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Abstract
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1.1 Background
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2 Feature extraction

gch%i�j�k%l�m$i!i�n�k%m$j�o�k%p�q�rCs�i�k%t�q�uSq:mQs�j�v�v�p�r�wSs�i�k�t0q�uSp�x�j!v�m$q�o�i�x(x�k%t�j�k�t�j�x�j�x�p�r�v�l�k�j�rCr�y$u�p�s�i�rzxWp�q�r�j�{
h9i�j�k9l�m$i�y$|0i�o�k%q:mH}̂ ~��0�S~��������%�����0~��_���<���������z�����:�0~����%��~��%���$���$�������%�:���Q�d�����������0�����C�����!�� 2�(�W��¡�¢�£̂ ¤� :¤�¥
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2.1 Unsupervised mapping methods
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2.2 Supervised mapping methods
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]u_+g(s�[xX+yQ^z_+W2^	ct[xX+[xct[u]u[{X1yQYL[u]u^zW|X1i|`B]1^zgpg(X1`}^~W2f�yB`|^	�B`2f�i|j{W�]�]1[z]1W}^zf�W2YL`2��g(hzh	d+`2^zs�`|`2X;c�[{X1[{c�[z]u[xX+yQs�[x^z_+[{X1�
]�iMWM^@^@`Mf�WJXBY�fI`T]�^@g�fI[OXBy�^@_B`;dB`M^@st`M`MXB��]�iMWM^@^@`Mf�WT]U]�g�iM[HWM^@`JY�s�[H^@_p^@_B`;^�WJfIy(`M^��(g�]�[H^@[Hg�X�]UkU�a_B[�]([�](WEh@b(XBY(WM�
ce`MXB^�WMjMY([�h@h�`MfI`	XBiM`Es�[�^@_\XBg�fIceWMjM������ceW	�(�T[HXBy v st_�[HiM_�[�]TWMX�g�^�_B`Mf�^@f�WMYT`M�Ig�h�h�d�`M^@s�`	`MX�ce[�XB[Hc�[�]�[HXBy
s�[x^u_1[xX1��]@i2W2^u^u`2fTW2X1Ypc�WJ�1[xc8[u]@[OX1ypd1`2^us�`2`2X1��]@i2WJ^z^u`2f�k
� jO^u_Lg�b�y�_no1q�w(r�^u`JjOj@]�b�]�^u_LWJ^BiJjOW(]"]�]�`J�(WJf WJdL[OjO[O^u��[@]B[HX1iJfI`JW(]@`JY v [O^BY�gT`T]BXLg�^LY�[OfI`JiJ^ujO�E^@`JjOj|b�]�st_LWJ^L^uWJf y�`M^�]
]�_�g�bTj�Ytd�`Qb$]�`	Y�k � i	f�[�^�`	f�[�g�X�^�_�W	^�i	g�b�j�Y�d�`Qg��T^�[�c�[�]�`	Yth�g�f�^�_�`Q^�W	f�yT`	^U]�[�]�^�_�`n�Tf�`�]�`	f���W	^�[�g�X�g�hT^�_�`
y�jOg�dLWJjB]�^@f b�iJ^@b�f `a[OXp^u_L`af `JiMgTX�]�^@f b�iJ^@`JY�h@`JWJ^ub(f `J��]���WJiM`(km��g�Y(g�^u_L[�]�st`aiMWJXnY(`Jhu[HXL`aW�]�iJWJ^@^u`Jf�c8`JWT]�b�fI` v]�[Hce[HjHWMf�^@g�o��Jr v ]�_Bg�s�[HXLy�^@_B`�]�iMWM^@^@`Mf�g�h�]�WMce�(jH`T]|�1���J�I�����L�\�@�L�J O���@�J� ¡(�J�B¢L�J£M�u���T¤{¥"¦T§
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3 Network training
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3.1 Feed-forward Neural networks

ÔBÕUÖ/×FØ�Ù'Ú'×CÛDØ�ÜCÝ>ÞUÜCß'ØZà
ÖEá-â,Ö�ã/Ý-á-Ö/Ù�à Ý'Û�ØZã�ã/Ý-Ý-ä'å ã/Ø�à æ3á-à ä�âFÝ�Ù�à á�Õ�âFÝ-Ö/æ3Ø�à çgÛ�á-à ÝMä�ÞEÛEè-ÙgÛ�ÛDÝ-ä�é,Ý-ÕUØZæHê?Ö/×FÞDÛ
ÛDÝ�è�ÖEÞUØ�â ÞDÛ�éFëKâ�Ø3ÜCÝ�á�âÊÛ�áHè�ØZÜ�ß�ÕUÝ�ÖEÝVÞ�â�ÖEà Ø�ä�Ù�è-ÖEÞ�ØZâ�ÖEØ3âFÝ�Ù�à9á-Õ�âFÝ�ÖEæ3Ø�à ç_Û¦ìSí�Ø�à�à9Ý�á-ä�Ý�à5Û�ÖE×Fá�Ö�æ3á�âFÖ�ÖEØ
çFâ�Ø�æîÜNØ�àQÝPá�é�Ø�ÙFÖ�â�Ý�Ù�àQá�ÕSâ�Ý�Ö=ævØ�àQç]Û,á�âHÞ0â�Ö�àQØ�ä�ÙFè�Ö�Þ0Ø�âHÖ=Ø â�Ý�ÙFàQá�ÕSâ�Ý�Ö=ævØ�à
çÊÛ,è�á�âVé�ÝIã=Ø�Ù�â�äKÞ0âvïSð9ñ�ò'Ø�à�Ø�â
Ö¢×?Ý_óDâ?Ö¢Ý5àDâ?Ý5Ö-á5Ö ô\×�Ö¢Ö=ß�ô õ�õXæBæ�æBìUÛ/×?Ý�ã9ì á�è�ì ÙFçFõößÊÛ/ë-è�×�Ø'Õ0Ø'ÚFë�õXÚFÙFàQâ�Ý�ë-õöâ?Ø�Ö=Ý�Û�õöè�Ø'â�Ö=Ý�â�Ö9Û\ì ×?Ö=Ü3Õ�ì
Ô÷è�ØZÜ�ÜCØ�âFÕ�ë�Ù_ÛQÝ-ävÖEë�ß�ÝVØZã�âFÝ�Ù�à á�Õ-â�Ý-ÖEæNØZà9çBÞDÛ�ÖE×FÝVãEÝ�Ý�ä�å ãEØZà9æ3á�à9äBâ�Ý-Ù�à9á�Õ-âFÝ�ÖEæ3ØZà9ç_ìSøM×FÞDÛ�â�Ý-ÖEæ3Ø�à ç
è�Ø�â�Û/ÞEÛEÖ\Û�Ø�ã,Ø�â,ÝMÞ%â,ß�Ù�ÖFá�â,ä Ø�â,ÝMØ�Ù'Ö�ß'Ù�ÖFÕ%á�ë�Ý-à�á�â,ä Þ%â�é,Ý�Ö/ævÝ�Ý-â�á�â�á�à
é,ÞUÖ�à
á�à ë>â,Ù'ÜNé,Ý�à�Ø�ãF×,Þ%ä�ä'Ý�â�Õ%á�ë?Ý�àSÛ(ì
ù á�è�×HÕ%á�ë�Ý�à�Þ�ÛFé,Ù�Þ0Õ%äKØ�Ù�Ö�Ø�ã�á�âVá�à
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Hidden layer with m neurons with
non-linear transfer functions

n inputs

k outputs
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3.2 Training methods
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3.3 Improving network initialisation for diabolo networks
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4 Classification
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4.1 The nearest mean classifier
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4.2 The Mahalanobis classifier
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4.3 The k nearest neighbours classifier
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5 Experiments
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5.1 Artificial 2-dimensional feature-spaces
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ôhâ�ãNä2ò̀ í-ä�à�áhæ+ò�ã?è�ßhòWãNá7æ	�wà�áhä̂ ç�éFßhòFè�í-ä�ß7à�è2ðmòFâ�ç�ç�ä2ê�ä�ßhå�ä�ã?óhä�à��'ä�ä�ß'ãNéFïFä�ê�ôhâ�ã�ä�ò̀ à�è�ê�üFä�àhóhè�ã�ä�ò̀ í-è�ïFïFâ�ßhü
�'â�à�á�ò�âgè�óhæ+ð�æ�ßhä�à��kæ+ê���ã?è�ßhò̀ ßhæ�ê�í-è�ðmù�ú®ûwí-è�ïFïFâ�ßhü��

Þ�ß9à�áhä̂ ç�æ�ðKð�æ��'â�ßhǜ ê�ä�ãNé�ð�à
ãFè�ê�ä̂ òFâ�ãNå�é$ã�ã�ä�òIè�ßhòWãNæ�íWä̂ â�ßhà�ä�ê�ä�ãNà�â�ßhüIïFáhä�ßhæ�í-ä�ß7è̂ è�ê�ä̂ ôhâ�ãNéFè�ð�â�ãNä�ò���ö�æ+ßhà�æ+éFê�ë
ï�ðKæTà�ã�è�ê3ä"é$ã
ä�òIàNækê3ä�ðKè�à�ä=à�á?ä"ä�ìhàNê3è�å�à�ä�ò���ë3ò�âKíWä�ßbãNâKæTß?è�ð�ç�ä�è�à�é�ê3ä�ã�à�ækà�á?ä"æ+ê3âKü�âKß?è�ð2ñ�ë3ò�âKíWä�ßbã
â�æTß?è�ð2ç�ä�è�ë
à�éFê�ä�ëXãNïFè�å�ä����̂ áhä�ãNä=ïFð�æ+à
ãFå�è�ß9óhä̂ â�ßhà�ä�ê�ï�ê�ä�à�ä�ò̀ è�ãFáhä�â�üFáhà�ë�í-è�ï$ãFæ�ç?à�áhä=æ�ê3â�üFâKßhè�ðmç�ä�è�à�é�ê�ä�ë/ãNï�è�å�ä��'â�à�á9à�áhä
áhä�â�ü�áhà?óhä�â�ßhüIà�áhä=ä�ìhà�ê�è�å�à�ä�òIç�ä�è�à�é�ê�ä=è�à?à�áhè�à?ï�æ×ãNâ�à�âKæ+ß9â�ß*à�áhä=æ+ê�â�ü�â�ß?è�ð2ç�ä�è�à�éFê3ä�ëXãNïFè�å�ä����̂ áhâ�ã�í-ä�è�ß�ã�à�á?è�à
ï+æTâÚßFà�ã�æ�ßVæ�ßFä9å�æ�ßFàNæ�é�ê$ð�â�ßFä9è�ðÚðTã áFè�ê[ä9à
áFäiã è�íGä*ô?èjð�é�ä9ç
æ�ê�àNáFä*ä�ìFàNê[è�åjàNä�òiçNä�è�à
é�ê[ä �Xùbæ�ê$ß?æ�ßFë[ðÚâ�ßFä�è�ê
íGè�ï�ï�â�ßFüVíGä�àNá?æTònã+àNáFä	ä�ì?àNê[è�å�àNä�òVçNä�è�àNé�ê3ä+ã	�iä�ê[ä	çNâ�êmã
à�ê3è�ß���ä�òkó?ä�çNæTê[ä	énã âKßFüVè+ã"!ÚáFä�âKü�áFà�#$�%�=áFâNã	�-è�ã
ò+æ�ßFä àNæ ï�ê[äjôFä�ßFà'ã åjè�ð�ä ï+ê[æ�óFð�äjíÛã&�-â�à
á ôFâ ã é�èjð�â
ã èjàNâ�æ�ß ò+é�ä àNæ àNá�ä ß�æTß�ë[ð�âÚßFä�è�ê�à
ê[è�ß�ã�çNæ�ê[ícè�àNâÚæ�ß��
' æ�íGä	ï�ð�æTà�ãTè�ê[ä'ã
áFæ �-ß��iâ�àNáIßFè�íGä�ãTðKâ(��ä*)2ñ�ë�+�ë,��ë�-�ë3ñkíGè�ï�ï�âKßFü�.	�%/&�*àNá?â
ã	�-ä	íGä�è�ßIàNáFè�à
�nçNä�è�àNé�ê[ä
â ã�ä�ìFà
ê[èjå�à
ä�òGç
ê[æ�í èIñ+ë[ò+â�íGäjß�ã â�æ�ß�è�ðFçNä�èjàNé+ê[äTã ï�èjå�ä�énã âÚßFüGèIðÚè0�hä�ê1�-â�à
á2+IßFäjé�ê
æTß$ã�ç
æ�ê×äjìFàNê
è�å�à
â�æ�ß
è�ßFòcèVð�è0�7ä�ê3�-â�àNá4-cßFä�é�ê[æ�ß�ã$ç
æTêpê[ä�å�æ�ß�ã àNê[é�å�à
â�æTß��

5.1.1 Two linear separable classes576�8�9;:�9�<>=@?�A;BDCE8GFH?�I�J�K;L�:�CEB�K�?�:�<NM�6�8�9;<OB�CQPOK*M�:�?�?�B�6$K*R�<>:�F�FHPOI�P>R�:�?�P>8�K*PSF,?�A;BTFHB�M�:�6�:�?�P>8�K*8	I�?�UV8�R�<>:�F�FHB�F�W
XYKV?HA�PZF7B0[�:0C\M	<(B�IHB]:0?ZJ�6YB	F7:]6�BTB][�?Z6�:0R]?HB]LEIZ6�8�Ĉ ?HUE8_K�8�6YC\:0<̀ <(=aL	PZF$?Z6�P̀ 9�J�?ZB0L4R0<̀ :	FbF$B F7UEP(?ZAV:0K�8�IHI�F�B0?
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d�e7fZgih0j`k0l]mYj(nog$p�q�rEs�eZp�l]e�eZp�k�h]j(l gbg�f`s�tZq�mYu_l0eZf`q�s�v"g$k]w4x�nay�z�{|u\l]}	}�f`s�~\mYk	g$v	j`e�g�f(sEq�}	eHf`u_l0j�tHk]l]�
eHv	m�k0�Yk0��eZm�l]h0eZf(q�s�����f(s�h0k�eHp�kTtZk0l0eZv�mYk	g7k]��eHmYl0h0eZk0w4rEf(eZpVj`f(s�k0l]mGy�zD{�u_l0}�}	f(s�~4l0mYkTl]j(m�k]l0w	n�q�}	eHf`u\l]j
eHp�k�m�k	g$v	j(e	m�k0u_l0f(s�g�k	gbg$k0s�eZf(l0j`j(nTeHp�k�g$l0u\k�tHq�m�s�q�s���j(f`s�k0l0m�w�f`l0x�q�j(qEs�k]eHrEq�m��"gb�Nf(e	fZg p�q�rEk0��k]m7f(s�eZk0mY�
k	g$eHf(s�~EeHq�g$k0kTr�p�l0e�tHk]l0eHv�mYk	g�l0m�kTk0��eHm�l0h]eHk0wEx�n�v	s�g$v�}�k]m���fZg$k0wE��z��i�T��u_l0}�}�f`s�~G��d�s�q�v�mGk0��}�k0m�f`�
u\k]s�e�g�eZp�k�g$u_l]j(j]s�k0eZrEq�mY�"g�w�f`w	s���e	j`k0l]m�sal0s�n;eHp�f(s�~Vu_q�m�k�eZp�l]sas�q�m�u_l0j]�G�T�V�;eZp�k�j`l0m$~�k
s�k�eHr�q m��Gg
p�q�rEk]��k]m1tZq�v	s�w�g$q�u_k�u\q�m�k�h]q�u_}	j(k]�Eh0v	mY��k g$��u_f`s�f`u\f$g$f`s�~\w	fZg�eHl]s�h]k g�eZqoeZp�k�q�mYf`~�f`s�l]j�g$l]u_}	j(k gb�
d�sotHf(~	v�m�kE��lEh0q�s,eZq�v�m���}	j(q�e1fZgTg$p�q�r�soq�t1v	s�g$v�}�k0mY�,f$g$k0w2tHk0l]eHv�mYk0��k0��eHm�l]h0eHf(q�sorEf(eHpolEs�k0v	m�l0j�s�k0eZ�
r�q�m���rEf(eHp��os�k0v�m�q s�g�tHq�m�k0��eHm�l0h�eZf(q s�l0s�w��os�k0v�m�q�s7g�tZq m�m�k0h0q�s7g$eHm�v�h0eHf(q�s�����j(eHp�q�v�~�p�eHp�k�k0���
eHmYl]h0eZk0wEtZk]l0eZv	m�k g�l]m�kTv"g$l0x�j(kTtZq�mih]j`l	g%g$f(tZf`h0l]eZf(q�sVeZp�kTm�k g$v	j(e�h]j(k]l0mYj`n�m�k]u\l]f(sigDg$v	x�q�}�eZf`u\l]j$�

���_�Z���$ 1¡]¢�£0¤_¥	¦(¡�¥�§Y¨�©�¦(¡]¤� 1£]§Y�Z �¡Vª�«	¡V�Z¨��Z��¡V�`���`�Z�(£]¦`�Z �£0�Z�`¨��_¬E�`�H�_­G®T¯V°�¬E���`±0�_£  � $��¨�¬E�_£]©�¨�²�¡
±]¦`¡]£]§Y¦´³4ª	¨�¡  ��iµ��"��¡]¦`¥2�`�¶�`ª ¡]���$�`·$³;�´��¸��$��¡�ª	�´·�·Z¡0§Y¡0���G±0¦(£  b $¡	 b¹�ºi¨» $¡0¡��(·i¨��Z��¡0§T $¨ ¦`«��H�`¨ �� "±0¨�«�¦(ªo©�¡
¨�©��$£]�`��¡�ª¶©�³�ª �`·�·H¡]§Y¡0�����`���`�Z�(£]¦(�$ $£]�Z�(¨���°	£_ �¡0±]¨���ª_��¡0�Z¬E¨�§Y¼_¬E£	 G�Z§�£]�(��¡0ª_©�«	����¨�¬½�(���(�Z�`£0¦`�$ $¡0ª_¬E�`�Z�
�H��¡�¬E¨�§� $��­G®T¯¿¾7¡]£0�H«	§�¡]°��Z¹À¡	¹7¤_£0¥	¥��(��¸»�(�Á�Z��¡�ª��`§�¡0±]�H�`¨��Á¨�·� $¤_£0¦(¦`¡	 $��²�£0§Y�(£0��±]¡0°��Z��¡�§�¡	 �«�¦(���$ 
 $��¨ ¬E���`��·H�`¸�«�§Y¡VÂ	¹%º@���Z �¡0¢�£0¤\¥	¦(¡*±0¦`¡0£0§�¦`³E $��¨�¬�  �Z��£0��¦`�(��¡0£0§�¤\£0¥	¥��(��¸"  £0§�¡���¨ �	£0¦`¬�£]³�  �Z��¡*©�¡	 $�
 $�Z£]§Y�Z�(��¸V¥	¨��(���Z°,¡  $¥	¡]±0�`£]¦`¦(³��`· ��¨4±]¦`£	 % $ÃY�`��·Z¨�§Y¤\£]�Z�`¨��a�$ �«" �¡0ª"¹

Ä�Å0Æ�Ä�Å0Ç�È�É(Ê0Ë	Ì(Í0Æ7ÎHÏ�ÎZÐ�Å*È�É(Æ�Å0Ê0ÎHÉ(Ï�Ç�Ï Ñ�Ì`Í0ÆÓÒ	Å	ÔZÎ	Õ,Í0ÆYÉ(Í0Ç,Ê0Å	ÖN×�Å]Æ�Å*Ø�Å*Å0Ù�Ä�Å0Ê0ÎHÅ0ÈVÚiÛTÜ�ÎHÏEÑHÍ0É(Ì0Ý�Å0Ê0Í0ËGÔ$Å*Ï Ñ
ÎZÐ�ÅVÆYÅ]Ì`Í]Î$É`Õ�Å]Ì`ÞEÌ`Í�Æ$Ò�ÅaÕ�Í0ÆYÉ(Í0Ç�Ê0ÅaÉ(Ç4ÎHÐ�ÅaØEÏ�Æ�Ô$Î
Ô$Å0Ä	Í0Æ�Í0Ý�Ì`Å�È	É(Æ�Å0Ê]ÎHÉ(Ï�Ç�ß	É`ÇEÑZÉ(Ò�Ë	Æ�Å¶àáÍaÊ0Ï�Ç�ÎHÏ�Ë	Æ�â�Ä	Ì(Ï�Î�ÉZÔ
ÔZÐ�Ï Ø�Ç�ÑHÏ�Æ�Ë�Ç�ÔZË�Ä�Å0ÆÓÕ�ÉZÔZÅ0È�ÚiÛ&Üäã\Í0Ä�Ä�É�Ç�Ò�ß�ÎHÐ,Å*ã4Í0Æ�å�Å�Æ�Ô	É(È�Å0Ç,ÎHÉ(ÑHÞ&ÎHÐ,Å
ã\Å0ã\Ý,Å0Æ�Ô	Ï Ñ�ÎHÐ,Å*ÎHØ�Ï�Ê0Ì�Í	ÔbÔZÅ	Ô
É(ÇEÎHÐ�ÅaÏ�Æ�É(Ò	É(Ç�Í0Ì�ÑHÅ0Í]ÎHË	Æ�Å0â�Ô$Ä�Í0Ê]Å0ß	ÎHÐ�Å�Ê]Ï�Ç�ÎHÏ�Ë	Æ�ÔiÉ(È	Å0Ç�ÎHÉ`ÑHÞVÅ0æ	Ë�Í0Ì�Õ�Í0Ì(Ë	Å	ÔiÑZÏ Æ3ÎHÐ�Å�Å]Ù�ÎHÆYÍ0Ê0ÎZÅ0È\ÑZÅ0Í0ÎZË�ÆYÅ	ÔbÖ
ç Ç�ÑZÉ(Ò	Ë�ÆYÅ�è\Í\Ô$É`ã\É`Ì(Í0Æ1Ê0Ï�Ç�ÎZÏ�Ë	Æ�â�Ä	Ì(Ï�Î7ÉZÔ@Ô$Ð�Ï�ØEÇ�ÑZÏ�Æ*Ô$Ë	Ä�Å]Æ�Õ�É$Ô$Å0È\é7ê�ë|ã\Í]Ä�Ä	É(Ç�ÒGÖ
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5.1.2 Highleyman classesP�QSR>TVUSW,XZY\[)]_̂)US[à+̀bWà�[)cdWê)f-]�̀bghcdiĵ,gkW)lmf-n�gko�fp]Vf-cqY_[)Ujl>Qk̀rghcdQSsVi>gkW)lt̂)US[à+̀bWà�o�QSgkT\[eUu[)crR>WvlaQwnhnhW,cdx
W)]V̂)W;sOW)gho�W,W)]yghTOW;ljQucqW)̂)gkQSf-]yf-n�US[)cqR>W>̀bg�zV[,cqQu[)]Ô)We[)]Ol_gkTVWeljQucqW,̂)gkQuf-]yf-n{̀bY_[)UuUSWàbg�zV[,cqQu[)]V̂,W>|,}{TOW
ljQucqW,̂)gkQSf�]~̀�f�n�US[,c�R>W>̀bg�zV[)cdQS[)]V̂)W)��fan�ghTVW�gko�fp̂)Uu[>̀+̀bW>̀b�-[)cdW��jW)cd�jW)]VljQû)ijUS[)c�|��OQu]V̂)WvgkTVWv̂)f-zV[,cqQu[)]V̂,W
Y\[)gkcdQŜ)Wà~f-n�sVf-gkTv̂)US[à+̀bWà�[,cqW
�>ijQugkW
ljQunhnhW)cqW)]Vgh�OUSQS]VW)[)c�Y\W)ghTVf-l�̀�[)cqW
W)�V�jW)̂)gkW)l�ghf_nkij]V̂)ghQSf-]�o�f-c�̀bW
ghTO[)]yf-�>gkQSY_[,US�>gkTVQb̀�Qb̀{̀rTVf-o�]ynkf-c��~���!Y_[)�>�>QS]OR_QS]ynhQuR>i>cqW;��|)}{TVW;cqWàbi>Uug~̂)UuW)[,cdUSX�Qb̀{̀rijsOf-�>gkQSY_[,US�
nhfac~̂)US[>̀�̀bQSnkQŜ)[)ghQSf-]I��̀bQS]V̂)W�[��>cqf,�kW)̂,ghQSfa]"f-]"[)]IX�fa]VW�f-njghTVW�[)�VW>̀aovf-ijUSl�TI[)zVW��jW)cdnhfacdY\W)lesVW)ghghW)c�|+��]
ghTVQb̀aW)�O�jW)cdQSY\W,]Vg�gk[)cbR>W)gkxqgkcd[)QS]OW)l�USQu]VW)[,c~ljQu[)sVf-Uuf�]VW,gho�f-cd��̀-nkQS]Vl�W)�O[)̂)gkUuX�ghTOW�̀b[,Y\W�nkW)[)gki>cqW,x�̀b�>[)̂,W
[>̀�gkTOW�]Of-cdY_[,U�UuQu]VW,[,c�Y_[,�>�>Qu]VR�̀�|
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©p���Oª�«��h¬>¡v¢O¥m­)«�¢O®+®)��®

¯�°-±~²k³V´kµ�¶)·V¸)¹\º>»S¶�¼V¶)¸)±d¶>µb²a¼V¶)´S½>³V¾V°-¿j±�À)»S¸>µ�µb´SÁh´uÀ)¸)²h´u°-¼;¶)±d±q°-±�µ-Âd¼V¼VÀ)Ã�¸)±q¶�¸)±q°-¿>¼VÄvÅjÆjÇÈÁk°-±~¾V°-²k³;²k³V¶
É�Ê�ËÌ¸,¼VÄ�²k³V¶�¯�Í�ÎÏ¹_¸)º>ºj´u¼V½�Ð

Ñv°-¼VÒq»u´S¼V¶)¸)±~¹_¶)²h³V°-Ä�µ-º>¶)±qÁh°-±q¹Ó¾V¶)²h²k¶)±qÐ�ÔÕ³V¶�Áh¶)¸)²h¿j±q¶>µa¶)·V²h±q¸)À)²h¶)Ä�Ö�´S²h³"×V¸)±q´S°a¿�µ-Ñ�ÍKÉ�Ê�ËØ¼V¶)²hÖ�°a±qÙ�µ
¸3À�³I´Ú¶�×Z¶�Ä"¾I¶3²ÛÖv¶�¶�¼ÝÜ)ÜdÇÞ¸3¼ZÄ�ÅVßOÇÞ¼�¼ZÀ3Òr¶3±�±r°j±�µhà�Öe³Z´�»�¶�²$³Z¶�¶3±r±r°>±�µVÁ$°>±>Ñ�Í�¯-Í�ÎáÖe¶3¼Z²IÄV°jÖ�¼�²$°;¸3»�¹�°�µÛ²
âOÇãÐ�Ë;¼�¶�·Z¸�¹yºO»Ú¶{°>ÁVÑ�Í�¯�Í�ÎvÒ�¹�¸�ºOºO´Ú¼I½"Ö�´Ú²Û³�äÕ¼I¶�¿O±r°a¼�µOÁÛ°>±-¶�·Z²h±r¸�À�²Û´Ú°>¼Ià)¸�¼IÄ\äÕ¼I¶�¿O±r°a¼�µjÁÛ°>±-±�¶�À�°>¼IÒ
µÛ²�±r¿VÀå²$´�°j¼�à3´$µ�µÛ³�°jÖe¼�´�¼�Á$´�½V¿I±r¶yÜ�ÜæÐ
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5.1.3 Non-overlapping banana classesN�OQP�R$SQT�U�VWR$X�OQYZX�U[Y]\Ẑ _̀Ka
XZVbVdcdU[P�eQa
TKfhgWV�R$SQTiVjT�cdXKÙ XKR,g4PJO�P�kQ\iOQP�OQ̂ P̀�lQTKÙ a
XKcdcZg
OQmieQXKOQX�OQXK̂*VWSQXKcdTKY]_Ka
XZV�VWTZVbn
odg
O�_�T�R$SQT�_Ka4XZV�VWTJV�XKU[T�OQP�O�̂ P̀�l�T�U[a4X�cZcZg
O�miR$SQTKP�U[T�R$g4_�XKa
a4pq_Ka4XZV�VWg4k,g4TKU*VrVWS�P�sZa
YZtKu@SQTKO�mdg4lQTKO�T�O�P�sZmZSvTKwQXKf�̂
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5.2 Nistdigs, mapping of handwritten numbers
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aU95N�?�;�8�9�-T8�G
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-q8�NT-)@�À 4OY�*̂ +�-)/R152
4
/=B̀ 8&-)-)8&;5?c+�9�N�NT@e6)@�?c9&-)@�15Ap;�8
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Ó�Ô,Õ�Ö�×]ØkÙ[×�Ú/Ú�×�ÛkÜ4Ý/ÚqÞ,×�ÜàßqÝkásâ�ãàÞ,ã�Ü�ãàÔ,Ö�ãàä�Ô,Ü�ãGÝkÞ3ß�ã�ÜàåæÖGãDÞ,×sÔ�árç1Ô?è�è]ãDÞ�é

σnoise weights, σscaled data nnc-error (%) σnnc-error (%) min nnc-error (%) max nnc-error (%)
0.5 , 1.5 ( FLD ) 7.9 0.6 7.0 9.0
0.01 , 1.5 ( FLD ) 8.7 0.8 7.4 10.4
0.5 , 0.03 ( FLD ) 12.8 0.5 11.8 13.6
Matlab ( random ) 16.6 6 9.4 29.8
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5.3 Some preliminary results on image-feature extraction
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face/body hat boa hair background
PCA, 2d 71 32 34 44 48
NLPCA, 2d 63 26 22 48 48
FLD, 2d 34 11 4 5 43
NLFLD, 2d 19 11 5 6 23
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6 Conclusions and discussion

6.1 Conclusions
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6.2 What remains to be done
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