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A Double-objective Rank Level Classifier Fusion Method

LIU Ming1 YUAN Bao-Zong1 MIAO Zhen-Jiang1

Abstract Recently, Melnik proposed a new rank level classifier fusion idea, which managed to keep a balance between

the preference for the specific classifier and the confidence it had in any specific rank. However, Melnik′s classifier fusion

method suffers from “the curse of dimensionality”. The number of parameters increases exponentially with the increase

of the number of classifiers. Inspired by Melnik′s idea, we propose a new fusion method, which achieves Melnik′s objec-

tives through combination of the rank transforming and the weighted classifier integration. Furthermore, a continuously

differentiable classification error expression is given. Based on that, a gradient descendent parameter tuning algorithm

is designed. We develop a multi-modal identity recognition system by fusion of palmprint and finger image data. Many

experiments have been conducted to test the performance of our method under the condition of different classifier num-

bers. The experimental results show that the performance of our method is better than those of traditional methods and

Melnik′s method.

Key words Classifier fusion, biometrics, palmprint recognition, finger image recognition
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é��ªa?1üS, �¹�©a���U5����ªa�ü3
>©3ùüa�{¥, SÒ­ü{É��õ'5©�Ï�SÒ­ü{k BC (Baoda

count)�{!HR (Highest rank)�{!Ü6£8�{. BC �{Ú HR �{'�{ü, ØI�Ôö; Ü6£8�{äkÆSUå, U
ÏL3Ôö8þ�ÆS, N�KÜ5K¥�ëê.

Saranli[3] ÄuÚOnØéüS�KÜ?1
nØ©Û, ¿JÑ
�«KÜµe. �´T�{I��OSÒ�z�«�U�|ÜÑy�VÇ, ù3aOê'�õ, Ôö��ê'����¹e¬u) “�ê/J” ¯K. Ǒd, SaranliJÑ
ÏLy©AÆ�m~�ÚOþ�)û�Y. ,
, ¡é��¢S¯K,XÛé��«é��y©�{´��ÿ�)û�JK. �C, Melnik[4] éüS�KÜ¯K�Ñ
�«#�nØ5©Û. T©ïÄ
üS�KÜ¥ü�'�5¯K: Ù�´�N!éØÓ©aì�ý­§Ý;Ù�´�|^ØÓSÒ��¹��&Ý&E. N!éØÓ©aì�ý­§Ý, =(½©aì�Ün|Ü�ª, �ØÓ©aìéKÜ(J�KǑØÓ. |^



12Ï 4 ²�µ�«V8IüS�©aìKÜ�{ 1277ØÓSÒ��¹��&Ý&E, ´�Or�SÒ�éKÜ(J�KǑ. ��SÒ��L'�p��&Ý, 
��SÒ��L'�$��&Ý. �SÒ�'���, SÒ�Czé�&Ý�CzKǑ'��;
�SÒ�'���, SÒ�Czé�&ÝCz�KǑ'��. Ǒ
L��B, �©ò(½©aì�Ün|Ü�ª�¿©|^ØÓSÒJø��&Ý&Ew¤´üS�KÜ�ü�8I, 
òU
¢yùü�8I�üS�KÜ�{¡ǑV8IüS�KÜ�{. ©z [4] ��Ñ
�«äN�üS�KÜ�{—MGR (Mixed group ranks)�{. MGR�{´�«V8IüS�KÜ�{, �´§�·^u�KÜ�©aìê8�~���¹, ÄKI�(½�ëêêþ¥�ê?O�.�©3 Melnik JÑ�KÜµeeJÑ
�«#�V8IüS�KÜ�{. 3T�{¥Äk�âSÒ���&Ý�'XéSÒ?1C�, Or�SÒ��KǑ, ,�2?1KÜ, ¿�Ó�éC�ëê�KÜëê?1`z. 3Ýþ�KÜ�{�ïÄ+�¥, �
©zæ^
C��&Ý�{JpKÜXÚ�5U[5∼8], 
Ù´©z [5] ¥JÑ
òC�ëê�KÜëêÓ�`z��{, ù��©�{'��q. �´�©ïÄ�¯Kké��AÏ5, þã©z´é�&Ý?1C�, 8�´Ǒ
)ûØÓ©aìÑÑ��&ÝØ���¯K. �©´éSÒ?1C�, 8�´Ǒ
Or�SÒ�éKÜ(J�KǑ. �
MGR�{�', �©�{�¹�ëê��, 
���
�«k���{(½Ùëê, ©a�(Çp.�©�{3õ���°£O¯Kþ?1
ÿÁ,�O
KÜÝ«ã�êâÚ��ã�êâ�õ���°£OXÚ, ¿�ò�©�{�Ü6£8�{Ú
MGR�{?1
'�, ¢�(JL²�©�{��(£OÇpuÙ��{.

2 V8IüS�©aìKÜ
2.1 �'ó��Ä���ª£O¯K, b�k L ��ªa:

{ω1, ω2, · · · , ωL}, M �Ä�©aì (�KÜ�©aì): {C1,C2, · · · ,CM}. éu?¿��Ñ\�� x,- rm
l (x)L«Ä�©aì Cm ÑÑ��ªa ωl éA�SÒ. �Ü rm

l (x)|¤��Ý
 R(x), R(x)�z��éAu���ªa, z�1éAu��Ä�©aì. ©aìKÜ¯KÒ´��âÝ
 R(x)O��� xáuz���ªa ωl �o�&Ý Sl(x), =(½�|�&Ý¼ê
Sl(x) = fl(R(x)), l = 1, 2, · · · , L (1)�Ï�üS�KÜ�{ïÄ�8I�Ñ´XÛ

k�/|Ü��Ä�©aì, ±Jp©a�(Ç, Ù¥�L5��{´Ü6£8�{[2] . Ü6£8�{�KÜ5K´�5�, L�/ªǑ
Sl(x) = −

M∑

m=1

wmrm
l (x) (2)Ù¥ wm ( m = 1, 2, · · · ,M) ´I�(½���©�+Ü6£8�{U
��/)ûëê¯K,��ò�5KÜ5K^uüS�KÜ��3��'���6à, =ØØSÒ���, SÒ��CzéKÜ(J�KǑ´�Ó�. 
¢Sþ, �SÒ�'���, SÒ�Czé�&Ý�CzKǑ'��; 
�SÒ�'���, SÒ�Czé�&Ý�Cz�KǑ'��. �éù�y�, Melnik JÑ
üS�KÜ�{ïÄ�,	��8I, =�Or�SÒ�éKÜ(J�KǑ. Ǒ
3KÜL§¥U
��ù�8I, Melnik �Ñ
��üS�KÜµe, ¿�3TµeeJÑ
 MGR�{.

Melnik�KÜµe´ÏL½Â�|�&Ý¼ê5��Ñ�, ù
5�´:

1) éAu,��ªa��&Ý¼ê=�éAuTa�SÒk', =éu?¿�ªa ωl k
Sl(x) = fl(r

1
l (x), r2

l (x), · · · , rM
l (x)) (3)

2)üN5. �&Ý¼ê Sl(x) (l = 1, 2, · · · , L)AT�X?¿��SÒ�O\
eü, =éu?¿�ªa ωl Úü|SÒ uuu = (u1, u2, · · · , uM ),

vvv = (v1, v2, · · · , vM )k
um ≥ vm, m = 1, 2, · · · , M ⇒ fl(uuu) ≤ fl(vvv)

(4)

3) éu?¿¢ê 0 ≤ λ ≤ 1,�&Ý¼ê Sl(x)

(l = 1, 2, · · · , L)AT÷v
fl(uuu) ≥ fl(vvv) ⇔ fl(uuu) ≥ fl(λuuu + (1 − λ)vvv) (5)5� 1) k�/~�
�&Ý¼ê��ê; 5�

2) �yéu?Û��Ä�©aì, '���SÒJø��&Ýo´�u'���SÒJø��&Ý;5� 3) U
Or�SÒ�éKÜ(J�KǑ.

Melnik�KÜµeJÑ
üS�KÜ���#8I, =�Or�SÒ��KǑ, ¤±�©ò÷vù�KÜµe��{¡ǑV8IüS�KÜ�{. ÄuTKÜµe, Melnik �Ñ
 MGR �{. ù«�{�KÜ5K�±L«Ǒ
fl(r

1
l (x), · · · , rM

l (x)) =

−
∑

A⊆{1, 2, ··· , M}

wA min{rm
l (x) : m ∈ A} (6)



1278 g Ä z Æ � 33òùp8Ü AǑ8Ü {1, 2, · · · , M}�?¿f8, §�êþǑ 2M − 1�; wA ≥ 0Ǒ��, �±3Ôö8þ^Ü6£8�{��. ù«KÜ5KǑ,Ǒ´�5�, �´�DÚ��5KÜ5Kké��O©§�z��éAuÄ�©aì8Ü���f8, �Tf8¥�¹õ�©aì�, l¥À���ë�KÜ, �´À�=�©aì�©aì�ÑÑ�k', ù�§|^
©aì�ÑÑ��A:©,��¡, z�Ä�©aìÑ´Ä�©aì8Ü���f8, �©������, l
q|^
ØÓ©aì�A:©©z [4] y², MGR �{÷v Melnik �Ñ�
3 �5�, l
U
Or�&Ò��KǑ, U
��/|^ØÓSÒJø��&Ý&E©3ù�¿Âþ,

MGR �{ǑüS�KÜnØïÄ�5
#g´©�´�Ä�©aì�ê8Oõ�, §�ëêêþ¥�ê?O�, ù�Ò¬�) “�ê/J” ¯K©
2.2 �©�{V8IüS�KÜ�{�²;�üS�KÜ�{���«O´3üS�KÜL§¥�Or�SÒ��KǑ©Äuù«g�, �©JÑÄk�âSÒ��¹�&Ý&E�Cz5Æéz�©aìÑÑ�SÒ�?1C�, Or�SÒ��KǑ, ,�2?1KÜ©�©�KÜ5K�±L«Ǒ
fl(r

1
l (x), r2

l (x), · · · , rM
l (x)) =

M∑

m=1

wmgm(rm
l (x))

(7)Ù¥ wm ≥ 0, gm(·)ǑüNeüà¼ê, ^±éSÒ�?1C�.N´y²#�KÜ5K÷v Melnik �Ñ� 3�5�. Äk, éAu,��ªa��&Ý¼ê=�éAuTa�SÒk', §÷v5� 1); Ùg, ª
(7) �z��Ñ´üNeü¼ê, o��&Ý�X?¿SÒ�O\
eü, ¤±§÷v5� 2); ��, -
λ = 0,K fl(λuuu + (1 − λ)vvv) = fl(vvv),l


fl(uuu) ≥ fl(λuuu + (1 − λ)vvv) ⇒ fl(uuu) ≥ fl(vvv)¤±y²ª (5) ¤á=Iy²Ù�>U�Ñm>.Ǒd��&Ý¼ê fl(uuu) �z���Ñ½Â��Y²8 Γuuu = {uuu : fl(uuu) ≤ s}, ¿�òz�SÒ�½Â�ÿ2Ǒ�¢ê (à8). duz� gm(·) Ñ´à¼ê, à¼ê��\�Ú�´à¼ê, ¤±ª (7) ½Â��&Ý¼ê´à¼ê. qdu3à8þ½Â�à¼ê�Y²8´à8, ¤±z�Y²8 Γuuu Ñ´à8©¤±éu?¿ü|SÒ uuu = (u1, u2, · · · , uM ),

vvv = (v1, v2, · · · , vM ),e fl(uuu) ≥ fl(vvv),Kk

fl(uuu) ≥ λfl(uuu) + (1 − λ)fl(vvv) ≥ fl(λuuu + (1 − λ)vvv)Q,�SÒǑ�¢ê�, ª (5) ¤á, �o�SÒǑ��ê�, ª (5) E,¤á, ¤±ª (7) ½Â�KÜ5KǑ÷v5� 3). ù�, �©JÑ�KÜ�{ÎÜMelnik JÑ�KÜµe©�â©z [4], SÒ��¹�&Ý&E�Cz5ÆǑ: �SÒ�'���, SÒ�Czé�&Ý�CzKǑ'��; 
�SÒ�'���, SÒ�Czé�&Ý�Cz�KǑ'��©¤±ª (7) ¥�¼ê
gm(·) (m = 1, 2, · · · , M)Ø=üNeü, 
��XgCþ�O�, eü�Ý�5�ú©3~^�ëY��¼ê¥, �êǑK���¼êÚ.�u 1 ��ê¼êÑ'�ÎÜù�A:, �©ÏL¢�uy�¼êÑ�u�ê¼ê, ¤±�©í�ò¼ê gm(·)5½Ǒ�êǑK���¼ê, Ù/ªǑ

gm(t) = t−bm (8)Ù¥ bm ≥ 0´�(½�ëê. òª (8) �\ª (7),���©æ^�äNKÜ5KǑ
fl(r

1
l (x), r2

l (x), · · · , rM
l (x)) =

M∑

m=1

wm(rm
l (x)−bm)

(9)�©JÑ�#KÜ5K=�¹ü|ëê: �|ëê wm (m = 1, 2, · · · , M), ^5N!ØÓ©aìé�ª©a�KǑ; ,	�|ëê bm (m =

1, 2, · · · , M),^5Or�SÒ��KǑ©� MGR �{�', �©�{äk±e 3 �`::

1) ëêêþ� (��KÜ�©aìêþ�u 2�);

2) ëêk¢S¿Â;

3) ¼êL�ªäké��)Û5©ù
`:k|u·�(½Ü·�ëê, ��/¢yMelnikJÑ�KÜg�, k�/)û©aìKÜ¯K©
3 ëê�)Ǒ
(½KÜ5K¥�ëê, �©æ^
�«kiÒ�ÅìÆS�{ — FÝeü�{. ǑdI�Äk½Â��ëY���8I¼ê. 3©a¯K¥, ~^�8I¼êk��þ�Ø� (Mini-

mum squared error, MSE) 8I¼êÚ��©aØ� (Minimum classification error, MCE)8I¼ê.

MSE8I¼ê/ªþ'�{ü, Ù":´ØU�©aØ���z. ©z [9] éMCE8I¼ê9ëê`
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�\ïÄ©�âÙïÄ¤J, ½ÂMCE8I¼êI� 3 �Ú½: Äk, �Ñ��©a�ØÇ�ÿÝ, ù�ÿÝ3©a�(Ú�Ø���ÎÒ��;,�òTÿÝ^ëY���¼êCqL«Ñ5; ��^����¼êé§?1C�. ²Lù 3 �Ú½����8I¼ê/ªþ´'�E,�.

Paredes �[10] 3ïÄ�C�©aì�JÑ
�«'�{ü�½Â MCE 8I¼ê��{. 3T�{¥, �éz��Ôö��, 3ÙÓa��ÚÉa��¥�ÀJ���Ùål�C���, ,��âùü��ÀJ���½Â��/ªþëY���©a�ØÿÝ¼ê©du��ÀJÉ�ëê�KǑ,¤±���©a�ØÿÝ¼ê´Ø���. Ǒd,

Paredesb½�ëê3é����SCz�, ëê�C�é���ÀJvkKǑ, l
Cq�Ǒ�âùü��ÀJ���½Â�©a�ØÿÝ¼ê´ëY���. ù�ÒØI�©z [9] ¥(½MCE8I¼ê�1 2 �Ú½, 
����8I¼ê'�{ü. �©/�
 Paredes�g�, e¡�Ñ�©(½ MCE8I¼ê��{9(J.b½�� xáu�ªa ωq(x),�âª (9) �±O��� xáu�ªa ωq(x) �o�&Ý
Sq(x)(x) =

M∑

m=1

wm(rm
q(x)(x)−bm) (10)Ó��±O��� xáuÙ��ªa�o�&Ý Sl(x), l ∈ Λ, (Λ = {1, 2, · · · , M} − {q(x)}).é�� x�©aØ��±L«Ǒ

err(x) = Sq(x)(x) − min{Sl(x) : l ∈ Λ} (11)duØÓ�ªaéA�SÒ�þØÓ,

err(x) = 0 ��¹Ø¬Ñy, err(x) ��=k±eü«�¹:

1) err(x) > 0,d�é�� x�©a´�(�;

2) err(x) < 0,d�é�� x�©a´�Ø�.½Â����¼ê
step(t) =

1

1 + eQt
(12)Ù¥ëê Q ´��'����ê, �©¢�¥�

Q = 100.

^T¼êé©aØ�?1C�, òé���©a�(�ÄL«Ñ5, �{Xe
err′(x) =

1

1 + eQ(Sq(x)(x)−min{Sl(x):l∈Λ})
(13)b�Ôö8Ǒ D, K�©�{3Ôö8þ�©a�ØÇ�±L«Ǒ

ED =
∑

x∈D

1

1 + eQ(Sq(x)(x)−min{Sl(x): l∈Λ})
(14)Ǒ
^FÝeü�{O��&Ý¼ê�ëê,I��ØÇ�L�ª´ëY���, ,
3ª (14)¥, �3��Ø���L�ª min{Sl(x) : l ∈ Λ}.Ǒd, b½ min{Sl(x) : l ∈ Λ} = Sp(x), =3Ø��� x �ý¢aO ωq(x)±	��ªa¥, �3���&Ý�p��ªa ωp(x). 3éëê?1���,b½KÜ5K¥�ëê=3��é����SCz,l
�±Cq�Ǒëê�CzØKǑ����ªaéA��&Ý�üS, =ëê�Cz� p(x)���'. ù��±òª (14) {zǑ

ED =
∑

x∈D

1

1 + eQ(Sq(x)(x)−Sp(x)(x))
=

∑

x∈D

1

1 + eQ
∑

M
m=1 wm(rm

q(x)
(x)−bm−rm

p(x)
(x)−bm )

(15)òª (15) ½Â�Cq�ØÇ�Ǒ8I¼ê, �Ù��z, �±^FÝeü�{�Ñ��KÜëê.ǑdI�Uìe¡�ª (16) Ú (17) O� ED �éu��KÜëê��ê.

4 ¢�
4.1 ¢�êâ�©æ^
or�æ8��Üã�êâ¥[11].Tã�¥¥�¹ 98 �<� 1971 |Ý«ã�Ú��ã�, ·Üu?1õ©aìKÜ¢�. Ý«£O®²¤Ǒ)ÔAÆ£O+�¥���ïÄ9:, ù�¡�ïÄéõ[12∼15]. ��ã�£O´8
#Ñy��

∂ED

∂wm

=
∑

x∈D

−QeQ(Sq(x)(x)−Sp(x)(x))

(1 + eQ(Sq(x)(x)−Sp(x)(x)))2
(rm

q(x)(x)−bm − rm
p(x)(x)−bm) (16)

∂ED

∂bm

=
∑

x∈D

QwmeQ(Sq(x)(x)−Sp(x)(x))

(1 + eQ(Sq(x)(x)−Sp(x)(x)))2
(rm

q(x)(x)−bm ln(rm
q(x)(x)−bm) − rm

p(x)(x)−bm ln(rm
p(x)(x)−bm)) (17)



1280 g Ä z Æ � 33ò�ïÄ��©or[11] ÄkJÑ
Äu��ã���°�y�{, ¿��Ñ
�«Äu>Æ&E�AÆJ��{; Ribaric [16] JÑ
KÜÝ«ã�Ú��ã���°�yXÚ; ���[17] JÑ
Äu���'!��°�y�{.or�æ8�ã�¥¥, z|ã��)Ý«ã�! �ã�!¥�ã�!�¶�ã�Ú�-�ã���Ì©�©¢�¥=À^
Ý«ã�! �ã�!¥�ã�. ù��O´ÏǑéõ<��¶�Ú�-�ØN´��, ¤±Äu�¶���-��£O�{�­½5'��©
4.2 ¢��O3¢�¥ò�©ã�©Ǒ 3 �8Ü: Ôö8, ��8ÚÿÁ8. Ôö8�¹z�<� 3 |, � 98× 3|ã�, ^5ÔöÄ�©aì; ��8�¹z�<�
3 |, � 98 × 3 |ã�, ^5ÔöKÜ�{; Ù�ã��Ü^�ÿÁ��.Ý«ã�eæ�Ǒ 32 × 32,��ã�êâeæ�Ǒ 30 × 90. z«ã�êâ©O²LÌ©þ�{
(Principal component analysis, PCA) Ú�5�O©Û (Linear discrimination analysis, LDA) ?1ü�[18], =zǑ 32 ��AÆ��, ,�²L�C�©aì?1©a©ù��âz«Ñ\êâ��Oü�Ä�©aì (�C�©aì), ��¼� 6 �Ä�©aì. éu?¿Ñ\��, z�Ä�©aìO�T���za����C�ål, ¿��âål���ò���ªaüS, ÑÑ�|SÒ, �ÜÄ�©aì�ÑÑ(JnÜå5�¤��SÒÝ
.3¢�¥, ò�©�{�Ü6£8�{±9
MGR ?1
'�©��8���²L��Ä�©aì�?n����SÒÝ
�¤KÜ�{�Ôö8, ÿÁ8���²L��Ä�©aì�?n����SÒÝ
�¤KÜ�{�ÿÁ8. 3�©�{�ÔöL§¥, �{�S�gêþ�Ǒ 100, ëê
wm ��Ǒ 1/M ,ëê bm ��Ǒ 1. 3Ü6£8�{�MGR�{¥, ëì©z [2] �ëê�, òSÒ�����Ǒ 10.Ǒ
'���KÜ�{�5U, �©�?1
Ä�©aì�ê8Ǒ 2 �!3 ���¹e�¢�©l
6 �Ä�©aì¥?À 2 �?1KÜ¢�, �k 15«�¹, �?1 15 g¢�; 
KÜ 3 �©aì, �±?1 20 g¢�. ù«¢��O�{�±'�¿©�w«KÜ�{�5U©
4.3 ¢�(J�©?1
E,^�e�õ���°£O¢�,¢�¥�êâã�©EÇ$, æ8uØÓ��m, Ôö���©3ù��^�e, ��Ä�©aì��Ø

Ç'�p, XL 1 ¤«©L 1 Ä�©aì�©a�ØÇ
Table 1 Classification error rates of the base classifiersêâ
 Äu PCA �©aì (%) Äu LDA �©aì (%)Ý« 10.41 7.45 � 7.59 10.85¥� 6.0 6.151�Ü©¢�´KÜü�Ä�©aì�¢�,ò�©�{�Ü6£8�{±9 MGR ?1'�.l 6 �©aì¥ÀJü�©aì, �±?1 15 g¢�, ù
¢���ØÇ�ã 1, ²þ�ØÇ�L 2.�±wÑMGR�{�²þ�ØÇ$uÜ6£8�{, �´U?þ'��. �©�{�²þ�ØÇ'
MGR�{eü
� 1 �z©:. �©�{3 14 g¢�¥Ñ²w`uÜ6£8�{Ú MGR �{, =3�g¢�¥, Ù�ØÇÑpu MGR�{.

ã 1 KÜü�©aì�¢�
Fig. 1 Fusion experiments of two classifiersL 2 KÜü�©aì��²þ�ØÇ

Table 2 Average classification error rates of fusion of

two classifiersÜ6£8 (%) MGR(%) �©�{ (%)

5.32 4.89 3.861�Ü©¢�´KÜ 3 �Ä�©aì�¢�,E,ò�©�{�Ü6£8�{±9 MGR�{?1'�. 3ùÜ©¢�¥, �©�{k�ØU�LÙ��{. Ǒ
Bu©Û�Ï, ·�ò¢�y©Ǒ�'©aì¢�ÚÕá©aì¢�. Äk·�?1�'©aì�¢�, l 6 �©aì¥ÀJ 3 �©aì, ÀJ� 3 �©aì�¥k 2 �©aì�Ñ\êâ5gÓ��êâ
, ù��±?1 12 g¢�, ¢�(JXã 2 ¤«. ,�?1Õá©aì�¢�, l 6 �©aì¥ÀJÑ\êâ5gØÓêâ
� 3 �©a



12Ï 4 ²�µ�«V8IüS�©aìKÜ�{ 1281ì, �±?1 8 g¢�, ¢�(JXã 3 ¤«. KÜn�©aì�²þ�ØÇ�L 3. lêâ¥�±wÑO\
��©aì��, �KÜ�{�©a�(Çké��Jp. �Ä�©aì�m�3�''X��ÿ, �©�{Ñ`uÙ��{, �´U?þØ�. �©aì�m´Õá'X�, �©�{3z�g¢�¥þ`uMGR�{ÚÜ6£8�{.

ã 2 KÜn��'©aì�¢�
Fig. 2 Fusion experiments of three correlated classifiers

ã 3 KÜn�Õá©aì�¢�
Fig. 3 Fusion experiments of three independent classifiersL 3 KÜn�©aì��²þ�ØÇ

Table 3 Average classification error rates of fusion of

three classifiersÜ6£8 (%) MGR(%) �©�{ (%)�'©aì 2.96 2.87 2.66Õá©aì 1.55 1.53 0.931nÜ©¢�´KÜ�Ü 6 �Ä�©aì�¢�. dud�XJæ^ MGR�{, KÜëêòO\� 26 − 1 = 63�, KÜ5KLuE,, ¤±·�=ò�©�{�Ü6£8�{?1
'�. L 4 �Ñ
ü«�{��ØÇ. �±w�, KÜ�{��ØÇqk�½§Ý�eü, �©�{`uÜ6£8�{.

L 4 KÜ 6 �©aì��ØÇ
Table 4 Classification error rates of fusion of six

classifiersÜ6£8 (%) �©�{ (%)

0.65 0.29

4.4 ¢�©Û�©?1
ØÓ^�e��þ¢�, ¢�(Jw«�©�{�©a�(ÇpuDÚ�üS�KÜ�{�MelnikJÑ�KÜ�{. ù´due¡ü��Ï:

1) �©�{¥�ëê���\Ün, U
��/¢yüS�©aìKÜ�ü�8I;

2) �©�{�k��é��ëê`z�{, U
lêâ¥ÆS�Ü·�ëê©3KÜü�Ä�©aì�¢�¥, Ä�©aì�m�'X�~{ü, �©�{3©a�(Ç�¡²w�L
Ü6£8�{Ú MGR�{©3KÜ 3 �Ä�©aì�¢�¥, �Ä�©aì�m´Õá'X�, �©�{²w`uÜ6£8�{Ú MGR �{, �´�©aì�¥kü��'�, �©�{�Ù��{��ÉØ²w©��ù�y���Ï´du� 3 �Ä�©aì¥kü�©aì�Ñ\êâ5gÓ�êâ

,	��©aì�Ñ\êâ5gÙ�êâ
�, Ä�©aì�m�O�KǑO\
, 
SÒ��É�KǑC�
©3ù«�¹e, V8IüS�KÜ�{�`³~�
©3KÜ 6 �Ä�©aì�¢�¥, Äuz�êâ
�)�©aì�ê8�Ó, d�Ä�©aì�m��O�KǑ~�
, 
SÒ���É�KǑC�, �©�{�`³qO�
©
5 (Ø�©�â Melnik �KÜg�JÑ
V8Iõ©aìKÜ�Vg, ¿��Ñ
�«#�üS�©aìKÜ�{. T�{òéSÒ���5C��©aì�\�|ÜÆNå5, ¿�ä��«k��ëê`z�{.3¢�¥, �©�O
KÜÝ«ã�! �ã�Ú¥�ã��õ���°£OXÚ, ?1
�«�¹e��þ¢�. ¢�(JL², �©�{�DÚ�üS�KÜ�{Ú Melnik �KÜ�{�'äk���ÆSUåÚ�p�©a�(Ç.
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