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classification and regression trees (CART). However, since parts of
altributes can cmlyl be used to determine specific classes, the accuracy of the
aforementioned classification method is decreased. The accuracy is probably
decreased because of different combination of attributes selection, and lacks

of evaluating a performance of the discriminant analysis model.

Hence, it is desirable to provide a novel method for multi-layer
classifier to solve the aforementioned probiems.

SUMMARY OF THE INVENTION

Various embodiments seekThe-obisstof the-presentinventionds to provide a method for

multi-layer classifier, which classifies the samples into I or 2 classes in each

layer by selecting one or two cut-points. Furthermore, a linear combination
of multiple attributes by the Fisher linear discriminant analysis can be used

at each layer.

Accordir:tc} fo a first aspect, there isTo-ashisve—the--obisct —the—prasent inventicn

15 provideds a method for multi-layer classifier, applying on a computer readable medium for

classifying multiple image samples including a processor, an input device,
and a storage device, the method at least comprising the following steps:

(a) receiving a plurality of samples;

(b) providing a plurality of attributes, and evaluating a signiﬁcénce
of the samples to the attributes by a selection criterion;

(c) selecting at least ome cut-point to establish a discriminant
analysis model, which is established by providing a criterion to determine
the at least one cut-point in one of the samples which is significant

according to the step (b), and classifying the samples into at least one class in & current laver,
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wherein the at least one class comprises a first class (Node 4), a second ciass
{(Nodep}, and an undefined third class {Nodey);

(d) proceeding a step of evaluating a performance of the
discriminant analysis mode} when adding the attributes into the
discriminant analysis model, wherein fhe discriminant analysis model

further classifies the undefined class (Nodey) and the sample thereof into a next layer when the

performance of the discriminant analysis model is improved by adding the attributes, and the

next layer of the discriminant analysis mode! is established by providing the criterion to

determine the at least one cut-point of the samples which is significant according to the added
attributes, and thensentinueusly classifying the samples

into the first ciass (Node,), second class (Nodeg), and undefined third class
(Nodey); and

{e} providing a stop criterion, in which the discriminant analysis
model stops classifying mnto the next laver when there is no significant
attributes can be found at next layer; or in which the discriminant analysis
model stops ciaséifying into thei~ next layer when proceeding the step of
evaluating the performance of the discriminant analysis mode! cannot be
mmproved by adding the atiributes to the discriminant analysis model under

a conditionr of a rejected null hypothesis.

L,



According o a second aspect, there is provided a non-fransiiory computer readable

medium sioring a program to classify multiple image samples, by performing the steps of: (&)

receiving a plurality of samples: (b) providing a plurality of atiributes, and evaluating a

significance of the sampies to the atiribuies by g ssleclion criterion; (c) selecting at least one

cut-point to establish a discriminant analysis model, which is established by providing a criterion

to determine the ai leasi one cut-point in one of the samples which is significant according {o the

step (b), and classifving the samples into af least one class in a8 current laver, wherain the at

least one class comprises a first class (Node,), a second class (Nodeg), and an undefined third

class (Nodexn): (d) proceeding a slep of evaluating & performance of the discriminant analysis

modeal when adding the atiribites into the discriminant analysis model, wherein the discriminant

analysis model further classifiss the undefined class (Nodey) and the sample thereof into a next

laver when the performance of the discriminant analysis model is improved by adding the

atiributes, and the next laver of the discriminant analysis modal is established by providing the

criterion to determine the af lsast one sul-point of the samples which is significant according to

the added aftributes, and then classifying the samples info the first class (Node,), second class

(Nodeg), and undefined third class (Nodey). and (e} providing a stop criterion, in which the

discriminant analysis model stops classifving into the next laver when there is no significant

aftributes can be found at next layer; or in which the discriminant analvsis mode! stops

classifving inte the next laver when procseding the step of evaluating the performance of the

discriminant analvsis model cannot be improved by adding the atiributes o the diseriminant

analysis model under a condition of a rejected null hypothesis.

Various embodimentsthe-present-invention also_seek to provides a computer readable

- medium for classifying multiple image samples, which storing a program to classify the multiple
image sampies by performing the method for multi-layer classifier therein, the computer

readable medium including a processor, an input device, and a storage device. -
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~determine the at least one cut-point of the residual samples,

Various embodimentsThe-pressntinvention provides a new claséiﬁcation method as

aforementioned, which has a model similar to the classification and
regression trees (CART), spliting the samples léyer by layer. The
difference between the model of the present invention and CART is that the
model classifies the samples into 1 or 2 classes in each layer and the
unclassified samples left over to next layer for further classification. In
addition, a linear combination of multiple atributes by the Fisher linear
discriminant anaiysis can be used as the classifier at each layer. In order t’od
construct the classifier method, the present invention provides a systematic
methodology to select relevant attributes and proper cut-points. Adding the
attributes into the model will be evaluated by the fuiﬁ model’s performance
to decide whether the model grows ornot. To avoid the over-fitting problem,
the present invention proposes a stopping criferion. Furthermore, the

present invention also provides a method for selecting the attubutes and

dec:dmg the cut-points. Therefore, various embodamenistﬁe-;a#es&mw;weﬁﬁ% can improve the

accuracy of the method for classifier,

Other obje:cts, advantages, and novel features of the.invention will
become more apparent from the following detailed description when taken
in conjunciion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. la 1s a flow chart of the multi-layer discriminant analysis
method of the present invention;

FIG, 1b is a scheme of a multi-layer discriminant analysis mode

]
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WHAT IS CLAIMED 1IS:
1. A method for multi-layer classifier, applyving on a co -a
readable medium for classifying multiple image samples ing a

processor, an mput device, and a storage device, the methbd at least

comprising the following steps:

(a) receiving a plurality of sampies;

(b) providing a plurality of atiributes, and-evg ating a significance
of the samples to the attributes by a selection

(c) selecting at least one cui-point establish a discriminant
analysis model, which 1s established by piding a criterion to determine
the at least one cut-point in one of samples which is significant
according to the step (b), and classif; the samples into at least one class,
wherein the at least one class co ._._.i' a first class (Node,), a second class
{Nodeg), and an undefined class (Nodey);

(d) proceeding a/ tep of evaluating a performance of the
discriminant analysis when adding the atfributes mto the
discriminant analy; model, wherein the discriminant analysis model
further classifies, o anext layer when the performance of the discriminant
analysis - improved by adding the attributes, and the next layer of
the discrig inant analysis model is established by providing the criterion fo
dete the at least one cut-point of the samples which is significant

acding to the added attributes, and continuously classifying the samples

the first class (Node,), second class (Nodeg), and undefined third class

'. {Nodey); and
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(e) providing a stop criterion, in which the discrimmant agélivsis

model stops classifying into the next layer when there 1s no sygnificant
attributes can be found at next layer; or in which the discrimit analysis
model stops classifying into the next layer when pmceeg the step of
evaluating the performance of the discriminant an.al.ysodel cannot be
improved by adding the attributes to the discriminany alysis model under
a condition of a rejected null hypothesis. ..

2. The method as claimed in claim Wherein the number of the

samples of the undefined third class (Nodey) 1s zero m the last layer of the
3

4.

wherein n g he sample size, p is the number of attributes, and A is Wilk’s
lambda A ce EQ-1); and
the iuriiy criterion represents as the following equation:
| N, x Gini(t,)+ N, x Gini(t, )+ N, x Gini(t,)
(N, + Ny +Ng)

fpurity =
wherein N; is the sampie size of Node,, Ny, 18 the sample size of Nodey, Ny
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is the sampie size of Nodey, t; is the gini value in Node,, ty is the gini value
in Nodey, and tg is the gini value in Nodeg.

5. The method as claimed in any one of claims 1 t0 4, wherein
attributes are ringPDVImax, VeinCentral Vimin, VeinTDCentralViy

TDVimax, CI, RMV, CI2, MCI3, or MIZ.

6.  The method as claimed i any one of claims 1 t0 5, w
criterion to determine the at least one cut-point 15 Gini Indey aha}an.abis
distance, or Youden's index. ..

7. The method as claimed in any one of a 1 to 6, wherem the
step of evaluating the performance further comp: 's: adding the attributes
nto the same layer of the discriminant anal mode! established by the
step (c), so that improves the differential/power of the same layer of the
discriminant analysis model.

8.  Themethod as claim any one of claims 1 to 7, wherein the
step of evaluating the further comprises: adding the attributes
into the undefined third clag NedeN) and creating a layer for establishing a
model, the model contis asiy classifies into the first class (Node,), second

class (Nodeg), and third class (Nodey) by providing the criterion

least one cut-pomt of the residual samples.

A e method as claimed in any one of claims 1 to &, wherein the
step of % 1uating the performance further comprises: defining the first
class ode,) as an undefined class, and then adding the attributes into the

e mbination of the first class (Node,) and undefined third class (Nodey)

‘and creating a layer for esiablishing a model, the model continuously
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classifies into the first class (Node,), second class (Nodeg), and undefred
third class (Nodey) by providing the criterion to determine the at igh st one
cut-point of the residual samples.

10, Themethod as claimed in any one of claims 1 to, ‘ wherem the

cut-point of the residual samples.

11, The method as claimg ' in any one of claims 1 to 10, wherem
the regression analysis comps a partial F-test of a forward selection
method. |

12. A computeadable medium storing a program to classify
multiple image samp) by performing the steps of:

{a) a plurality of samples;

(b) a plurality of aftributes, and evaluafing 2 significance
of the sampy to the attributes by a selection criterion;

selecting at least one cut-point to establish a discriminant

anal; is model, which is established by providing a criterion to determine

thé at least one cut-point in one of the samples which is significant

/ according to the step (b), and classifying the samples into at least one class,

wherein the at least one class comprises a first class (Node,), a second class

33



{Nodeg), and an undefined third class (Nodexy});

(d) proceeding a step of evaluating a of the
discriminant analysis model when adding the attrtes mto the
discrimiinant analysis model, wherein the discrimin analysis model
further classifies into a next layer when the performa of the discriminant

analysis model is improved by adding the attrib and the next layer of

zarn the last layer of the discriminant analysis model when adding the
5 -"" criterion.
‘14, The computer readable medium as claimed in claim 12 or 13,

wherein the selection criterion 18 Wilk’s lambda or Gini index.
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13. The computer readable medinm ag claimed in any one of
claims 12 to 14, the step of evaluating the performance is based on a p-valug
calculated from a F-statistic, or is determined by a impurity criterion;

wherein the F-statistic represents as the following eguation:

n-p-1 1-A
. ¢ >~‘pﬂmpm1

p A

F=

b

wherein n is the sample size, p is the number of attribut,and A is Wille's

lambda (see EQJ-1); and
the impurity criterion represents as the following uation:

N, x Gini(z, )+ N, x Gini(t, f{+ N, x Gini(t,)

Impurity =
(N, + Ny #Np)

A

wherein Ny is the sample size of Node M 18 the sample size of Nodey, Ng
is the sample size of Nodeg, t; s - value in Node,, &y is the gini value
in Nodey, and ty 1s the gini vaiyé : Nodegp.

16, The computer A cadable medium as claimed in any one of
claims 12 to 15 / hcrein the atfributes  are ringPDVimax,
VeinCentral Vimin, 'mTDCemmmmax, TDVImax, CI, RMV, CI2,
MCI3, or M2,/

17, computer readable medium as claimed in any one of
claims o 1 6, wherein the criterion to determune the at least one cut-point
18 Gind.ex, Mahalanobis distance, or Youden's Index.

18. The computer readable medium as claimed in any one of

Alaims 12 to 17, wherein the step of evaluating the performance further

comprises: adding the attributes info the same layer of the discriminant
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analysis model established by the step (c), so that improves the differentig
power of the same layer of the discriminant analysis model.

19. The computer readable medium as claimed in any, ne of
claims 12 to 18, wherein the step of evaluating the performa 4
comprises: adding the attributes into the undefined third cia o (Nodey) and
creating a layer for establishing a model, the model 301' ously classifies
into the first class (Node,), second class (Nodey), ang nd@ﬁned third ciass
(Nodey) by providing the criterion to determine least one cut-point of
the residual samples.

20. The computer readable as claimed in any one of
claims 12 to 19, wherein the step of g Iuating the performance further
comprises: defining the first class M‘" as an undefined class, and then
adding the attributes into the cofubination of the first class (Node,) and
undefmed third class (Nodeyy L‘ creating a layer for establishing a model,
the model continuously siﬁes into the first class (Node,), second class

{Nodeg), and undeﬁnthird class (NodeN) by providing the criterion to

determine the at leggt one cut-point of the residual samples.

the - class (Nodeg) as an undefined class, and then adding the

es into the combination of the second class (Nodep) and undefined

Lontinnously classifies into the first class (Node,), second class (Nodep),

" and undefined third class (Nodsy) by providing the criterion to determine
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the at least one cut-point of the residual samples.
22. The computer readable medium as claimed /n any one of
claims 12 to 21, wherein the regression analysis comprisey’a partial F-test of

a forward selection method.



CLAIMS

1. A method for multi-layer classifier, applying on a computer readable medium for

classifying multiple image samples including a processor, an input device, and a storage device,

the method at least comprising the following steps:
(a) receiving a plurality of samples;
(b) providing a plurality of attributes, and evaluating a significance of the samples to the
attributes by a selection criterion;
{c} selecting at least one cut-point to establish a discriminant analysis model, which is
established by providing a criterion to determine the at least one cut-point in one of the
samples which is significant according to the step (b), and classifying the samples into at
least one class in a current layer, wherein the at least one class comprises a first class
(Nodey), a second class (Nodes), and an wundefined third class (Nodey);
(d) proceeding a step of evaluating a performance of the discriminant analysis model
when adding the attributes into the discriminant analysis model, wherein the discriminant
analysis model further classifies the undefined class (Nodey)} and the sample thereof into
a next layer when the performance of the discriminant analysis model is improved by
adding the attributes, and the next layer of the discriminant analysis model is established
by providing the criterion to determine the at least one cut-point of the samples which is
significant according.to the added attributes, and then classifying the samples into the
first class (Node,), second class (Nodep), and undefined third class (Nodey); and
(e) providing a stop criterion, in which the discriminant analysis model stopsl classifying
into the next layer when there is no significant attributes can be found at next layer; or in
which the discriminant analysis model stops classifying into the next layer when
proceeding the step of evaluating the performance of the discriminant analysis model
cannot be improved by adding the attributes to the discriminant analysis model under a

condition of a rejected null hypothesis.

2. The method as claimed in claim 1, wherein the number of the samples of the undefined
third class (Nodey) is zero in the last layer of the discriminant analysis model when adding the
stop criterion.
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3. The method as claimed in claim I, wherein the selection criterion is Wilk’s lambda or

Gint index.

4, The method as claimed in claim 1, the step of evaluating the performance is based on a p-
value calculated from a F-statistic, or is determined by a impurity criterion;

wherein the F-statistic represents as the following equation:

Looa—p=171-A
1’2-—-—-—-—-};———-‘( /\ )NFP,H,“{?'"11

wherein n is the sample size, p is the number of attributes, and A is Wilk's
lambda; and

the impurity criterion represents as-the following equation:

Np x Ginilz) + Nag %
Gini{iy ) + Np X Gini(ip)
{(N; + Ny -FNR)

Impurity =

wherein N is the sample size of Nodey, Ny is the sample size of Nodey, Ny, is the sample size of
Nodey, tr is the gini value in Nodey, ty is the gini value in Nodey, and tz is the gini value in

Nodegp.

5. The method as claimed in claim 1, wherein the criterion to determine the at least one cut-

point is Gini index, Mahalanobis distance, or Youden's Index.

6. The method as claimed in claim 1, wherein the step of evaluating the performance further
comprises: adding the attributes into the same layer of the discriminant analysis model
established by the step (c), so that improves the differential power of the same layer of the

discriminant analysis model.

7. The method as claimed in claim 1, wherein the step of evaluating the performance further

comprises: adding the attributes into the undefined third class (Nodey) and creating a layer for
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establishing a model, the model continuously classifies into the first class (Nodey), second class
(Nodeg), and undefined third class (Nodey) by providing the criterion to determine the at least

one cut-point of the residual samples.

8. The method as claimed in claim I, wherein the step of evaluating the performance further
comprises: defining the first class (Nodey) as an undefined class, and then adding the attributes
into the combination of the first class (Node,) and undefined third class (Nodey) and creating a
layer for establishing a model, the model continuously classifies into the first class (Node,),
second class (Nodeg), and undefined third class (Nodey) by providing the criterion to determine

the at least one cut-point of the residual samples.

9. The method as claimed in claim 1, wherein the step of evaluating the performance further
comprises: defining the second class (Nodep) as an undefined class, and then adding the
attributes into the combination of the second class (Nodep) and undefined third class (Nodey)
and creating a layer for establishing a model, the model continuously classifies into the first class
{Node,), second class (Nodez), and undefined third class (Nodey) by providing the criterion to

determine the at least one cut-point of the residual samples.

10.  The method as claimed in claim 1, wherein the regression analysis comprises a partial F-

test of a forward selection method.

11. A non-transitory computer readable medium storing a program to classify multiple image
samples, by performing the steps of:

(a) receiving a plurality of samples;

(b) providing a plurality of attributes, and evaluating a significance of the samples to the
attributes by a selection criterion;

(c) selecting at least one cut-point to establish a discriminant analysis model, which is
established by providing a criterion to determine the at least one cut-point in one of the
samples which is significant according to the step (b), and classifving the samples into at
least one class in a current layer, wherein the at least one class comprises a first class

(Nodes), a second class (Nodep), and an undefined third class (Nodey);
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12.

(d) proceeding a step of evaluating a performance of the discriminant analysis model
when adding the attributes into the discriminant analysis model, wherein the discriminant
analysis model further classifies the undefined class (Nodey) and the sample thereof into
a next layer when the performance of the discriminant analysis model is improved by
adding the attributes, and the next layer of the discriminant analysis model is established
by providing the criterion to determine the at least one cut-point of the samples which is
significant according to the added attributes, and then classifying the samples into the
first class (Nodey), second class (Nodep), and undefined third class (Nodey); and
(¢) providing a stop criterion, in which the discriminant analysis model stops classifying
into the next layer when there is no significant attributes can be found at next layer; or in
which the discriminant analysis model stops classifying into the next layer when
proceeding the step of evaluating the performance of the discriminant analysis model
cannot be improved by adding the aftributes to the discriminant analysis mode] under a

condition of a rejected null hypothesis.

The computer readable medium as claimed in claim 11, wherein the number of the

samples of the undefined third class (Nodey) is zero in the last layer of the discriminant analysis

model when adding the stop criterion.

13.

The computer readable medium as claimed in claim 11, wherein the selection criterion is

Wilk's lambda or Gini index.

14.

The computer readable medium as claimed in claim 11, the step of evaluating the

performance is based on a p-value calculated from a P-statistic, or is determined by a impurity

criterion;

wherein the F-statistic represents as the following equation:

-p-1/l-A
= m(“]“’ﬁv;}—p—is

P A

wherein n 1s the sample size, p is the number of attributes, and A is Wilk's lambda: and

the impurity criterion represents as the following equation:
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Npx Giritp )+ Ny 2
Gindip Y+ Np X Ginilig)

i 1ty =
P = R Nar + Ve

wherein Ny, 1s the sample size of Nodey, Ny, is the sample size of Nodey, Ng is the sample
size of Nodeg, t; is the gini value in Nodey, tyr 1s the gini value in Nodey, and tz is the gini value

in Nodegp.

15.  The computer readable medium as claimed in claim 11, wherein the criterion to

determine the at least one cut-point is Gini index, Mahalanobis distance, or Youden's Index.

16. The computer readable medium as claimed in claim 11, wherein the step of evaluating
the performance further comprises: adding the attributes into the same layer of the discriminant
analysis model established by the step (¢), so that improves the differential power of the same

layer of the discriminant analysis model.

17. The computer readable medium as claimed in claim 11, wherein the step of evaluating
the performance further comprises: adding the attributes into the undefined third class (Nodey)
and creating a layer for establishing a model, the model continuously classifies into the first class
(Nodey), second class (Nodep), and undefined third class (Nodey) by providing the criterion to

determine the at least one cut-point of the residual samples.

18. The computer readable medium as claimed in claim 11, wherein the step of evaluating
the performance further comprises: defining the first class (Node,) as an undefined class, and
then adding the attributes into the combination of the first class (Node,) and undefined third
class (Nodey) and creating a layer for establishing a model, the model continuously classifies
into the first class (Nodey), second class (Nodey), and . undefined. third class (NodeN) by

providing the criterion to determine the at least one cut-point of the residual samples.

15. The computer readable medium as claimed in claim 11, wherein the step of evaluating

the performance further comprises: defining the second class (Nodep) as an undefined class, and
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then adding the attributes into the combination of the second class (Nodeg) and undefined third
class (Nodey) and creating a layer for establishing a model, the model continuously classifies
into the first class (Node,), second class (Nodeg), and undefined third class (Nodey) by providing

the criterion to determine the at least one cut-point of the residual samples.

20. The computer readable medium as claimed in claim 11, wherein the regression analysis

comprises a partial F-test of a forward selection method.
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