the point 34 of FIG. 3D}, defining a preliminary
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section hine (the segment 35 of FIG. 3D extending curwardly from the
preliminary center of gravity and penetrating the prefiminary wmor contour
annular region. and providing a preliminary measured line segment being on
the preliminary section line and in the preliminary wumor contour annular
region;

calculating the moving variance of the gray scale of each of the
plurality pixel pointson the preliminary measured line segment, based on the
gradient value of the gray scale of each of the plurality pixel pointson the
preilminary measured line segment:

comparing the moving variance of the grav scale of each of the
plurality pixel pointson the preliminary measured line segment, and defining
the pixel pomt having the maximum moving variance of the gray scale as a
tmor contour suggestion point {the point 36 of FIG. 3D} on the preliminary
section line; and

changing the orientation of the preliminary section line to scan the
whole margin of the tumor and connecting all the tumor contour suggestion
pomt on different preliminary section lines, for retrieving the tumor contour
and the wmeor contour annular region.

After the tumor contour is retrieved from the gray scale image of FIG.
3D, the region enclosed by the umor contour is difinted as the tumor inner
region. The region of the gray scale Image of FIG. 3D not vet defined as the
tumor nner region 1s defined as the wmor external region.

The calculation of the moving variance (MV ;) of the gray scale of
each of the plurality pixel points on the preliminary measured line segment.

based on the gradient value of the gray scale of each of the plurality pixel



pomts on the preliminary measured line segmentwill be explained
heremafter, with reference to Table I below:

At first, the moving vanance 1s defined as the ratio of the variance of
the grav scale of a local segment for a certaln pixel pomt over the mean
variance of the grav scale of the plural moving horizon belong to the local

segment. i.e.

r Ri{f%
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"ORM.
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Wherein, the local segment includes the certain pixel ponit and plural
pixel points before {or after) the certain pixel point, being on the preliminary
measured line segment. In general, i p represents the number of pixel points
before or after the certain pixel pomnt, then the local segment mcludes 2p+1
pixel points therein.

Besides, the moving horizon of the jocal segment includes the certain
pixe! point and plural pixel points after the certain pixel point. being in the
moving horizen. in general, if g represents the number of pixel poins after
the certain pixel point in the moving horizon, then the local segment includes

Zp-g+2 moving variance therein.
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k I 2 3 4 5
Gy 7779 78 79 94
MV 4.996216 5431265 1 5.72353 | 4.359820  5.065877
; 6 7 g | 9 10
Gy 93 93 88 78 64
MVy 8586214 11.91848 | 13.55545 1 12.50645  17.43012
P 12 13 14 15

e 30 52 56 63 62
MV 1488913 10.87886  6.907269 4268595  4.830066
Ok 16 17 18 15
Gy 60 65 67 69
MV 1160418 0 13,1099 7.002381  6.10648

Table 1

Wherein, £ represents the senal number of the pixel points on the
preliminary measured line segment. (;;; repersents the gradient value of the
gray scale of the pixel point. MF; represents the moving variance of the
grav scale of the pixel pont.

As shown in Tabie 1, the pixel pomnt having the serial number 10 has
the maximum moving variance of the gray scale. Thus, this pixe! point on
the preliminary measured line segment s the wmor coniour suggestion
pomt.

Besides, as shown in FIG. 3E. the step (D} of the guantification

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



a step (D1}, Le. calculating the standard deviation of the moving variance of
the gray scale (,uMV}) of the plurality pixel poinis on the measured line

g

segment, based on the moving variance of the grav scale (M1} of each of

the plurality pixel points on the measured line segment. However, since the
method of calculating the standard deviation of the moving variance of the
gray scale (M1} from the moving variance of the grav scale (M) is
well-known in the art, the detailed steps of the method is omitred herein.

Moreover, as shown in FIG. 3E, the step (D) of the guantification
method of the margin feature of a tumor of the present embodiment includes
a step (D2) tollowing the step (D1}, Le. calculating the mean value of the
moving variance of the grav scale ( M f y of the plurality pixel points on the
measured line segment, based on the moving variance of the grav scale (MF)
of each of the plurality pixel points on the measured line segment. However.
since the method of calculating the mean value of the moving variance of the
gray scale L ME 7y from the moving variance of the gray scale (MF)) is
weli-known in the art, the detailed steps of the method is omitted herein,

As shown in FIG. 3F, the step (E) of the quantification method of the
margin feature of a wmor of the present embodiment includes a step (E1). 1.2
defining a threshold value for identifving the blur of the margin feature of
the tamor on the section line, based on the standard deviation (M) and

the mean value ( ‘fo j of the moving variance of the

19

ray scale of the
plurality pixel points on the measured line segment.

in the present embodiment, the threshold value is the mean value of
the moving variance of the grav scale { ’%}I } of the pluralitv pixel points on
the measured iine segment, plus 3 tmes of the standard deviaton of the
moving variance of the gray scale (M) of the plurality pixe! points on

the measured line segment (le. M’I =3% MV I 2 pixel point on the



measured line segment has a moving variance of the gray scale (M)

maller than the threshold value, the pixel point iz defined o have the blur
margin feature. After examing all pixel points on the measerad line segment.
by dividing the number of pixel points being defined 1o have the biur margin
feature with the number of entire pixe! points on the measured line segment,
the ratio of the blur margin feature on the measured line segment aver the
pixels points on the section line is obtatned.

At final. the quantification method of the margin feature of a wmor of
the present embodiment includes a step (Fy following the step (E). ie.
changing the orientation of the section line to scan the whole margin of the
tumor, for quantifying all the margin feature of the tumor. Therefore, the
ratic of the biur margin feature over the whole margin of the wmor is
cbtained.

As shown in FIG. 44, which is a flowchart of the imaging method of
the margin feature of a wmor according 1o the second embodiment of the
present inventon. comprisng the steps of:

(A retrieving a tumor comntour and a wumor 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 2 tumor external region on the gray scale
image:

(C) retrieving a cemter of gravity of the wmor 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 wmor contour annular region;



{3} calculaung the moving variance of the zrav scale of each of the
plurality pixel points on the measured line segment: and

(B} defining a margin imaging upper limit and a margin imaging
lower limit based on the moving variance of the grav scale of each of the
plurality pixel points on the measured line segment, and imaging the margin
feature of the tumor on the section line in coordination with a rainbow level.

However, since the wmor contour and the wmor contour annular
region retrieved from the gray scale image of step (A} the tumor inner
region anc the tumor external region defined by the wmor contour of step
(B). the center of gravity and the section line in the tumor inner region of step
1<), and the calculating method of the moving variance of the gray scale of
each of the plurality pixel points on the section line of step (D) have been

escribed above, the detailed description of them is omitted herein

Besides, as shown in FIG. 4B, the step (D) of the mmaging method of
the margin feature of 2 tumor of the present embodiment includes a step (D13,
i.e. caiculating the standard deviation of the moving variance of the gray
scale {, M1 of the plurality pixel pomts on the measured line segment,
However, since the method of calculating the standard deviation of the
moving variance of the gray scale (A1) from the moving variance of the
gray scale (M) is well-known in the art. the dewiled steps of the method is
omitied herein.

Moreover. as shown in FI1G. 4B, the step (D} of the imaging method of
the margin feature of 2 umor of the present embodiment includes a step (D2
following the step (ID1), Le. calculating the mean value of the moving
variance of the gray scale fﬁl} of the plurality pixel points on the

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

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



variance of the gray scale (M17) is well-known in the art, the detailed steps
of the method is omitted hersin.

As shown in FIG. 40, the step (B of the imaging method of the
margin feature of a umor of the present embodiment includes astep (E1}, 1.2,
defining the margin imaging upper limit and the margin imaging lower imit,
based on the standard deviation {,wMF;) and the mean value ( W y of the

moving vartance of the grav scale of the plurality pixel pomws on the

In the present embodiment, the margin imaging upper limit is the
mean value of the moving variance of the grav scale of the piuralitv pixel
points on the measured line segment, plus 3 times of the standard deviaton

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

:

measured line segment (L.e. M I +3% MIES). The margin imaging lower
iimit 15 the mean value of the moving variance of the grav scale of the
plurality pixel points on the measured line segment. minus 3 times of the
standard geviaten of the moving variance of the gray scale of the plurality
pixel points on the measured line segment (i.e. M ! =37 MV However,
 the margin imaging lower limit 1s smaller than the minimum value of the
moving variance of the grav scale of the plurality pixel poinis on the
measured line segment. then the margin tmaging lower iimit 1s adjusted 1o be
egual 1o the munimum value of the moving variance of the grav scale of the
plurality pixel poinis on the measured line segment.

It should be noticed that, i other application case, the margin imaging
upper lumit and the margin imaging lower limit could have other value,
respectively. For example, the margin imaging upper limit could be the mean
value of the moving variance of the gray scale of the plurality pixel points on

the measured line segment, pius 2 times of the standard deviation of the



moving variance of the gray scale of the plurabity pixel points on the
measured line segment (Le, —%2’? +2% M5 The margin imaging lower
iimit could be the mean value of the moving variance of the gray scale of the
plurality pixel points on the measured line segment, minus 2 times of the
standard deviation of the moving variance of the grav scale of the plurality
pixel points on the measured line segment {i.z. M F “2X MV The onlv
requirement 1s that the margin imaging upper lmit must be larger than the
margin imaging lower limit.

Besides, the rainbow level used in step (E) of the imaging method of
the margin featurs of a umor of the present embodiment is a level changing
continuousty from red to purpie, through orange, vellow, green. biue, and
indigo, as shown on right side edge of FIG. 3. While the margin feature of
the tumor is imaged. all pixels points on the measured line segment are
imaged according to the imaging ruies below:

I If'a pmxel point on the measured line segment having the moving

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

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

2. If a pixel point on the measured line segment having the moving
variance of the gray scale smaller than or equal to the margin
imaging lower limit. the pixel point is covered by a purple block:
and

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

variance of the gray scale between the margin imaging upper
imit and the margin imaging lower limit, the pixel point is
covered by a block having the color selected from the rainbow

level corresponding to the relation among the moving variance

Ter



of the grav scale of the pixel point, the margin imaging upper

limit and the margin imaging lower Bmit.

After all pixels points on the measured line segment are imaged
according to the imaging rules above. Le. after the step (E} s completed, the
imaging method of the margin feature of & tumor of the present embodiment
can further comprises a step (F), changing the orientation of the section line
to scan the whole margin of the tumor, for imaging all the margin featurs of
the tumor. Therefore. all pixel points in the tumor contour annular region of
the tumor are imaged, and an image pattern having the margin feature
imaged is obtained. as shown in FIG. 5. With the assistance of the image
pattern of FIG. 3, a doctor can easily discover the distribution of the margin
feature of the tumor and the blur index of the margin feature of the tumor.

It should be noticed that the color blocks of the imaging pattern of FIG.
7 can not only displays on the ultrasonic gray scale image continuously
can also displays on the ulrasonic gray scale image periodically. Thus, the
doctor can observe other features of the tumor while the margin feature is
imaged.

FIG. 6A displays an ultrasonic gray scale image consisting of a
plurality of pixel peints, wherein each of the plurality of pixel points has z
gradient value of the gray scale. Besides. the ultrasonic grav scale image of
FIG. 64 displays a thyroid tumor and the surrounding thyroid tssue.
wherein the thyroid tumor includes a cysts region thersin.

As shown i FIG. 6B, which is a flowchart of the guantification
method of the cysts feature of a tumor according to the third embodiment of

the present invention, comprisng the steps ot
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(A} retrieving 2 wmor contour and a twmer contour annular region
from the gray scale image. wherein the wmor contour is in the tTumor contour
annuiar reglon;

(B} displaying the wmor contour over the gray scale image for

defining & twmor inner region and a wmor external region on the gray scale
image;

{C) caleuiating both the minimum value and the standard deviation of
the gradient value of the gray scale of the plurality pixel points in the wmor
mner region: and

(DD} quantifving the cysts feature of the tumor in the wmor inner
region, based on both the minimum value and the standard deviation of the
gradient value of the gray scale of the plurality pixel points in the wmor
Inner region.

However, since the tumor contour and the tumor contouwr annular
region retrieved from the gray scale image of step (A} and the wmor inner
region and the tumor exiernal region defined by the tumor contour of step
(B}, have been described above, the detatled description of them is omited
aerein.

Moreover, since the calculating method of the minimum value and the
standard deviation of the gradient vaiue of the gray scale of the plurality
pixel points in the tumor inner region of step (C) 1s well-known in the art, the
detailed steps of the method 1s omitted herein.

As shown in FIG. 6C. the step (D) of the quantfication method of the
cysts feature of & tumor of the present embodiment includes z step (D17, Le,
defining a threshold value for calculating the ratio of the region having the

cysts feature over the tumor mner region, based on both the minimum value
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(ninCrp) and the standard deviation (447G ) of the gradient value of the grav
scale of the plurality pixel points in the wrmor mnner region.

Ini the present embodiment. the threshold value 1s the minimum value
(i iy of the gradient value of the gray scale of the plurality pixel points in
the tumor inner region, plus §.1 times of the standard deviation {MC;;_-;J} of
the gradient value of the gray scale of the plurality pixel points in the tumor
inner region (1.2, pn ot e 1 %G H a pixel point in the wumor inner
region has a gradient value of the grav scale { Gl_-;;) smaller than the threshola
vaiue, the pixel point is defined to have the cysts feature. Afier examing all
pixel points in the wmor inner region, by dividing the number of pixel points
being defined to have the cysts feature with the number of entire pixel points
in the wmor inner region, the ratie of the cysts feature in the mmor inner
region 18 obtamed.

As shown in FIG. 7A, which is a flowchart of the imaging method of
the cvsts feature of a wmor according 10 the fourth embodiment of the
present inventon, comprisng the steps of:

{A) retrieving a tumor contour and a tumor contour annular region
frown the gray scale image. wherein the tumor contour is in the tumor contour
annular region;

(B) displaving the wmmor contour over the gray scale image for
defining a tumor Inner region and a tumor external region on the gray scale
image;

(C) calculating both the minunum value and the smndard deviation of
the gradient vaiue of the gray scale of the plurality pixel points in the wmor
inner region: and

{D} defining a cysis imaging upper limit and & cysts imaging lower

iomit 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 amor
inner region, and imaging the cvsts feature of the tumor in the twmor inner
reglon.

However, since the mmor contour and the tumor contour annular
region retrieved from the gray scale image of step (A). and the tumor inne
region and the umor external region defined by the tumor contour of step (B)
have been described above, the detailed description of them is omitied
herein.

Moreover, since the calculating method of the minimum value and the
standard deviation of the gradient value of the gray scale of the plurality
pixel points in the twmor inner region of step (C) is well-known in the art, the
detailed steps of the method 1s omitted herein.

Besides, the cvsts imaging upper iimit defined in step (D) of the
imaging method of the cysts feature of a tumor of the present embodiment is
the minimum value (5, () of the gradient value of the grav scale of the
pluraitty pixel points n the tumor inner region, pius 0.1 umes of the standard
deviation (;,4( /) of the gradient value of the gray scale of the plurality pixel

pomts in the wmeor mner region (i.e. ,,1,‘;?6'{;'3“:*'{}‘] X oA i)
tower limit 15 the minimum value (mz:,,Gf;g} of the gradient value of the grav
scale of the plurality pixel points in the tumor inner region.

It should be noticed that, in other appiication case, the cysts imaging
upper hmit and the cysts imaging lower limit could have other vaule,
respectively. For example, the cysts imaging upper limit could be the
minimum value (,;,Gyl of the gradient value of the grayv scale of the
plurality pixel points iy the tumor inner region, pius 0.3 times of the standard
deviation (S;c.;G{-f;‘; of'the gradient value of the gray scale of the plurality pixel

points in the wmor inner region {L.e. ,,,,—,?Cr,;_,-ﬁ()'.?y ® mgGw‘}. The cysts imaging



fower limit could be the minimum value {,,,;, G@:g'} of the gradient value of the
gray scale of the plurality pixel points w1 the wmor inner region, plus .03
umes of the standard deviation \ﬂjC”; of the gradient value of the grav scale
of the plurality pixel points in the tamor inner region (L.e, ,,, G +0.05%
m:G,_;}:;}. The only requirement is that the cysts imaging upper limit must be
larger than the cysts unaging lower limit.

Besides, while the cysts feature of the tumor is imaged, if a pixel point
having the gradient value of the gray scale between the cysts imag
bimit and the cysts imaging lower limit. the pixel point is covered by a peach
block. After all the pixel points in the tumor inner region being imaged

“"‘Ol"ﬂin” to the ;mavmv rules abcwm., an 1maﬂﬂ patiern navmcr the Vst

oy

feature imaged is obtained, as shown in FIG. 7B, With the assistance of the
1mage pattern of FIG. 78, a doctor can easily discover the diswibution of the
cysts feature of the tumor and the ratio of the cysts fzature over the tumor
inner region.

Moreover, the imaging method of the cysts feature of a mmor
according to the fourth embodimen: of the present invention can further
comprise the below steps, foliowing the step (1D}, such as:

(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 point
adjacent fo 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 bmit and

(F) covering the reference pixel point and all the plural pixels
points with a peach block while the gradient value of the gray scale of

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

the mor 15 imaged.

OUn the other hand, the imaging method of the cvsts feature of @ mumor

ceording to the fourth embodiment of the present invention can further
comprise step (&) following the step (F):

(€3} removing the peach block covering the reference pixel point and
all the plural pixels points while only the gradient vaive of the gray scale of
the reference pixe! point is betwsen the cysts bmaging upper limit and the
cysts Imaging lower limit and the cysts feature of the wmor is Imaged.

By completing the steps (£} to {G} described above, the shape and the
area of the peach block is more coincident with the actual shape and the area
of the cysts featurs of the twmor. Besides, in the present embodiment. the
reference mask defined in step (E) includes 9 pixel points.

FIG. 8A displays an ultrasomic gray scale image consisting of a
phurality of pixel points, wherein each of the plurality of pixel points has &
gradient value of the gray scale. Besides. the ultrasonic grav scaie mmage of
FIG. 8A displays a thvroid wmor and the surrounding thyroid tissue,
wherein the thyroid umor meludes a caleifications region therein.

As shown in FIG. 8B, which 1s a flowchart of the quantfication
method of the calcifications feature of a twmor according w the fifth
embodiment of the present invention, comprisng the steps of:

(A} retrieving a tumor contour and a twumor contour annular region
from the gray scale image. whereln the tumor contour is in the tumor contour
annular region:

(By displaving the wmor contour over the grav scale image for
defining a wumor inner region and & tumor external region on the gray scale

image:



(C} calculating both the minimum value and the standard deviation of
the gradient value of the gray scale of the plurality pixel points in the tumor
ner region:

(D) retrieving a cysts region in the tumor inner region based on both
the minimum value and the standard deviation of the gradient vaiue of the
gray scale of the plurality pixel points in the tumor inner region:

(E} calculating the maximum value, the sandard deviation. and the
mean value of the gradient value of the gray scale of the plurality pixel points
in the tumor inner region but owside the cvsts region: and

(Fy quantifving the calcifications fearure of the mmor in the tumor
mner region, based on the maximum value, the standard deviation. and the
mean vaiue of the gradient value of the gray scale of the plurality pixel points
in the wmor inner region but outside the cysts region.

However, since the tumor contour and the tumor contour annular
region retrieved from the gray scale image of step (A}, the mumor inner
region and the tumor external region defined by the wmor contour of step (B
and the cysts region retrieved in step (D) have been described above, the
detaled description of them i3 omitted herein.

Moreover, since the cal:;uiating_ method of the minimum value and the

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

=

pixel poins in the tumor mner region of step (O) and the calculating method
of the maximum value, the standard deviation, and the mean vaiue of the
gradient value of the gray scale of the plurality pixel points in the umeor
mner region but outside the cysts region of step (B} is well-known in the art,

the detailed steps of the methods are omitted herein.



(F1y, ie. defining & threshold value for calculaung the ratio of the region
having the calcificatons feature over the tumor inner region, besed on the
maximum value (o Gy, the standard deviation (yy | f}’m i, and the mean

value {pean Gl i) of the gradient value of the gray scale of the plurality pixel
poinis 1o the tumor mner region but outside the cysts region.

in the present embediment, the threshold value is the mean value
{mean (T370) 0f the gradient value of the gray scale of the plurality pixel points

i1 the tumor inner region but outside the

('2

oyt region, plus 2.8 umes of the
standard deviation h;du_Gg;H of the gradient value of the grav scale of the
plurality pixel points in the wmor mner region but outside the cvsts region
(L€ mean <G T2.8% g Gyt 1f @ pixel point in the tumor ianer region but
outside the cysts region has a gradient value of the gray scale {;G{;,-;} targer
than the threshold value, the pixel point is defined to have the calcifications
feature. After examing all pixd pomts in the tumor inner region. by dividing
the number of pixel points being defined to have the calcifications feature
with the number of entire pixel pomss in the tunor mner region, the ratio of
the calcifications feature in the wumor mner region is obiamed.

As shown in FIG. 94, which 1s a flowchart of the imaging method of

he calcifications feature of a tmor according to the sixth embodiment of the
present Invention, comprisng the steps of!

(AY retrieving & tumor contour and a tumor conlour annular region
from the gray scale image, wherewn the tumor contour 1§ i the wmor contour
annular region:

(B) dsplaying the tmor contour over the grav scale image for
defining & turnor inner region and a wmor external region on the grav scale

image:

=



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

the gradient value of the gray scale of

&3

the plurality pixel pomts in the wmeor
INeT region:

(D) retrieving a cvsts region in the tumor inner region based on both
the minimum value and the standard deviation of the gradient value of the
gray scale of the plurality pixel points in the wmor inner region:

(B} calculating the maximum value, the standard deviation, and the
mean vaiue of the gradient value of the gray scale of the plurality pixel points
in the wumor inner region but outside the cvsts region, based on the gradient
value of the gray scale of each of the plurality pixel points in the tumor mmer
region but outside the cysts region; and

(Fy defining a calcifications imaging upper limit and a calcifications
imaging lower limit based on the maximum value, the standard deviation.
and the mean value of the gradient value of the gray scale of the plurality
pixel points in the twmor nmer region but outside the cvsts region, and
imaging the calcificanions feature of the tumor in the tumor inner region.

However, since the tumor contour and the tumor contour annular
region retrieved from the gray scale image of step (A), the umor inner
region and the tumor external region defined by the tumor contour of step (B)
and the cysts region retrieved in step (D} have been described above, the
detatled description of them is omitted herein.

Moreover, since the calculating method of the minimum vaiue and the
standard deviation of the gradient vajue of the gray scale of the plurality
pixel points in the tumor inner region of step (C) and the calculating method
of the maximum valus, 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 cvsts region of step (E) 1s well-known in the art,
the detailed steps of the methods are omitted herein,

Begides, the calcifications imaging upper himit defined in step (F} of
the imaging method of the calcifications feature of 2 tumor of the present
embodiment is the maximum vaiue (_,,m_fGU;' of the gradient value of the
gray scale of the pluralitv pixe! points in the tumor mner region but outside
the cysts region. The calcifications imagmg lower hmit 15 the mean value
{,,?,_..,m?_;G ;7 of the gradient value of the gray scale of the plurality pixe] points
in the tumor inner region but outside the cysts region, plus 2.8 tmes of the
standard deviation (g -Gyy) of the gradient value of the gray scale of the
piurality pixel poinis in the tumor inner region but outside the cysts region
(1-€. mean :7Gr_';'f' ‘%h‘?“gxé‘fc?m_:'Giﬂ)-

it should be noticed that, in other application case, the calcifications
imaging upper limit and the calcifications imaging lower limit could have
other value, respectively. For example. the caicifications mmaging upper
Limit could be the maximum value (r?wx_,m_c"ﬁr_'ff} of the pgradient value of the
gray scale of the plurality pixel points in the wmor mner region but outside
the cysts region, minus 0.1 times of the standard deviation (mmi,G,‘-ﬂ} of the
gradient value of the gray scale of the plurality pixel pomns in the umor
inner region but outside the cysts region {Le. yu Gy ~0.1% g, .Gt The
calcifications imaging lower limit could be the mean value (e Cﬁ;;g} of the
eradient value of the gray scale of the plurality pixel pomnts m the wmor
mner region but outside the cysts region. plus 2.5 umes of the standard

deviation {yy .Gy of the gradient value of the grav scale of the plurality

pixel points in the tumor inner region but outside the cvsts region {i.e.
mean cG}‘;‘;’ 2.5% s Uiy The only requirement is that the calcifications



mmaging upper limit must be larger than the calcifications imaging lower
Lt

Besides, while the calcifications feature of the tumor is imaged, if a
pixel point in the tamor inner region but outside the cvsts region having the
gradient value of the grav scale between the calcifications imaging upper
limit and the calcifications imaging lower Hmit, the pixel point is covered by
a vellow block. Afier all the pixel points in the tumor inner region but
outside the cysts region being imaged according to the imaging rules above,
an image pattern having the calcifications feature imaged is obtained. as
shown in FIG. 9B, With the assistance of the image pattern of FIG. 9B, a
doctor can easily discover the digtribution of the calcifications feature of the
tumor and the ratio of the calcificanions feature over the tumor inner region.

F1G. 104 displays an ultrasonic gray scale image consisting of 2
piurality of pixel points, wherein each of the plurality of pixel points has a
gradient value of the gray scale. Besides. the ultrasonic grav scale image of
FIG. 10A displays a thyroid umor and the surrounding thyroid tissue.

Ag shown m FIG. 10B, which is a flowchart of the guantfication
method of the echoic featre of a wwnor according to the seventh
embodiment of the present invention. comprisng the steps of;

(A} retmeving a wmor contour and a twmor contour annular region
from the gray scale image, wherein the tumor contour is in the tumor contour
annuiar region:

(B} displaving the wmor contour over the grav scale image for
defming a umor inner region and a wmor external region on the grav scale
image;

(C} calculating the mean value of the gradient value of the grav scale

of the plurality pixel points in the tumor inner region;



(ID} selecting a reference block in the wmor external region, and
caleulating 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

(£} 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 wmor inner region and the mean value of the gradient value of the gray
scate of the plurality pixel points in the reference block.

However, since the tumor contour and the wmor contour annular
region retrieved from the gray scale image of step (A) and the mumor inner
region and the tumor external region defined by the tumor contour of step (B}
have been described above, the detailed description of them is omitted
herein.

Moreover, since the calculating method of the mean value of the
gradient value of the gray scale of the plurality pixel points in the twmor
inner region of step (C} and the calculaiing method of the mean value of the
gradient value of the gray scale of the plurality pixsl points in the reference
block of step (D) ts well-known in the art, the detailed steps of the methods
are omitted herein.

Besides. the aforementiond reference block is the region enclosed by
the rectangular frame outside the tumor contour of FIG. 10A. Le. in the
turnor external region. In general, the reference block is located at the region
of the ultrasonic grav scale image displaying the ordinary tissue.

In the present embodiment, the echoic feature of the wmor is
quantified by dividing the difference between the mean value (e Tyt OF
the gradient valug of the gray scale of the plurality pixel points in the tumor

mner region and the mean vaiue (.., () of the gradient value of the gray

fon
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scale of the plurality pixel points in the reference block with the mean value
(nean &riof the gradient valus of the gray scale of the plurality pixe] points in

the reference block. as shown in the following formula:

G- G
5 mean = ijil mean > s E @@%
ER - G

wiear r

Inn general, the result of the above formula is represented by ER. IFER
is larger than or equal 10 0 (i.e. ERZ 0), the wmor is defined to have the
hyperechoic feature. If ER is smaller than 0 (i.e. ER<0), the tumor is defined
to have the hvpoechoic feature

FIG. 1A displays an ultrasonic gray scale image consisting of a
plurality of pixel points, wherein each of the plurality of pixel points has a
gradient value of the gray scale. Besides, the ulrasonic gray scale mage of
FI1G. T1A dispiays a thyroid wmor and the surrounding thyreid tissue.

As shown in FIG. 11B, which is a flowchart of the quantification
method of the heterogenesis feature of 2 tumor according w0 the eighth
embodiment of the present invention, comprisng the steps of!

(A} retrieving a tumor contour and a tumor contour annular region
from the gray scale image, wherein the tumor contour is in the tumor contour
annular region;

(B} displaying the wmor contour over the gray scale image for
defining a wmor 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

i
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ncluding a reference pixel point and plural pixels points adiacent to the
eference pixel point;

(13} calculating the local mean and the local variance of the gradient
value of the gray scale of the reference mask for each of the pluraiity 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 wmmor 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 grav scale of the reference mask for each of the
plurality of reference masks.

However, since the tumor contour and the tumor contour annular
region retrisved from the gray scale image of step (A} and the tumor inner
region and the wmor external region defined by the tumor contour of step (B)
have been described above, the detailed description of them is omitted
herein.

Besides, in the present embodiment, the reference mask of step ()
inctudes 25 pixel points. i.e. the reference pixel point and phural pixels points
adjacent 1o the reference pixel point. The difference between the coordinate
of these pixel points {x°,¥"} and the coordinate of the reference pixel points
(3.¥)is smaller than 2. It should be noticed that, in other application case, the
reference mask of step (C) could inctude different number of pixel points, for

xample, 49 pixel points.
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Below. the calculation of the variance of local mean (VOM). the mean
of local variance (MOVY), and the variance of local variance (VOV). based
on the variance. the Jocal 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 1s described.

First, the variance of local mean (VOM) interprets the changes of the
local means. That is, the variance of Jocal mean (VOM) is calculated as the
variance among the local averages. Second, the variance of local vartance
(VOV) interprets the scale of difference in the local area. That is, the
variance of local variance (VOV} 1s calculated as the mean among the
variances in local area. Thrid. the mean of local variance (MQV) interprets
the changes among the differences in the local area. That is, the mean of
iocal variance (MOV) is calculated as the variance among the variances in
tocal area,

An example for explaining the calculation of these three kinds of

variance 1§ presented below,
At the beginning, a local sguared-area (i.e. the reference mask) of an

uitrasonic gray scale image is defined (denoted as ~ v/ ). for the

measurement point Pi; which consists of (2g+11(2g~1} measurement

pomts, where g is said w be the element 10 decide the width of the

A4
. X . . -y
squared-area. Besides, the components within ~ "/ can be shown as:
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The sampie mean of the points within ~ %/ is defined as the local mean,
¥
f{”{A{

denoted as can be calculated as:

T
GR.
is the brightness of the Py ; at the single frame ata ¢
nmepoint,

onstant of

g .
The sample variance of the points within A‘ ; 15 aefined as the local
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However, when ") contains the points that are outside the ROI, the
2 2
o A
Fao, Sg 49 -
' and “ forthe area “*i,; will not be calculated.

Based on pre-defined region of interest (ROI). in this case, the tumor
mner region. and a given g, in the case, g=2. the 71, local means {denoted as

2 2

K 4 J

. . . L 7o -~
A; ) and the n, local variances (denoted as ~ 47 j where 1S v<n_ .

Therefore, the variance of local mean (VOM) could be calculated

4%
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The variance of local variance (VOV) could be calculated as:
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2
’§ Ay
2 p=l
where s~ =2
A4
* n,

As aresult, the caleulation of the local mean (VOM), the mean of local
variance (MOV ). the variance of local variance (VOV}, as well as the ratio
of the variance of local variance (VOV} divided by the varfance of local
mean (VOM), the ratic of the mean of local variance (MOV) divided by the
vartance of local variance (VOV), and the ratio of the mean of local
variance (MOV) divided by the variance of local mean (VOM) are

disclosed.

-----

heterogenesis index is z function of the ratio of the variance of local
variance {VOV) divided by the variance of local mean (VOM) has the best

performance.



As shown in FIG. 12A, which is a flowchart of the imaging method of
the heterogenesis feature of a twmor according to the nineth embodiment of
the present invention, comprisng the steps of;

(A} retrieving a tumor contour and a tumor contour annular region
tfrom the gray scale image, wherein the tumor contour is in the twmor contour
annular region;

(B) displaying the tumor contour over the grav scale image for
defining a mmor 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 wmor inner region, each of the plurality of reference masks
including a refersnce pixel point and plural pixels points adjacent w the
reference pixel point;

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

{E) calculaung the mean variance of the gradient value of the gray
scale of the reference mask of the plurality of reference masks:

(F) calculating of a heterogenesis index for each of the plurality of the
reference masks, based on the variance of the gradient value of the gray scale
of the reference mask for each of the plurality of reference masks:

{G) calculating the maximum value, the minimam value, the mean
value, and the standard deviation of the heterogenesis indices of the plurality
of the reference masks, based on the heterogenesis index for each of the
plurality of the reference masks; and

(H) defining a heterogenesis imaging upper limit and a heterogenesis
imaging lower limit based on the maximum value, the minimum value. the

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



plurality of the reference masks. and imaging the heterogenesis feature of the
tumor o the wirnor inner region in coordination with a rainbow level.

However, since the umor contour and the tumor contour annular
region retrieved from the gray scale image of step (A) and the mmor inner
region and the wmor external region defined by the tumor contour of step (B)
have been described above, the detailed description of them is omitted
herein.Moreover, since the calculating method of the maximum value, the
minimurn value, the mean value. and the standard deviation of the
heterogenesis indices of the plurality of the reference masks, based on the
neterogenesis index for each of the plurality of the reference masks of step
() 15 well-known in the art, the detailed steps of the method is omitied
herein.

Besides. in the present embodiment, the reference mask of step (C)
includes 25 pixel points, 1.e. the reference pixel point and plural pixels points
adjacent to the reference pixel point. The difference between the coordinate
of these pixel points (X',¥ ") and the coordinate of the reference pixel points
(3,Y) 1s smaller than 2. it should be noticed that, in other application case. the
reference mask of step (C} could include different number of pixel poinzs, for
example, 49 pixei pomnts.

The variance of the gradient vaiue of the crav scale of the reference
mask for each of the plurality of reference masks calculated in step (I is
represented by .. MHI. The mean variance of the gradient value of the
gray scale of the reference mask of the plurality of reference masks

calculated m step (E) is represented by ynpMHT.. Besides,
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wovMHI; = K

As shown m FIG, 11C, the step (F) of the guantification method of the
heterogenesis feature of a tumor of the present embodiment includes a step
{F1}, by taking the square roots of the absolute value of the difference
between the variance of the gradient value of the gray scale of the reference
mask (yorpMHI}) for each of the plural'j@' of reference masks and the mean
variance of the gradient value of the gray scale of the reference mask
OuorMHI) of the plurality of reference masks, calcuiating the heterogenesis
index HF;_ for each of the plurality of the reference masks, as shown in the

following formuia:

HP,. = MH@:“MWMHQ-E

o= Lvarp

Besides. as shown in FIG. 11C, the step (F} of the guantification
method of the heterogenesis feature of a tumor of the present embodiment
meludes a step (F2) following the step (F1), defining a threshold valus for
calculaung the ratio of the region having the heterogenesis feature over the
tumor inner region, based on the heterogenesis index (f7P,.) for each of the
plurafity of the reference maskis.

In the present embodiment, the heterogenesis imaging upper hmit of

step (H} is the maximum value of the heterogenesis indices (,,./1F;) of the



pluraiity of the reference masks: and the heterogenesis imaging lower limit is
the mean value of the heterogenesis indices (,,/1F ) of the plurality of the
reference masks, minus 0.1 times of the standard deviation (/7P of the
heterogenests indices of the plurality of the reference masks (e
J?zeaﬂfips'—o- ] XSEJHP il

It should be noticed that, in other application case, the heterogenesis
imaging upper limit and the heterogenesis imaging lower limit could have
other value, respectively, For example, the heterogenesis imaging upper
Hmit could be the maximum value of the heterogenesis indices (o /7F;) of
the plurality of the reference masks. minus 0.1 tmes of the standard
deviation (;uf7F;) of the heterogenesis indices of the plurality of the
reference masks (i.e. , /TP~0.1 % ,HP,). The heterogenesis imaging
lower limit could be the mean value of the heterogenesis indices {,,mmfTF )
of the plurality of the reference masks, minus 0.2 times of the standard
deviation (y/{F)) of the heterogenesis indices of the plurality of the
reference masks (1.e. eqnffF0.2% P ). The oniv requirement is that the
heterogenesis imaging upper limit must be larger than the heterogenesis
nnaging lower limit.

Besides. the rainbow leve] used in step (H) of the imaging method of
the heterogenesis feature of a wmor of the present embodiment 15 a level
changing continuously from red 1o purple, through orange. vellow, green.
blue, and indige. While the heterogenesis feature of the wmor is imaged, the
reference pixel point of each of the plurslity of reference masks are imaged
according to the imaging rules bejow:

L. If a reference mask having the heterogenesis index equal to the
eterogenesls imaging upper limit, the reference pixel point ¢f the

reference mask is covered by a red block;
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2. fareference mask having the heterogenesis index smaller than or
equal 10 the heterogenesis imaging lower Hmit, the reference pixel
point of the reference mask is covered by a purple block: and

3. If a reference mask having the heterogenesis index between the

heterogenesis imaging upper limit and the heterogenesis imaging
lower limit, the reference pixel point of the reference mask is
covered by a block having the color selected from the rainbow

level corresponding to the relation among the heterogenesis index

Fo

of the reference mask. the heterogenesis imaging upper limit and

the heterogenesis imaging lower limit.

After the reference pixel point of each of the plurality of reference
masks are imaged according to the imaging rules above, an image pattern
having the heterogenesis feature imaged is obtained, as shown in FI1G. 12B.
With the assistance of the image pattern of FIG. 12B, a doctor can easily
discover the distribution of the heterogenesis feature of the wmor and the
ratic of the heterogenesis feature in the tumor inner region.

It should be noticed that the color blocks of the imaging pattern of FI1G.
128 can not only displays on the ultrasonic gray scale Image continuously, it
can also displavs on the ultrasonic gray scale image periodically. Thus, the
doctor can observe other features of the tumor while the heterogenesis
feanure 18 imaged.

As described above, with the guantification method of the margin
feature of a tumor, the imaging method of the margin feature of a tumor, the
quantification method of the cysts feature of a tumor. the imaging method of
the cvsts feature of a umor, the guantification method of the calcifications

feature of a wmor, the imaging method of the calcifications feature of a
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tumor, the guantification method of the echoic feature of a wmor. the
guantification method of the heterogenesis feature of a wmor, and the
imaging method of the heterogenesis featurs of 2 tumor, a doctor can obtain
both the gquantified result of these features and the imaging result of these
features (in the form of image pattern} at the same time when the ultrasonic
gray scale image is available w him, as the reference for the docior 1o
diagnose the nature of the tumor. Thus, both the accuracy and the rel iability
of the diagnosis of the nature of a wmor thorough the ulrasonic gray scale
image can thus be increased. The burden of the docter on the diagnosis of the
nature of a tumor 1s also released.

Moreover, the steps of the quantification method of the margin feature
of a tumor. the imaging method of the margin feature of a tumor, the
guantification methed of the cysts feature of a mumor, the imaging method of
the cysts feature of a wmor, the quantification method of the calcificatons
feature of a tamor, the imaging method of the calcifications feature of a
tumor, the guamtification method of the echoic feature of a tumor, the
guantification method of the heterogenesis feature of a tumor, and the
imaging method of the heterogenesis feature of a tumor provided by the
present invention can be compose Inte computer language for be executed by
the computer systern. The computer program of the above methods can be
stored i a computer readable medium capable of being indentified or read
by any kind of processor, or any object or any device including the computer
readable medium therein. The tvpe of the obiect or the device is not bimited:
1t could be a hard drive, soft drive. a CD-ROM, ZIP. MO, 1C chip, or RAM.
The computer system is not limited o the ordinary form of the computer
system. it could also be a celiphone, palm computer. smart phone, PDA, etc,

Although the present invention has been explained in relation to its
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preferred embodiment, it is 1o be understood that many other possible
modifications and variations can be made without departing from the scope

of the invention as hereinafier claimed.
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WHAT Is CLAIMED IS:

1. A guantification method of the margn feature of a tumor, applving
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) displaving the tumor contour over the gray scale image for
defining a tumor inner region and a tumeor external region on the gray scale
mage;

(Chretrieving a center of gravity of the tumor contour annuiar region,
defining a section line extending outwardly from the center of gravity and
penetrating the twmor contour annular region, and providing a measured
line segroent bemng on the section line and in the tumor contour annular
region;

(D) calculating the moving variance of the gray scale of each of the
pluralitv pixel points on the measured line segment; and

(E} guantifying the margin feature of the tumor on the section line,
based on the moving variance of the gray scale of each of the pluralitv pixel
points on the measurad line segment.

2. The guantification method as claimed in claim 1, wherein the step
(D) includes a step (D1}, calcularing the standard deviation of the moving
variance of the gray scale of the plurality pixel points on the measured line

segment.



3. The guantification method as claimed in claim 2, wherein the step
(DY includes a step (D2) following the step (D1, calculating the mean value

of the moving variance of

the gray scale of the plurality pixel points on the
measured line segment,

4. The quantification method as claimed in claim 3, wherein the step
(E)) includes a step (E1), defining a threshold value for identifving the blur
of the margin feature of the twmor on the section line, 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.

5. The quantficanon method as claimed in any one of claims 1w 4,

further comprises a step (F) following the step (E}, changing the orientation
of the section line to scan the whole margin of the wmor, for quantifving all
the margin feature of the tumor.

6. An umaging method of the margin featre of 2 mmor. applvingon a
grav scale image consisung of a plurality of pixel pomts and displaying at
least one tumor therein, comprising the steps of;

(A} retrieving a tumor contour and a tumor contour annular region
from the grav scale imags. wherein the wmor contour is in the umor
contour annular region;

(B} displaving the tameor contour over the gray scale image for
defiring a tumor inner region and a tumor external region on the gray scale
image;

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

defining a section line extending outwardly from the center of gravity and
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penetrating the tmor contour annular region. and providing a measured
Hne segment being on the section line and in the tumor contour annular
region;

(I3} calculating the moving variance of the grav 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
tower limit based on the moving variance of the gray scale of each of the
piurality 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.

7. The imaging method as claimed in claim 6, wherein the step (D))
includes a step (1), calculanng the standard deviation of the moving
variance of the gray scaie of the plurality pixel points on the measured line
segment.

8. The imaping method as claimed in claim 7. wherein the step (D)
mncludes a step {D2) following the step (D1), calculating the mean value of
the moving variance of the gray scale of the plurality pixel points on the
measured line segment.

G. The imaging method as claimed in claim &, wherein the step (E)
inciudes a step (E1), 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 gray scale of the plurality pixel points
on the measured line segment.

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

nmaging upper limit is the mean value of the moving variance of the grav
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scale of the plurality pixel points on the measured line segment, plus 3 times
ot the standard deviation of the moving vanance of the gray scale of the
plurality pixel points on the measured line segment; and the margin imaging
lower limit 1§ the mean value of the moving variance of the gray scale of the
plurality pixel points on the measured line segment, mnus 3 umes of the
standard deviation of the moving variance of the gray scale of the plurality
pixel points on the measured line segment.

11, The imaging method as claimed in anv one of claims 6 10 10,
wherein the rainbow level is a level changing continuousiy from red to
purple, through orange, vellow, green, blue, and mndigo: and when a pixel
point on the measured line segment having the moving variance of the gray
scale larger than or equal to the margin imaging upper limit, the pixel point
is covered by a red block while the margin feature of the wmor is imaged.

12. The imaging method as claimed in anv one of claims 6 to 11,
wherem the rammbow level 18 a level changing conunuously from red to
purple, through orange, vellow, green. blue, and indigo: and when a pixel
point on the measured line segment having the moving variance of the gray
scale smaller than or equal to the margin mmaging lower imit, the pixel
pomt 18 covered by a purple block while the margin feature of the twmor s
imaged.

13, The maging method as claimed 1 any one of claims 6 to 12,
wherein the rambow level 1s a level changing contimuously from red to
purple, through orange, vellow, green. blue, and indigo; and when a pixel

point on the measured line segment having the moving variance of the grav
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scale between the margin imaging upper limit and the margin imaging
lower himit, the pixel point is covered by 2 block having the color selected
from the rambow level corresponding to the relation among the moving
variance of the gray scale of the pixel point. the margin imaging upper limit
and the margin imaging lower limit, while the margin feature of the tumor is
imaged.

14, The mmaging method as claimed in any one of claims 6 1o 13,
further comprises a step (F) following the step (E). changing the orientation
of the section iine 1o scan the whole margin of the tumor, for imaging all the
margin feature of the tumor.

15. A guantification method of the cysts 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 contowr and a tumor contour annular region
from the gray scale image, wherein the wmor contour is in the mumor
contour annular region:

(B} displaving the tmor contour over the grav scale image for
defining a turnor inner region and a tumor extemnal region on the gray scale
image;

(€} caleulating both the minimurm value and the standard deviation of
the gradient value of the gray scale of the plurality pixel points in the tumor
nner region: and

(D) guantifying the cvsts feature of the tumor in the tumor inner

region, based on both the mintmum value and the standard deviation of the
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gradient value of the gray scale of the plurality pixel points in the wmor
INTET FECION.

16, The gquantification method as claimed in claim 15, wherein the
step (D includes a step (D1}, defining a threshold value for calculating the
ratic of the region having the cysts fzature over the tumor mner region,
based on both the minimum value and the standard deviation of the gradient
vaiue of the gray scale of the plurality pixel points in the tumor inner region,

17. Animaging method of the cysts feature of a tumor, applying on a
gray scale image consisting of a plurality of pixel points and dispiaying at
least one amor therein. comprising the steps of’

{A) retrieving a tumor contour and a tumor confour annuiar region
from the grav scale image, wherein the mumor contour is in the tumor
contour annular region;

(B} displaying the wmor contour over the gray scale image for
defining & tumor inner region and a 1umor external region on the grav scale
image;

{C) calculating both the minimum vatue and the standard deviation of
the gradient value of the grav scale of the pluralitv pixel points in the umor
Inner region: and

(D) defining a cvsts mmaging upper lmit and a cysts imaging lower
limit based on both the sunimum value and the standard deviation of the
gradient value of the grayv scale of the pluraiity pixel points in the wumor
inner region. and imaging the cyvsts feature of the mumor in the tumor inner

region.



18, The imaging method as claimed in claim 17, wherein the cvsis
imaging upper limit is the minimum value of the gradient value of the gray
scale of the plurality pixel points i the wmor mner region, plus 0.1 tmes 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 Hmit is
the minimum value of the gradient value of the gray scale of the phurality
pixel pomnts in the WMOT NS TegIoN.

19. The imaging method as claimed in claip 17 or 18, when a pixel
point in the tumor inner region having the gradient value of the grav scale
between the cvsts imaging upper imit and the cysts imaging lowser limit, the
pixel point is covered by a peach block while the cysts feature of the tumor
18 imaged.

2G. The imaging method as claimed in any one of claims 17 1w 19,
further comprises the below steps following the step (D):

(E) defining a plurality of reference masks from the plurality pixel
points in the tumor inner region, each ol the piurality of reference masks
including & 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 himit and the cysts
imaging lower [imit and

(F) covering the reference pixel pont and all the piural pixels points
with a peach block while the gradient value of the gray scale of at least one
of the plural pixels points is between the cvsts imaging upper limit and the
cysts imaging lower limit and the cysts feature of the wmor 1s imaged.
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21, The mmaging method as claimed n claim 20, further comprises

P

the step (G following the step (F)
{Gj removing the peach block covering the reference pixel point and
cale of

ot
..‘T.‘

all the plural pixels points while only the gradient value of the gray s
the reference pixel point is between the cysts imaging upper limit and the

cysts imaging lower limit and the cvsts feature of the umor 15 imaged
. A gquantification method of the calcifications feawre of a umor

appiving on a gray scale mmage consisting of & plurality of pixel points and

displaying at least one tumor therein, comprising the steps of’
{A) retrieving a tumor contour and & tumor contour annular region
he gray scale image, wherein the tumor contour is i the tumor

from
contour annuiar region;
(B} displaving the wmior contour over the gray scale image for
ale

defining a mor inmer region and a tumor external region on the grav sc
imape:
(C) calculaung both the minimum value and the standard deviation of

by

the gradient value of the grav scale of the pluraiity pixel points in the tumor
vp J

Il

inner region;

{(Dre
the minimum value and the standard
pluralitv pixel points in the umor inn

(B} calculating the maximurn value, the standard deviation, and the

trieving a cysts region In the tumor inner region based on both

d deviation of the gradient value of the

er region:

grav scaie of the

scale of the plurality pixel

mean value of the gradient value of the grav
points in the mor inner region but outside the cvsts region; and

e
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(F) quantifving the calcifications feature of the wmor in the tumor
inner region, based on the maximum value, the standard deviaton, and the
nean value of the gradient value of the gray scaie of the plurality pixe!
points in the tumor wner region but outside the cysis region.

23, The guanufication method as claimed in claim 22, wherem the
step (F) includes a step (F1 ). defining a threshold vaiue for calculating the
ratio of the region having the calcifications feature over the wmor inner
region, based on 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 mner region but outside the cysis region.

24, An mmaging method of the caleitfications feature of a wumor,
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 & tumor contour and a tumor contour annular region
from the gray scale image, wherein the tumeor contour is in the wmor
contowr annular region;

{B) displaving the wmor contow over the gray scale 1mage for

defining & wunor inner region and a twmor external region on the gray scale
image;

(C calculaning 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;

(1)) retrieving a cysts region in the wmor inner region based on both

the minimum value and the standard deviation of the gradient value of the
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grav scale of the plurality pixel points in the tumor inner region:

(B} caleulating the maximurm 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 cvsts region, based on the
gradient value of the gray scale of each of the plurality pixel points mn the
tumor inner region but ourside the cysis region; and

(F) defining a caleifications imaging upper limit and a calcifications
imaging lower limit based on the maximum value, the standard deviation,
and the mean vaiue of the gradient value of the grav scale of the plurality
pixel points in the wmor mner region but outside the cyss region. and
mmaging the calcifications feature of the tumor in the tumor mner region.
25, The imaging method as claimed mn claim 24, wherein the
calcifications imaging upper hmit 1s the maximum value of the gradient
vaiue of the gray scaie of the plurality pixel pouats m the wmor mner region
but cutside the cysts region: and the calcifications imaging lower imitis 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, plus 2.8 times
of the standard deviation of the gradient value of the gray scale of the
plurality pixel points in the wmor mner region but outside the cvsts region.
26. The imaging method as claimed in claim 24 or 25, when a pixel
point in the wmor nner region but outside the cysts region having the
gradient value of the grayv scale berween the calcifications imaging upper
limit and the calcifications mmaging lower limit, the pixel point is covered

Ed

bv a vellow block while the calcifications feature of the tumor 1s irnaged.
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27. A guantification method of the echoic feature of a twmeor,
applving on a gray scale image consisting of a plurality of pixel points and
displaying at least one wunor therein. comprising the steps of:

{A} remeving g wmor contour and a tumor contour annular region
from the gray scaie Image, wheyein the tumor contour is in the tmor
contour annular region;

(B} displayving the tmor contour over the grayv scale image for
defining a tumor inner region and a wmor external region on the gray scale
mage;

{C) calculating the mean value of the gradient value of the grav scale
of the plurality pixel points in the tumor inner region:

(D) selecting a reference block in the wmor external region, and
calculating the mean value of the gradient value of the grav 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 i the reference block:
and

(E) guantifying the echoic feature of the tumor based on the mean
value of the gradient value of the grav scale of the plurality pixel points in
the tumor inner region and the mean value of the gradient value of the gray
scale of the plurality pixel points in the reference block.

28. The guantification method as claimed in claim 27, the echoic
feature of the tumor is quantified by dividing the difference between the
mean value of the gradient value of the grav scale of the plurality pixel

t

points in the wmor inner region and the mean value of the gradient value of
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the grav scale of the plurality pixel pomts in the reference block with the
mean value of the gradient value of the grav scale of the plurality pixel
points in the reference block.

29 The guantification method as claimed i claim 27 or 28, the wumor
has the hyperechoic feature while a resulting value of the guantification
method 1s larger than or equal to 0.

30. The guantificanion method as claimed in any one of claims 27 to
29, the tumor has the hypoechoic feature while a resulting value of the
guantification method 1s smaller than 0.

31. A guanufication method of the heterogenesis feature of a tumor,
applying on a gray scale image consisting of a pluraiity of pixel points and
displaying at least one tumor theremn, comprising the steps oft

(A} retrieving a twmor contour and a tumor contour annular region
from the grav secale image, wherein the tumor contour is in the umor
contour annular region;

(B} displaying the tmmor contour over the grav scale image for
defining a mumor inner region and a tumor external region on the grav scale
image:

{C} defining a plurality of reference masks from the plurality pixel
points in the tumor nner region, each of the plurality of reference masks
including a reference pixel point and piural pixels points adjacent to the
reference pixel point

(D} caleulatng the local mean and the local vamance of the gradient

value of the grav scale of the reference mask for each of the pluralitv of
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reference masks:

{E} caleulating the variance of local mean, the mean of local variance,
and the vanance of local variance of the gradient value of the gray scale of
the reference mask of the plurality of reference masks: and

{F} guantifving the heterogenesis feature of the wmor by the
calculation of a heterogenests 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 vaniance of local variance
of the gradient value of the grav scale of the reference mask for each of the
plurality of reference masks.

32. The quantification method as claimed in claim 31, wherein each
of the plurality reference masks includes 25 pixel points.

33. The quantification method as ciaimed in claim 31 or 32, wherein
the step (F) mcludes a step (F1), defining a threshold value for calculaung
the ratio of the region having the heterogenesis feature over the tumor inner
region, based on the heterogenesis index for each of the plurality of the
reference masks.

The guantfication method as claimed it anv one of claims 31 to

(%)
=

.
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3, wherein the heterogenesis index 15 & function of the varance of local
mearn.

35, The quantification method as claimed in any one of claim 31 o
34, wherein the heterogenesis index 1s a function of the mean of iocal
variance,

36. The quantificaton method as claimed in any one of claims 31 to
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35, wherein the heterogenesis index is a funcuion of the vartance of iocal
variance.

37. The gquantification method as claimed in anv one of claims 31 1o
36, wherein the heterogenesis index 15 a function of the ratio of the vanance
of local variance divided by the variance of local mean.

38. The quantification method as claimed in any one of claims 31 o
37, wherein the heterogenesis index 15 a funcuon of the ratio of the mean of
iocal variance divided by the vartance of local variance.

~y
~
o

$. The quantification method as claimed m any one of claims 31 t
38, wherein the heterogenesis index is a function of the ratio of the mean of
iocal variance divided by the variance of local mean.

40. An imaging method of the heterogenesis feature of 2 wmor,
applving on a gray scale image consisting of a plurality of pixel points and
displaving at least one tumor therein, comprising the steps of!

{A} refrieving a tumor contour and a tumor contour annular region
from the gray scale image, whersin the tumor confour 1S in the tumor
coniour annuiar region;

(B} displaving the tumor contour over the grav scale unage for
defining a tumor inner region and a wimor external region on the gray scale
image;

(C) defining a pturaiity of reference masks from the plurality pixel
ponts in the tumor inner region, each of the pluraiity of reference masks
including a reference pixel point and plural pixels points adjacent to the

reference pixel point;



(D} caleulating the variance of the gradient value of the gray scale of
the reference mask for each of the plurality of reference masks;

(5} calculating the mean variance of the gradient value of the grav
scale of the reference mask of the piurality of reference masks:

(F) calculaung of a heterogenesis index for each of the plurabity of
the reference masks. based on the variance of the gradient value of the grav
scale of the reference mask for each of the plurality of reference masks;

((G) calculating the maximum value, the minimoum value, the mean
value, and the standard deviation of the heterogenesis indices of the
plurality of the reference masks, based on the heterogenesis index for sach
of the pluralitv of the reference masks; and

(H) defining a heterogenesis imaging upper limit and & heterogenesis
imaging lower limit based on the maximum value, the minimum value. the

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

Pk

plurality of the reference masks, and mmaging the heterogenesis feature o
the tumor in the tumor ner region In coordinatuon with a rainbow level,

41, 'The imaging method as claimed in claim 40, wherein the
heterogenesis imaging upper limit 15 the maximum value of the
heterogenesis indices of the plurality of the reference masks; and the
heterogenesis imaging lower fimit 15 the mean value of the heterogenesis
indices of the plurality of the reference masks, minus 0.1 umes of the
standard deviation of the heterogenesis ndices of the plurality of the
reference masks.

42, The imaging method as claimed in claim 40 or 41, wherem the



rainbow level iz a level changing contimuously from red to purple, through
orange, vellow, green, bine, and indige; and when a reference mask having
the heterogenesis mdex equal to the heterogenesis imaging upper limit, the
reference pixel point of the reference mask is covered by a red block while
the hetercgenesis feature of the wmor is imagec.

43, The imaging method as claimed in anv one of claims 40 10 42,

wherein the rainbow level is a level changing continuously fFom red w0
purpie. through orange, vellow. green. blue, and indigo: and when a
reference mask having the heterogenesis index smailer than or equal to the
heterogenesis imaging lower limit, the reference pixel point of the reference
mask is covered by a purple block while the heterogenesis feature of the
tumor 18 1imaged.

44 The imaging method as claimed in any one of claims 40 to 43,
wherein the rainbow level 1s a level changing conunuously from red to

purple, through orange. vellow, green, blue. and indige: and when a

]

eference mask having the heterogenesis index between the heterogenesis
imaging upper imit and the heterogenesis imaging lower himit, the
reference pixel point of the reference mask is covered by a block having the
color selected from the rainbow level corresponding to the relation among
the heterogenesis index of the reference mask, the heterogenesis imaging
pper limit and the heterogenesis imaging lower limit, while the
eterogenesis feature of the tumor 18 imaged.

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

wherein each of the plurality reference masks includes 23 pixel points.
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