
METHOD FOR RETRIEVING A TUMOR CONTOUR OF AN IMAGE PROCESSING SYSTEM
BACKGROUND OF THE INVENTION 1.Field of the Invention 5The present invention relates to a
method for retrieving a tumor contour of an image processing system and, more particularly, to a
method for retrieving a tumor contour of an image processing system that includes a memory storing a
grayscale image and a processor. 2. Description of Related Art 10Owing to the non-invasive
image-information technique, ultrasonography becomes one of the most acceptable medical tools
without serious side effect, and an important radiography for retrieving information from patients
applied in clinical diagnosis and medical application. Moreover, since advanced ultrasonography can
provide real-time medical 15 imaging with high resolution, it is widely applied in medical examination
and diagnosis of tumoral changes. For example, by way of analyzing the ultrasonog-raphic image in
detail, the properties of the tumor can be easily identified by doctors. Thus, ultrasonography can
advantageously reduce frequency of tumoral biopsy. 20 In ultrasonography, an imaging contour of a
tumor is a principal index for the diagnosis of benignancy and malignancy. If the imaging contour of a
tumor obtained from ultrasonog,raphy can approximate the real appearance of the tumor, it is
beneficial to promote the accuracy of the examination of tumors at the initial stage. In clinical
researches, professional doctors often 



provide the diagnosis of a tumor through description or checklist after the ultrasonographic images are
output and checked. However, referring to the same image of the tumor, diagnostic variation between
different diagnoses of different doctors still occur. 5Therefore, as the technique of computer-aided
diagnosis and reading-out of tumor image develops, the identification of tumors assisted by a
computer is gradually accomplished in clinical application. Basically, the prerequisite of the
examination or identification of tumors is to determine the site of an imaged tumor, i.e. to determine
the contour of the 10 imaged tumor. Conventionally, the researchers delineate an imaged tumor to
deteimine the contour of the tumor. However, the definition of the image, the recognition of the
researchers for the boundary of the tumor, and the operational condition of the researchers all incur
the variation of the determination of the contour of the tumor, and then undesirably affect the 15
examination or identification of the tumor. One of the advantages for diagnosing the contour of a tumor
aided by a computer is that most of the people who know the location of the imaged tumor can depict
similar or even the same contour of the tumor. In other words, people are not required to carefully
delineate a tumor but only 20 approximately depict the boundary of the tumor with naked eyes. Then,
the computer can provide the real boundary of the tumor by algorithm. Hence, the computer-aided
diagnosis is invariably highlighted in the research of medical image processing. For example, in 1987,
Michael Kass et al. set forth Snake algorithm, in which an initial boundary was determined first  and
then an optimal boundary was found out sequentially by algorithm Therefore, Snake algorithm now
becomes one of the well-known methods in medical image processing. Snake algorithm, also called
"active contour method", currently 



5 becomes the most widely used algorithm in the research of medical image processing. In Snake
algorithm, the principal step is to find out delineation of a region with the minimal constraint of the
outside region to the delineated region and the minimal influence of the inside image to the delineated
region. Owing to the minimal constraint and influence, the 10 delineated region appears as movement
of a snake, and performs expansion and contraction.       Snake algorithm can automatically search
data in neighboring regions, locally consider data in each region, and retrieve data according to a
feature by surrounding a region based on spatial consecution. The 15 advantage illustrated above is
the reason why Snake algorithm is called an "active contour method". Snake algorithm is suitable to
retrieve data from a line segment, a boundary, and a contour, to dynamically track, and to
three-dimensionally comparison. As long as the initially delineated region is near to the contour of the
interesting image, Snake algorithm can propose 20 a final contour by recursive calculation. As shown
in FIG. 1, the contour of the airplane is retrieved by the conventional Snake algorithm.       When
Snake algorithm is applied in an image having a clear boundary, especially in an image having high
contrast difference between outside and inside neighborhoods of the boundary, an acceptable result
can  be obtained. However, the tumor image often has an indistinct boundary or hypoechoicity, or
even has no hypoechoicity such that the applied Snake algorithm needs to be modified to depict the
contour clearly. Generally, Snake algorithm is applied to investigate the consecution, curvature, and 5
local gradient energy of each point in the regions (nxn mask) surrounding an predetermined point.
However, if the regions surrounding the predetermined point are indistinct, the search result of the
regions surrounding the predetermined point is poor in Snake algorithm. If most regions surrounding
the main predetermined points are indistinct, Snake 10 algorithm cannot propose acceptable results.
On the other hand, if calculating regions surrounding the predeteimined point is expanded, Snake
algorithm consumes long calculating time and still provides unsatisfactory results for large-scaled
indistinct images Furthermore, the calculation of Snake algorithm requires a depicted contour of an
initial 15 region given by the researchers. Once the initial region is improperly determined and the
image is indistinct, Snake algorithm cannot output an outstanding result in the ultrasonographic
imaging of a tumor. In conclusion, the conventional delineation of a tumor needs to be carefully made
by hands of medical professionals. By contrast, Snake 70 algorithm requires an initial approximate
contour of a clear predetermined region instead of delineation by hand, and then a subsequent
calculation performs the approaching of the real contour in Snake algorithm. Nevertheless, if the input
initial contour depicted by hand is required to very close to the actual contour of the predetermined
region, it is 



time-consuming delineation is inevitable. On the other hand, if the input initial contour is quite different
from the contour of the predetermined region, the calculation of the approaching is time-consuming
since Snake algorithm falls into no boundary calculation at the same time. Hence, Snake algorithm is
not suitable to be applied in an image which is not clear. SUMMARY OF THE INVENTION
Embodiments of the present invention seek to provide a method for retrieving a tumor contour of an
image processing system that includes a memory storing a grayscale image and a processor.        A
method of retrieving a tumor contour implemented in an image processing system that includes a
memory storing a grayscale image, a display screen, an input device, and a processor, according to
an embodiment of the present invention comprises: receiving an input tumor contour of the grayscale
image; defining a tumor contour annular region and a plurality of reference segments of the grayscale
image, wherein the input tumor contour is in the tumor contour annular region, and each of the plurality
of reference segments is across the tumor contour annular region and includes a plurality of measured
points; retrieving a tumor contour suggestion point on each of the plurality of reference segments; and
linking all the tumor contour suggestion points on all of the reference segments, for forming the tumor
contour.        A method of retrieving a tumor contour implemented in an image processing system that
includes a memory storing a grayscale image, a display screen, an input device and a processor,
according to another embodiment of the present invention comprises: receiving an input tumor contour
of the grayscale image; defining a tumor 5  contour annular region and a plurality of reference
segments of the grayscale image, wherein the input tumor contour is in the tumor contour annular
region, and each of the plurality of reference segments is across the tumor contour annular region and
includes a plurality of measured points; 5 retrieving a modulated tumor contour suggestion point on
each of the plurality of reference segments; and linking all the modulated tumor contour suggestion
points on all of the reference segments, for foiming the modulated tumor contour; wherein the
modulated tumor contour suggestion point on each of 10 the plurality of reference segments is
obtained by the following steps: normalizing the value of all the measured points on the reference
segment retrieved by a moving variance retrieving method, the value of all the measured points on the
reference segment retrieved by a contrast retrieving method, the value of all the measured points on
the reference segment 15 retrieved by a distance retrieving method, the value of all the measured
points on the reference segment retrieved by a gradient EWMA difference 



retrieving method, and the value of all the measured points on the reference segment retrieved by an
angle retrieving method into value between 0 and 1; determining modulating criteria for each of the
aforementioned retrieving 20 methods; calculating a weighting parameter for each the measured
points on the reference segment, by multiplying product corresponding to each of the aforementioned
retrieving methods together, wherein each of the products is obtained by multiple the normalized value
of the measured point for the number of times equal to the modulating criteria of the corresponding
retrieving method, respectively; and retrieving the coordinate of the tumor contour suggestion point on
the reference segment by calculating the average coordinate, from the sum of the product obtained by
multiplying the coordinate of each of the measured points on the reference segment with 5 the
corresponding weighting parameter, respectively;       wherein in the moving variance retrieving
method, each of the plurality of reference segments includes a plurality of local segments and each of
the plurality of local segments includes a plurality of moving horizons; each of the plurality of local
segments consists of one of the 10 plurality of measured points, at least one measured point before
and at least one measured point after the one of the plurality of measured points, and each of the
plurality of moving horizons consists of one of the plurality of measured points in the corresponding
local segment and at least one measured point after the one of the plurality of measured points; and
the 15 value of all the measured points on the reference segment are retrieved by the moving variance
retrieving method comprising the steps of: calculating a gradient variance of the grayscale image in the
plurality of local segments and an average gradient variance of the grayscale image in the plurality of
moving horizons; calculating the ratio of the gradient variance of the 20 g-rayscale image in the
plurality of local segments to the average gradient variance of the grayscale image in the plurality of
moving horizons; and retrieving the measured point corresponding to the maximum ratio as the tumor
contour suggestion point; wherein in the contrast retrieving method, a center of gravity of the  input
tumor contour is retrieved and a plurality of contrast reference segments is defined, each of the
plurality of contrast reference segments extends from the center of the gravity to of the corresponding
reference segments, respectively; and the value of all the measured points on the 



5 reference segment are retrieved by the contrast retrieving method comprising the steps of:
calculating gradients of the grayscale image in the plurality of reference segments and an average
gradient of the grayscale image in the plurality of contrast reference segments; calculating the
differences between the gradients of the grayscale image in the plurality of 10 reference segments and
an average gradient of the grayscale image in the plurality of contrast reference segments; and
retrieving the measured point corresponding to the maximum difference as the tumor contour
suggestion point; wherein in the distance retrieving method, the value of all the 15 measured points on
the reference segment are retrieved in sequence by the distance retrieving method comprising the
steps of: when there are no tumor contour suggestion points before, taking one of the plurality of
measured points on the first reference segment as a first point, or when there is one tumor contour
suggestion point before, taking a last tumor contour 20 suggestion point on one of the plurality of
reference segments as the first point; taking one of the plurality of measured points on the next
reference segment as a second point; and retrieving the measured point on the next reference
segment, having the minimum distance between the first point and the second point as the tumor
contour suggestion point on the next  reference point;       wherein in the gradient EW1VIA difference
retrieving method, the value of all the measured points on the reference segment are retrieved in
sequence by the gradient EWMA difference retrieving method comprising 5 the steps of: when there
are no tumor contour suggestion points before, taking one of plurality of measured points on the first
reference segment as a reference list; or when there is one tumor contour suggestion point before,
taking all of the pervious tumor contour suggestion points as the reference list; providing an EWMA
weighting foiniula; determining the weighting 10 factor of the EWMA weighting formula and receiving
the EWMA value of the reference list by the gradients of grayscale image of each of the measured
points or the tumor contour suggestion points in the reference list; using the EWMA value of the
reference list and the gradients of grayscale image of each of the plurality of measured points on the
next reference 



15 segment as the input variables of the EWMA weighting formula; defining the output of the EWMA
weighting formula as the EWMA value of each of the plurality of measured points on the next
reference segment; and taking the one of plurality of measured points on the next reference segment,
having the minimum difference between the gradient of grayscale image 20 thereof and the EWMA
value thereof, as the tumor contour suggestion point on the next reference segment;       wherein in the
angle retrieving method, the value of all the measured points on the reference segment are retrieved in
sequence by the angle retrieving method comprising the steps of: when there are no tumor  contour
suggestion point before a last tumor contour suggestion point, defining one of the plurality of measured
points on the first reference segment as a first point, and one of the plurality of measured points on the
second reference segment as a second point; or when there is one tumor 5 contour suggestion point
before the last tumor contour suggestion point, defining the tumor contour suggestion point before the
last tumor contour suggestion point as the first point, and defming the last tumor contour suggestion
point as the second point; defining a vector going from the first point to the second point as a first
vector, and vectors going from the second 10 point to each of the plurality of measured points on a
next reference segment as a plurality of second vectors; calculating the cosine values of the angles
included by the first vector and the plurality of second vectors, respectively; and taking the one of
plurality of measured points on the second next reference segment, being the end point of the second
vector 15 correspondina to the angle having maximum cosine value, as the rumor contour suggestion
point on the second next reference segment.       Accordingly, by applying the method for retrieving a
tumor contour of an image processing system of the present invention, a doctor can rapidly and
accurately identify the contour of a tumor in a grayscale image. Besides, 20 since the tumor contour
can be formed on the grayscale image based on the calculation of one of the five kinds of the
retrieving method, i.e. the moving variance retrieving method, the contrast retrieving method, the
distance retrieving method, the gradient EWMA difference retrieving method, and the angle retrieving
method, the time spent in calculation of the tumor  contour of the image processing system can be
minimized, and the similarity of the tumor contour compared with the actual contour of the tumor is
maximized.       In a method of retrieving a tumor contour implemented in an image processing system
that includes a memory storing a grayscale image, a display screen, an input device and a processor,
according to another embodiment of the present invention, each of the plurality of reference segments
includes a plurality of local segments and each of the plurality of local segments includes a plurality of
moving horizons, wherein each of the plurality of local segments consists of one of the plurality of
measured points, at least one measured point before and at least one measured point after the one of
the plurality of measured points. Besides, each of the plurality of moving horizons consists of one of
the plurality of measured points in the corresponding local segment and at least one measured point
after the one of the plurality of measured points.      Moreover, the tumor contour suggestion point can
be retrieved by a moving variance retrieving method comprising the steps of: calculating a gradient
variance of the grayscale image in the plurality of local segments and an average gradient variance of
the grayscale image in the plurality of moving horizons; calculating the ratio of the gradient variance of
the grayscale image in the plurality of local segments to the average gradient variance of the grayscale
image in the plurality of moving horizons; and retrieving the measured point corresponding to the
maximum ratio as the tumor contour suggestion point.       In a method of retrieving a tumor contour
implemented in an image processing  system that includes a memory storing a grayscale image, a
display screen, an input device and a processor, according to an embodiment of the present invention,
a center of gravity of the input tumor contour is retrieved and a plurality of contrast reference segments
is defined. Besides, each of the plurality of contrast reference segments extends from the center of the
gravity to of the corresponding reference segments, respectively.       Moreover, the tumor contour
suggestion point can be retrieved by a contrast retrieving method comprising the steps of: calculating
gradients of the grayscale image in the plurality of reference segments and an average gradient of the
grayscale image in the plurality of contrast reference segments; calculating the differences between
the gradients of the grayscale image in the plurality of reference segments and an average gradient of
the grayscale image in the plurality of contrast reference segments; and retrieving the measured point
corresponding to the maximum difference as the tumor contour suggestion point. 



In a method of retrieving a tumor contour implemented in an image processing system that includes a
memory storing a grayscale image, a display screen, an input device and a processor, according to an
embodiment of the present invention, the tumor contour suggestion point can be retrieved in sequence
by a distance retrieving method comprising the steps of: when there are no tumor contour suggestion
points before, taking one of the plurality of measured points on the first reference segment as a first
point, or when there is one tumor contour suggestion point before, taking a last tumor contour
suggestion point on one of the plurality of reference segments as the first point; taking  one of the
plurality of measured points on the next reference segment as a second point; and retrieving the
measured point on the next reference segment, having the minimum distance between the first point
and the second point as the tumor contour suggestion point on the next reference point.       In a
method of retrieving a tumor contour implemented in an image processing system that includes a
memory storing a grayscale image, a display screen, an input device and a processor, according to
another embodiment of the present invention, the tumor contour suggestion point can be retrieved in
sequence by a gradient EWMA difference retrieving method comprising the steps of: when there are
no tumor contour suggestion points before, taking one of plurality of measured points on the first
reference segment as a reference list; or when there is one tumor contour suggestion point before,
taking all of the previous tumor contour suggestion points as the reference list; providing an EWMA
weighting formula; determining the weighting factor of the EWMA weighting formula and receiving the
EWMA value of the reference list by the gradients of grayscale image of each of the measured points
or the tumor contour suggestion points in the reference list; using the EWMA value of the reference list
and the gradients of grayscale image of each of the plurality of measured points on the next reference
segment as the input variables of the EWMA weighting formula; defining the output of the EWMA
weighting formula as the EWMA value of each of the plurality of measured points on the next
reference segment; and taking the one of plurality of measured points on the next reference segment,
having the  minimum difference between the gradient of grayscale image thereof and the EWMA value
thereof, as the tumor contour suggestion point on the next reference segment.       In a method of
retrieving a tumor contour implemented in an image processing system that includes a memory storing
a grayscale image, a display screen, an input device and a processor, according to an embodiment of
the present invention, the tumor contour suggestion point can be retrieved in sequence by an angle
retrieving method comprising the steps of; when there are no tumor contour suggestion point before a
last tumor contour suggestion point, defining one of the plurality of measured points on the first
reference segment as a first point, and one of the plurality of measured points on the second reference
segment as a second point; or when there is one tumor contour suggestion point before the last tumor
contour suggestion point, defining the tumor contour suggestion point before the last tumor contour
suggestion point as the first point, and defining the last tumor contour suggestion point as the second
point; defining a vector going from the first point to the second point as a first vector, and vectors going
from the second point to each of the plurality of measured points on a next reference segment as a
plurality of second vectors; calculating the cosine values of the angles included by the first vector and
the plurality of second vectors, respectively; and taking the one of plurality of measured points on the
second next reference segment, being the end point of the second vector corresponding to the angle
having maximum cosine value, as the tumor contour suggestion point on the second next reference
segment.         Other embodiments, advantages, and novel features of the invention will become more
apparent from the following detailed description when taken in conjunction with the accompanying
drawings. BRIEF DESCRIPTION OF THE DRAWINGS         FIG. 1 is combination of schematic views
of the process for retrieving contour of airplanes according to Snake algorithm.        FIG. 2 is a system
configuration diagram according to a preferred example of the present invention.        FIG. 3 is a
schematic diagram for showing a tumor contour retrieving method according to a preferred example of
the present invention.        FIG. 4 is a flowchart of the method for retrieving a tumor contour of an
image processing system according to the first embodiment of the present invention.        FIG. 5 is a
flowchart displaying the moving variance retrieving method for retrieving the tumor contour suggestion
point.        FIG. 6 is a schematic view for showing the local segments and the moving horizons
according to Example 1 of the present invention.        FIG. 7 is a line chart for showing the gradients of
the grayscale images and corresponding moving variances of all points on the reference segment
according to Example 1 of the present invention.        FIG. 8 is a gradient cross-sectional view of
grayscale images of the tumor from the gravity center of the tumor to the outer crosspoint on the
reference segment. 



FIG. 9 is a flowchart displaying the contrast retrieving method for retrieving the tumor contour
suggestion point.       FIG. 10 is a flowchart displaying the distance retrieving method for retrieving the
tumor contour suggestion point.       FIG. 11 is a flowchart displaying the gradient EWMA difference
retrieving method for retrieving the tumor contour suggestion point.       FIG. 12 is a flowchart
displaying the angle retrieving method for retrieving the tumor contour suggestion point.          FIG. 13
is a flowchart of the method for retrieving a tumor contour 10 of an image processing system according
to the second embodiment of the present invention. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT        Please refer to FIGs. 2 and 3. FIG. 2 shows a system configuration diagram for
illustrating a method for retrieving a tumor contour for an 15 image processing system according to a
preferred example of the present invention. FIG. 3 is a schematic diagram for showing a method for
retrieving a tumor contour for an image processing system according to a preferred example of the
present invention. As shown in FIG. 2, the image processing system 1 includes a 20 memory 11, a
processor 12, a display screen 13 and an input device 14. The memory 11 can store an unprocessed
image 111 and a predeteimined line segment 112. Herein, the unprocessed image 111 means an
ultrasound image without being processed by the method for retrieving a tumor contour according to
the present invention, and can be input through the  input device 14. Furthermore, FIG. 3 shows a
tumor region 20. The processed image can be output through the display screen 13.       Please refer
to FIG. 4, which is a flowchart of the method for retrieving a tumor contour of an image processing
system according to the 



5 first embodiment of the present invention. The method for retrieving a tumor contour for an image
processing system that includes a memory storing a grayscale image and a processor according to the
first embodiment of the present invention comprises: Step SA: receiving an input tumor contour of the
grayscale image; 10  Step SB: defining a tumor contour annular region and a plurality of reference
segments of the grayscale image, wherein the input tumor contour is in the tumor contour annular
region, and each of the plurality of reference segments is across the tumor contour annular region and
includes a plurality of measured points; 15Step SC: retrieving a tumor contour suggestion point on
each of the plurality of reference segments; and       Step SD: linking all the rumor contour suggestion
points on all of the reference segments, for forming the tumor contour. First, in Step SA, an input tumor
contour 2 consisting of plural input 20 contour points 21 is input on an unprocessed image 111. A user
or a doctor can input the input tumor contour 2 by roughly rather than accurately hand-drawing the
tumor contour. Herein, the input tumor contour 2 represented by LI' consists of input contour points 21,
in which the number of the input contour points 21 is represented by n, = 1, 2, , n; i, n  E N). In
addition, the jth input contour point 21 of the ith input tumor contour 2 is represented by PIii = ( X Plii Y
PI ){N Pii2  , j1, 2, ... , niN). Subsequently, in Step SB, both a tumor contour annular region and 5 a
plurality of reference segments of the grayscale image are defined. Besides, the input tumor contour is
in the tumor contour annular region, and each of the plurality of reference segments is across the
tumor contour annular region and includes a plurality of measured points. For instance, a gravity
center 3 of the input tumor contour 2 is retrieved. Herein, the gravity 10center 3 of the ith input tumor
contour ( i.e. the gravity, center 3 of all PIO is represented by B,, as shown in the foimula (1-1). 



B =  ... (1-1)       Next, the gravity center 3 and each input contour point 21 are linked individually
through an extended line, and thereby plural reference lines 4 are defined. Then, a reference segment
41 containing its corresponding input contour point 21 is retrieved from each of the plural reference
lines 4 (Step SB). In detail, the reference segment 41 is determined from each of the reference lines 4
by defining the predeteimined line segment 112 at the  directions towards and away from the gravity
center 3 with respect to the input contour point 21 as a basis point. The predetermined line segment
112 determines the length of the reference segment 41 and directly affects the processing time and
accuracy.       In other words, the input contour point 21 is taken as a basis point, and the
predetermined line segment 112 is used as a radius being a specific physical distance from the input
contour point 21. The predeteimined line segment 112 is represented by r (r e N). BiPiii is a line that
links the gravity center 3 and the jth input contour point 21 of the ith input tumor 10 contour 2. The jth
input contour point 21 is used as a center and then a circle with a specific radius (i.e. the
predetermined line segment 112, r) can be formed. The circle and the line Binij cross at two points, an
outer crosspoint OI = ( X 0Iii , 0Iij ) and an inner crosspoint Iij ( x,. The jth reference segment 41
corresponding to the jth input 15contour point 21 of the ith input tumor contour 2 is the line O1I1,
containing the measured points 22 of which the number is au. The jth reference line segment 42 is the
line B II. Herein, au, h E N and a0_ 2r+1. 



Then, in Step SC, a tumor contour suggestion point 441 is retrieved from each reference segment 41.
At final, by linking all the tumor contour suggestion points on all of the reference segments, the tumor
contour is thus formed (Step SD). Example!       In this example, the step SC of the method for
retrieving a tumor contour of an image processing system that includes a memory storing a grayscale
image and a processor according to the first embodiment of the 10 present invention, the tumor
contour suggestion point on each of the plurality of reference segments can be retrieved by a moving
variance retrieving method. As shown in FIG. 5, the moving variance retrieving method comprises the
steps of:          calculating a gradient variance of the grayscale image in the 15 plurality of local
segments and an average gradient variance of the grayscale image in the plurality of moving horizons;
calculating the ratio of the gradient variance of the grayscale image in the plurality of local segments to
the average gradient variance of the grayscale image in the plurality of moving horizons; and
20retrieving the measured point corresponding to the maximum ratio as the tumor contour suggestion
point.       Moreover, in the above-mentioned moving variance retrieving method, each of the plurality
of reference segments includes a plurality of local segments and each of the plurality of local
segments includes a  plurality of moving horizons, wherein each of the plurality of local segments
consists of one of the plurality of measured points, at least one measured point before and at least one
measured point after the one of the plurality of measured points. Besides, each of the plurality of
moving 5 horizons consists of one of the plurality of measured points in the corresponding local
segment and at least one measured point after the one of the plurality of measured points.       In this
example, moving variance is applied to observe the value variance of the entire region caused by the
value variance around a partial 10 segment of the entire region. Moving variance applied in the
present invention is a primary index of features. Through moving variance applied in the first example,
the tumor contour suggestion point can be directly obtained from the reference segment 41 by
algorithm. With reference to FIGs. 3 and 5, each reference segment 41 contains 15 a plurality of
measured points 22, a plurality of local segments and a plurality of moving horizons. In the present
example, the plural measured points mean plural image pixel points. Each of the plural local segments
consists of one of the plural measured points 22, the former one or more measured points 22, and the
latter one or more measured points 22. Each of 



20 the plural moving horizons consists of one of the plural measured point 22 and the latter one or
more measured points 22 in the corresponding plural local segments. That is, in the case that the
number of points in the former/latter segment with respect to A/ijk- on the reference segment 41 (i.e.
0IiiIlip ) is p,  the segment containing (2 xp+1) image pixe- points is called a local segment. Since each
point on the reference segment 41 has a local segment, the number of measured points on the
reference segment 41 is equal to that of the local segments. Regarding moving horizons, in the case
that the 5 number of A/ijk in the local segment plus the latter points is q, since the local segment
contains (2 x p+1) image pixel points, there are (2 x p+1-(q-1) = 2xp-q+2) horizons. Herein, each
horizon containing q image pixel points is called a moving horizon. However, the method for retrieving
a tumor contour suggestion 10 point 411 according to Example 1 of the present invention is carried out
as follows. First, the gradient variances of the grayscale images in the plural local segments and the
average gradient variance of the grayscale images in the plural moving horizons are respectively
calculated. Then, the ratios of the gradient variances of the grayscale images in the plural local
segments 15 to the average gradient variance of the grayscale images in the plural moving horizons
are respectively calculated. Subsequently, the measured point 22 corresponding to the maximum ratio
is retrieved as a tumor contour suggestion point 411. in the case of the image pixel values in the kth
local segment on the 20 reference segment 41 ( Grully ) being Gijk..p, the gradient variance of the
grayscale image in the local segment is represented by RLiik (RLk = varp[Guk_p , iikp] , p E N ). Since
the local segment containing the former and latter points with respect to Am  may be beyond the range
of the reference segment 41 (i.e. 0IiiIlij ), extended auxiliary points, before and after the original
reference segment 41, should be formed so as to observe the gradient variance of the grayscale
images of all points in the local segment. In detail, with reference to FIG. 6, 5 there is a schematic view
to show the local segments and the moving horizons according to Example 1 of the present invention.
The squares with continuous lines mean measured points 22 on the reference segment 41, and the
squares with dashed lines mean the extended auxiliary points. In addition, the red square frame is AIR
point, the red rectangular frame is a 10 local segment corresponding to AIiik point, and the brackets
are moving horizons. As shown in FIG. 6, in the case of k = 2, p = 4 and q = 3, the local segment
corresponding to the second measured point on the reference segment contains (2x41 = 9) points,
and (4-3+2 = 7) moving horizons. 



In the case of the image pixel values in the gth moving horizon on 15the local segment being
Gijk-p+g-1,ijk-p+g,   ji -p+g+q-1,ijk-p+g+q-25 the gradient variance of the grayscale image in the
moving horizon is represented by R1VIiik5 (RMiik, = varp[Giik_p+g-1 ,-ik..p+g_Eq-21). The average
gradient variance of the grayscale images in the moving horizons is represented by RIVuk , as shown
in the foiula (1-2). 2xp-q2 R1\4ijkg g=1 202xp-q2 (1-2)          Herein, q, g E N. In order to allow a local
segment to have two or more moving horizons, q 2 xp-1 Moreover, the moving variance of A10, on the
measures line 41 fiti ) is defined as the ratio of RL.. (the gradient variance of the grayscale image in
the local segment corresponding to A14) to RM- ok (the average gradient variance of the grayscale
images in the moving horizons of the local segment), represented by MV k, as shown in the formula
(1-3). MVijk = 



(1-3)  10Herein, the larger the value of MVijk is, the higher the possibility of the point being the tumor
contour suggestion point is. If q = 1, the moving variance does not regard the moving horizon (MV;ik =;
pc).       Hereafter, the application of moving variance in the present invention will be illustrated. Please
refer to Table 1 and FIG. 7. Table 1 15 shows the gradients of the grayscale images and moving
variances of points on the reference segment according to Example 1 of the present invention, in
which the parameters p and q are set as 5 and 2, respectively. In Table 1, the serial number k of each
measured point 22 is shown in the first column, the gradient Gijk of the grayscale image of each
measured point 22 is shown 20 in the second column, and MViik of each measured point 22 is shown
in the  third column. FIG. 7 is a line chart displaying the gradients of the grayscale images and
corresponding moving variances of all points on the reference segment according to Example 1 of the
present invention. Herein, the line I for the gradients of the grayscale images and the line H for the
moving variances can indicate that various gradients of grayscale images produce various moving
variances due to surrounding variance.       Meanwhile, with reference to FIG. 8, there is a gradient
cross-sectional view of grayscale images of the tumor from the gravity center of the tumor to the outer
crosspoint on the reference segment. Herein, 10 the line a shows the gradients of the grayscale
images, the line b shows the average gradient of the grayscale images of the reference segment 41,
and the line c shows the average gradient of the grayscale images of the reference line segment 42.
FIG. 8 indicates that the average gradient of the grayscale images of the reference segment 41 is
smaller than that of the 15 reference line segment 42 owing to low-echogenic ring. In FIG. 7, the three
locations where the gradient variances of the grayscale images are larger on the reference segment
41 are circled. In the term of the moving variances, the 10th point according to the circle 1 is the
largest, the 11th point is larger than the 8th point, and the 17th point is the smallest. 20Additionally,
regarding the gradient cross-sectional view of grayscale images of the tumor from the gravity center of
the tumor to the outer crosspoint on the reference segment 41 (FIG. 8), it can be found that the values
from the 7th point to the 20th point are shown in a concave line, which is lower than the average
gradient of the grayscale images of the  reference line segment. This concave line corresponds to the
low-echogenic ring of the ultrasound image. Moreover, although the gradient variance of the grayscale
images in the circle 2 is large, the moving variance according to the circle 2 is lower than those
according to the circles 1 and 3 due to the 5 gradients of the surrounding images. Based on moving
variances, the best suggestion point on the reference segment is the 10th point than the 11th point,
the 8th point and the 17th point. 
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60 65 6769 MVil 11.60418 13.1099 7.0023816.10648  Table 1 10 Example 2       In this example, the
step SC of the method for retrieving a tumor contour of an image processing system that includes a
memory storing a grayscaie image and a processor according to the first embodiment of the  present
invention, the tumor contour suggestion point on each of the plurality of reference segments can be
retrieved by a contrast retrieving method. As shown in FIG. 9, the contrast retrieving method
comprises the steps of       calculating gradients of the grayscale image in the plurality of reference
segments and an average gradient of the grayscale image in the plurality of contrast reference
segments;       calculating the differences between the gradients of the grayscale image in the plurality
of reference segments and an average gradient of the 10 grayscale image in the plurality of contrast
reference segments; and        retrieving the measured point corresponding to the maximum difference
as the tumor contour suggestion point.       Moreover, in the above-mentioned contrast retrieving
method, a center of gravity of the input tumor contour is retrieved and a plurality of 



15 contrast reference segments is defmed. Besides, each of the plurality of contrast reference
segments extends from the center of the gravity to of the corresponding reference segments,
respectively. In this example of the present invention, the contrast principle is applied to assign the
location of a tumor from an ultrasound image through 20 naked eyes. Based on the center of the
tumor, the tumor boundary can be discriminated through the gradient variance of the grayscale images
from the center of the tumor to the probable boundary and the region around the boundary, in addition
to the low-echogenic ring in the ultrasound image caused by spongy inflammation due to compression
and infiltration  between the tumor and tissues around the tumor. Thereby, the contrast principle refers
to that the degree of visional difference between each point in a range and the desired region is
observed. Contrast applied in the present invention is a primary index of features. Through the
contrast method 5 applied in the second example of the present invention, the tumor contour
suggestion point can be directly obtained from the reference segment 41 by algorithm With reference
to FIGs. 3 and 9, each reference segment 41 contains a plurality of measured points 22, and each of
the plural reference lines 4 10 contains a reference line segment 42. The reference line segment 42 is
from the gravity center 3 to the end of the reference segment 41 closer to the gravity center 3.
However, the method for retrieving the tumor contour suggestion point 411 according to Example 2 of
the present invention is carried out as follows. First, the gradients of the grayscale images of the 



15 plural measured points 22 and the average gradient of the grayscale images in the reference line
segment 42 are respectively calculated. Next, the differences between the gradients of the grayscale
images of the plural measured points 22 and the gradient average of the grayscale images in the
reference line segment of the corresponding reference line 4 are 20 respectively calculated. Then, the
measured point 22 corresponding to the maximum difference is retrieved as a tumor contour
suggestion point 411. Herein, the average gradient of the grayscale images in the reference line
segment 42 ( B, H ji ) is represented by 6,j, , as shown in the         1=1 



ift  h (2-1)  In addition, the contrast of the point Aiiikon the reference segment     41 ( CEL/HU ) is
defined as the difference between the gradient of the 5 grayscale image of such point and the average
gradient () of the grayscale images on the reference line segment 42 ( -Billy) corresponding to such
point, represented by Ciik (Cuk  ). The larger Cijk is,  the higher the possibility of the point being the
tumor contour suggestion point 411 is. 10Hereafter, the application of the contrast principle in the
present invention will be explained through data. Please refer to Table 2. Table 2 shows the gradients
of the grayscale images and contrast of points on the reference segment according to Example 2 of
the present invention, in 



which the average gradient of the grayseale images in the reference line 15 segment 42 is 77.4. In
Table 2, the serial number k of each measured point 22 on the reference segment 41 ( 0.1u Hy) is
shown in the first column, the gradient Gip( of the grayscale image of each measured point 22 is
shown in the second column, and Cuk of each measured point 22 is shown in the third  column The
average gradient of the grayscale image s in the reference line u segment 42(B1 11 ) in Table 2 is
77.4.       Accordingly, through Table 2, it can be known that the 11th- point is the largest, the 12th
point is larger than the 13th point and the 16th point is the smallest, in the Willi of contrast. Please
refer to FIG. 7 together with Table 2. Although the 5th point in the circle 2 presents the largest gradient
of the grayscale image and the gradient variance of the grayscale images in the circle 2 is large, the
gradient of the grayscale image in the circle 2 is closer to the average gradient of the grayscale
images in the reference line 10 segment Thereby, the contrast at the 5th point in the circle 2 is lower
than those at the 11th point in the red circle 1 and the 16th point in the circle 3. Based on contrast, the
best suggestion point on the reference segment 41 is the 11th point than the 12th point, the 13th point
and the 16th point.       77 
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60 65 67 69  17.4 12.4 10.4 8.4  Table 2 Example 3 In this example, the step SC of the method for
retrieving a tumor 5 contour of an image processing system that includes a memory storing a
grayscale image and a processor according to the first embodiment of the present invention, the tumor
contour suggestion point on each of the plurality of reference segments can be retrieved in sequence
by a distance retrieving method. As shown in FIG. 10, the distance retrieving method 10 comprises the
steps of:       when there are no tumor contour suggestion points before, taking one of the plurality of
measured points on the first reference segment as a first point, or when there is one tumor contour
suggestion point before,  



taking a last tumor contour suggestion point on one of the plurality of reference segments as the first
point; taking one of the plurality of measured points on the next reference segment as a second point;
and         retrieving the measured point on the next reference segment, having 5 the minimum distance
between the first point and the second point as the tumor contour suggestion point on the next
reference point.       In this example, the distance is used as the main consideration wherein the
distance between two suggestion points respectively selected from two reference segments 41 are
considered. In detail, after a former 10 suggestion point is selected from the former reference segment
41, the distances from the former suggestion point to each measured point selected from the later
reference segment 41 are considered. The physical meaning of the aforesaid is that the distance from
the later suggestion point to the former suggestion point should be shorter than that of other measured
points to the former suggestion point. The distance used in the present invention is an auxiliary index
of features. In other words, a foluier suggestion point requires to be indicated, and then the algorithm
is performed to retrieve a later suggestion data point selected from the later reference segment 41.
20With reference to FIGs. 3 and 10, at first, based on the method of moving variance described in
Example 1, at least one initial suggestion point 411 is retrieved from the contour. Then, the initial
suggestion point 411 is used as a reference point, and a point retrieved from the reference line 4 and
nearest to the initial suggestion point 411 with a minimum linear  distance, is used as a subsequent
suggestion point. Other suggestion points are retrieved from other reference segments in the
abovementioned manner Besides, the distant of the point Alijk on the reference segment 41   (0111,,,)
is defined as the physical distance (Dijk) from the measured point 5 22 to the initial suggestion point
411. The relation of the abovementioned parameters is shown as the following foimula 3-1. D=
Ni(XPS-.  (foimula 3-1) Since the measured point 22 on the first reference segment 41 has no foiflier
10 reference point for calculation, j is 2 or more. As Dip- decreases, the possibility of the point to be
the desirable suggestion point 411 increases.       The following description explains the effect of the
distance applied in the present invention by actual data. With reference to the following Table 3, Table
3 shows the conversion from the image coordinate of each point on the reference segment of the
present example to the distance, where the coordinates of the initial suggestion point in the image is
(237, 193). In the first row of Table 3, k is the number of each measured point 22 or., on the reference
segment-11 . The second and third rows show the 



coordinate ( XAL) kAley+lk ) of each measure point 22. Furthenlore, 20 the fourth row shows the
corresponding Dij-Fik of each measured point 22. In Table 3, the corresponding suggestion point is the
initial suggestion point 33  B H (237,193) on the reference lineiij                                    obtained by the
moving variance. As listed in Table 3, the points 10 and 11 show the shortest distance, and the
following are the points 12, 9, and 13 in order. Another reason why the distance value is an auxiliary
index of 5 features is that the result of retrieving the former suggestion point dramatically affects the
corresponding distance of each point on the later reference segment and the result of retrieving the
later suggestion point. For example, when the values of MVijk and Ciik are used, although two
suggestion points locating on distinct sites and having difference distances 10 are probably retrieved
respectively from the neighboring two reference segments, Dijk is supposed to affect the neighboring
two reference segments and then two suggestion points close to each other are retrieved.  k 1 2 34 5
227 
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Example 4       In this example, the step SC of the method for retrieving a tumor contour of an image
processing system that includes a memory storing a 5 grayscale image and a processor according to
the first embodiment of the present invention, the tumor contour suggestion point on each of the
plurality of reference segments can be retrieved in sequence by a gradient EWMA difference retrieving
method. As shown in FIG. 11, the gradient EWMA difference retrieving method comprises the steps of:
10when there are no tumor contour suggestion points before, taking one of plurality of measured
points on the first reference segment as a reference list; or when there is one tumor contour
suggestion point before, taking all of the pervious tumor contour suggestion points as the reference
list; 15providing an EWMA weighting formula; determining the weighting factor of the EWMA weighting
foaula and receiving the EWMA value of the reference list by the gradients of grayscale image of each
of the measured points or the tumor contour suggestion points in the reference list; 20using the EWMA
value of the reference list and the gradients of grayscale image of each of the plurality of measured
points on the next reference segment as the input variables of the EWMA weighting formula; defining
the output of the EWMA weighting formula as the EWMA value of each of the plurality of measured
points on the next reference  segment; and       taking the one of plurality of measured points on the
next reference segment, having the minimum difference between the gradient of grayscale image
thereof and the EWMA value thereof, as the tumor contour 5 suggestion point on the next reference
segment.       In this example, the gradient exponentially weighted moving average difference (gradient
EWMA difference) between the grayscale images is used as the main consideration. EWMA is a
statistic of a moving average with memory, and is weighed based on the importance of the 



10 historical data valued by the programmer. Therefore, older historical data may be placed with more
or less importance by EWMA. In detail, the concept is to consider the gradient EWMA difference
between the grayscale images of the neighboring two suggestion points. The physical meaning of the
aforesaid description is that the gradient EWMA difference between the 15 grayscale images of the
former and later suggestion points should be less than that between the grayscale images of other
measured points and the former suggestion point. The gradient EWMA difference between the
grayscale images also belongs an auxiliary index of features. In other words, a fowler suggestion point
requires to be indicated, and then the 20 algorithm is performed to retrieve a later suggestion data
point selected from the later reference segment 41.       With reference to FIGs. 3 and 11, each of the
reference segments 41 includes a plurality of measured points 22. Basically, the method for retrieving
a suggestion point 411 from the contour is described as follows.  First, based on the method of moving
variance described in Example 1, at least one initial suggestion point 411 is retrieved from the contour.
Then, the gradient of the grayscale images of the measured points 22 and the EWMA of at least one
initial suggestion point 411 are respectively calculated. Subsequently, the differences between the
gradient of the grayscale images of the measured points 22 and the EWMA of at least one initial
suggestion point 411 are calculated. The minimal difference is chosen, and the corresponding
measured point 22 is retrieved as a suggestion point 411. Other suggestion points are retrieved from
other 10 reference segments in the abovementioned manner. Basically, the EWMA of the point AIiik
on the reference segment 41 () is defined as the weight-interpolated value (Zuk), which is obtained
from the gradient of the grayscale image of the measured point 22 and the EWMA of the foimer
suggestion point. The EWMA of the 15 reference segment 04//e., obtained from the aforesaid method
for retrieving the foi tiler suggestion point is represented by Zui. The relation of the abovementioned
variants is shown as the following formula 4-1.              Giik(14\ ) 41,4 , 0<kr-H. 1(formula 4-1) Since
the measured point on the first reference segment has no former 20 reference point for calculation,
Zok is equal to Zo and G.       The following formula illustrates that the weighting adjustment of the
EWMA will affect the importance of the historical data. ZyiA Gyk+O-A  



G+(1-A ) [A Gu,_-A )Zij Gij +A (1-A )Gu +A (1-A )2Girz, ...+A (1A1-)G12+ (1-A yG1, f -2  2(1- 2)2
Gi(ji_z) + (1-f Gil          In the formula, as A increases, it indicates that the neighboring data have more
weighting effect to the output data; by contrast, as A decreases, it indicates that the old and new
historical data have more similar weighting effect to the output data For example, when j = j = 4, if ?,=
0.9, Ziztic can 10 be shown as Zig': =0.9Gi4k+0.09Gi3+0.009Gi2+0.001Gii. This indicates Ziztic is
greatly affected by G14k. By contrast, if X = 0.1, Z14k can be shown as Z14k
=0.1Gi4k+0.09Gi3+0.081Gi2+0.729Gii. It can be seen that Gi2, GB, and Gi4k similarly affect Zi4k.
Moreover, the gradient EWMA difference of the grayscale images 15 means that the gradient EW1VIA
difference of the point AI* is on the reference segment 41 ( 0/ij//11 ), and it is defined as the difference
(Eiji() between the gradient of the grayscale image and the EWMA (Zijk) of the point Aiijk. E ijk G ijk Z .
As Few; decreases, the possibility of      the point to be the desirable suggestion point increases. Since
the measured 20 point on the first reference segment has no former reference point for  calculation, j is
2 or more. The following description explains the effect of the gradient EWMA difference of the
grayscale images applied in the present invention by actual data. With reference to the following Table
4, Table 4 shows the 5 conversion from the coordinates of each point (in the image) on the 



reference segment to the gradient EWMA difference of the grayscale images in the present example,
wherein the EWMA of the initial suggestion point is 64. In the first row of Table 4, k is the number of
each measured point on the reference segment1-fri '1+1 . The second row shows the 10 gradient
(G,j_Eik) of the grayscale image of each measure point. The third row shows the corresponding Eii+ik
of each measure point. In Table 4, the zu of the suggestion point is the EWMA (47) of the suggestion
point on the reference line B1 " obtained by the moving variance. As listed in Table 4,      the points 15,
17, and 18 show the minimum gradient EWMA difference of 15 the grayscale images, and the
following are the points 12 and 19 in order.  k 1 2 3 4  5 Gu+ik 77 81 
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62 65 65 67 if+lk 0.4 0.2 0.2 0.6  Table 4 Example 5 In this example, the step SC of the method for
retrieving a tumor 5 contour of an image processing system that includes a memory storing a
grayscale image and a processor according to the first embodiment of the present invention, the tumor
contour suggestion point on each of the plurality of reference segments can be retrieved in sequence
by an angle retrieving method. As shown in FIG. 12, the angle retrieving method 10 comprises the
steps of:       when there are no tumor contour suggestion point before a last tumor contour suggestion
point, defining one of the plurality of measured points on the first reference segment as a first point,
and one of the plurality  of measured points on the second reference segment as a second point; or
when there is one tumor contour suggestion point before the last tumor contour suggestion point,
defining the tumor contour suggestion point before the last tumor contour suggestion point as the first
point. and 



5 defining the last tumor contour suggestion point as the second point;       defining a vector going from
the first point to the second point as a first vector, and vectors going from the second point to each of
the plurality of measured points on a next reference segment as a plurality of second vectors;
10calculating the cosine values of the angles included by the first vector and the plurality of second
vectors, respectively; and       taking the one of plurality of measured points on the second next
reference segment, being the end point of the second vector corresponding to the angle having
maximum cosine value, as the tumor contour suggestion point on the second next reference segment.
In this example, the angle is used as the main consideration wherein the relative position of the
neighboring three suggestion points is considered. Since the contour of the tumor belongs a
continuous curved track, the position and angle differences between the distant of the point 20 Aliik on
the reference segment 41) and the third suggestion point, should be as small as possible. In other
words, using vectors for illustration, the cosine of the included angle between the vectors going from
the first to second suggestion points and those going from the second to third  suggestion points
should be smaller than the cosine of the included angle between the vectors going from the first to
second suggestion points and those going from the second suggestion point to the measured point. As
the included angle decreases, the cosine thereof (cose ) increases. Besides, 5 due to cose in
quadrants I and IV is positive, the continuity required by the contour of the tumor and the minor
curvature between the neighboring two suggestion points can be expressed. The angle used in the
present invention is an auxiliary index of features. In other words, a former two suggestion points are
required, and then the algorithm is perfoi tiled to retrieve a third 10 suggestion data point selected from
the next reference segment.       With reference to FIGs. 3 and 12, each of the reference segments 41
includes a plurality of measured points 22. Basically, the method for retrieving a suggestion point 411
from the contour is described as follows. First, based on the method of moving variance described in
Example 1, first 15 and second suggestion points 411 are retrieved from the neighboring two reference
segments 41 of the reference line 4 Then, the vector going from the first to second suggestion points,
and that going from the second suggestion point to the measured points on the neighboring reference
segment 41 are calculated respectively as the first and second vectors. 20 Subsequently, the cosines
of the included angle between the first and second vectors are calculated. Among the cosines of the
included angle, the maximal cosine is chosen, and the corresponding measured point 22 on the
neighboring measure line segment is retrieved as a suggestion point 412. Other suggestion points are
retrieved from other reference segments in the  



abovementioned manner. Basically, the cosine of the angle of the point AL* on the reference segment
41 ( 010liu ) is defined as the cosine (Auk) of the included angle  beeenSPPS- 1 and PS.. and twthe
vectors ofij -2ul- The relationship of  5 the abovementioned parameters is shown as the following
formula 5-1. Aqk =  (founula 5 - 1 ) As the Auk increases, the possibility of the point to be the desirable
10 suggestion point increases. Since the measured points on the first and reference segments has no
former reference point for calculation, J is 3 or more. The following description explains the effect of
the angle applied in the present invention by actual data. With reference to the following Table 15 5,
Table 5 shows the conversion from the coordinates (in the image) to the angle of each point on the
reference segment. The coordinates (in the image) of the suggestion point PSij. is (237,193), and that
of the suggestion point is (236,193). In the first row of Table 5, k is the number of each measured point
on the reference segment Of,,,//,, . The second and third 



rows show the coordinate (X +2k2k )(in the image) of each measure point. The fourth row shows the
corresponding Airy2k of each measure point. In Table 5, the corresponding suggestion point PS., on
the     reference line B H7 obtained by the moving variance is the coordinate 5 (237,193), and the
corresponding suggestion point PST on the reference line Bi "eh' obtained by the moving variance is
the coordinate (236,193).       As listed in Table 5, the points 4, 5, and 6 show the largest angle, and
the points with angles next to the largest angle are the points 1, 2, and 3 in order. Another reason why
the angle value is an auxiliary index of 10 features is that the coordinate (in the image) belongs
discrete integer data. Generally, one point in a physical coordinate system has many surrounding
azimuthal points (3600 azimuthal angles) but one point in an integer coordinate system has only eight
surrounding points (eight directions in a plane) in total. Hence, if the two reference segments are too
close, the 15 azimuthal angle is supposed to be limited by the influence of the distance, and thus the
vector of the included angle subsequently output probably becomes acceptable.  k 1 2 34 5 x A f a' 0
2k 227 
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Table 5 Please refer to FIG. 13, which is a flowchart of the method for  retrieving a tumor contour of an
image processing system according to the second embodiment of the present invention. The method
for retrieving a tumor contour for an image processing system that includes a memory storing a
grayscale image and a processor according to the second 5 embodiment of the present invention
comprises: Step SA: receiving an input tumor contour of the grayscale image;       Step SB: defining a
tumor contour annular region and a plurality of reference segments of the grayscale image, wherein
the input tumor contour is in the tumor contour annular region, and each of the plurality of reference 10
segments is across the tumor contour annular region and includes a plurality of measured points;
Step SC: retrieving a modulated tumor contour suggestion point on each of the plurality of reference
segments; and Step S& linking all the modulated tumor contour suggestion points 15 on all of the
reference segments, for forming the modulated tumor contour.       Besides, in step SC, the modulated
tumor contour suggestion point on each of the plurality of reference segments is obtained by the
following steps: Step C 1 . normalizing the value of all the measured points on the 20 reference
segment retrieved by a moving variance retrieving method, the value of all the measured points on the
reference segment retrieved by a contrast retrieving method, the value of all the measured points on
the 



reference segment retrieved by a distance retrieving method, the value of all the measured points on
the reference segment retrieved by a gradient  EWMA difference retrieving method, and the value of
all the measured points on the reference segment retrieved by an angle retrieving method into value
between 0 and 1; Step C2: determining modulating criteria for each of the 5 aforementioned retrieving
methods; calculating a weighting parameter for each the measured points on the reference segment,
by multiplying product corresponding to each of the aforementioned retrieving methods together,
wherein each of the products is obtained by multiple the normalized value of the measured point for
the number of times equal to the modulating 10 criteria of the corresponding retrieving method,
respectively and        Step C3: retrieving the coordinate of the tumor contour suggestion point on the
reference segment by calculating the average coordinate, from the sum of the product obtained by
multiplying the coordinate of each of the measured points on the reference segment with the
corresponding 15weighting parameter. respectively. However, in the moving variance retrieving
method applied in Step Cl, each of the plurality of reference segments includes a plurality of local
segments and each of the plurality of local segments includes a plurality of moving horizons; each of
the plurality of local segments consists of one of 20 the plurality of measured points, at least one
measured point before and at least one measured point after the one of the plurality of measured
points, and each of the plurality of moving horizons consists of one of the plurality of measured points
in the corresponding local segment and at least one measured point after the one of the plurality of
measured points; and the 



value of all the measured points on the reference segment are retrieved by the moving variance
retrieving method comprising the steps of: calculating a gradient variance of the grayscale image in the
plurality of local segments and an average gradient variance of the grayscale image in the plurality of 5
moving horizons; calculating the ratio of the gradient variance of the grayscale image in the plurality of
local segments to the average gradient variance of the grayscale image in the plurality of moving
horizons; and retrieving the measured point corresponding to the maximum ratio as the tumor contour
suggestion point. 10On the other hand, in the contrast variance retrieving method applied in Step C 1,
a center of gravity of the input tumor contour is retrieved and a plurality of contrast reference segments
is defined, each of the plurality of contrast reference segments extends from the center of the gravity
to of the corresponding reference segments, respectively; and the 15 value of all the measured points
on the reference segment are retrieved by the contrast retrieving method comprising the steps of:
calculating gradients of the grayscale image in the plurality of reference segments and an average
gradient of the grayscale image in the plurality of contrast reference segments; calculating the
differences between the gradients of the grayscale 20 image in the plurality of reference segments and
an average gradient of the grayscale image in the plurality of contrast reference segments; and
retrieving the measured point corresponding to the maximum difference as the tumor contour
suggestion point. In the distance retrieving method applied in Step Cl, the value of all  the measured
points on the reference segment are retrieved in sequence by the distance retrieving method
comprising the steps of: when there are no tumor contour suggestion points before, taking one of the
plurality of measured points on the first reference segment as a first point, or when there 5 is one
rumor contour suggestion point before, taking a last tumor contour suggestion point on one of the
plurality of reference segments as the first point; taking one of the plurality of measured points on the
next reference segment as a second point; and retrieving the measured point on the next reference
segment, having the minimum distance between the first point 10 and the second point as the tumor
contour suggestion point on the next reference point. In the gradient EWMA difference retrieving
method applied in Step C 1, the value of all the measured points on the reference segment are
retrieved in sequence by the gradient EWMA difference retrieving method 15 comprising the steps of:
when there are no tumor contour suggestion points before, taking one of plurality of measured points
on the first reference segment as a reference list; or when there is one tumor contour suggestion 



point before, taking all of the pervious tumor contour suggestion points as the reference list; providing
an EWMA weighting formula; determining the 20 weighting factor of the EWMA weighting formula and
receiving the EWMA value of the reference list by the gradients of grayscale image of each of the
measured points or the tumor contour suggestion points in the reference list; using the EWMA value of
the reference list and the gradients of grayscale image of each of the plurality of measured points on
the next  reference segment as the input variables of the EWMA weighting formula; defining the output
of the EWMA weighting formula as the EWMA value of each of the plurality of measured points on the
next reference segment; and taking the one of plurality of measured points on the next reference 5
segment, having the minimum difference between the gradient of grayscale image thereof and the
EWMA value thereof, as the tumor contour suggestion point on the next reference segment At last, in
the angle retrieving method applied in Step Cl, the value of all the measured points on the reference
segment are retrieved in 10 sequence by the angle retrieving method comprising the steps of: when
there are no tumor contour suggestion point before a last tumor contour suggestion point, defining one
of the plurality of measured points on the first reference segment as a first point, and one of the
plurality of measured points on the second reference segment as a second point; or when there is 15
one tumor contour suggestion point before the last tumor contour 



suggestion point, defining the tumor contour suggestion point before the last tumor contour suggestion
point as the first point, and defining the last tumor contour suggestion point as the second point;
defining a vector going from the first point to the second point as a first vector, and vectors going 20
from the second point to each of the plurality of measured points on a next reference segment as a
plurality of second vectors; calculating the cosine values of the angles included by the first vector and
the plurality of second vectors, respectively; and taking the one of plurality of measured points on the
second next reference segment, being the end point of the second vector  corresponding to the angle
having maximum cosine value, as the tumor contour suggestion point on the second next reference
segment.       Since the above-mentioned 5 kinds of retrieving method have been described in
Examples 1 to 5, the detailed explanation of these 5 kinds of 5 retrieving method is omitted herein.
The abovementioned steps in the methods for retrieving a tumor contour of an image processing
system of the present invention can be perfoi ined by computer programs. The software written for the
methods for retrieving a tumor contour of an image processing system of the present 10 invention can
be stored in any recording media capable of being recognized or read by a microprocessing unit, or in
any articles and devices including the recording medium. The articles are not limited, and can be hard
discs, flexible discs, compact discs, ZIP, MO, IC chips, random-access memory (RAM), or any articles
including the recording media known by one skilled 15 in the art. As the methods for retrieving a tumor
contour of an image processing system is completely disclosed herein, one skill known the computer
language can understand how to write software and computer programs. Accordingly, the detail
referring to the software and computer programs related to the methods for retrieving a tumor contour
of an image 20 processing system of the present invention is not described herein.       Although the
present invention has been explained in relation to its preferred embodiment, it is to be understood
that many other possible modifications and variations can be made without departing from the scope
of the invention as hereinafter claimed. 



What is claimed is: 1. A method of retrieving a tumor contour implemented in an image processing
system that includes a memory storing a grayscale image, a display screen, an input device and a
processor 5 performing method steps, comprising: receiving an input tumor contour of the grayscale
image; defming a tumor contour annular region and a plurality of reference segments of the grayscale
image, wherein the input tumor contour is in the tumor contour annular region, and each of the plurality
of reference segments is across the tumor contour annular region and includes a plurality of measured
points; retrieving a tumor contour suggestion point on each of the plurality of  10 reference segments;
and linking all the tumor contour suggestion points on all of the reference segments, for forming the
tumor contour, wherein each of the plurality of reference segments includes a plurality of local
segments and each of the plurality of local segments includes a plurality of moving horizons; wherein
each of the plurality of local segments consists of one of the plurality of measured points, at least one
measured point before and at least one measured  15 point after the one of the plurality of measured
points, and each of the plurality of moving horizons consists of one of the plurality of measured points
in the corresponding local segment and at least one measured point after the one of the plurality of
measured points; and wherein the tumor contour suggestion point is retrieved by a moving variance
retrieving method comprising the steps of: calculating a gradient variance of the grayscale image in the
plurality of local  20 segments and an average gradient variance of the grayscale image in the plurality
of moving horizons; calculating the ratio of the gradient variance of the grayscale image in the plurality
of local segments to the average gradient variance of the grayscale image in the plurality of moving
horizons; and retrieving the measured point corresponding to the maximum ratio as the tumor contour
suggestion point. 252. A method of retrieving a tumor contour implemented in an image processing
system that includes a memory storing a grayscale image, a display screen, an input device and a
processor performing method steps, comprising: receiving an input tumor contour of the grayscale
image; defining a tumor contour annular region and a plurality of reference segments of the grayscale
image, wherein the input tumor contour is in the tumor contour annular region, and each of the  30
plurality of reference segments is across the tumor contour annular region and includes a plurality of
measured points; retrieving a modulated tumor contour suggestion point on each of the plurality of
reference segments; and linking all the modulated tumor contour suggestion points on all of the
reference segments, for forming the modulated tumor contour; wherein the modulated tumor contour
suggestion point on each of the plurality of reference segments is obtained by the  following steps:
normalizing the value of all the measured points on the reference segment retrieved by a moving
variance retrieving method, the value of all the measured points on the reference segment retrieved by
a contrast retrieving method, the value of all the measured points on the reference segment retrieved
by a distance retrieving method, the value of all the measured 5 points on the reference segment
retrieved by a gradient EWMA difference retrieving method, and the value of all the measured points
on the reference segment retrieved by an angle retrieving method into value between 0 and 1;
determining modulating criteria for each of the aforementioned retrieving methods; calculating a
weighting parameter for each the measured points on the reference segment, by multiplying product
corresponding to each of the  10 aforementioned retrieving methods together, wherein each of the
products is obtained by multiple the normalized value of the measured point for the number of times
equal to the modulating criteria of the corresponding retrieving method, respectively; and retrieving the
coordinate of the tumor contour suggestion point on the reference segment by calculating the average
coordinate, from the sum of the product obtained by multiplying the coordinate of each of the
measured  15 points on the reference segment with the corresponding weighting parameter,
respedtively; wherein in the moving variance retrieving method, each of the plurality of reference
segments includes a plurality of local segments and each of the plurality of local segments includes a
plurality of moving horizons; each of the plurality of local segments consists of one of the plurality of
measured points, at least one measured point before and at least one measured point  20 after the
one of the plurality of measured points, and each of the plurality of moving horizons consists of one of
the plurality of measured points in the corresponding local segment and at least one measured point
after the one of the plurality of measured points; and the value of all the measured points on the
reference segment are retrieved by the moving variance retrieving method comprising the steps of:
calculating a gradient variance of the grayscale image in the plurality of  25 local segments and an
average gradient variance of the grayscale image in the plurality of moving horizons; calculating the
ratio of the gradient variance of the grayscale image in the plurality of local segments to the average
gradient variance of the grayscale image in the plurality of moving horizons; and retrieving the
measured point corresponding to the maximum ratio as the tumor contour suggestion point; wherein in
the contrast retrieving method, a center of gravity of the 



30 input tumor contour is retrieved and a plurality of contrast reference segments is defined, each of
the plurality of contrast reference segments extends from the center of the gravity to of the
corresponding reference segments, respectively; and the value of all the measured points on the
reference segment are retrieved by the contrast retrieving method comprising the steps of: calculating
gradients of the grayscale image in the plurality of reference segments and an average  gradient of the
grayscale image in the plurality of contrast reference segments; calculating the differences between
the gradients of the grayscale image in the plurality of reference segments and an average gradient of
the grayscale image in the plurality of contrast reference segments; and retrieving the measured point
corresponding to the maximum difference as the tumor contour 5 suggestion point; wherein in the
distance retrieving method, the value of all the measured points on the reference segment are
retrieved in sequence by the distance retrieving method comprising the steps of: when there are no
tumor contour suggestion points before, taking one of the plurality of measured points on the first
reference segment as a first point, or when there is one tumor contour suggestion point before, taking
a last tumor contour suggestion point on one of the 10 plurality of reference segments as the first
point; taking one of the plurality of measured points on the next reference segment as a second point;
and retrieving the measured point on the next reference segment, having the minimum distance
between the first point and the second point as the tumor contour suggestion point on the next
reference point; wherein in the gradient EWMA difference retrieving method, the value of all the
measured points on the reference segment are 15 retrieved in sequence by the gradient EWMA
difference retrieving method comprising the steps of: when there are no tumor contour suggestion
points before, taking one of plurality of measured points on the first reference segment as a reference
list; or when there is one tumor contour suggestion point before, taking all of the pervious tumor
contour suggestion points as the reference list; providing an EWMA weighting formula; determining the
weighting factor of the 20 EWMA weighting formula and receiving the EWMA value of the reference list
by the gradients of grayscale image of each of the measured points or the tumor contour suggestion
points in the reference list; using the EWMA value of the reference list and the gradients of grayscale
image of each of the plurality of measured points on the next reference segment as the input variables
of the EWMA weighting fommla; defining the output of the EWMA weighting formula as the 25 EWMA
value of each of the plurality of measured points on the next reference segment; and taking the one of
plurality of measured points on the next reference segment, having the minimum difference between
the gradient of grayscale image thereof and the EWMA value thereof, as the tumor contour suggestion
point on the next reference segment; wherein in the angle retrieving method, the value of all the
measured points on the reference segment are 30 retrieved in sequence by the angle retrieving
method comprising the steps of: when there are no tumor contour suggestion point before a last tumor
contour suggestion point, defining one of the plurality of measured points on the first reference
segment as a first point, and one of the plurality of measured points on the second reference segment
as a second point; or when there is one tumor contour suggestion point before the last tumor contour
suggestion point, defining the tumor  contour suggestion point before the last tumor contour
suggestion point as the first point, and defining the last tumor contour suggestion point as the second
point; defining a vector going from the first point to the second point as a first vector, and vectors going
from the second point to each of the plurality of measured points on a next reference segment as a
plurality of second 5 vectors; calculating the cosine values of the angles included by the first vector
and the plurality of second vectors, respectively; and taking the one of plurality of measured points on
the second next reference segment, being the end point of the second vector corresponding to the
angle having maximum cosine value, as the tumor contour suggestion point on the second next
reference segment. 103. A method of retrieving a tumor contour implemented in an image processing
system that includes a memory storing a grayscale image, a display screen, an input device and a
processor performing method steps, comprising: receiving an input tumor contour of the grayscale
image; defining a tumor contour annular region and a plurality of reference segments of the grayscale
image, wherein the input tumor contour is in the tumor contour annular region, and each of the 15
plurality of reference segments is across the tumor contour annular region and includes a plurality of
measured points; retrieving a tumor contour suggestion point on each of the plurality of reference
segments; and linking all the tumor contour suggestion points on all of the reference segments, for
fainting the tumor contour, wherein a center of gravity of the input tumor contour is retrieved and a
plurality of contrast reference segments is defined, each of the plurality of contrast 20 reference
segments extends from the center of the gravity to of the corresponding reference segments,
respectively; and wherein the tumor contour suggestion point is retrieved by a contrast retrieving
method comprising the steps of: calculating gradients of the grayscale image in the plurality of
reference segments and an average gradient of the grayscale image in the plurality of contrast
reference segments; calculating the differences between the gradients of the grayscale 25 image in
the plurality of reference segments and an average gradient of the grayscale image in the plurality of
contrast reference segments; and retrieving the measured point corresponding to the maximum
difference as the tumor contour suggestion point. 4. A method of retrieving a tumor contour
implemented in an image processing system that 



includes a memory storing a grayscale image, a display screen, an input device and a processor 30
perfooning method steps, comprising: receiving an input tumor contour of the grayscale image;
defining a tumor contour annular region and a plurality of reference segments of the grayscale image,
wherein the input tumor contour is in the tumor contour annular region, and each of the plurality of
reference segments is across the tumor contour annular region and includes a plurality of measured
points; retrieving a tumor contour suggestion point on each of the plurality of  reference segments; and
linking all the tumor contour suggestion points on all of the reference segments, for forming the tumor
contour, wherein the tumor contour suggestion point is retrieved in sequence by a distance retrieving
method comprising the steps of: when there are no tumor contour suggestion points before, taking one
of the plurality of measured points on the first 5 reference segment as a first point, or when there is
one tumor contour suggestion point before, taking a last tumor contour suggestion point on one of the
plurality of reference segments as the first point; taking one of the plurality of measured points on the
next reference segment as a second point; and retrieving the measured point on the next reference
segment, having the minimum distance between the first point and the second point as the tumor
contour suggestion 10point on the next reference point. 5. A method of retrieving a tumor contour
implemented in an image processing system that includes a memory storing a grayscale image, a
display screen, an input device and a processor performing method steps, comprising: receiving an
input tumor contour of the grayscale image; defining a tumor contour annular region and a plurality of
reference segments of the grayscale  15 image, wherein the input tumor contour is in the tumor
contour annular region, and each of the plurality of reference segments is across the tumor contour
annular region and includes a plurality of measured points; retrieving a tumor contour suggestion point
on each of the plurality of reference segments; and linking all the tumor contour suggestion points on
all of the reference segments, for forming the tumor contour, wherein the tumor contour suggestion
point is retrieved  20 in sequence by a gradient EWMA difference retrieving method comprising the
steps of: when there are no tumor contour suggestion points before, taking one of plurality of
measured points on the first reference segment as a reference list; or when there is one tumor contour
suggestion point before, taking all of the pervious tumor contour suggestion points as the reference
list; providing an EWMA weighting formula; determining the weighting factor of the EWMA weighting
25 formula and receiving the EWMA value of the reference list by the gradients of grayscale image of
each of the measured points or the tumor contour suggestion points in the reference list; using the
EWMA value of the reference list and the gradients of grayscale image of each of the plurality of
measured points on the next reference segment as the input variables of the EWMA weighting
formula; defining the output of the EWMA weighting formula as the EWMA value of  30 each of the
plurality of measured points on the next reference segment; and taking the one of plurality of
measured points on the next reference segment, having the minimum difference between the gradient
of grayscale image thereof and the EWMA value thereof, as the tumor contour suggestion point on the
next reference segment.  6. A method of retrieving a tumor contour implemented in an image
processing system that includes a memory storing a grayscale image, a display screen, an input
device and a processor performing method steps, comprising: receiving an input tumor contour of the
grayscale image; defining a tumor contour annular region and a plurality of reference segments of the
grayscale 5 image, wherein the input tumor contour is in the tumor contour annular region, and each of
the plurality of reference segments is across the tumor contour annular region and includes a plurality
of measured points, retrieving a tumor contour suggestion point on each of the plurality of reference
segments; and linking all the tumor contour suggestion points on all of the reference segments, for
forming the tumor contour, wherein the tumor contour suggestion point is retrieved 10 in sequence by
an angle retrieving method comprising the steps of: when there are no tumor contour suggestion point
before a last tumor contour suggestion point, defining one of the plurality of measured points on the
first reference segment as a first point, and one of the plurality of measured points on the second
reference segment as a second point; or when there is one tumor contour suggestion point before the
last tumor contour suggestion point, defining the tumor 15 contour suggestion point before the last
tumor contour suggestion point as the first point, and defining the last tumor contour suggestion point
as the second point; defining a vector going from the first point to the second point as a first vector,
and vectors going from the second point to each of the plurality of measured points on a next
reference segment as a plurality of second vectors; calculating the cosine values of the angles
included by the first vector and the plurality of 20 second vectors, respectively; and taking the one of
plurality of measured points on the second next reference segment, being the end point of the second
vector corresponding to the angle having maximum cosine value, as the tumor contour suggestion
point on the second next reference segment.  



METHOD FOR RETRIEVING A TUMOR CONTOUR OF AN IMAGE PROCESSING SYSTEM
ABSTRACT OF TIIE DISCLOSURE 5The present invention related to a method for retrieving a tumor
contour of an image processing system that includes a memory storing a grayscale image and a
processor, comprising: receiving an input tumor contour of the grayscale image; defining a tumor
contour annular region and a plurality of reference segments of the grayscale image, wherein the 10
input tumor contour is in the tumor contour annular region, and each of the plurality of reference
segments is across the tumor contour annular region and includes a plurality of measured points;
retrieving a tumor contour suggestion point on each of the plurality of reference segments; and linking
all the tumor contour suggestion points on all of the reference segments, for 15 folluing the tumor
contour. Accordingly, by applying the method of the present invention, a doctor can rapidly and
accurately identify the contour of a tumor in a grayscale image. Fig. 4 






