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(57) ABSTRACT

An adaptable classification method is provided. The method
performs the classification by using a classification standard
having a plurality of categories. The classification standard is
classified into different categories based on probability
ranges. The adaptable classification method includes training
a classifying device with a plurality of samples and using the
trained classifying device to determine the categories of the
samples to obtain classification model scores of the samples,
transferring, by using logistic-like functions, the classifica-
tion model scores into probability values; and adjusting
parameters of logistic-like functions to iterate the training of
the classifying device such that the probability values con-
form to value ranges corresponding to categories of the clas-
sification standard. The adaptable classification method is
applicable to various classification methods based on the
probability ranges, and can also retrieve a specific category
from the classified categories for further classification to
increase the efficacy.

8 Claims, 8 Drawing Sheets
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31
rzfi;el;cre 1 |classifying device| 1&2 | total votes | 70 |category| 4.1
majority opinion vote ratio

4 edge bumpiness of a tumor 14 | 0.2000
relative hardness of the interior edge of a tumor 9 0.1286
edge bumpiness of a tumor 6 0.0857
hardness of the exterior edge of a tumor 4 0.0571
interior heterogeneity of a tumor 3 0.0429
224 | in’claive with rear ccho shadow area 3| 00429
elative hardness of the interior edge of a tumor 3 0.0429

lightness difference of rear echo shadow area
in relative with two adjacent side areas 2 0.0286
growth direction of the tumor (horizontal flat) 2 0.0286
growth direction of the tumor (long straight) 1 0.0143
g edge smoothness of a tumor 1 0.0143

minority opinion vote ratio
4 edge bumpiness of a tumor 5 0.0714
relative hardness of the interior edge of a tumor 3 0.0429
edge bumpiness of a tumor 3 0.0429
ligh_tness Qiffergnce of rear echo s.hadow area ) 0.0286
in relative with two adjacent side areas
hardness of the exterior edge of a tumor 2 0.0286
33 relative hardness of the interior edge of a tumor 2 0.0286
growth direction of the tumor (long straight) 1 0.0143
interior heterogeneity of a tumor 1 0.0143
lightnc?ss difference inside the tumor in 1 0.0143
relative with rear echo shadow area

growth direction of the tumor (horizontal flat) 1 0.0143
g interior heterogeneity of a tumor 1 0.0143

FIG. 8
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ADAPTABLE CLASSIFICATION METHOD

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims under 35 U.S.C. §119(a) the ben-
efit of Taiwanese Application No. 102108802, filed Mar. 13,
2013, the entire contents of which is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to classification techniques, and,
more particularly, to an adaptable classification method per-
forming a classification process according to probability val-
ues.

2. Description of Related Art

In the category classification of tumor diagnosis, each cat-
egory has a restrict regulation for the malign probability
range. With regard to Breast Imaging Reporting and Data
System (BI-RADS), each category defines a malign probabil-
ity range thereof and the subsequent management in
response. The prior or published reports discriminate malig-
nance from benignancy or calculate the probability of malign
tumor in major, rather addressing the probability range of
diagnosis category for classification.

Since different categories correspond to different subse-
quent clinical managements, a more precise discrimination is
needed for some critical categories to avoid an inappropriate
management. For example, although BI-RADS has catego-
ries of 1, 2, 3, 4.1, 4.2, 43 and 5 to 6 and the categories
correspond different treatments, the discrimination between
categories 3 and 4.1 decides whether an examination of tumor
core needle biopsy is conducted, and takes periodical exami-
nations or a further medical management based on the exami-
nation of tumor biopsy. If a rough classification is performed
for all categories, there will not be a more precise discrimi-
nation for critical categories, which may result in an inappro-
priate subsequent clinic management due to the inaccurate
classification result.

The category classification of tumor should provide a
lesion report for the final determination of the category, for
example, the categories of BI-RADS provide different
descriptions for the lesion. However, presently the classifica-
tion method does not provide related information basis for
classification, thereby limiting the range of clinical applica-
tion.

SUMMARY OF THE INVENTION

The present invention provides an adaptable classification
method. A classifying device categorizes samples. A logistic-
like function transfers the classified simples into probability
values, and parameters of the logistic-like function are
adjusted, in order for the probability values of the samples to
conform to a value range corresponding a plurality of catego-
ries of a predetermined classification standard.

The present invention provides an adaptable classification
method, which performs the classification by using a classi-
fication standard having a plurality of categories, wherein the
categories are discriminated by the probability values. The
adaptable classification method comprises: (1) providing a
plurality of samples to train a classifying device; (2) deter-
mining categories of the samples, by using the trained clas-
sifying device, to obtain classification model scores of the
samples; (3) transferring the classification model scores into
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probability values by logistic-like functions having param-
eters, and classifying the probability values into the catego-
ries based on the classification standard; and (4) determining
whether the probability values conform to a value range cor-
responding to the categories of the classification standard,
and stopping training the classifying device if the probability
values conform to the value range, or adjusting the parameters
of the logistic-like functions and transferring the classifica-
tion model scores into new probability values by the adjusted
logistic-like functions and iterating step (4) to determine
whether the new probability values conform to the value
range.

In an embodiment, the adaptable classification method fur-
ther comprises classifying the classified samples into at least
two subcategories, and performing steps (1) to (4) on the
subcategories.

From the above, the adaptive classification method accord-
ing to the present invention adjusts the parameters of a logis-
tic-like functions during the classification of samples such
that the classified samples conform to the value range corre-
sponding to the categories of the classification standard.
Moreover, critical categories of the classificationresult can be
retrieved to perform the second classification to improve the
accuracy of the classification result. Further, the method of
the present invention is applicable to any methods based on
the probability range.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a flow chart of an adaptable classification method
according to the present invention;

FIG. 2 is a diagram illustrating training a classification
device according to the present invention;

FIG. 3 is a reference table of BI-RADS classification stan-
dard and malign probability;

FIG. 4 is a graph of parameter adjustments;

FIG. 51is adiagram illustrating first classification according
to the present invention;

FIG. 6 is a diagram illustrating second classification
according to the present invention;

FIG. 7 is a diagram illustrating final classification accord-
ing to the present invention; and

FIG. 8 is a classification table of tumor characteristics.

DETAILED DESCRIPTION OF THE INVENTION

The following illustrative embodiments are provided to
illustrate the disclosure of the present invention, these and
other advantages and effects can be apparently understood by
those in the art after reading the disclosure of this specifica-
tion. The present invention can also be performed or applied
by other different embodiments. The details of the specifica-
tion may be on the basis of different points and applications,
and numerous modifications and variations can be devised
without departing from the spirit of the present invention.

Please refer to FIG. 1, which is a flow chart of an adaptable
classification method according to the present invention. In
step S1, a plurality of samples are provided to train a classi-
fying device. The method proceeds to step S2. In step S2, the
trained classifying device determines categories of the
samples to obtain classification model scores of the samples.
The method proceeds to step S3. In step S3, logistic-like
functions having parameters transfer the classification model
scores into probability values, and categorizes the probability
values into the categories based on the classification standard.
The method proceeds to step S4. In step S4, whether the
probability values conform to the value range corresponding
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to the categories is determined. If the probability values con-
form to the value range, training the classifying device is
stopped, or the parameters of the logistic-like functions are
adjusted, the classification model scores are transferred into a
new probability value by the adjusted logistic-like functions,
and step S4 is iterated to determine whether the new prob-
ability values conform to the value range corresponding to the
categories.

Please refer to FIG. 2, which is a diagram illustrating
training a classification device according to the present inven-
tion. The adaptable classification method according to the
present invention performs the classification by a predeter-
mined classification standard that has a plurality of categories
discriminated by the probability. The plurality of categories
of classification standard have corresponding value ranges.

The adaptable classification method according to the
present invention provides a classifying device 11. In an
embodiment, the classifying device 11 is an enhance classi-
fying device 11 comprising a plurality of sub-classifying
devices 111. The adaptable classification method then pro-
vides a plurality of samples 10 with known classification
results, and randomly chooses from the plurality samples 10
to train the plurality of sub-classifying devices 111 of the
classifying device 11. The training method is to randomly
retrieve a plurality of samples corresponding to the number of
the sub-classifying devices 111 for the classification training
of the sub-classifying devices 111 of the classifying device
11. The randomly retrieved sample at each time only trains
one sub-classifying device 111, and is returned to the pro-
vided plurality of samples 10 after the sub-classifying device
111 is trained completely. Then, a sample is randomly
retrieved again for the classification training of the next sub-
classifying device 111.

For example, if the classifying device 11 comprises m
sub-classifying devices 111 and one sample is randomly
retrieved from the provided plurality of samples 10 to train a
sub-classifying device 111, and the sample is returned to the
original provided plurality of samples 10 after the training of
one sub-classifying device 111 is complete, and a next sample
is randomly retrieved to train the next sub-classifying device
111 until the trainings of m sub-classifying devices are com-
plete. In this training method, the randomly retrieved sample
may be repeated, but it will not influence the training result.

In a subsequent classification process, a sample is classi-
fied by the sub-classifying devices 111 of the classifying
device 11, and the classification results of the sub-classifying
devices 111 are integrated to form a classification result of the
classifying device 11, wherein the classifying device 11
according to the present invention is a linear or nonlinear
statistic learning classifying device or mechanical learning
classifying device.

During the construction of a classifying device 11, since
the larger number of sub-classifying devices 111 is not nec-
essarily better, the present invention applies a fold cross vali-
dation to determine the number of sub-classifying device 111.

After the classifying device 11 is trained completely, the
classifying ability of the classifying device 11 is verified. The
classification of the samples 10 is determined by the classi-
fying device 11, and a classification model score F(x) if the
samples 10 are thereby obtained. If the classifying device 11
comprises m sub-classifying devices 11, the computation
result of the classifying device 11 is defined as follow.

F)=2,Me,f,x),

where £, (x) is the classification result of the m™ sub-classi-
fying device 111 to a single sample 10, f,,(x) returns a value
+1 or -1 as the classification result, Cm is a weight for the m”
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sub-classifying device 111, and the weight is obtained by a
Discrete AdaBoost algorithm based on the determination
ability of the classification of the sub-classifying devices 111
to the samples 10. Different weights are given to the sub-
classifying devices 111 upon a calculation.

Please refer to FIG. 3, which is a reference table of BI-
RADS classification standard and malign probability. As
shown in the reference table, the categories in FIG. 3 have
their respective value ranges of malign tumor.

In an embodiment, the classification standard is Breast
Imaging Reporting and Data System (BI-RADS). The clas-
sification standard has a total of nine categories, excluding
category 0 as incomplete date, category 1 as no tumor
observed, category 2 as determined benign tumor and cat-
egory 6 as determined malign tumor, else categories 3, 4.1,
4.2, 4.3 and 5 respectively have probability ranges of deter-
mined malign tumor, and the probability range increase from
3 to 5. Therefore, only the classification applications of the
adaptable classification method according to categories 3 to 5
of BI-RADS classification standard according to the present
invention are specified.

The present invention performs classification based on a
classification standard using the probability to classify. Each
category has a corresponding probability range in the applied
BI-RADS classification standard in order to classify the
samples 10 according to a probability range of the categories.
Therefore, the results of the samples 10 through the classifi-
cation determination of the sub-classifying devices 111 are
presented as y=+1 and y=-1, wherein y=+1 indicates a
malign determination result and y=-1 indicates a benign
determination result. If the determination result is malign, the
definition of logistic-like function is as follow.

eaF(x)

Ply=+1|x)= Troer®

If the determination result indicates benign, the definition
of logistic-like function is as follow.

P(y:—1|x):m

where a is a parameter of logistic-like functions for adjusting
the result of the logistic-like functions.

After the classification model scores of the samples 10 are
transferred into probability values through logistic-like func-
tions, the transferred probability values are then classified
into five subsets based on BI-RADS classification standard,
and the probability values included in the subsets are deter-
mined whether the probability values conform to the value
ranges corresponding to the categories of the BI-RADS clas-
sification standard. If the probability values conform to the
value ranges, the classifying device is trained completely and
the training is stopped. If the probability values do not con-
form to the value ranges, the parameter o of logistic-like
functions should be adjusted such that the classification
model scores of the samples 10 are transferred into new
probability values by the adjusted logistic-like functions, and
the determination of whether the new probability values con-
form to the value ranges corresponding to the categories of
the classification standard is iterated.

Please also refer to FIG. 4, which is a graph illustrating
parameter adjustments. As shown in FIG. 4, the horizontal
axis indicates the classification model scores, and the longi-
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tudinal axis indicates the transferred probability values. The
graph also shows that a can be different parameters, such as
0.5, 1, 1.5, 2 and other to change the distribution of the
probability vales. When the parameter o equals to 0.5, the
transferred probability values are distributed between the
interval of 0 to 1 in average. When the parameter o becomes
larger, the distribution of probability values become extremer.

If the transferred probability values of the classification
model scores of logistic-like functions do not conform to the
probability value ranges of the classification standard, the
parameter o should be adjusted, wherein the adjustment of
the parameter o is based on the adjustment rule of the first
parameter. The adjustment rule of the first parameter com-
prises:

1. The number of malign instances in SER: equals to

. Easembilel .
0, wherein S5rhibes ~ is a subset of category 3;

2. When the rule 1 is satisfied, the one having the most

samples remaining in SERSSEH g selected;

3. If the number of parameter o satisfying rule 2 is more
than one, then compares the summation of squares differ-
ences of malign probability and the malign probability point
in a set of standard BI-RADS in five subsets. The one with the
smallest summation of squares differences is selected as an
elected parameter, and the method of calculation is as follow.

2

sEnsemblel
N\ BIRADS3
SSDf, =|| e g]-001] +
Ensemblel = sEsemblel @ E
NSBIRADS3
sEnsemblel 2 sEnsemblel, 2
N BIRADS4,1 BIRADS4,2
Hal____ |- 0.135| + || At a|-0375| +
sEnsemblel sEnsemblel
NSBIRADS4,1 NSBIRADS4,2
Ensemble], 2 Ensemblel 2
NI“;BIIRADM,S NAS/IBIIRADSS
—/= ____|a|-0.695| +|| ——=——— || -0.945
SEnsemblel sEnsemblel
NSBIRADS4,3 NSBIRADSS

In the calculation, the parameter o increases from 0 to 2 in
an increment of 0.01. That is, =0, 0.01, . . ., 2; and wherein

Ensembicl §Emembtes
SERDE® presents a subset of category 3, Ny™#* pre.

sents the number of malign instances in the subset

anbiel

Smeh!el .
Noemoss presents the amount of samples in

. SEnsemble]
El BIRADSE.1

presents a subset of category 4,

g Enserbiet
N Bmaps il
Mal

presents the number of malign instances in the sub-

Ensemblel
set Spikapsat -

SEfRapsas’ > and so on

4. If the number of parameter satisfying rule 3 is more than
one, then the parameter closest to the theoretical value 2 is
selected as an elected parameter.

Since category 3 to category 5 are applied to classify
malign tumors in the BI-RADS classification standard and
the malign probability of category 3 as shown in FIG. 3
approximates to 0, the parameter o with the most samples
classified in category 3 is selected as the best parameter for
the parameter adjustment in the adjustment rule of the first
parameter.

After the parameter adjustment, logistic-like functions
with adjusted parameter are applied to once transfer the clas-
sification model score of each sample into a new probability
value. Each new probability value is once repeatedly deter-
mined whether conform the range of values corresponding to
each category of the classification standard, until the prob-

Eryemble] .
NSl presents the amount of samples in
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6

ability value of the samples 10 conform to the value ranges
corresponding to the categories and the samples that the prob-
ability values belong are correspondingly classified into a
plurality of categories of the classification standard.

After the abovementioned initial classification, a plurality
of samples can be classified based on the BI-RADS classifi-
cation standard. However, the abovementioned classification
process is an initial classification, and the result thereof still
may not be accurate enough. For example, in the samples
classified as category 3, minority of malign tumor samples
might exist. The classification result is not an ideal result.

In the BI-RADS classification standard, the determination
between category 3 and category 4.1 is the most critical part
in the BI-RADS classification standard. If the category is
determined as 3, the tumor determination result indicates
benign, and the management only requires regular visits and
the follow up observation. If the determination result is 4.1,
the tumor determination result indicates malign, and an
examination of core needle biopsy is necessary to be con-
ducted.

Therefore, in order to promote the accuracy of classifica-
tion result, the adaptable classification method of the present
invention provides a hierarchical classification method, i.e.,
further classitying the classification result obtained above.

Please refer to FIG. 5, which is a diagram illustrating first
classification according to the present invention. In order to
perform a second classification to the above classification
result, the plurality of samples 10 classified above are classi-
fied into at least two subcategories which include a first sub-
category 12 and a first final category 13, for example. The first
subcategory 12 is a more critical category predetermined in
the classification standard. For example, with regard to BI-
RADS classification standard, the determination between
category 3 and category 4.1 will decide whether a tumor core
needle biopsy is required to be conducted on the patient.
Therefore, category 3 and category 4.1 are classified in the
first subcategory to perform a second classification.

Categories 4.2 to 5, since the tumor is determined as
malign, are classified into the first final category 13 for the
result integration of the second classification to perform the
classification of malign tumors.

In an embodiment, although the subcategories obtained in
the initial classification are a first subcategory 12 and a first
final category 13, the classification method is only for the
convenience of specitying the implementation method. In the
actual implementation, the number of first category 12 may
be more than one.

Please refer to FIG. 6, which is a diagram illustrating
second classification according to the present invention. In
the process of second classification, a first category 12 includ-
ing category 3 and category 4 in the initial classification result
is retrieved to perform a second classification. The method of
second classification is the same as the first classification.
First, a second classifying device 11 comprising a plurality of
sub-classifying devices 111 is provided. Then, samples of the
first subcategory 12 are applied to perform the training to the
second classifying device 11 which comprises a plurality of
sub-classifying devices 111. Next, the trained classifying
device 11 is applied to determine the classification of the first
subcategory 12 based on five categories of BI-RADS such
that the classification model scores of the samples in the first
subcategory are obtained. Afterward, the plurality of classi-
fication model scores are transterred into probability values
by logistic-like functions and are classified into five subsets
based on the BI-RADS classification standard as shown in
FIG. 3. Then, whether the probability values of the subsets
conform to the value ranges corresponding to five categories
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of the BI-RADS classification standard is determined. If the
probability values conform to the value ranges, the training of
the classifying device is stopped, or the parameter o of the
logistic-like functions is adjusted according to the adjustment
rule of the second parameter. Moreover, the classification
model scores of the samples are transferred into new prob-
ability values by the adjusted logistic-like functions, and the
determination of whether the new probability values conform
to the value ranges corresponding to the plurality of catego-
ries of the classification standard is determined.
In the second classification, the adjustment rule of the
second parameter o. comprises:

Ensemble?

1. The number of malign instances in Sgjgapss ~ equals

. s Ensembie .
to 0, wherein Sgjapsa ~ is a subset of category 3;

2. When the rule 1 is satisfied, the one having the most

1 s . SEnsembleQ . 1 d:
samples remaining in 3g;pansz 1S selected,;

3. If the number of parameter satisfying rule 2 is more than
one, then compares the summation of squares differences of
malign probability and the malign probability point in a set of

standard BI-RADS in two subsets of SEISSHEE and

SEnsenble? The one with the smallest summation of squares

differences is selected as an elected parameter, and the
method of calculation is as follow.

2

sEnsemblel
N BIRADSS
3
SSDnampier = || s @] =0.01| +
NSBIRADS3
sEnsemblel 2 sEnsemblel 2
BIRADS4,1 BIRADS4,2
Nuat | o g.135] || Yo" |of0375] +
sEnsemblel : sEnsemblel :
NBIRADS4,1 NP BIRADS4,2
Ensemblel 2 2
N;fllRADS4,3 Iilgizﬁf{ﬁbslé’l
== || -0.695| +|| ———|a|-0.945
sEnsemble] sEnsemble]
NSBIRADS4,3 NSBIRADSS

In the calculation, SERSio/%? presents a subset of cat-

egory 4.1 in the second classification, and wherein the param-
eter . increases from 0 to 2 in an increment of 0.01. That is,

SEH’fM'J'{‘ .
a=0, 0.01, ..., 2; N.J¥° presents the number of malign
. . Model? §Ensaublel
instances in the subset Sgimapss N presents the

. LY !
amount of samples in Sp%%4Z. | and so on.

4. If the number of parameter satisfying rule 3 is more than
one, then the parameter closest to the theoretical value 2 is
selected as an elected parameter.

The second classification is to distinguish the tumor
instances between category 3 and category 4 addressing to the
instances with unobvious malign characteristics. Therefore,
except the adjustment of a, a filtering mechanism is addition-
ally set in the second classification.

The mechanism takes the definition and smoothness of the
profile of samples as a filtering standard. A set threshold value
is the median of properties relating to edge bumpiness and
edge smoothness in the first subcategory 12. If any sample has
an edge smoothness lower than the threshold or an edge
bumpiness higher than the threshold, the sample will not be
considered as a possible sample of category 3.

After the second classification, the second classification
result is similarly classified into at least two groups of sub-
categories including a second category 21 and a second final
category 22.
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The category 3 obtained in the second classification can
almost be sure is benign. Therefore, the category 3 obtained in
the second classification is classified to the second category
21 and is retained. Next, the remaining four categories are
classified to the second final category 22. Then, the second
final category 22 and the first final category 13 are integrated
to perform the last classification of malign tumor categories
4210 5.

It should be note that although the second classification is
performed for one time in the embodiment, this part of
description is only utilized for specifying the method of
implementation. In the actual implementation, the second
classification can be performed more than one time depend-
ing on the condition, for example, too many samples in the
second subcategory 21, or further improvement for the accu-
racy of critical categories is desired.

Please refer to FI1G. 7, which is a schematic diagram of final
classification according to the present invention. In the pro-
cess of final classification, the first final category 13 and the
second final category 22 are integrated to perform the classi-
fication. The classifying method is the same as the initial
classification, which classifies the first final category 13 and
the second final category 22 into five subsets based on the
BI-RADS classification standard. Thus, the detail of the pro-
cess of final classification is omitted.

Since the final classification only addresses to the classifi-
cation of malign tumors, and the benign tumors are not con-
sider, the category 3 and category 4.1 obtained in the final
classification are classified to category 4.2.

In the final classification, the adjustment rule of the second
parameter o. comprises:

. . . ~Ensembie3
1. The number of malign instances in Sg; RADss. equals

to 0, such that the subsets obtained in the final classification
SEnsemb!eS SEnsembleE SEnsemble.? d

only include SpiRapses , OBIRADS4Z , OBIRADSS3 AN
~Ensembio3 . SEnsemblz3 SEnsembleH
BIRADSS s wherein BIRADS4.1 » BIRADS4.Z
Ensembies Ensembled

Sgirapsea and Spipspss © present subsets of category 4.1,

category, 4.2, category 4.3 and category 5 of the final classi-
fiaciton, respectively;
2. When the rule 1 is satisfied, the one having the most

P . SE‘nsembwg . )
samples remaining in Sy/papss | is selected;

3. If the number of parameter satisfying rule 2 is more than
one, then compares the summation of squares differences of
malign probability and the malign probability point in a set of

standard BI-RADS of Ghnsembles

FIRADS41 »

Ensembled cEnsemble3 gnsemblel .
SBirADSas Shirabses and Spigapss . The one with the
smallest summation of squares differences is selected as an
elected parameter, and the method of calculation is as follow.

in four subsets

2

sEnsemble3 sEnsemble3
NCBIRADS®L | o BIRADS42
Mal Mal
SSDrsembres = sEnsemble3 ke | %] 0.375) +
NOBIRADS41 4 N BIRADS42
Ensemble3 2 2
NSBIRADS4,3 sEsambles
Mal Mal
i ||~ 0695 + || —Fmmis || 0945
SEnsemble sEnsemble
N°BIRADS43 N3BIRADSS

In the calculation, the parameter o increases from 0 to 2 in

anincrement of 0.01. Thatis, =0, 0.01, .. ., 2; o pre-
sents the number of malign instances in the subset of category

5 . oModel3
4.1, N* presents the amount of samples in S5/%an34.1 »
and so on.

Mexied 3
BIRADS 4.
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4. If the number of parameter satisfying rule 3 is more than
one, then the parameter closest to the theoretical value 2 is
selected as an elected parameter.

After the hierarchical classification including initial clas-
sification, second classification and final classification, the
adaptable classification method of the present invention has
been able to classify between benign tumors and malign
tumors of a plurality of samples 10, and perform the classifi-
cation addressing to the category of malign tumors. Hence,
the verification of the classifying device 11 is complete.

After the verification is complete, at least one new sample
is provided to the classifying device of initial classification to
perform the classification to the new sample. If the initial
classification result is category 3 or category 4.1 of the BI-
RADS classification standard, the new sample is retrieved by
the classifying device 11 of second classification to perform
the classification of malign tumors. If the classification result
is category 3, it means the new sample is benign, and the
classification is complete.

Ifthe initial classification result is one of categories 4.2, 4.3
or 5, or the second classification result is category 4.1, then
the new sample is retrieved by the classifying device 11 of
final classification to perform the classification of malign
tumors.

Please refer to FIG. 8, which is a classification table of
tumor characteristics. As shown in the classification table,
after the new samples are hierarchically classified through the
adaptable classification method according the present inven-
tion, the classified category of the tumor is known. However,
in order to clearly understand the classifying basis of each
classifying device 11 to the sample, election results address-
ing the tumor property to determine benign and malign
tumors are integrated, as shown in FIG. 8.

In FIG. 8, column 31 is classification information after the
integration, which from left to right includes the number of
sample, the types of classifying devices applied to the sample,
total votes and the specification result of the adaptable clas-
sification method of the present invention for the sample.

Column 32 is the majority opinion in the classification vote
performed by all sub-classitying devices of the classifying
device that the sample undergoes. The majority opinion from
left to right includes tumor characteristic that the vote is based
on, votes gained by the characteristic and the percentage of
vote of each characteristic, which is the votes obtained by the
characteristic divided by the amount of votes.

Column 33 is the minority opinion in the classification vote
performed by all sub-classitying devices of the classifying
device that the sample undergoes. The minority opinion from
left to right includes tumor characteristic that the vote is based
on, votes gained by the characteristic and the percentage of
vote of each characteristic, which is the votes obtained by the
characteristic divided by the amount of votes.

The invention further provides a computer readable record-
ing medium for storing the computer program which can be
applied in a computer device such that the computer device
executes the abovementioned method. The recording
medium may be a soft disk, hard disk, CD, flash drive, tape or
other recording medium having the same function.

From the above, the adaptable classification method of the
present invention address to more critical categories by using
the hierarchical classification method to perform the second
classification for at least one time to improve the accuracy of
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the classification result. Categories other than critical catego-
ries can also be classified based on predetermined classifica-
tion standard to perform different managements addressing to
different categories in the subsequent process.

Beside, the present invention provides the classifying basis
when the samples undergo the classification process after the
classification to provide related employees references for the
specification.

The above embodiments only exemplarily specify the con-
cept and effect of the present invention, but not intend to limit
the present invention. Any person skilled in the art can per-
form modifications and adjustments on the above embodi-
ments without departing the spirit and category of the present
invention.

What is claimed is:

1. An adaptable classification method having a classifica-
tion standard of a plurality of categories that are classifiable
according to probability values, the adaptable classification
method comprising:

(1) providing a plurality of samples to train a classifying

device;

(2) determining categories of the samples, by using the
trained classifying device, to obtain classification model
scores of the samples;

(3) transferring the classification model scores into prob-
ability values by logistic-like functions having param-
eters, and classifying the probability values into the cat-
egories based on the classification standard; and

(4) determining whether the probability values conform to
value ranges corresponding to the categories of the clas-
sification standard, and stopping training the classifying
device if the probability values conform to the value
ranges, or adjusting the parameters of the logistic-like
functions and transferring the classification model
scores into new probability values by the adjusted logis-
tic-like functions and iterating step (4) to determine
whether the new probability values conform to the value
ranges.

2. The adaptable classification method of claim 1, further
comprising classifying new samples, by using the trained
classifying device, to obtain a corresponding category of the
new samples in the classification standard.

3. The adaptable classification method of claim 1, wherein
the classifying device includes a plurality of sub-classifying
devices.

4. The adaptable classification method of claim 3, wherein
the sub-classifying devices have respective weights.

5. The adaptable classification method of claim 4, wherein
the weights of the sub-classifying devices are determined by
an AdaBoost method based on classification determination
ability of sub-specifying device with respect to the samples.

6. The adaptable classification method of claim 1, wherein
the classifying device is a linear or nonlinear statistic learning
classifying device or mechanical learning classitying device.

7. The adaptable classification method of claim 1, wherein
in step (4) the parameters of the logistic-like function are
adjusted based on a parameter adjustment rule.

8. The adaptable classification method of claim 1, further
comprising classifying the classified samples into at least two
subcategories, and performing steps (1) to (4) on the subcat-
egories.



