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EP 1 994 878 B9
Description
Technical Field

[0001] The present invention relates to a medical image processing device and a medical image processing method
that are suitable for detecting a lesion candidate region from a medical image to detect a lesion such as a polyp.

Background Art

[0002] In recent years, endoscopes have been widely used, for example, for medical examination and diagnosis in
the field of medical treatment.

[0003] In such cases, the physician inserts the insertion portion of the endoscope inside a body cavity such as the
colon of the patient to pick up images inside the body cavity using image pickup means provided at the distal end portion
of the insertion portion. The physician performs endoscopy such as an examination or diagnosis of a lesion such as a
polyp by observing the endoscopic images that are displayed on a monitor. In this case, since it is desirable that the
physician causes little pain or distress to the patient and also performs endoscopy smoothly, the burden on the physician
increases.

[0004] Therefore, forexample, Japanese Patent Application Laid-Open Publication No. 2004-180932 as a firstexample
of the prior art discloses an arrangement in which lesion candidates for the same region of interest are detected by a
first image diagnosis apparatus comprising an X-ray CT apparatus or the like and a second image diagnosis apparatus
such as an X-ray TV apparatus, respectively. A detection result in which these two detection results are compared and
combined is then shown to the physician. It is thereby possible to prevent an oversight by the physician.

[0005] Further, as a second example of the prior art, Japanese Patent Application Laid-Open Publication No.
2005-192880 discloses an image processing method that detects a lesion candidate region from an endoscopic image
based on color tone information.

[0006] However, the above described first example of the prior art is difficult to apply in the case of diagnosing or
screening for a lesion such as a polyp from endoscopic images picking up inside a body cavity such as the colon. Further
more, with images captured by X-ray CT, detection is difficult in a case in which there is no distinctive hemispherical
protuberant finding.

[0007] Inimages in which the inside of a body cavity is optically observed, such as in endoscopic images, since color
information can also be obtained, it is desirable to also utilize the color information for lesion detection and the like.
[0008] The second example of the prior art is arranged to utilize color information and contour information to detect
hemorrhaging and reddening as well as elevations and concavities and the like. However, this second example of the
prior art does not effectively utilize information regarding a region that incidentally presents attributes of color tone
changes of reddening or discoloration arising in a polyp or a region that incidentally presents attributes of a region with
an abnormal finding that arises in mucous membrane on the periphery of a polyp. Therefore, it is desirable to effectively
utilize information of these regions to enable detection of lesions with greater accuracy and high reliability.

[0009] Itis also desirable to generate a three-dimensional shape image from a two-dimensional image to enable lesion
detection with improved reliability.

[0010] The present invention has been accomplished in consideration of the above described points, and an object
of the invention is to provide a medical image processing device and a medical image processing method that can
accurately detect a lesion such as a polyp from a medical image having color information such as an endoscopic image.
[0011] US PatentPublication No.2003/0048931 discloses a method for developing an automated feature identification
and quantification involving a cascading sequence of segmentation. Within a given tissue-containing image, necrotic
areas are segmented into objects based on a histogram of a saturation band and a prescribed parameter, such as a
percentage of pixels of an image that possible necrosis is found. The resulting objects are binarized, filled, and a close
operation is performed. The boundaries of the resulting objects are measured and those objects larger than a prescribed
cutoff parameter are classified as necrotic areas.

[0012] A further object of the present invention is to provide a medical image processing device and a medical image
processing method that can carry out lesion detection with improved reliability by utilizing a three-dimensional shape
image.

Disclosure of the Invention
Means for Solving the Problem

[0013] A medical image processing device according to the present invention comprises the features as defined in
claim 1.



10

15

20

25

30

35

40

45

50

55

EP 1994 878 B9

[0014] Further, a medical image processing method according to the present invention includes the steps as defined
in claim 4.

Brief Description of the Drawings
[0015]

Fig. 1 is a block diagram that illustrates the configuration of an endoscope system according to Embodiment 1 of
the present invention;

Fig. 2 is a view that illustrates a state in which an endoscope is inserted into a tubular region such as a colon to pick
up images according to Embodiment 1 of the present invention;

Fig. 3Ais a view that illustrates an example of an endoscopic image that is picked up by the image pickup apparatus
provided in the endoscope shown in Fig. 2;

Fig. 3B is a view that illustrates an example of an endoscopic image that is picked up by the image pickup apparatus
provided in the endoscope shown in Fig. 2;

Fig. 4 is a block diagram that illustrates image processing functions performed by a CPU according to Embodiment
1 of the present invention;

Fig. 5 is a flowchart that illustrates a process to detect a polyp as an elevated lesion by image processing according
to Embodiment 1 of the present invention;

Fig. 6 is a flowchart that illustrates a process to calculate three-dimensional shape information at step S4 in Fig. 5;
Fig. 7 is a view that illustrates curved shapes according to values of a shape index Sl that are calculated according
to step S12 in Fig. 6;

Fig. 8 is a flowchart that illustrates the processing contents at step S6 in Fig. 5;

Fig. 9A is a view that illustrates an example of an endoscopic image that is picked up by an image pickup apparatus
provided in an endoscope according to Embodiment 2 of the present invention;

Fig. 9B is a view that illustrates an example of an endoscopic image that is picked up by an image pickup apparatus
provided in an endoscope according to Embodiment 2 of the present invention;

Fig. 10 is a block diagram that illustrates image processing functions performed by a CPU according to Embodiment
2 of the present invention;

Fig. 11 is a flowchart that illustrates a process that detects a polyp as an elevated lesion by image processing
according to Embodiment 2 of the present invention;

Fig. 12 is a flowchart that illustrates the processing contents of a mucosal attribute information judgment at S51 in
Fig. 11; and

Fig. 13 is a flowchart that illustrates the processing contents of an abnormal vascular hyperplasia judgment at step
S51 in Fig. 11.

Best Mode for Carrying Out the Invention
[0016] Hereunder, embodiments of the present invention are described referring to the drawings.
(Embodiment 1)

[0017] Fig. 1 to Fig. 8 relate to Embodiment 1 of the present invention. Fig. 1 is a block diagram that illustrates the
configuration of an endoscope system. Fig. 2 is a view that illustrates a state in which an endoscope is inserted into a
tubular region such as a colon to pick up images. Fig. 3A is a view that illustrates an example of an endoscopic image
that is picked up by the image pickup apparatus provided in the endoscope shown in Fig. 2. Fig. 3B is a view that
illustrates an example of an endoscopic image that is picked up by the image pickup apparatus provided in the endoscope
shown in Fig. 2. Fig. 4 is a block diagram that illustrates image processing functions performed by a CPU. Fig. 5is a
flowchart that illustrates a process to detect a polyp as an elevated lesion by image processing. Fig. 6 is a flowchart that
illustrates a process to calculate three-dimensional shape information at step S4 in Fig. 5. Fig. 7 is a view that illustrates
curved shapes according to values of a shape index Sl that are calculated according to step S12 in Fig. 6. Fig. 8 is a
flowchart that illustrates the processing contents at step S6 in Fig. 5.

[0018] Anendoscope system 1 shown in Fig. 1 includes an endoscopic observation apparatus 2, an endoscopic image
processing device (hereunder, referred to simply as "image processing device") 3 such as a personal computer that
performs image processing with respect to an endoscopic image obtained by the endoscopic observation apparatus 2,
and a display monitor 4 that displays an image that is subjected to image processing by the image processing device 3.
[0019] The endoscopic observation apparatus 2 includes an endoscope 6 that is inserted inside a body cavity, a light
source 7 that supplies an illumination light to the endoscope 6, a camera control unit (abbreviated as "CCU") 8 that
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performs signal processing with respect to image pickup means of the endoscope 6, and a monitor 9 that displays an
endoscopicimage that is picked up with the image pickup device by input of a video signal that is outputted from the CCU 8.
[0020] The endoscope 6 includes an insertion portion 11 that is inserted into a body cavity, and an operation portion
12 thatis provided at the rear end of the insertion portion 11. A light guide 13 that transmits an illumination light is passed
through the inside of the insertion portion 11.

[0021] A light source 7 is connected to the rear end of the light guide 13. An illumination light that is supplied from the
light source 7 is transmitted by the light guide 13. The transmitted illumination light is emitted from a distal end face of
an illumination window provided in a distal end portion 14 of the insertion portion 11 and illuminated onto an object such
as a diseased part.

[0022] An image pickup apparatus 17 comprises an observation lens 15 that is mounted in an observation window
adjoining the illumination window and, for example, a charge coupled device (abbreviated as "CCD") 16 as a solid state
image pickup device that is disposed at an image formation position of the observation lens 15. An optical image that
is formed on the image pickup surface of the CCD 16 is subjected to photoelectric conversion by the CCD 16.

[0023] The CCD 16 is connected to the CCU 8 via a signal wire. When a CCD driving signal is applied from the CCU
8, the CCD 16 outputs an image signal that has undergone photoelectric conversion. The image signal is subjected to
signal processing by a video processing circuit inside the CCU 8 and converted into a video signal. The video signal is
outputted to the monitor 9 to display an endoscopic image on the screen of the monitor 9. The video signal is also
inputted to the image processing device 3.

[0024] The image processing device 3 includes an image inputted section 21 into which is input a video signal corre-
sponding to an endoscopic image that is inputted from the endoscopic observation apparatus 2, a CPU 22 as a central
processing unit that performs image processing corresponding to image data that is input from the image input section
21, and a processing program storage section 23 that stores a processing program (control program) that causes the
CPU 22 to execute image processing.

[0025] The image processing device 3 also includes an image storage section 24 that stores image data and the like
that is inputted from the image inputted section 21, an information storage section 25 that stores information and the
like that is processed by the CPU 22, a hard disk 27 as a storage device that stores image data and information and the
like that is processed by the CPU 22 via a storage device interface 26, a display processing section 28 that performs
display processing for displaying image data and the like that is processed by the CPU 22, and an input operation section
29 comprising a keyboard or the like through which a user inputs data such as image processing parameters or an
instruction operation.

[0026] A video signal that is generated by the display processing section 28 is displayed on the display monitor 4 to
thereby display a processed image that has undergone image processing on the screen of the display monitor 4. In this
connection, the image input section 21, the CPU 22, the processing program storage section 23, the image storage
section 24, the information storage section 25, the storage device interface 26, the display processing section 28, and
the input operation section 29 are mutually connected via a data bus 30.

[0027] Accordingtothe presentembodiment, as showninFig. 2, aninsertion portion 11 of a forward-viewing endoscope
6 is inserted into, for example, a tubular region (tubular organ) such as a colon 31 and images are picked up by the
image pickup apparatus 17.

[0028] Fig. 3A and Fig. 3B illustrate examples of a two-dimensional endoscopic image having a polyp as an elevated
lesion that is picked up by the endoscope 6.

[0029] Fig.3Ais aview that shows an endoscopicimage having a polyp accompanied by a reddened color tone portion
32. The top part of the polyp is a discolored portion 33 that is a white color.

[0030] Fig. 3B is a view showing an endoscopic image having a polyp accompanied by a discolored portion 33 that
is a white color in a wider area than in the example shown in Fig. 3A.

[0031] With respectto a polyp as an elevated lesion of this kind, cases often occur in which a color tone change such
as areddening tone or a white tone (discoloration) occurs as an incidental attribute. According to the presentembodiment,
the existence or non-existence of a color tone change region that presents this kind of color tone change as an incidental
region is detected or judged. Further, a detection standard to be utilized when performing polyp detection or judgment
thereafter is changed (or controlled) in accordance with the detection result for the color tone change region. More
specifically, the threshold value of the detection standard is changed.

[0032] Further, according to the present embodiment, to improve the accuracy of the above described polyp detection,
a three-dimensional shape of an examination target region (for example, an inner surface having a luminal shape) is
estimated based on the two-dimensional endoscopic image that is picked up. Using the information for the estimated
three-dimensional shape, a region with an elevation change is detected as a polyp candidate.

[0033] With respect to a portion corresponding to a detected region with an elevation change (including the periphery
thereof), the threshold value of the detection standard for performing polyp detection is changed in accordance with the
result of detection of an incidental region that is accompanied by the above described color tone change.

[0034] More specifically, when accompanied by a color tone change, as the detection standard to be applied when
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performing the polyp detection according to an elevation change, a detection standard is applied for which the detection
conditions are more relaxed than in a case that is not accompanied by a color tone change.

[0035] As described later, in a case in which polyp detection is performed using the method illustrated in Fig. 5, polyp
detection (judgment) is performed according to an elevation change by employing a detection standard 1 as a threshold
value in a case that is not accompanied by a color tone change, and employing a detection standard 2, for which the
detection conditions are more relaxed compared to the detection standard 1, as a threshold value in a case that is
accompanied by a color tone change.

[0036] By performing polyp detection with image processing in this manner, a polyp detection result can be obtained
accurately (or with high reliability).

[0037] Fig. 4 is a view that illustrates image processing functions that are performed by the CPU 22 inside the image
processing device 3 of the present embodiment. The CPU 22 has a region with elevation change detection function 22a
as lesion candidate region detecting means that detects a region with an elevation change as an elevated lesion candidate
region based on contrast information (or luminance information) from endoscopic image data that is picked up, a region
with color tone change detection function 22b as incidental region detecting means that detects a color tone change
region from a plurality of color signals of an endoscopic image, a polyp detection function 22d that detects a polyp as
an elevated lesion with respect to a region with an elevation change that is detected, and a detection standard setting
function 22c as detection standard changing means that changes a polyp detection standard depending on whether or
not there is an accompanying color tone change region when performing the polyp detection.

[0038] The CPU 22 also has a three-dimensional shape information generating function 22e that generates three-
dimensional shape information by using luminance information of a two-dimensional endoscopic image as shape infor-
mation with which to estimate the shape thereof in a case where the CPU 22 detects a region with an elevation change
using the region with elevation change detection function 22a.

[0039] Next, the operations that are carried out until polyp detection is performed based on an endoscopic image
according to the present embodiment are described.

[0040] In the present embodiment, the functions shown in Fig. 4 are implemented by software. More specifically, the
CPU 22 reads out a processing program that is stored (held) in the processing program storage section 23, and by
performing processing according to this processing program the CPU 22 executes image processing for polyp detection
shown in Fig. 5.

[0041] When the power of the endoscopic observation apparatus 2 and the image processing device 3 shown in Fig.
1isturned on, the image pickup apparatus 17 of the endoscope 6 picks up animage, and (a video signal of) an endoscopic
image that underwent signal processing at the CCU 8 is displayed on the monitor 9 and is also inputted to the image
processing device 3 via the image input section 21.

[0042] When a physician operates an image processing start key or the like of an unshown keyboard or the like, that
instruction signal is sent to the CPU 22. Thereupon, the CPU 22 starts image processing to perform the polyp detection
illustrated in Fig. 5.

[0043] First, at step S1, the CPU 22 sets a parameter "i" that indicates the number of an endoscopic image | to the
initial value i=1. Next, at step S2, the CPU 22, for example, loads an endoscopic image li comprising an ith RGB signal
that is sequentially stored in the hard disk 27 or the image storage section 24 shown in Fig. 1.

[0044] The series of processes according to the presentembodiment are applied to an endoscopicimage li of respective
frames that are inputted consecutively as a moving image. However, the present invention is not limited thereto, and for
example, a configuration may be employed in which the image processing shown in Fig. 5 is performed on, for example,
endoscopic images at intervals of every several frames. Further, a configuration may also be employed in which the
image processing shown in Fig. 5 is performed on endoscopic images that are filed in the hard disk 27 or the like.
[0045] After step S2, at step S3 the CPU 22 extracts an R-signal component (abbreviated as "R image") Ri in the
endoscopic image li. Next, at step S4, the CPU 22 calculates (generates) three-dimensional shape information of the
R image Ri based on a change in contrast (change in luminance information). Although according to the present em-
bodiment the CPU 22 calculates the three-dimensional shape information using the R image Ri, additionally, a config-
uration may be adopted in which the CPU 22 calculates the three-dimensional shape information by using, for example,
an image of a luminance signal component.

[0046] A processing method that calculates three-dimensional shape information based on the two-dimensional R
image Ri is illustrated in Fig. 6.

[0047] To calculate three-dimensional shape information on the basis of a two-dimensional image, the CPU 22 esti-
mates (generates) a three-dimensional shape as shown at step S21 in Fig. 6.

[0048] As a method of generating the three-dimensional shape, for example, Shape from Shading is available. A
method of generating a three-dimensional shape using Shape from Shading is one that utilizes the fact that the intensity
of reflected light of a target region that is illuminated by an illumination light from an illumination light source is changed
by the state of a gradient of the surface thereof, and reflected light that accompanies that change is reflected in the
endoscopic image that is picked up. For example, this method is described in "Reconstructing Shape from Shading with
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a Point Light Source at the Projection Center -Shape Reconstruction from an Endoscopic Image-", Okatani and Deguchi,
Computer vision, pp.19-26, 1996. Another method that calculates (generates) an estimated three-dimensional shape
from a two-dimensional endoscopic image may also be utilized.

[0049] Next, at step S22, the CPU 22 calculates a shape index Sl and a curvedness CV as feature quantities that
represent a curved shape at each curved face of the calculated three-dimensional shape. The shape index Sl and
curvedness CV are calculated as described below.

[0050] With respect to a calculated three-dimensional shape, the CPU 22 calculates first order partial differential
coefficients fx, fy, and fz and second order partial differential coefficients fxx, fyy, fzz, fxy, fyz, and fxz for an R pixel
value f in a local region (curved face) including the three-dimensional position (x, y, z) of interest.

[0051] Using these coefficients, the CPU 22 calculates a Gauss curvature K and a mean curvature H in the manner
described in "A study on automated detection of colonic polyps from 3D abdominal CT images based on shape", Kimura,
Hayashi, Kitasaka, Mori and Suenaga, Technical Report of IEICE (MI2003-102), pp. 29-34, 2004.

[0052] The principal curvatures k1 and k2 (k1 > k2) of the curved face are expressed using the Gauss curvature K
and mean curvature H as

k1=H+ (H*-K)"* kx2=H-— (H?>—K)"* (1)

[0053] Further, the shape index Sl and curvedness CV as a feature value that represents a curved shape in this case
are, respectively,

SI=1,/2—(1/ n)arc tan[ (k1+k2) /(k1—k2)] (2)

CV=((k1°+k2%) /2)* (3)

[0054] Thus, the CPU 22 calculates the shape index Sl and the curvedness CV for each three-dimensional curved
face as three-dimensional shape information.

[0055] The shape index Sl is expressed by an index having values from 0 to 1 for curved shapes as shown in Fig. 7.
In this case, when the shape index Sl is 0, the curved shape is concave, and when the shape index Sl is 1 the curved
shape is convex. That is, the closer the value of the shape index Sl is to 1, the more features of a convex elevated shape
the region in question has.

[0056] Accordingly, by setting a detection standard as a threshold value having the shape index Sl value is close to
1, and detecting a region having a shape index Sl value larger than this threshold value, it is possible to objectively
detect a polyp as an elevated lesion in image processing. In this connection, according to detection standard 1 used at
step S 10 of Fig. 5 that is described later, (Sl =) 0.9 is set as the shape index Sl threshold value, and according to
detection standard 2 used at step S11, (S| =) 0.8 is set as the shape index Sl threshold value.

[0057] The curvedness CV represents the inverse number of the curvature radius, and is utilized when limiting the
size of a convex shaped region of the target curved face. The processing at step S4 in Fig. 5 is performed in this manner.
[0058] According to the present embodiment, when performing image processing for detecting a polyp as an elevated
lesion as described below, the CPU 22 uses detection standard 1 and detection standard 2.

[0059] Atstep S5in Fig. 5, the CPU 22 extracts an R image Ri in the endoscopic image li and a G-signal component
(abbreviated as G image Gi) in the endoscopic image li. Next, at step S6, the CPU 22 performs detection of a color tone
change region to detect a region showing a color tone change involving reddening or discoloration.

[0060] The processing to detecta region having a color tone change at step S6 is, for example, performed as illustrated
in Fig. 8. At the initial step S31, the CPU 22 performs processing to exclude unsuitable pixels such as dark portions,
halation or residue from the R image Ri and the G image Gi. To exclude dark portions and halation, exclusion can be
simply performed using a threshold value that is set in correspondence to the dark portion and halation. For the residue,
it is possible to remove the residue by combining residual color tones with a shape judgment for that portion.

[0061] Next, at step S32, the CPU 22 performs processing to divide the region in question into, for example, 8x8 sub-
regions.

[0062] At step S33, the CPU 22 sets a parameter m that represents the number of a sub-region and a parameter j
that represents the number of a pixel inside the sub-region to an initial value 1. In this connection, when numbering the
sub-regions, when the proportion of pixels that are excluded by the processing of step S31 that are inside the sub-region
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exceeds, for example, 50%, that sub-region is excluded from the processing objects (an m number is not allocated
thereto). More specifically, unsuitable sub-regions are also excluded from the processing objects.

[0063] Atstep S34,the CPU 22 calculates the chromaticity gj/rj of the jth pixel. In this case, gj represents the luminance
level of the jth pixel inside a (mth) sub-region of the G image Gi, and rj represents the luminance level of the jth pixel
inside a (mth) sub-region of the R image Ri. Next, at step S35, the CPU 22 determines whether or not j is the final pixel
number jend inside the sub-region. When j does not correspond to jend, at step S36 the CPU 22 increments j by 1 and
returns to step S34 to repeat the same processing.

[0064] After calculating the chromaticity gj/rj as far as the final pixel number jend in the mth sub-region in this manner,
the CPU 22 advances to step S37.

[0065] At step S37, the CPU 22 calculates a chromaticity mean value ugrm of the mth sub-region. Next, at step S38,
the CPU 22 determines whether or not the number m of the sub-region is the final number mend. When the number m
does not correspond to the final number mend, at step S39 the CPU 22 increments m by 1 and returns to step S34 to
repeat the processing of step S34 to S39.

[0066] When m matches the final number mend, the CPU 22 proceeds to step S40. At step S40, the CPU 22 calculates
the chromaticity mean value pgr for all the sub-regions and the standard deviation ogr.

[0067] Next, at step S41, the CPU 22 uses the chromaticity mean value pgr in the case of all sub-regions and the
standard deviation ogr to determine whether or not the chromaticity mean value pgrm of the mth sub-region calculated
at step S37 indicates that the mth sub-region is a sub-region showing a color tone change involving reddening and
discoloration.

[0068] More specifically, as shown at step S41, the CPU 22 considers that the chromaticity mean value pgrm of the
sub-region is normally distributed, and determines whether or not that chromaticity mean value pgrm is within a range
of = (1.5 x ogr) from the distribution position of the chromaticity mean value p.gr for all the sub-regions.

[0069] When the sub-region in question satisfies the determining condition at step S41, as shown at step S42, the
CPU 22 detects (judges) that the sub-region is not a sub-region that shows a color tone change involving reddening and
discoloration.

[0070] In contrast, when the sub-region does not satisfy the condition at step S41, as shown at step S43, the CPU 22
detects the sub-region as a sub-region showing a color tone change of reddening or discoloration.

[0071] More specifically, when the chromaticity mean value pgrm deviates to outside by -1.5 x ogr from the distribution
position of the chromaticity mean value ngr, the CPU 22 detects (judges) the sub-region as a sub-region showing a
color tone change of reddening, and when the chromaticity mean value pgrm deviates to outside by +1.5 x ogr from the
distribution position of the chromaticity mean value ngr, the CPU 22 detects (judges) the sub-region as a sub-region
showing a color tone change of discoloration.

[0072] The detection (judgment) result is stored in the information storage section 25 (see Fig. 1) or the like together
with the sub-region number m or two-dimensional positional information of the sub-region. That detection result infor-
mation is utilized for a judgment at step S9 in Fig. 5 that is described below.

[0073] In this connection, the processing from steps S41 to S43 in Fig. 8 is performed from 1 to mend by changing
the number m of the sub-region. After performing the processing of step S42 or S43 for all sub-regions of the processing
object in this manner, the CPU 22 proceeds to the processing of step S7 or step S8 in Fig. 5.

[0074] Although an example is described above which uses the chromaticity gj/rj, an arrangement may be used in
which bj/gj is added as the chromaticity. In that case, it is possible to support detection of yellow-colored mucous
membrane.

[0075] Further, in the processing shown in Fig. 8, detection may be performed based on a ratio prate = pgrm/pgr as
the ratio between the chromaticity mean values pgrm and p.gr so as, for example, to detect a color tone change as
reddening if wrate < 0.5 and detect a color tone change as discoloration if prate > 1.5.

[0076] Next, at step S7 in Fig. 5, based on three-dimensional shape information calculated at step S4, the CPU 22
performs processing to detect a region with an elevation change. For example, the CPU 22 detects a sub-region section
having the aforementioned shape index Sl value is 0.8 or more.

[0077] Further, atstep S8, by associating the three-dimensional shape information obtained at step S4 with information
regarding detection of a region with a color tone change that is obtained at step S6, the CPU 22 identifies each pixel or
that sub-region included in the region with a color tone change that is detected at step S6, which position corresponds
to the position on the three-dimensional shape.

[0078] Atstep S9, the CPU 22 performs judgment processing based on the results obtained at steps S7 and S8. More
specifically, the CPU 22 judges whether or not the region with an elevation change on the three-dimensional shape that
is detected at step S7 corresponds with the region with a color tone change that is identified at step S8.

[0079] If the judgment result at step S9 is No, i.e. if the elevation change is not accompanied by a color tone change,
at step S10 the CPU 22 applies polyp detection processing according to detection standard 1.

[0080] In contrast, if the judgment result at step S9 is Yes, i.e. if the elevation change is accompanied by a color tone
change, at step S11 the CPU 22 applies polyp detection processing according to detection standard 2.
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[0081] Accordingtothe presentembodiment, asillustrated insteps S10and S 11, the assessment standard or detection
standard for performing polyp detection is changed according to the judgment result at step S9. In this case, since there
is a high possibility that the region in question and the periphery thereof is a polyp when a color tone change is detected,
by detecting a section having an elevation change feature using detection conditions that are more relaxed than in a
case in which a color tone change is not detected, a polyp or a polyp candidate is accurately detected.

[0082] Further, although various standards can be applied for polyp detection processing, according to the present
embodiment a detection standard according to the aforementioned shape index Sl is used.

[0083] As the threshold value of the shape index Sl for detecting a convex shape (or cup shape) indicating a polyp as
an elevated lesion, detection standard 1 is set to (Sl =) 0.9 and detection standard 2 is set to (SI =) 0.8 (in this connection,
as described above, the nearer the value is to 1, the closer the shape is to a convex shape). At step S10 or S11, the
CPU 22 performs a comparison with the 0.9 or 0.8 shape index Sl that is the detection standard, and if the value is
greater than that value the sub-region is detected (judged) as being a polyp.

[0084] In this case, for example, for the curvedness CV, (CV=) 0.2 is taken as the threshold value for both detection
standards 1 and 2, and when the value for the relevant sub-region is greater than this value the sub-region is detected
(judged) as being a polyp.

[0085] Although in the above description the value of the shape index Sl as a detection standard changes for a case
which is accompanied by a color tone change and a case which is notaccompanied by a color tone change, a configuration
may also be adopted in which the curvedness CV value is changed to change the detection standard as described below.
[0086] More specifically, a configuration may be adopted in which the shape index Sl threshold value is set to 0.9 and
the curvedness CV threshold value is set to 0.20 as detection standard 1, and the shape index Sl threshold value is set
to 0.9 and the curvedness CV threshold value is set to 0.15 as detection standard 2.

[0087] Further, a change may also be made to lower the shape index Sl threshold value and the curvedness CV
threshold value of detection standard 2 with respect to detection standard 1.

[0088] For example, a configuration may be adopted in which the shape index Sl threshold value is set to 0.9 and the
curvedness CV threshold value is set to 0.20 as detection standard 1, and the shape index Sl threshold value is set to
0.85 and the curvedness CV threshold value is set to 0.15 as detection standard 2.

[0089] Thus, at step S10 or step S 11 the CPU 22 sets detection standard 1 or 2 as a threshold value and performs
polyp detection processing according to the shape index Sl value for the region with an elevation change.

[0090] The CPU 22 then stores the detection result in association with the endoscopic image li of the detection object
in, for example, the hard disk 27 shown in Fig. 1, and, for example, displays the detection result side by side with the
endoscopic image li of the detection object on the display monitor 4 via the display processing section 28.

[0091] Subsequently, at step S12 in Fig. 5, the CPU 22 increments i by 1 and performs the same processing for the
next endoscopic image li.

[0092] According to the present embodiment that performs image processing in this manner, it is possible to change
(control) a detection standard value or a condition value by referring to color tone change information corresponding to
the feature value of a color tone change that occurs incidentally in the case of a polyp, and thereby improve the accuracy
(or reliability) of a detection with respect to whether or not a detection object is a polyp. That is, in comparison to the
case ofimage processing that performs polyp detection using only one type of detection, polyp detection can be performed
with greater accuracy by combining both kinds of detection.

[0093] Although a case is described above in which polyp detection processing is performed at step S10 or step S 11
using the threshold value of a shape index Sl and a curvedness CV as feature quantities that represent a curved shape,
an arrangement may also be adopted in which detection is performed based on information regarding a height from a
reference surface in the region with an elevation change.

[0094] In this case, when the threshold value for a height in the case of detection standard 1 is taken as H1, it is
sufficient to change the detection standard to a threshold value H2 that is less than H1. Thus, when accompanied by a
color tone change, highly accurate polyp detection can be performed by changing (controlling) the detection standard
so as to relax the detection conditions for the polyp detection.

[0095] Although according to the present embodiment a case is described of detecting a polyp as an elevated lesion
as a method or means of lesion detection, the present embodiment is not limited thereto, and naturally the present
embodiment can also be applied to a depressed lesion.

[0096] Inthis case, forexample, in Fig. 5, itis sufficient to change the processing so that at step S7, instead of detecting
aregionwith an elevation change, adepressed lesion regionis detected, and to similarly change the processing at step S9.
[0097] Further, the detection standards at step S10 and step S11 are also changed to values that are close to the
feature value of a depressed lesion. By adopting such changes, the present embodiment can also be applied to a
depressed lesion.
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(Embodiment 2)

[0098] Next, Embodiment 2 of the present invention is described referring to Fig. 9 to Fig. 13.

[0099] In the present embodiment also, a polyp as an elevated lesion is detected by detecting an elevated change
region from three-dimensional information (shape information) that is calculated based on a change in contrast.
[0100] There are cases in which a polyp is accompanied by an abnormal finding in peripheral mucous membrane.
Conversely, when an abnormal finding is observed in mucous membrane, the possibility that a polyp has developed
also increases. Examples of abnormal findings in mucous membrane include white spots as illustrated in Fig. 9A and
abnormal vascular hyperplasia as illustrated in Fig. 9B.

[0101] According to the present embodiment, attention is focused on such abnormal findings, and when an abnormal
finding is present on a mucous membrane surface the accuracy of polyp detection can be improved by changing the
detection standard (parameter or threshold value or the like) for polyp detection using shape information.

[0102] More specifically, for a region with an elevation change that is accompanied by an abnormal finding in peripheral
mucous membrane, detection standards are used in which the detection conditions are more relaxed than in a case in
which a region with an elevation change is not accompanied by an abnormal finding.

[0103] The configuration of the image processing device 3 according to the present embodiment is the same as in
Fig. 1, although the processing contents are different. The CPU 22 in the image processing device 3 according to the
present embodiment has the processing functions shown in Fig. 10. More specifically, the CPU 22 according to the
present embodiment has a region with abnormal finding detection function 22f instead of the region with color tone
change detection function 22b shown in Fig. 4 according to Embodiment 1. In this connection, the abnormal finding
region is detected (judged) by processing for a mucosal attribute finding judgment.

[0104] Next, referring to Fig. 11, polyp detection operations according to the image processing of the present embod-
iment are described. Since step S 1 to step S5 in the processing of the flowchart shown in Fig. 11 are the same as step
S1 to step S5 in the processing of the flowchart shown in Fig. 5, a description thereof is omitted here.

[0105] At step S5, the CPU 22 extracts an R image Ri in the endoscopic image li and a G image Gi in the endoscopic
image li. Next, at step S51, the CPU 22 executes processing for a mucosal attribute finding judgment (to detect a region
with an abnormal finding).

[0106] In the processing for a mucosal attribute finding judgment, the CPU 22 determines whether or not a region
presenting a characteristic mucosal attribute finding in the endoscopic image li is a region presenting an abnormal
finding. According to the present embodiment, by using the R image Ri and G image Gi and applying a series of processes
that are described later in step S51 as described above, detection of a region with an abnormal finding such as white
spots or abnormal vascular hyperplasia is performed.

[0107] Subsequently, similarly to step S7 in Fig. 5, detection of a region with an elevation change is performed based
on three-dimensional shape information that is calculated at step S4.

[0108] Next, at step S52, the CPU 22 executes judgment processing based on the detection results obtained at steps
S51 and S7. If the result of the judgment processing at step S52 indicates no abnormal finding, the CPU 22 advances
to step S10. If there is an abnormal finding, the CPU 22 advances to step S11.

[0109] Similarly to Embodiment 1, at step S10 the CPU 22 applies polyp detection processing according to detection
standard 1. At step S11, the CPU 22 applies polyp detection processing according to detection standard 2. After the
processing at steps S10 and S11, the CPU 22 returns to step S2 via step S12.

[0110] Various standards can be applied for polyp detection processing. For example, similarly to Embodiment 1,
detection may be performed according to the shape index Sl or using a curvedness CV threshold value.

[0111] The processing for a mucosal attribute finding judgment at step S51 in Fig. 11 according to the present em-
bodiment will now be described referring to the flowcharts shown in Fig. 12 and Fig. 13.

[0112] As mucosal attribute finding judgment processing, according to the present embodiment, processing to detect
an abnormal finding of white spots that is illustrated in Fig. 12 and processing to detect an abnormal finding of abnormal
vascular hyperplasia that is illustrated in Fig. 13 are executed. First, the processing to detect an abnormal finding of
white spots illustrated in Fig. 12 is described.

[0113] Initially, at step S61, the CPU 22 performs processing to exclude unsuitable pixels such as dark portions,
halation, and residue. Next, at step S62, the CPU 22 calculates the chromaticity gj/rj of each pixel. Here, the suffix "j"
represents the pixel number.

[0114] At step S63, the CPU 22 executes binarization processing using threshold value processing. In this case, for
example, a (chromaticity) threshold value Vth is set to 0.8 to perform binarization using this threshold value Vth. In the
binarization, 1is setif gj/rj > 0.8, and O is set if otherwise, i.e. if gj/rj < 0.8. In this manner, a binarization image is generated.
[0115] Subsequently, at step S64, the CPU 22 performs labeling processing that tracks pixels for which a binarization
value is 1 in the binarization image to label the region and generate a labeling image from the binarization image.
[0116] Next, at step S65, the CPU 22 performs processing to detect small clusters of white spots with respect to the
labeling image that is generated by the labeling processing. That is, the CPU 22 performs detection of small clusters of
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white spots to detect whether or not clusters corresponding to small clusters caused by white spots occur in the labeling
image.

[0117] When performing the detection of small clusters of white spots, for example, the CPU 22 uses the degree of
elongation (= area/thinning length). The CPU 22 then detects a degree of elongation value E for the labeling image and
performs a comparison to determine whether or not the value E is less than the (judgment standard) threshold value
Vth (for example, Vth = 10). The CPU 22 then calculates a number of small clusters N such that E < Vth (=10).

[0118] In this connection, a configuration may be adopted in which the CPU 22 calculates the number of small clusters
N using the roundness or moment feature quantity or the like as a detection standard instead of the degree of elongation.
[0119] Next, at step S66, the CPU 22 judges whether or not the number of small clusters N detected at step S65 is
larger than a threshold value Nth (for example, Hth = 20) of the detection standard for white spot detection. When the
condition N > Nth is fulfilled, as shown at step S67, the CPU 22 judges that white spots are detected in the labeling
image (G image Gi and R image Ri). Conversely, when the condition N > Nth is not fulfilled, at step S68 the CPU 22
judges that white spots are not detected.

[0120] The detection result at step S67 and step S68 is utilized for the judgment at step S52. That is, the detection
result is utilized to indicate the existence or non-existence of an abnormal finding according to the existence or non-
existence of a white spot detection.

[0121] Further, as the mucosal attribute finding judgment processing at step S51, processing to detect an abnormal
finding due to abnormal vascular hyperplasia as illustrated in Fig. 13 that is described next is performed. In order to
detect abnormal vascular hyperplasia, processing is performed that detects localized thick blood vessels and minute
complex branching from the endoscopic image Ii.

[0122] From the initial step S71 to step S74, the CPU 22 performs processing that is substantially the same as that
shown in Fig. 12. More specifically, at step S71, the CPU 22 performs processing to exclude unsuitable pixels such as
dark portions, halation, and residue, at step S72 the CPU 22 calculates the chromaticity gj/rj of each pixel, and at step
S73 the CPU 22 performs binarization processing according to threshold value processing. In this case, the CPU 22
performs binarization using a threshold value Vth that is different from the case illustrated in Fig. 12.

[0123] For example, the CPU 22 sets the threshold value Vth to 0.2, and uses this threshold value Vth to perform
binarization in which 1 is set if gj/rj < 0.2, and 0 is set if otherwise, i.e. if gj/rj > 0.2. In this manner, a binarization image
is generated.

[0124] The CPU 22 performs labeling processing at the subsequent step S74. In this case, the CPU 22 creates a thin
line image as a labeling image.

[0125] Next, atstep S75,the CPU 22 performs processing to detect a feature value corresponding to abnormal vascular
hyperplasia. For the feature value detection processing, the CPU 22 detects the number of branches/intersecting points
with respect to the thin line image. Next, at step S76, the CPU 22 determines the existence or non-existence of an
abnormal vascular hyperplasia detection by using a threshold value for the number of branches/intersecting points or a
discriminant function.

[0126] In this connection, as the feature value detection processing, instead of performing the processing using the
number of branches/intersecting points, a configuration may be adopted in which, by using the degree of elongation or
the like, the CPU 22 detects the number of times the degree of elongation exceeds the threshold value and performs
detection (judgment) of abnormal vascular hyperplasia according to whether or not that number exceeds a threshold
value for abnormal vascular hyperplasia detection.

[0127] The detection result obtained by the processing shown in Fig. 13 is utilized for the judgment at step S52. At
step S52, the CPU 22 judges whether or not a region with an elevation change that is detected at step S7 is one
accompanied by, as a mucosal attribute finding thereof, the detection of white spots according to the processing shown
in Fig. 12 oraccompanied by the detection of abnormal vascular hyperplasia according to the processing shown in Fig. 13.
[0128] The processing performed by the CPU 22 after the result of judgment processing obtained at step S52 is the
same as the processing in the case of Embodiment 1 that is shown in Fig. 5.

[0129] More specifically, when the judgment processing at step S52 indicates that the region with an elevation change
is not accompanied by an abnormal finding, at step S10 the CPU 22 performs polyp detection by applying detection
standard 1. In contrast, when the judgment processing indicates the region with an elevation change is accompanied
by an abnormal finding, at step S 11 the CPU 22 performs polyp detection by applying detection standard 2. After the
processing at step S 10 and step S11, the CPU 22 increments the image parameter i by 1, and performs the same
processing for the next endoscopic image li.

[0130] For the detection standard 1 and the detection standard 2, detection is performed using the shape index Sl or
using a curvedness CV threshold value as described above.

[0131] In this connection, for the foregoing description, a configuration may also be adopted in which a detection filter
for detecting white spots or abnormal vascular hyperplasia is applied with respect to the G image Gi, to thereby detect
white spots or abnormal vascular hyperplasia.

[0132] Further, when a region with an abnormal finding such as white spots or abnormal vascular hyperplasia is
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detected over a plurality of frames, the detection standard can be changed (controlled) so as to perform polyp detection
that applies detection standard 2 with respect to the other frames also.

[0133] Thus, according to the present embodiment, it is possible to perform highly accurate detection of a polyp by
performing polyp detection as elevated lesion detection by changing the detection standard with respect to a region with
an elevation change according to a case in which an abnormal finding is detected and a case in which an abnormal
finding is not detected by processing that judges a mucosal attribute finding.

[0134] The order of the image processing in Fig. 11 may be changed. For example, the processing of step S7 may
be performed prior to the processing of step S51 Further, in order to reduce the amount of calculation, a configuration
may be adopted in which the processing that judges a mucosal attribute finding at step S51 is performed for a region
corresponding to a detection region of a non-elevation change portion that does not show a three-dimensional elevation
atstep S7. Thatis, since a region with an abnormal finding in the present embodiment incidentally arises at the periphery
of a polyp as an elevated lesion, a configuration may be adopted that detects an abnormal finding for a peripheral mucous
membrane or a flat part on the periphery of the region with an elevated lesion change.

[0135] The detection standards 1 and 2 are not limited to a case applying detection according to the shape index Sl
or a curvedness CV threshold value as described above, and as described in Embodiment 1, a configuration may be
adopted that detects an elevated lesion based on the value of a height from a reference surface or the like. In this case
also, when a polyp is accompanied by white spots or abnormal vascular hyperplasia on a mucous membrane surface,
controlis performed so as to increase the sensitivity for polyp detection, thereby enabling highly accurate polyp detection.
[0136] The lesion detecting means and lesion detection method according to the present embodiment are not limited
to the case of an elevated lesion, and can be similarly applied to a depressed lesion as described in Embodiment 1.
[0137] In the above described Embodiment 1 and Embodiment 2, a case is described in which, when detecting a
lesion by image processing, the detection standard when detecting a lesion candidate such as an elevated lesion region
based on luminance information is changed in accordance with the detection result when a region (i.e. an incidental
region) with a color tone change or an abnormal finding is detected. However, a configuration may also be adopted so
as to detect lesions in a comprehensive manner based on the two detection results.

[0138] Further, as another detection method or detection means for these embodiments, a configuration may be
adopted so as to detect whether or not a lesion candidate is a lesion in accordance with whether or not a region exists
in which there is a correlation between the two detection results. For example, to respond to demands to detect only
regions for which it is considered there is a sufficiently high possibility that a candidate is a lesion, the accuracy of lesion
section detection can be increased by detecting a region as a lesion candidate in a case where a correlation exists
between the two results that detect the region in question as a lesion candidate.

[0139] Although according to Embodiment 1 and Embodiment 2 a technique that is based on estimating a three-
dimensional shape is described as a lesion detecting technique, the presentinvention is not limited thereto. For example,
an arrangement can also be considered that applies a technique that, after extracting an edge by band pass filtering
with respect to a two-dimensional R image, performs binarization using threshold value processing, and then detects
an edge that shows a circular arc shape presenting a polyp-like lesion by known Hough transformation.

[0140] In this case also, it is possible to change the detection standard based on an abnormal finding at the periphery
or the lesion by employing the length, area or curvature of an arc or the like of the edge that is detected as a lesion
candidate as a detection standard.

[0141] Although a technique that is based on threshold value processing with respect to the curvedness CV and the
shape index Sl is described in the aforementioned embodiments as a lesion detection technique, the present invention
is not limited thereto. For example, without performing threshold value processing, it is possible to prepare image groups
having findings of respective shapes such as a convex shape or a cup shape as training data, and utilize these for a
detection technique employing a discrimination circuit that uses each feature value that is calculated. For example, in
a case where an abnormal finding is present when using a discriminator that uses a known linear discriminant function,
control that facilitates detection of a convex shape or the like can be performed by controlling the weighting for values
obtained by application of a linear discriminant function for each shape.

[0142] Itis to be understood that a modified example of the above described embodiments in which the embodiments
are partially combined or in which the image processing order is changed is also included in the scope of the present
invention.

[0143] Accordingto the presentinvention as described above, a candidate region of a lesion such as a polyp is detected
based on luminance information in a medical image having color information such as an endoscopic image, and an
incidental region that is accompanied by a color tone change such as reddening or a discoloration portion that arises
because of incidental attributes that accompany a lesion is also detected. Thus, highly accurate lesion detection can be
performed by changing the detection standard for detecting a lesion from the lesion candidate region according to the
detection result for the incidental region.

[0144] Further, the present invention has the features described in the following addenda.
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(Addendum 1)

[0145] A medical image processing device, comprising lesion candidate region detecting means that detects a lesion
candidate region based on at least one color signal in a medical image including a plurality of color signals, incidental
region detecting means that detects an incidental region that arises because of incidental attributes accompanying a
lesion from the medical image, and detection standard changing means that changes a detection standard when detecting
a lesion from the lesion candidate region in accordance with a detection result of the incidental region.

(Addendum 2)

[0146] The medical image processing device according to addendum 1, wherein the lesion candidate region detecting
means has three-dimensional shape information generation means that generates three-dimensional shape information
based on the at least one color signal from the medical image, and detects a lesion candidate region utilizing three-
dimensional shape information that is generated.

(Addendum 3)

[0147] The medicalimage processing device according to addendum 1, wherein the incidental region detecting means
detects a region with a color tone change that presents attributes of a color tone change such as reddening or discoloration
as the incidental region.

(Addendum 4)

[0148] The medicalimage processing device according to addendum 1, wherein the incidental region detecting means
detects a region with an abnormal finding that presents attributes of an abnormal finding of white spots or abnormal
blood vessels as the incidental region.

(Addendum 5)

[0149] The medical image processing device according to addendum 3, wherein the detection standard changing
means changes, as the detection standard, a threshold value of at least one of a shape index and a curvedness of a
feature value that represents a curved shape in the three-dimensional shape information that is generated.

(Addendum 6)

[0150] A medical image processing device, comprising lesion candidate region detecting means that detects a lesion
candidate region based on at least one color signal in a medical image including a plurality of color signals, and incidental
region detecting means that detects an incidental region that arises because of incidental attributes accompanying a
lesion from the medical image, wherein the medical image processing device performs lesion detection based on exist-
ence or non-existence of a region in which a lesion candidate region that is detected by the lesion candidate region
detecting means and an incidental region that is detected by the incidental region detecting means correlate.

(Addendum 7)

[0151] A medical image processing method, comprising a lesion candidate region detection step that detects a lesion
candidate region based on at least one color signal in a medical image including a plurality of color signals, an incidental
region detection step that detects existence or non-existence of an incidental region that arises because of incidental
attributes accompanying a lesion from the medical image, and a detection standard changing step that changes a
detection standard when detecting a lesion from the lesion candidate region according to a detection result regarding
existence or non-existence of the incidental region.

(Addendum 8)
[0152] The medicalimage processing method according to addendum 7, wherein the lesion candidate region detection
step has a three-dimensional shape information generation step that generates three-dimensional shape information

based on the at least one color signal from the medical image, and detects a lesion candidate region using three-
dimensional information that is generated.
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(Addendum 9)

[0153] The medical image processing method according to addendum 7, wherein the incidental region detection step
detects a region with a color tone change that presents attributes of a color tone change of reddening or discoloration
as the incidental region.

(Addendum 10)

[0154] The medical image processing method according to addendum 7, wherein the incidental region detection step
detects a region with an abnormal finding that presents attributes of white spots or abnormal blood vessels as the
incidental region.

(Addendum 11)

[0155] The medical image processing method according to addendum 8, wherein the detection standard changing
step changes, as the detection standard, a threshold value of at least one of a shape index and a curvedness of a feature
value that represents a curved shape in the three-dimensional shape information that is generated.

(Addendum 12)

[0156] The medicalimage processing device according to addendum 3, wherein the devices changes, as the detection
standard, a threshold value of a height from a reference surface or at least one of a shape index and a curvedness of
a feature value that represents a curved shape in the three-dimensional shape information that is generated.

Claims
1. A medical image processing device, comprising:

lesion candidate region detecting means (22a) that detects a lesion candidate region based on at least one
color signal of a medical image including a plurality of color signals and includes three-dimensional shape
information generation means (22e) that generates three-dimensional shape information based on the at least
one color signal from the medical image, wherein the lesion candidate region detecting means (22a, 22b) detects
the lesion candidate region, which comprises a region with an elevation change or a region with a depression
change, utilizing the three-dimensional shape information that is generated;

incidental region detecting means (22b) that detects from the medical image existence or non-existence of an
incidental region that arises because of incidental attributes accompanying a lesion; and

detection standard changing means (22c) that changes a detection standard for detecting a lesion from the
lesion candidate region in accordance with a detection result regarding the existence or non-existence of the
incidental region, wherein the detection standard changing means (22c) changes, as the detection standard, a
threshold value of at least one of a shape index and a curvedness of a feature value that represents a curved
shape in the three-dimensional shape information that is generated.

2. The medical image processing device according to claim 1, wherein:

the incidental region detecting means (22b) detects a color tone change region that presents attributes of a
color tone change such as reddening or discoloration as the incidental region.

3. The medical image processing device according to claim 1, wherein the incidental region detecting means (22b)
detects a region with an abnormal finding that presents attributes of an abnormal finding of white spots or abnormal
blood vessels as the incidental region.

4. A medical image processing method, comprising:
a lesion candidate region detection step (S6) that detects a lesion candidate region based on at least one color
signal of a medical image including a plurality of color signals, wherein the lesion candidate region detection

step (S6) includes a three-dimensional shape information generation step (S4) that generates three-dimensional
shape information based on the at least one color signal from the medical image, and detects (S7) the lesion
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candidate region, which comprises a region with an elevation change or a region with a depression change,
using the three-dimensional information that is generated;

anincidental region detection step (S10, S11) that detects from the medicalimage the existence or non-existence
of an incidental region that arises because of incidental attributes accompanying a lesion; and

a detection standard changing step (S9) that changes a detection standard for detecting a lesion from the lesion
candidate region according to a detection result regarding the existence or non-existence of the incidental
region, wherein the detection standard changing step (S9) includes changing, as the detection standard, a
threshold value of at least one of a shape index and a curvedness of a feature value that represents a curved
shape in the three-dimensional shape information that is generated.

The medical image processing method according to claim 4, wherein the incidental region detection step (S10, S11)
detects a color tone change region that presents attributes of a color tone change of reddening or discoloration as
the incidental region.

The medical image processing method according to claim 4, wherein the incidental region detection step (S10, S11)
detects a region with an abnormal finding that presents attributes of white spots or abnormal blood vessels as the
incidental region.

Patentanspriiche

Medizinische Bildbearbeitungsvorrichtung mit:

Lasionskandidatenregion-Erfassungsmitteln (22a), die eine Lasionskandidatenregion auf der Basis zumindest
eines Farbsignals eines medizinischen Bilds, das mehrere Farbsignale beinhaltet, erfassen und Dreidimensio-
nale-Form-Informations-Erzeugungsmittel (22e) beinhalten, die eine Dreidimensionale-Form-Information auf
der Basis des zumindest einen Farbsignals von dem medizinischen Bild erzeugen, wobei die Lasionskandida-
tenregion-Erfassungsmittel (22a, 22b) die Lasionskandidatenregion, die eine Region mit einer Erhebungsén-
derung oder eine Region mit einer Senkungséanderung aufweist, unter Verwendung der Dreidimensionale-Form-
Information, die erzeugt wird, erfassen;

Zufallsregion-Erfassungsmitteln (22b), die aus dem medizinischen Bild das Vorhandensein oder Nichtvorhan-
densein einer Zufallsregion erfassen, welche sich auf Grund von Zufallsattributen, die eine Lasion begleiten,
zeigt; und

Erfassungsstandard-Anderungsmitteln (22c), die einen Erfassungsstandard zum Erfassen einer Lasion aus der
Lasionskandidatenregion nach MalRgabe eines Erfassungsergebnisses hinsichtlich des Vorhandenseins oder
Nichtvorhandenseins der Zufallsregion dndern, wobei die Erfassungsstandard-Anderungsmittel (22c) als den
Erfassungsstandard einen Schwellwert eines Formindexes und/oder einer Gekrimmtheit eines Merkmalswerts
andern, der fir eine gekrimmte Form in der Dreidimensionale-Form-Information, welche erzeugt wird, steht.

Medizinische Bildbearbeitungsvorrichtung nach Anspruch 1, wobei:

die Zufallsregion-Erfassungsmittel (22b) eine Farbtondnderungsregion erfassen, die Attribute einer Farbtonan-
derung, wie etwa Rétung oder Verfarbung, als die Zufallsregion prasentiert.

Medizinische Bildbearbeitungsvorrichtung nach Anspruch 1, wobei die Zufallsregion-Erfassungsmittel (22b) eine
Region mit einer anormalen Feststellung erfassen, die Attribute einer anormalen Feststellung von weiRen Flecken
oder anormalen BlutgefalRen als die Zufallsregion prasentiert.

Medizinisches Bildverarbeitungsverfahren mit:

einem Lasionskandidatenregion-Erfassungsschritt (S6), der eine Lasionskandidatenregion auf der Basis zu-
mindest eines Farbsignals eines medizinischen Bilds, das mehrere Farbsignale beinhaltet, erfasst, wobei der
Lasionskandidatenregion-Erfassungsschritt (S6) einen Dreidimensionale-Form-Informations-Erzeugungs-
schritt (S4) einschlief3t, der Dreidimensionale-Form-Information auf der Basis des zumindest einen Farbsignals
von dem medizinischen Bild erzeugt und die Lasionskandidatenregion, die eine Region mit einer Erhéhungs-
anderung oder eine Region mit einer Senkungsanderung aufweist, unter Verwendung der dreidimensionalen
Information, die erzeugt wird, erfasst (S7);

einem Zufallsregion-Erfassungsschritt (S10, S11), der aus dem medizinischen Bild das Vorhandensein oder
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Nichtvorhandensein einer Zufallsregion erfasst, welche sich auf Grund von Zufallsattributen, die eine Lasion
begleiten, zeigt; und

einem Erfassungsstandard-Anderungsschritt (S9), der einen Erfassungsstandard zum Erfassen einer Lasion
aus der Lasionskandidatenregion nach MaRgabe eines Erfassungsergebnisses hinsichtlich des Vorhanden-
seins oder Nichtvorhandenseins der Zufallsregion andert, wobei der Erfassungsstandard-Anderungsschritt (S9)
als den Erfassungsstandard das Andern eines Schwellwerts eines Formindexes und/oder einer Gekriimmtheit
eines Merkmalswerts einschlief3t, der fiir eine gekrimmte Form in der Dreidimensionale-Form-Information, die
erzeugt wird, steht.

Medizinisches Bildverarbeitungsverfahren nach Anspruch 4, wobei der Zufallsregion-Erfassungsschritt (S10, S11)
eine Farbtonanderungsregion erfasst, die Attribute einer Farbtonanderung eines Rétens oder einer Verfarbung als
die Zufallsregion prasentiert.

Medizinisches Bildverarbeitungsverfahren nach Anspruch 4, wobei der Zufallsregion-Erfassungsschritt (S10, S11)
eine Region mit einer anormalen Feststellung erfasst, die Attribute von weien Flecken oder anormalen Blutgefalen
als die Zufallsregion prasentiert.

Revendications

Dispositif de traitement d'image médicale, comprenant :

un moyen de détection de région candidate de lésion (22a) qui détecte une région candidate de Iésion sur la
base d’au moins un signal de couleur d’'une image médicale incluant une pluralité de signaux de couleur et
inclut un moyen de génération d’information de forme tridimensionnelle (22e) qui génere une information de
forme tridimensionnelle sur la base de I'au moins un signal de couleur provenant de I'image médicale, dans
lequel le moyen de détection de région candidate de Iésion (22a, 22b) détecte la région candidate de Iésion,
qui comprend une région avec un changement d’élévation ou une région avec un changement de dépression,
en utilisant I'information de forme tridimensionnelle qui est générée ;

un moyen de détection de région connexe (22b) qui détecte a partir de 'image médicale I'existence ou la non
existence d’une région connexe qui apparait du fait d’attributs connexes accompagnant une Iésion ; et

un moyen de changement de critére de détection (22c) qui change un critére de détection pour détecter une
lésion a partir de la région candidate de Iésion en fonction d’un résultat de détection se rapportant a I'existence
ou la non existence de la région connexe, dans lequel le moyen de changement de critére de détection (22c)
change, comme le critére de détection, une valeur de seuil d’'au moins un parmi un indice de forme et une
courbure d’une valeur caractéristique qui représente une forme incurvée dans l'information de forme tridimen-
sionnelle qui est générée.

Dispositif de traitement d'image médicale selon la revendication 1, dans lequel :

le moyen de détection de région connexe (22b) détecte une région de changement de tonalité de couleur qui
présente des attributs d’'un changement de tonalité de couleur tels qu’un rougissement ou une décoloration
comme la région connexe.

Dispositif de traitement d'image médicale selon la revendication 1, dans lequel le moyen de détection de région
connexe (22b) détecte une région avec un résultat anormal qui présente des attributs d'un résultat anormal de
points blancs ou de vaisseaux sanguins anormaux comme la région connexe.

Procédé de traitement d’image médicale, comprenant :

une étape de détection de région candidate de lésion (S6) qui détecte une région candidate de lésion sur la
base d’au moins un signal de couleur d’'une image médicale incluant une pluralité de signaux de couleur, dans
lequel I'étape de détection de région candidate de lésion (S6) inclut une étape de génération d’information de
forme tridimensionnelle (S4) qui génére une information de forme tridimensionnelle sur la base de I'au moins
un signal de couleur provenant de 'image médicale, et détecte (S7) la région candidate de lésion, qui comprend
une région avec un changement d’élévation ou une région avec un changement de dépression, en utilisant
linformation de forme tridimensionnelle qui est générée ;

une étape de détection de région connexe (S10, S11) qui détecte a partir de 'image médicale I'existence ou
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la non existence d’une région connexe qui apparait du fait d’attributs connexes accompagnant une lésion ; et
une étape de changement de critere de détection (S9) qui change un critére de détection pour détecter une
Iésion a partir de la région candidate de lésion en fonction d’un résultat de détection se rapportant a I'existence
ou la non existence de la région connexe, dans lequel I'étape de changement de critére de détection (S9) inclut
le changement, comme le critére de détection, d’'une valeur de seuil d’au moins un parmi un indice de forme
et une courbure d’'une valeur caractéristique qui représente une forme incurvée dans I'information de forme
tridimensionnelle qui est générée.

5. Procédé detraitement d'image médicale selon la revendication 4, dans lequel I'étape de détection de région connexe
(S10, S11) détecte une région de changement de tonalité de couleur qui présente des attributs d’'un changement
de tonalité de couleur tels qu’un rougissement ou une décoloration comme la région connexe.

6. Procédé detraitementd'image médicale selon la revendication 4, dans lequel I'étape de détection de région connexe

(S10, S11) détecte une région avec un résultat anormal qui présente des attributs de points blancs ou de vaisseaux
sanguins anormaux comme la région connexe.
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