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(57) A computer-aided diagnosis (CAD) method in-
cludes extracting a lesion feature value of a lesion feature
of a lesion from a captured lesion image; receiving addi-

tional information; and diagnosing the lesion based on a
combination of the extracted lesion feature value and the
received additional information.
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Description

BACKGROUND

1. Field

[0001] The following description relates to a method
and apparatus for computer-aided diagnosis (CAD).

2. Description of Related Art

[0002] CAD is a technique to detect a lesion from a
captured image, diagnose the detected lesion and
present a diagnosis result to a user to help the user di-
agnose the lesion. A precise CAD diagnosis helps the
user establish a final diagnosis. The precision of diagno-
sis through CAD may be lowered because captured le-
sion images such as sonograms may suffer from various
problems such as low resolution, low contrast, speckle
noise, and blurred lesion boundaries.

SUMMARY

[0003] This Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed
subject matter.
[0004] In one general aspect, a computer-aided diag-
nosis (CAD) method includes extracting a lesion feature
value of a lesion feature of a lesion from a captured lesion
image; receiving additional information; and diagnosing
the lesion based on a combination of the extracted lesion
feature value and the received additional information.
[0005] The diagnosing may include comparing the ex-
tracted lesion feature value and the received additional
information with a lesion diagnosis model; and diagnos-
ing the lesion based on a result of the comparing.
[0006] The lesion diagnosis model may be generated
based on a plurality of lesion feature values extracted
from previously captured lesion images; and a plurality
of additional information for the previously captured le-
sion images.
[0007] The lesion diagnosis model may includes com-
binations of the plurality of lesion feature values extracted
from the previously captured lesion images and the plu-
rality of additional information; and diagnosis results cor-
responding to the combinations.
[0008] The additional information may include any one
or any combination of information about the lesion deter-
mined by a user based on the captured lesion image;
and medical records and patient information that affect
a diagnosis of the lesion.
[0009] The receiving may include receiving the addi-
tional information from a user through a user interface;
and the user interface may include a lesion image display

area configured to display the captured lesion image; and
an additional information input area configured to receive
the additional information from the user.
[0010] The additional information input area may be
further configured to display one or more additional in-
formation fields for selection by the user; and in response
to one of the additional information fields being selected
by the user, display one or more sub-fields of the selected
additional information field.
[0011] The additional information input area may be
further configured to display one or more additional in-
formation fields for the lesion feature in response to the
extracted lesion feature value being less than a reference
value.
[0012] The additional information input area may be
further configured to display one or more additional in-
formation fields having a greater influence on a diagnosis
of the lesion differently from one or more additional in-
formation fields having a lesser influence on the diagno-
sis of the lesion.
[0013] The additional information input area may be
further configured to receive text-type additional informa-
tion from the user.
[0014] The additional information input area may be
further configured to receive audio-type additional infor-
mation from the user.
[0015] In another general aspect, a computer-aided
(CAD) apparatus includes a lesion feature extractor con-
figured to extract a lesion feature value of a lesion feature
of a lesion from a captured lesion image; an interface
configured to receive additional information; and a diag-
noser configured to diagnose the lesion based on a com-
bination of the extracted lesion feature value and the re-
ceived additional information.
[0016] The CAD apparatus may further include a da-
tabase configured to store a lesion diagnosis model; and
the diagnoser may be further configured to compare the
extracted lesion feature value and the received additional
information with the lesion diagnosis model; and diag-
nose the lesion based on a result of the comparing.
[0017] The lesion diagnosis model may be generated
based on a plurality of lesion feature values extracted
from previously captured lesion images; and a plurality
of additional information for the previously captured le-
sion images. Accordingly, the precision of the diagnosis
of the lesion may be improved even when the lesion fea-
ture value extracted by the lesion feature extractor is not
very precise.
[0018] The lesion diagnosis model may include com-
binations of the plurality of lesion feature values extracted
from the previously captured lesion images and the plu-
rality of additional information; and diagnosis results cor-
responding to the combinations.
[0019] The additional information may include any one
or any combination of results of information about the
lesion determined by a user based on the captured lesion
image; and medical records and patient information that
affect a diagnosis of the lesion.
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[0020] The interface may include a user interface con-
figured to receive the additional information from a user;
and the user interface may include a lesion image display
area configured to display the captured lesion image; and
an additional information input area configured to receive
the additional information from the user.
[0021] The additional information input area may be
further configured to display one or more additional in-
formation fields for selection by a user; and in response
to one of the additional information fields being selected
by the user, display one or more sub-fields of the selected
additional information field.
Accordingly, the user may enter additional information,
which may be displayed. The display may include a list
of one or more additional information fields. The addi-
tional information fields may enable the user to choose
one of the additional fields and enter additional informa-
tion in the chosen additional information field.
[0022] The user interface may be further configured to
display one or more additional information fields for the
lesion feature in response to the extracted lesion feature
value being less than a reference value.
[0023] The user interface may be further configured to
display one or more additional information fields having
a greater influence on a diagnosis of the lesion differently
from one or more additional information fields having a
lesser influence on the diagnosis of the lesion.
[0024] The additional information input area may be
further configured to receive text-type additional informa-
tion from the user.
[0025] In another general aspect, a method of gener-
ating a lesion diagnosis model includes extracting at least
one lesion feature value from each of a plurality of cap-
tured lesion images; receiving additional information for
each of the captured lesion images; generating combi-
nations of the lesion feature values and the additional
information; and generating a lesion diagnosis model
based on the combinations of the lesion feature values
and the additional information, and diagnosis results cor-
responding to the combinations.
[0026] Each of the combinations may include at least
one lesion feature value and at least one item of addi-
tional information; and each of the diagnosis results may
correspond to at least one of the combinations.
[0027] The additional information may include informa-
tion about lesion features from which the lesion feature
values were extracted.
[0028] The additional information further may include
medical records and patient information affecting a diag-
nosis of a lesion from which the lesion feature values
were extracted.
[0029] The receiving may include receiving the addi-
tional information from a user; and the diagnosis results
corresponding to the combinations may be determined
by the user based on the captured lesion images.
[0030] Other features and aspects will be apparent
from the following detailed description, the drawings, and
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

FIG. 1 is a diagram illustrating an example of a com-
puter-aided diagnosis (CAD) apparatus.
FIG. 2 is a diagram illustrating an example of gen-
erating a lesion diagnosis model.
FIGS. 3A to 3C are diagrams illustrating examples
of various states of an example of a user interface
for entering additional information.
FIG. 4 is a diagram illustrating an example of a CAD
method.

DETAILED DESCRIPTION

[0032] The following description is provided to assist
the reader in gaining a comprehensive understanding of
the methods, apparatuses, and/or systems described
herein. However, various changes, modifications, and
equivalents of the methods, apparatuses, and/or sys-
tems described herein will be apparent to one of ordinary
skill in the art. Also, descriptions of functions and con-
structions that are well known to one of ordinary skill in
the art may be omitted for increased clarity and concise-
ness.
[0033] Throughout the drawings and the detailed de-
scription, the same reference numerals refer to the same
elements. The drawings may not be to scale, and the
relative size, proportions, and depiction of elements in
the drawings may be exaggerated for clarity, illustration,
and convenience.
[0034] FIG. 1 is a diagram illustrating an example of a
computer-aided diagnosis (CAD) apparatus. Referring
to FIG. 1, a CAD apparatus 100 includes a lesion feature
extraction unit 110, an interface unit 120, a diagnosis unit
130, and a database unit 140.
[0035] The lesion feature extraction unit 110 extracts
a lesion feature value from a captured lesion image input
to the CAD apparatus 100. As non-exhaustive examples
only, the captured lesion image may be a computed ra-
diography (CR) image, a computed tomography (CT) im-
age, a sonogram, a magnetic resonance imaging (MRI)
image. The lesion feature value is a value representing
one of the features of a lesion that is associated with
determining the malignancy of the lesion. The lesion fea-
ture value may be extracted from the captured lesion
image through image processing. As a non-exhaustive
example only, the lesion feature value may be a compu-
ter-recognizable value obtained by analyzing a lesion in
the captured lesion image, and may represent the struc-
tural characteristics and texture of the lesion.
[0036] The lesion feature extraction unit 110 may an-
alyze a lesion in the captured lesion image to obtain the
lesion feature value. For example, the lesion feature ex-
traction unit 110 may search for a lesion, segment a le-
sion found in the search, and extract a lesion feature
value from the segmented lesion. In another example,
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the lesion feature extraction unit 110 may receive an input
from a user selecting a lesion in the captured lesion image
and the lesion feature extraction unit 110 may extract a
lesion feature value from the lesion selected by the user.
Various methods for searching for a lesion, segmenting
a lesion, and extracting a feature value from a lesion are
well known to one of ordinary skill in the art, and thus will
not be described in detail here.
[0037] The interface unit 120 receives additional infor-
mation from the user. The additional information entered
by the user may include a variety of information that may
affect the diagnosis of the lesion. The additional informa-
tion may include lesion information determined by the
user from the captured lesion image, such as, for exam-
ple, the structural characteristics of a lesion (for example,
shape, margin, and boundary), or the texture of a lesion.
For example, in response to the captured lesion image
being a breast image, the additional information may in-
clude the characteristics of a lesion that are determined
by the user through the analysis of the captured lesion
image according to the Breast Imaging Reporting and
Data System (BI-RADS) lexicon classification. In another
example, the additional information may include medical
records and information concerning a patient, such as,
for example age, sex, occupation, sexual activity, smok-
ing habits, drinking habits, drug use, current illnesses,
chronic diseases, medication use, blood-sugar levels,
blood pressure, and pregnancy. The lesion feature value
may be automatically extracted from the captured lesion
image by the lesion feature extraction unit 110, whereas
the additional information includes information deter-
mined by the user based on the captured lesion image.
[0038] The interface unit 120 may include a display
and an input. The display may include one or more
screens used to display information to a user. As non-
exhaustive examples only, the display may be imple-
mented as a liquid crystal display (LCD), a light-emitting
diode (LED) display, a plasma display panel (PDP), a
screen, or a terminal. Likewise, the input may include
any structure that includes one or more hardware com-
ponents to enable receipt of a user’s input. The interface
unit 120 may display a user interface on the display to
receive the additional information from the user, and thus
the display may also serve as the input. As non-exhaus-
tive examples only, the input may be implemented as
any one or any combination of a mouse, a keyboard, a
soft keyboard, a screen, a microphone, a click wheel, a
display, and a terminal.
[0039] A screen may be a physical structure that in-
cludes one or more hardware components that provide
the ability to render a user interface and/or receive user
input. The screen can encompass any combination of a
display region, a gesture capture region, a touch sensi-
tive display, and/or a configurable area. The screen can
be embedded in the hardware, or may be an external
peripheral device that may be attached and detached
from the apparatus. The display or input may be a single-
screen or a multi-screen display or input. A single phys-

ical screen can include multiple displays that are man-
aged as separate logical displays permitting different
content to be displayed on separate displays although
part of the same physical screen.
[0040] A terminal (which is sometimes referred to as a
computer terminal) may be an electronic or electrome-
chanical hardware device that is used for entering data
into, and displaying data from, a host computer or a host
computing system. The function of a terminal can be con-
fined to display and input of data. A terminal with signif-
icant local programmable data processing capability may
be called a "smart terminal" or a fat client. A terminal that
depends on the host computer for its processing power
is called a thin client. A personal computer can run soft-
ware that emulates the function of a terminal, sometimes
allowing concurrent use of local programs and access to
a distant terminal host system.
[0041] The diagnosis unit 130 determines whether the
lesion is benign or malignant based on the lesion feature
value extracted from the captured lesion image and the
additional information provided by the user. The diagno-
sis unit 130 may determine whether the lesion is benign
or malignant by comparing the lesion feature value ex-
tracted by the lesion feature extraction unit 110 and the
additional information entered by the user with a lesion
diagnosis model stored in database unit 140.
[0042] The lesion diagnosis model may be generated
by performing learning based on lesion feature values
extracted from a plurality of captured lesion images cap-
tured in advance and additional information provided for
each of the lesion images. The lesion diagnosis model
results diagnosis results corresponding to the various
permutations and combinations of the lesion feature val-
ues and the additional information. That is, the lesion
diagnosis model may include combinations of lesion fea-
ture values and additional information, and diagnosis re-
sults respectively corresponding to the combinations.
Each combination may include at least one lesion feature
value and at least one additional information, and the
diagnosis results may include a diagnosis result corre-
sponding to each combination. A particular diagnosis re-
sult may correspond to several different combinations.
That is, several different combinations may have the
same diagnosis result. A user may determine a diagnosis
result for each combination based on the captured lesion
images as part of the process of generating the lesion
diagnosis model.
[0043] The diagnosis unit 130 may perform a lesion
diagnosis by comparing the lesion feature value extract-
ed by the lesion feature extraction unit 110 and the ad-
ditional information entered by the user with the lesion
feature value-additional information combinations of the
lesion diagnosis model stored in database unit 140. The
diagnosis unit 130 may perform the lesion diagnosis by
searching for a lesion feature value-additional informa-
tion combination of the lesion diagnosis model stored in
the database unit 140 that most closely matches the le-
sion feature value extracted by the lesion feature extrac-
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tion unit 110 and the additional information entered by
the user, and retrieving the diagnosis result correspond-
ing to the closest lesion feature value-additional informa-
tion combination from the lesion diagnosis model as the
lesion diagnosis for the lesion feature value extracted by
the lesion feature extraction unit 110 and the additional
information entered by the user.
[0044] In the example illustrated in FIG. 1, the charac-
teristics of a lesion that are extracted from the captured
lesion image by the user and various information to be
considered in connection with the determination of the
malignancy or benignancy of the lesion may be used as
additional information together with the lesion feature val-
ue extracted by the lesion feature extraction unit 110.
Accordingly, the precision of the diagnosis of the lesion
may be improved even when the lesion feature value
extracted by the lesion feature extraction unit 110 is not
very precise.
[0045] FIG. 2 is a diagram illustrating an example of
generating a lesion diagnosis model. The operations in
FIG. 2 may be performed in the sequence and manner
as shown, although the order of some operations may
be changed without departing from the scope of the il-
lustrative examples described. Many of the operations
shown in FIG. 2 may be performed in parallel or concur-
rently. The description of FIG. 1 is also applicable to FIG.
2, and thus will not be repeated here.
[0046] Referring to FIG. 2, lesion feature values are
extracted (210) from captured lesion images that are cap-
tured in advance. Additional information for each of the
captured lesion images is received from a user (220).
[0047] A lesion diagnosis model is generated (230) by
performing learning based on the combinations of the
lesion feature values extracted in operation 210 and the
additional information entered by the user in operation
220, and diagnosis results corresponding to the lesion
feature value-additional information combinations. The
user may determine a diagnosis result for each lesion
feature value-additional information combination based
on the captured lesion image from which the lesion fea-
ture value was extracted. Various machine learning al-
gorithms that are well known to one of ordinary skill in
the art, such as, for example, a support vector machine
(SVM), may be used to generate the lesion diagnosis
model, and will not be described in detail here. The lesion
diagnosis model may be generated and stored in ad-
vance in the database unit 140.
[0048] FIGS. 3A to 3C are diagrams illustrating exam-
ples of various states of an example of a user interface
for entering additional information. In the example illus-
trated in FIGS. 3A to 3C, additional information in accord-
ance with the BI-RADS lexicon classification may be en-
tered via a user interface 300. Referring to FIG. 3A, the
user interface 300 may include a lesion image display
area 310 in which to display a captured lesion image,
and an additional information input area 320 in which to
enter additional information. The lesion image display
area 310 may display a captured lesion image input into

the CAD apparatus 100.
[0049] The additional information input area 320 ena-
bles a user to enter additional information, and may dis-
play a list of one or more additional information fields
330. The additional information fields 330 may enable
the user to choose one of the additional fields and enter
additional information in the chosen additional informa-
tion field 330.
[0050] Additional information fields 330 that have a
greater effect on the diagnosis of a lesion may be dis-
played differently, such as, for example, in a different
color, size, orientation, shape, or highlighted, from addi-
tional information fields 330 having a lesser effect on the
diagnosis of the lesion. The additional information fields
330 having a greater effect on the diagnosis of a lesion
may be associated with additional information that may
considerably affect the diagnosis of a lesion based on a
result of comparing a lesion feature value extracted by
the lesion feature extraction unit 110 with a lesion diag-
nosis model.
[0051] Referring to FIG. 3B, the user may choose one
of the additional information fields 330 in which to enter
additional information. In the example illustrated in FIG.
3B, the user has chosen the additional information field
330 "Shape" as indicated by the arrow. In response to
the user choosing one of the additional information fields
330, a number of sub-fields 340 of the chosen additional
information field 330 may be displayed as shown in FIG.
3C.
[0052] Referring to FIG. 3C, in response to the user
choosing one of the additional information fields 330,
sub-fields 340 of the additional information field 330 may
be displayed, and the user may select one of the sub-
fields 340. For example, when a BI-RADS lexicon clas-
sification value is to be entered as additional information
in FIG. 3C, Bi-RADS lexicon categories, such as "Shape,"
"Margin," "Echo Pattern," "Orientation," "Boundary," and
"Posterior," may be displayed as the additional informa-
tion fields 330. In response to the user selecting, for ex-
ample, the "Margin" field, "Circumscribed" and "Not Cir-
cumscribed" may be displayed as sub-fields 340 of the
"Margin" field. Although not illustrated in FIG. 3C, other
sub-fields of the "Margin" field, for example, "Spiculated,"
"Angular," and "Microlobulated," may also be displayed.
[0053] In this example, the likelihood that each of the
sub-fields of the "Margin" field is a correct representation
of a given lesion may be calculated by comparing a lesion
feature value associated with the margin of the given
lesion and extracted by the lesion feature extraction unit
110 with a lesion diagnosis model, and the sub-fields of
the "Margin" field may be displayed in order of their rel-
evance to the given lesion based on the results of the
calculation, that is, in order of the likelihood that are a
correct representation of the given lesion.
[0054] If a lesion feature value extracted by the lesion
feature extraction unit 110 is less than a predetermined
reference value, additional information input area 320
may display a list of one or more additional information
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fields 330 for the corresponding lesion feature. For ex-
ample, the extracted lesion feature value may not be pre-
cise enough to properly determine the shape of a lesion
due to a low resolution of the captured lesion image from
which the lesion feature value was extracted, or noise in
the captured lesion image. In this case, a list of one or
more additional information fields regarding the shape of
a lesion may be presented to the user to enable the user
to enter additional information regarding the shape of the
lesion. The predetermined reference value may be set
in advance by the user.
[0055] A method of entering additional information is
not limited to the example illustrated in FIGS. 3A to 3C.
In another example, the additional information input area
320 may be configured to enable the user to enter text-
type additional information. In yet another example, the
additional information input area 320 may be configured
to enable the user to enter audio-type additional informa-
tion with the use of an input device such as, for example,
a microphone. In yet another example, the additional in-
formation input area 320 may be configured to enable
the user to choose an additional information field 330 and
enter text-type additional information into the chosen ad-
ditional information field 330.
[0056] FIG. 4 is a diagram illustrating an example of a
CAD method. The operations in FIG 4 may be performed
in the sequence and manner as shown, although the or-
der of some operations and the like may be changed
without departing from the scope of the illustrative exam-
ples described. Many of the operations shown in FIG. 4
may be performed in parallel or concurrently. The de-
scription of FIG. 1 is also applicable to FIG. 4, and thus
will not be repeated here.
[0057] Referring to FIG. 4, the CAD apparatus 100 ex-
tracts a lesion feature value from a captured lesion image
input to the CAD apparatus (410). The CAD apparatus
100 receives additional information from a user (420).
The additional information may be entered via a user
interface as described above with reference to FIGS. 1
and 3A to 3C.
[0058] The CAD apparatus 100 diagnoses a lesion
(430) by comparing the lesion feature value extracted in
operation 410 and the additional information received in
operation 420 with a lesion diagnosis model stored in the
CAD apparatus 100 in advance, and diagnosing the le-
sion based on a result of the comparing. The diagnosis
result may indicate whether the lesion is benign or ma-
lignant, or the degree of benignancy/malignancy of the
lesion.
[0059] The CAD apparatus 100 may search for and
find in the lesion diagnosis model a lesion feature value-
additional information combination that most closely
matches the lesion feature value extracted in operation
410 and the additional information received in operation
420, and may retrieve a diagnosis result for the found
lesion feature value-additional information combination
from the lesion diagnosis model as a diagnosis result for
the lesion feature value extracted in operation 410 and

the additional information received in operation 420.
[0060] That is, by using both a lesion feature value au-
tomatically extracted from a captured lesion image and
additional information entered manually by the user, the
precision of a diagnosis of a lesion based on a captured
lesion image may be improved even when the captured
lesion image suffers from various problems such as low
resolution, low contrast, speckle noise, and blurred lesion
boundaries.
[0061] The CAD apparatus 100, the lesion feature ex-
traction unit 110, the interface unit 120, the diagnosis unit
130, and the database unit 140 illustrated in FIG. 1 and
the user interface 300 illustrated in FIGS. 3A-3C that per-
form the operations illustrated in FIGS. 2 and 4 may be
implemented using one or more hardware components,
one or more software components, or a combination of
one or more hardware components and one or more soft-
ware components.
[0062] A hardware component may be, for example, a
physical device that physically performs one or more op-
erations, but is not limited thereto. Examples of hardware
components include resistors, capacitors, inductors,
power supplies, frequency generators, operational am-
plifiers, power amplifiers, low-pass filters, high-pass fil-
ters, band-pass filters, analog-to-digital converters, dig-
ital-to-analog converters, and processing devices.
[0063] A software component may be implemented,
for example, by a processing device controlled by soft-
ware or instructions to perform one or more operations,
but is not limited thereto. A computer, controller, or other
control device may cause the processing device to run
the software or execute the instructions. One software
component may be implemented by one processing de-
vice, or two or more software components may be im-
plemented by one processing device, or one software
component may be implemented by two or more process-
ing devices, or two or more software components may
be implemented by two or more processing devices.
[0064] A processing device may be implemented using
one or more general-purpose or special-purpose com-
puters, such as, for example, a processor, a controller
and an arithmetic logic unit, a digital signal processor, a
microcomputer, a field-programmable array, a program-
mable logic unit, a microprocessor, or any other device
capable of running software or executing instructions.
The processing device may run an operating system
(OS), and may run one or more software applications
that operate under the OS. The processing device may
access, store, manipulate, process, and create data
when running the software or executing the instructions.
For simplicity, the singular term "processing device" may
be used in the description, but one of ordinary skill in the
art will appreciate that a processing device may include
multiple processing elements and multiple types of
processing elements. For example, a processing device
may include one or more processors, or one or more
processors and one or more controllers. In addition, dif-
ferent processing configurations are possible, such as
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parallel processors or multicore processors.
[0065] A processing device configured to implement a
software component to perform an operation A may in-
clude a processor programmed to run software or exe-
cute instructions to control the processor to perform op-
eration A. In addition, a processing device configured to
implement a software component to perform an operation
A, an operation B, and an operation C may have various
configurations, such as, for example, a processor con-
figured to implement a software component to perform
operations A, B, and C; a first processor configured to
implement a software component to perform operation
A, and a second processor configured to implement a
software component to perform operations B and C; a
first processor configured to implement a software com-
ponent to perform operations A and B, and a second
processor configured to implement a software compo-
nent to perform operation C; a first processor configured
to implement a software component to perform operation
A, a second processor configured to implement a soft-
ware component to perform operation B, and a third proc-
essor configured to implement a software component to
perform operation C; a first processor configured to im-
plement a software component to perform operations A,
B, and C, and a second processor configured to imple-
ment a software component to perform operations A, B,
and C, or any other configuration of one or more proces-
sors each implementing one or more of operations A, B,
and C. Although these examples refer to three operations
A, B, C, the number of operations that may implemented
is not limited to three, but may be any number of opera-
tions required to achieve a desired result or perform a
desired task.
[0066] Software or instructions for controlling a
processing device to implement a software component
may include a computer program, a piece of code, an
instruction, or some combination thereof, for independ-
ently or collectively instructing or configuring the process-
ing device to perform one or more desired operations.
The software or instructions may include machine code
that may be directly executed by the processing device,
such as machine code produced by a compiler, and/or
higher-level code that may be executed by the process-
ing device using an interpreter. The software or instruc-
tions and any associated data, data files, and data struc-
tures may be embodied permanently or temporarily in
any type of machine, component, physical or virtual
equipment, computer storage medium or device, or a
propagated signal wave capable of providing instructions
or data to or being interpreted by the processing device.
The software or instructions and any associated data,
data files, and data structures also may be distributed
over network-coupled computer systems so that the soft-
ware or instructions and any associated data, data files,
and data structures are stored and executed in a distrib-
uted fashion.
[0067] For example, the software or instructions and
any associated data, data files, and data structures may

be recorded, stored, or fixed in one or more non-transitory
computer-readable storage media. A non-transitory com-
puter-readable storage medium may be any data storage
device that is capable of storing the software or instruc-
tions and any associated data, data files, and data struc-
tures so that they can be read by a computer system or
processing device. Examples of a non-transitory compu-
ter-readable storage medium include read-only memory
(ROM), random-access memory (RAM), flash memory,
CD-ROMs, CD-Rs, CD+Rs, CD-RWs, CD+RWs, DVD-
ROMs, DVD-Rs, DVD+Rs, DVD-RWs, DVD+RWs, DVD-
RAMs, BD-ROMs, BD-Rs, BD-R LTHs, BD-REs, mag-
netic tapes, floppy disks, magneto-optical data storage
devices, optical data storage devices, hard disks, solid-
state disks, or any other non-transitory computer-reada-
ble storage medium known to one of ordinary skill in the
art.
[0068] Functional programs, codes, and code seg-
ments for implementing the examples disclosed herein
can be easily constructed by a programmer skilled in the
art to which the examples pertain based on the drawings
and their corresponding descriptions as provided herein.
[0069] While this disclosure includes specific exam-
ples, it will be apparent to one of ordinary skill in the art
that various changes in form and details may be made
in these examples without departing from the scope of
the claims and their equivalents. The examples de-
scribed herein are to be considered in a descriptive sense
only, and not for purposes of limitation. Descriptions of
features or aspects in each example are to be considered
as being applicable to similar features or aspects in other
examples. Suitable results may be achieved if the de-
scribed techniques are performed in a different order
and/or if components in a described system, architecture,
device, or circuit are combined in a different manner,
and/or replaced or supplemented by other components
or their equivalents. Therefore, the scope of the disclo-
sure is defined not by the detailed description, but by the
claims and their equivalents, and all variations within the
scope of the claims and their equivalents are to be con-
strued as being included in the disclosure.

Claims

1. A computer-aided (CAD) apparatus comprising:

a lesion feature extractor configured to extract
a lesion feature value of a lesion feature of a
lesion from a captured lesion image;
an interface configured to receive additional in-
formation; and
a diagnoser configured to diagnose the lesion
based on a combination of the extracted lesion
feature value and the received additional infor-
mation.

2. The CAD apparatus of claim 1, further comprising a
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database configured to store a lesion diagnosis mod-
el;
wherein the diagnoser is further configured to:

compare the extracted lesion feature value and
the received additional information with the le-
sion diagnosis model; and
diagnose the lesion based on a result of the com-
paring.

3. The CAD apparatus of claim 2, wherein the lesion
diagnosis model is generated based on:

a plurality of lesion feature values extracted from
previously captured lesion images; and
a plurality of additional information for the pre-
viously captured lesion images.

4. The CAD apparatus of claim 3, wherein the lesion
diagnosis model comprises:

combinations of the plurality of lesion feature
values extracted from the previously captured
lesion images and the plurality of additional in-
formation; and
diagnosis results corresponding to the combi-
nations.

5. The CAD apparatus of claim 1 - 4, wherein the ad-
ditional information comprises any one or any com-
bination of:

results of information about the lesion deter-
mined by a user based on the captured lesion
image; and
medical records and patient information that af-
fect a diagnosis of the lesion.

6. The CAD apparatus of claim 1 - 5, wherein the inter-
face comprises a user interface configured to receive
the additional information from a user; and
the user interface comprises:

a lesion image display area configured to display
the captured lesion image; and
an additional information input area configured
to receive the additional information from the us-
er.

7. The CAD apparatus of claim 6, wherein the addition-
al information input area is further configured to:

display one or more additional information fields
for selection by a user; and
in response to one of the additional information
fields being selected by the user, display one or
more sub-fields of the selected additional infor-
mation field.

8. The CAD apparatus of claim 7, wherein the user in-
terface is further configured to display one or more
additional information fields for the lesion feature in
response to the extracted lesion feature value being
less than a reference value.

9. The CAD apparatus of claim 7, wherein the user in-
terface is further configured to display one or more
additional information fields having a greater influ-
ence on a diagnosis of the lesion differently from one
or more additional information fields having a lesser
influence on the diagnosis of the lesion.

10. The CAD apparatus of claim 6, wherein the addition-
al information input area is further configured to re-
ceive text-type additional information from the user.

11. A method of generating a lesion diagnosis model,
the method comprising:

extracting at least one lesion feature value from
each of a plurality of captured lesion images;
receiving additional information for each of the
captured lesion images;
generating combinations of the lesion feature
values and the additional information; and
generating a lesion diagnosis model based on
the combinations of the lesion feature values
and the additional information, and diagnosis re-
sults corresponding to the combinations.

12. The method of claim 11, wherein each of the com-
binations comprises at least one lesion feature value
and at least one item of additional information; and
each of the diagnosis results corresponds to at least
one of the combinations.

13. The method of claim 11 or 12, wherein the additional
information comprises information about lesion fea-
tures from which the lesion feature values were ex-
tracted.

14. The method of claim 11 - 13, wherein the additional
information further comprises medical records and
patient information affecting a diagnosis of a lesion
from which the lesion feature values were extracted.

15. The method of claim 11 - 14, wherein the receiving
comprises receiving the additional information from
a user; and
the diagnosis results corresponding to the combina-
tions are determined by the user based on the cap-
tured lesion images.
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