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y#o-c!rX[Ia-a7^�a6\��:^sv�bdc��+^satg#\�hp\Ib-bd[Xvdb4^�c�vº^�vºZ!gP_�\Nv#a-§ _)c�alb�cNm�b4Z#[xrIc�_)y#gqbd\Ib4^�c�vº^�a
i#[	�#cIb4[Ii�b4c�b4ZP[;_)c�a�b¤y#o-c�_)^�a-^�v#u�\�o-[I\�a�c�m»bdZ#[=^s_)\�uN[Xz
YWZ#[�a-[IrXc�v#i¸a�b4\�u�[I|Sb4Z#\Ib�^sajrXh�\�a-at^s¼#rI\Ib4^�c�v#|;rXcNv#a-^�albda cNmµb4\��:^�v#u½^�_�\Nu�[�y�c�olbd^sc�vPa
};Z#^sr(ZjrXc�vdb4\N^sv�\��+^�a-g#\Nh�[	��[Ivdb�\�ata-c!rX^�\�e#h�[Obdc;\;y#\�o�b4^�rXh�[�c�m+^�vdb4[Io-[Xa�b4|+\�v#i�\Ib-bdo-^�e#gqb-¢
^sv#u¾a-g#r(Z¸[	�#[Xvdb¿[X^wb4ZP[Xo¤bdc¾c�v#[�c�gqb�cNm1\½v:g#_fe�[Xo�cNm1�:v#c�};vÀaty+[IrX^�[Xa�c�ot|µb4c�\�v
Á g#v#�:v#c�};v�cNe��	[Xr.b4ÂjuNo-\�eq¢�e#\�u7rI\Ib4[Iu�c�olk�z
�9v)g#ot^sv#\Nh2k+a-^�aµiP[	b4[Ir	bd^sc�v�^�a?vPcIb�\;yPo-c�e#h�[X_)|»e�[XrX\Ng#a-[T^sv�b4ZP[TyP^sr.b4g#ot[XaOc�m�alb4ot[X\�_

Ã a-[I[1v#[.�!b1a-[Ir	b4^�c�vxmGcNop\¤i#[	bd\�^sh�[Xiji#[XatrXo-^�yqbd^sc�vPÄS\�h�h�yP\�olbd^srIhs[IaµZ#\���[?b4c;e+[�\�v#\�hwk+�X[XiPz
Å vPrX[fb4ZP\Ib�c���[Io-h�\�yÆ\N_�cNv#u�rX[Ihsh�a7^sa7\��#c�^siP[Xi#|T\�h�hµc�e��	[Ir	bda7^sv�b4ZP[�^s_)\�u�[;};^sh�hSe�[
rXh�\�a-at^s¼#[Ii#z Ç�c�o-[Ic���[Xo;e�[XrX\Ng#a-[�c�m�b4Z#[]bd^sy#^�rX\Nh~hsc�}ÈrIc�v#rI[Xvdb4ot\Ib4^�c�v¾cNm?yP\�olbd^srIhs[Ia¤^�v
b4Z#[WÉ#gP^si#|»y#\Nolb4^�rXh�[Xa~\No-[W�:g#^wb4[�}][Xh�h�i#^sa�b4ot^se#gQb4[Xi�c�v]bdZ#[Wc�o-^�u�^�v#\�h�^s_)\�u�[IzSÊ�[	bd[Xr.b4^�c�v
mGc�ofg#ot^svP\�h2k+at^sa)^�a6v#cIbx\�u�o-[I\Ib6bd\�a-�:z { c�oWb4Z#^�a7o-[I\�a-c�vP|Wc�g#ofgPo-^�v#[xi#\Ibd\�e#\�at[x^�a6\
rXc�h�hs[Ir	bd^sc�v�c�m~yP\Ib4r(Z#[IaS};^2bdZ�y#\�olbd^srIhs[Ia�\�h�o-[X\NiqkR}][Xh�h�rI[Xvdb4[Io-[XiPËE};Z#[Io-[I\�a�^sv�y�c�h�hs[Iv
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amber

junk
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x
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F�G�H�IKJKLNMPO�MQIKLNR�SNGTOUG�HTOUM�IVLWM�X�X�O�MQY�YZH�F\[NH�MQ]KYQR_^ZG�H�]V[NX�G`OUaNG%MQLNbN[cO
M�d!]KJKG�X�IKefOUaNG%X�g�X�O�G�d
]KF�G�bNMQHTOU[NF�G�X/IKehXiOUM�H�jUgkO�]Vb�G�lm JKMPnoG�LpX\G�HqO�MQIKLpIKe�O�]Vb�G&aN]KXr]VH�H�[fds[NYQ]�O�G�St]KM�F\^�IVF�LNGubN]KFiOUM�H�Y�G�XrevIKF/d(]VL�gwaNIK[fF�X�lx [NH�aW]KLyMQd!]KJKG?H�IKLUOU]KM�LfX�a"[NLNSNF\G�SNX�IVe_bN]KF�O�MQH�YQG�X�YQM�jcG�z{bZIKYQY�G�LyJKF�]VM�LNX\R�SN[fXiO�R�M�LfX�G�HqO
bN]KFiOUX�R{GqO�H�l}|{aNGWSNGqO�G�HqO�MQIKL~bNF\I�H�G�X�XsX�aNIK[fY�S~�"[NMQH�j"Y�g��f]KJ'O�afG�YQI�H�]�O�MQIKL�IKehO�aNIKX\G
bN]KFiOUM�H�Y�G�X7OUaN]�OsaN]�noGs]�O�YQG�]KX�O�]'X�d!]KYQY#H�aN]KLNH�GsIKe�^ZG�MQLNJ'b�IKYQYQG�L�bf]KFiOUM�H�Y�G�X�l m O%OUaNMQX
XiO�]VJKG/O�afG�L�[fds^ZG�F
IKe�ev]KYQX�GsF�GT�TG�HTOUX�R�MQl�G�l(bZIKYQY�G�LpbN]KF�O�MQH�YQG�X`O�af]�O!]KF\GsLNI�O�X�G�YQG�HqO�G�SNR
ds[NX�O�^ZGkGT�"O�F\G�d!G�YPg5Y�I���^ZG�H�]K[NX\G�X\IKd!G�X\b�G�H�MQG�X(H�]KLBaN]�noG�Y�I���H�IK[NLUO�X!]KLfSt�%G
aN]�noG{O�I
O�]KjcG&MQLUO�I(]KH�H�IK[NLUOu]KYQX�I(H�YQ]KX�X\M��NG�F/d!MQXiOU]KjVG�X�l� YQ]KX�X\M��fH�]�OUM�IKL�IKe%^ZI�O�a�[NF�MQLNG�bN]KF�O�MQH�YQG�bN]�O�H�aNG�X�]KLNS�b�IVY�YQG�L�bN]�O�H�afG�X�af]KX&OUI
G�XiOU]K^NYQM�X\a�M�e7O�aNG�bN]KF�O�MQH�YQG�MQX�IKe/M�LUO�G�F�G�XiO�R�MQL��&aNMQH�a�H�]VX�G�O�aNG�H�YQ]KX�X��&M�YQY/^ZG�]KY�X\I
M�SNG�LUO�MQ�NG�SNRhI�OUaNG�F��&M�X\G�R#M�OuaN]VX�OUI!^�G�SNMQX�H�]KF�SNG�SNl
|{aNM�X
MQXr]un�MQX�[N]VYZ�����i����� �w����¡�¢�£��o¤T�	¤T¢���bfF�IK^NYQG�d!R��&afIKX�G�X\IKY�[�O�MQIKL�MQXrH�IKLfH�G�b�O�[N]KYQYPg
X�MQd(bfY�G�l¦¥uMPnoG�L�]�X�MQJKLN]KY�§�^ZG�YQIKLNJKMQLNJWO�I�]}H�Y�]VX�X'¨fR
¨ª© D�«U¬�¬�¬_«�­ R7O�afG�d!]KMQL
XiO�]VJKG�X?IKehH�YQ]KX�X\M��NH�]�O�MQIKL�]KF�G�z
D l
]�L"[Nds^ZG�F{IVe®evG�]�OU[NF�G�X�]KF�G%GT�"O�F\]KHTOUG�SkevF�IKd¯OUaNGrIKF\M�JKMQLN]KYZX�MQJKLN]VY"OUI�evIKF�d¯O�afG° �����²±����%³���¡���¢��u´pµ ¶8RfO�af]�O&M�X�O�afG&MQd!]KJKG`OUF�]KLNX\evIKF�d!G�S�MQL�OUI!]������i����� �ol
· l
]'SfG�H�MQX�MQIKL�ev[NLNHTOUM�IVL�du[NXiOu^ZG&SfGTO�G�F�d!MQLNG�SNz

¸!z ¶B¹ D�«U¬�¬�¬_«U­
´pº¹ ¸_»²´#¼ »i½Vl�¾K¼

¿ L�d!]KLUg�H�]KX�G�X�R#]!SNM�X\H�F\M�d!MQLN]KLUO�ev[fLNHTOUM�IKL(À+»²´ « ¨f¼`M�X?[NX�G�SNz

¸�zK´pº¹ d!]��ÁUÂcÃqÄ ÅPÅPÅ�Ä Æ À+»²´ « ¨f¼

|{aNMQXyH�]KL�^�G�F�G�JV]KF�SNG�Sª]KX(]��	����¤v�h��Ç(�����i�i�����È¡�É	��Ê�Ê�¤ÌË`��� Rr]KL�IK[cOUY�MQLNG�IVer]
H�YQ]KX�X\M��fH�]�OUM�IKL�Xig�XiOUG�dÍMQX?X\aNI��&L�MQL�Î+M�JK[fF�G
½Kl · l

¿ OyM�X/�%G�YQYPÏ�j"LNI��&LNR�O�aN]�OWMQL�O�aNG�bN]�O�OUG�F\L�F�G�H�IKJKLfM�OUM�IKL�OUaNG�H�F�[NH�M�]VY`XiOUG�b~MQX�SNGqÏ
X�MQJKLNMQLNJ�MQLNevIKF�d!]�OUM�nNGyevG�]�O�[NF\G�X�zWMQe�IK[fFsevG�]�O�[NF\G�XsSfI�H�]VbcO�[NF\GuO�afG�bZG�H�[fY�MQ]KF�MPO�MQG�XsIKe
O�aNGt]KbNbZG�]VF�]KLNH�GtIKeuIV[NFkIK^��TG�HqO�X\R/O�aNG�LNR�]KYQd!IKXiO}]KLUg=H�Y�]VX�X�MQ�NG�F!�&MQY�Y
bZG�F\evIKF�d ]
H�IKd!bZGTO�G�LUO/�TIK^w»iÐ
[fSN]!]KLNSkÑ%]KF�O�R7Ò D ½VÓQ¼�l

|{aNG+OU]KX�jsIKe�H�YQ]KX�X\M��NH�]�O�MQIKL(GTnNG�L�MQe�H�IKLfH�G�b�O�[N]KYQYPg�X�MQd(bfY�G�R�MQX�bNF�]VHTO�MQH�]VY�YPgk]
aN]KF\S
H�aN]KYQY�G�LNJKG�l(|{aNG�H�Y�]VX�X�MQ�NG�F&af]KX8O�I�aN]KLNSNYQG�MQd!]KJKG�X`�&MPO�a�nNG�F�g~YQI��ÔF�G�X�IKYQ[cOUM�IKLp]VLNS
IKeÌO�G�L�bZI�IVF{H�IKLUO�F\]KXiOUl
¿ L�]KSfSNM�OUM�IVLNR®b�IVY�YQG�L�M�SfG�LUO�MQ�NH�]�O�MQIKL�MQX�SNM�Õ!H�[NY�Os^ZG�H�]V[NX�G�Ò�ÖV¾VÓQz
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êpë�ìNí�î�í&ï�ð�ñ!òQñKî�óKí
ô"õNöu÷�í�î/øVùúòQø�øVû�ü�ñKòQï�ûcí&ý�ñ�ë�í�óKøKî\ï�í�ð
êBí�ñKý�ì�óKí�ô"õNðrøVù+þNòQñKôUë�ìNñVð/ö!ñKôUÿ}ð�þZí�ý�ï�í�ð��ið�ë�î�ïQýTëUò�ÿwð�þZí�ñVû�ïQôNó����%ísñKî\íuý�ò�ñKð\ð�ïPü
ùÌÿ�ï�ôNó(ñKö!øKôNó!óKí�ôNí�î\ñ��

êBìNïQóKì��&ïQô��Nð?ö!ñ�ÿtý�ñKî\îiÿtõfô�õfð�õNñKò#û"ïQô��Nð?øKùúþZøKòQò�í�ô
êBþ�øVò�òQí�ô�ð�ìNñVþ�í�ñKô���ë�í
	"ë�õNî\íuý�ñKô�÷Zí
ý�øVî�î�õfþcë�í���÷UÿtþNî\í
��ï�øVõNð/ïQö!þNñKýqë�ð
êBþ�øVò�òQí�ô�ð\ìNñKþZí��Ní�þ�í�ô��Nð�øVôwïPë�ðsøVî�ïQí�ôUë�ñ�ëUï�øVôwøKô}ð�òQï��Ní���ö(øVðiëWùvî\í��"õNí�ô�ëUò�ÿ�ñKî\í
ð�í�í�ô�ïQô�ë�ìNí�í��"õNñ�ë�øKî\ï�ñKò®þZøKð\ï�ëUï�øKô��®ï�ô��&ìNïQý�ì(ë�ìfíTÿtñKòQò®ñKþNþZí�ñVî{ñKð�ø��NøKï��

ê��qñKþNþfñKî�í�ô�ëUò�ÿ ë�î\í�í�ð��Nøªôfø�ë�î\í�ñ�� ò�ïPë�í�î�ñ�ëUõNî�í}ñKô��¯ïQôNð�ïQðië�õNþZøKô¯þNî\ø��Nõfý�ïQôNó
þ�øVò�òQí�ô~óKî\ñKïQôNð��&ïPë�ì�ë�ìfíyð�ñKö!íyô"õNöu÷�í�î�øKù{ð�ï��Ní�ð�ñKð�ð\øKö!íyøKù{ø�ëUìNí�î�þZøKòQò�í�ô
û"ï�ô��fð����! �"�#

$ î�ïQôNí�þNñKîiëUï�ý�ò�í�ý�ò�ñKð\ð�ï�%Ný�ñ�ë�ïQøKô�ïQð&�Nï�'!ý�õNò�ës÷Zí�ý�ñVõNð�í�(
êBð�øKö!í&ý�í�ò�òQð/ñVî�í
ð�í�ö!ï�ü�ë�î�ñVôNð�þNñVî�í�ôUë)�hï�*Qí�*�ý�ñKð�ë�ð?ñKô���ösõNý�õNð
êBñKòQö(øVðië�ñKò�ò�ý�ñ�ë�í�óKøKî�ïQí�ðuìNñ+�oí'ìNï�óVì,��ñKî�ïQñK÷NïQò�ïPë:ÿBïQôwð�ìfñKþ�í��úë�í
	"ë�õNî\í�ñKô��}ð�ï�-�í��
ùvøKî7í
	�ñKö!þNòQí���ëUìNí�î\í%ïQð8ôfø.�Ní�%NôNí��Wð\ìNñKþZí/ñVô���ð\ï�-�írùvøKî�ý�òQõNö!þNð���ý�î�ÿ�ð�ë�ñKòQð�ý�ñKô
÷�í&ð��"õNñVî�í��úî�í�ýTë�ñVôNóKõNòQñKî?øKî�ìNí
	�ñKóKøVôNñKò��/�&ìNïPë�íuý�í�ò�òQð%ý�ñKô�ìNñ+�Nísñ�ô"õNý�ò�í�õNðrøKî
ñ'õfôNï�ùvøVî�ö$ëUí
	"ë�õfî�í

êpë�ìNí�î�í�ï�ð(ñ�ð�ö!ø�ø�ë�ìpë�î�ñVôNð�ïPë�ïQøKôB÷�íqë0�rí�í�ô�þNñKî�ë�ïQý�òQí�ð(÷�í�ò�øVôNóKïQôNókëUø1�fï�2Zí�î\í�ôUë
ý�ñ�ëUí�óKøVî�ïQí�ð�ñKô��~í
�oí�ô�ì"õNö!ñKô í
	�þZí�î�ë�ð��NøpôNø�ëkñKóKî\í�íyïQô�ë�ìNíWý�ò�ñVð�ð�ï�%Ný�ñ�ë�ïQøKô
øKù�ð�øKö!ítý�ñVðië�ðWøVîy÷NòQø�ø3��ý�í�ò�òQð��(ùvøKîyí
	�ñVö(þfò�í���ñ4�q÷NïQó��~î�í���÷Nò�ø�ø3��ý�í�òQò
ïQð
ý�øKö!þNòQíTëUí�òPÿ}ôNø�ë5�NïQðiëUï�ôNóVõNï�ð\ìNñK÷NòQísùvî\øKöÔñ6�qð\ö!ñKò�ò��7�&ìNï�ëUíu÷fò�ø�ø��ký�í�òQò�*

8 øpð�õNö!ö!ñKî\ï�-�í���ë�ìNíyð�ÿ�ðië�í�ö ùvøKî�ñVõcë�øKö!ñ�ëUï�ý5��ïQð�õfñKò�î�í�ý�øKóVôNï�ëUï�øVô~øKù�þNñKîiëUï�ý�ò�í�ð
ï�ð
ý�øKö!þ�øKð\í��t÷Uÿ�ñ9�fíTë�í�ýTëUøKîrñKô��pñWý�ò�ñVð�ð�ï�%Ní�î�* 8 ìNí��NíTëUí�ýqë�øKîrïQðrð\ï�ö!þNòPÿ ñKý�ìNïQí
�Ní��
ï�ôtõNî\ï�ôNñVò�ÿ�ð�ïQð��7÷Zí�ý�ñVõNð�í!ñKòQò+øK÷3:Tí�ýTëUð�ï�ôtùvøKî\í�óKî\øKõNô��pñKî\í�øK÷�:Tí�ýTë�ð�øKù�ïQôUë�í�î\í�ð�ë5�&ìfï�òQí
ï�ô�þ�øKòQòQí�ô�î�í�ý�øKóKôNïPë�ïQøKô�ë�ìNí5�Níqë�í�ýqë�øKî�ìNñVð�ëUø;�fí�ñKò��&ïPë�ì�ñ'òQø�ë&øKùúôNøKôcü�þ�øKòQòQí�ô�þNñKîiëUï�ü
ý�òQí�ð�* 8 ìNí��Níqë�í�ýTë�øVî
ösõNð�ëyìNñ+�Ní(ñVô�í
	"ë�î�í�ö!í�òPÿBò�ø+�Aö!ïQð�ð\í��cü+�NíTëUí�ýTëUï�øVôwî�ñ�ë�í�* 8 ìNí
ý�òQñKð�ð\ï�%Ný�ñ�ë�ïQøKô�øKù�þNñ�ëUý�ìNí�ð�þNñKð\ð�í���÷Uÿ�ë�ìNí��Níqë�í�ýTë�øVî���ïQð
ð�ïQö(ïQòQñKî
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ESTIMATED CLASS

Graphic representation of confusion matrix − ER = 21.5%
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interest points
border test
side test
overlap test
av. bright. test

Ö:×�Ø7Ù"Ú?ÛAÜ�Ý�Þ Õ�ßsàÄá"âJã4ätå æ,çQèméMâJê�êUæWëXæZì�ë\í çJîtïdð�ñbæ,ò�çJóQîMê�ò�æZê�ã�â?ògôJæWò�õiõ�ñQç\ökëXñQæ,ä"çJõ�í ë\í çJî
çQèlí îmëXæWògæWõ�ë4änçQí î7ëXõ�ï
ð�ñbæ
õ�÷\óMâ?ò�æ
éMå óbæqã�â?ò�ôJæWò�õ2õ�ñbç�örëXñbæ)ä"çQí î7ëXõ4ëXñMâ?ësätâ?õ�õ�æZêTëXñbæ
ëXæWõ�ë
çJîuëXñbævêbí õ�ë\â?îMì�æ
ëXç�ëXñbæ)é"çJò�êUæWò�ï4ð�ñbæqã�â?øJæWîmë\âwëXò�íxâ?îbøJótåxâ?ò�ã�â?ò�ôJæWò�õ
â?ògæ)ä"çJõ�í ë\í çJîbæZêyí î
ëXñQæzì�æWîmëXò�çQíxêJõwçQè{ëXñbçJõ�æ�äMâ?ë\ì�ñbæWõAëXñMâ?ëwñMâXùJæ�ätâ?õ�õ�æZêqëXñbæ�ëXæWõgë2çJî}ëXñbæ�õ�í úWæyå æWîQøJëXñMï�ð�ñbæ
û æZåxå ç�ö�ëXò�íxâ?îbøJótåxâ?ò�ã�â?ò�ôJæWò�õ�â?ò�æ�å ç"ìWâ?ëXæZê	í îyëXñbæ�ì�æWî7ëXò�çQíxêUõ2çQè"ëXñQçJõ�æ)ätâ?ë\ì�ñbæWõ2ëXñMâ?ë4ñMâ�ùJæ
ätâ?õ�õ�æZê2ëXñQæ,ëXæWõ�ë�çJîTç\ùJæWò�åxâ?äMï�ütí îtâJåxå ûZý ëXñbæ�éMåxâJì�ô�ëXò�íxâ?îQøJóMåxâ?ò�ã�â?ògôJæWò�õiõ�ñQç\ökëXñQæ,ä"çJõ�í ë\í çJîçQè�ëXñbæ�ì�æWî7ëXò�çQíxêUõ�çQèQäMâ?ë\ì�ñbæWõsëXñMâ?ë,äMâ?õgõ�æZê
ëXñbæAëXæWõgë,çJî�âXùJæWò�â?øJæ)ébò�í øJñmëXîbæWõgõ�ï



þ%ÿ����������
	���
������)þ������ ���

finding boxes

200 400 600 800 1000 1200

100

200

300

400

500

600

700

800

900

1000

��������� �"!�# ���%$�&('�)+*�,.- /103254.)+6�65/879/;:<7>= 0+?.@BADCE/GFH/;6�,�03= ?�79I�) FJ/�79CE/�= ?K79/8FH/8IJ7D,L03= ?�79ID79CM) 7
,.) IJIJ/;6N79CE/�79/8IJ7�0+?O4�0+F%6+/8F�6E= IJ7>) ?.:</;@�ADCE/P4.- QE/�ISRTQM) FH/�4�0>'�/8IU) FJ/�79CE/V) Q37903*U) 7>=W:8)+-W- X
:<03*�,EQE79/;6Y4�0+QE?M6E= ?3Z[4�0>'�/8I%@�ADCE/�4M- QE/�,�03= ?K7�= I\79CE/]:</8?�79FJ03=W6�032^79CE/8IJ/B4�0+QE?M6E= ?3Z[4�0>'�/8I%@

false alarms 37, detections 6, targets 11
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OQPIO�R O�PTS U�V L O W�U�W U�X LNY W�U�Z
O�P Y V�O L O R Y O V�O L � R � Z
O�PIW V Y�L � R�Z�Z V�O L X R�U�R
O�P � V�W L O R�X+S V+S LNY R�X[S

OQPTS\O O�PTS U�X LIY W�U Y U�W LNY W�Z[S
O�P Y ]+^`_a^ b`c�] ]+^`_d^ b+egf
O�PIW V Y�LIY R�Z�R V�O L Z R�Z�U
O�P � V Y�L X R�X�O V+S L O R�U�W

OQP Y O O�PTS Z � LIY W�W � Y R L O ShV[S
O�P Y X�O LIY � U�O R Y�L � W�W�V
O�PIW X�W L Z R+ShU R�V L X W�U�R
O�P � X � L Z R�W�R Z�O L X W�X�O

OQPIW�O O�PTS O�R L � S�S�S O�O L � O�W LIY
O�P Y S�S L � ShZ�Z O�W L � Y W L O
O�PIW ShU LIY ShV � O�U L � W Y�L X
O�P � ShV L O Y ShO O�X L � W�R L X
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ShPIO�O V�O L X Z�O�V V�O L X Z�W+S
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Non−linearities applied to invariants: case 2
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Non linearities applied to invariants: case 3
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Separable data: linear svm
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Non separable data: linear svm
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Non separable data: poly. svm
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Non sep. data: rbf svm, C=10 σ=10
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Non sep. data: rbf svm, C=10 σ=1
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Non sep. data: rbf svm, C=100 σ=10
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Ä�Å�Æ\Ç	È �f���8É��0Ê ÇZË �!Ìf�'ÍÎ���!� Å^Ë4Å � È � Å5Æ �f� Æ �=Ï?Ð³�0�f��Ñ�� Å	Ç ÌPÒ Ë �8�0Ó4Ê È Ê�Ô�ÓBÌfÌf� Ä ���PÔ��0ÓsÉ�Õ
� Å �;� Å � Ç ��Ó4Ô³Ê Ë4Å�Æ � Ç � Ë4Å Ì:ÒÖ�f�0���:× Ç �0ÓBÊ È � Ç �0�fÓ Ç � Ë4Å�Ø¤Ù ��Ì Ç	Ë �f� ÆdÇZÈ ��Ìf�KÉ��0Ê ÇZË �!Ì:Ó Å�ÆdÇZÈ �
Ð?���fÒ Ë �!Ñ\Ó Å Ê0� Ë4ÅmÇ	È �PÉ¿Ó4Ô�� Æ Ó Ç � ËBÅ Ìf� Ç �Ú× Ç¹Ç	È �;� Å5Æ�ØªÙ ��Ò Ë �!Ê0� Ç	È �;� Å � Ç ��ÓBÔ�Ì Ç Ó Ç � Ç	Ë
ÇZÈ Ó Ç É¿Ó4Ô���� ÙEÈ ��Ê È �4ÓsÉÛ� Ç	È �lÔ ËsÙ �0Ì ÇÂÜGÝÞË4Å;ÇZÈ ��É¿Ó4Ô�� Æ Ó Ç � Ë4Å Ìf� Ç �
ßEà É?� Ë ��ÌfÔcá Ø�ÇZÈ � Å ��Ñ à �0� Ë ÒvâEÓ4��Ì!Ìf��Ó Å Ì Ø�ã � Å�Æ^Ë ÒvÊ Ë É¿Ó4�f��Ó Å Ê���Ñ�Ó Ç �f�cÏ´Ó Å�Æ^Å ��Ñ à ���
Ë Ò�Ì!Ð�Ó4Ê�� Æ ��Ñ�� Å Ì!� ËBÅ ÌPÓ4�!� ÇZÈ � Ë4Å �0ÌrÒ Ë � Å�Æ � Å�Ç	È �lÐ��f�jÉª� Ë ��ÌrÌf��Ñd�5Ô�Ó Ç � ËBÅ Ìf�
Íä�mÌ È�ËsÙåÇZÈ �m�!�0Ì!��Ô Ç Ì Ë Ò ÇZÈ �0Ìf�Ú�=Ï?Ð?���f��Ñ�� Å	Ç Ì�� ÅæÇZÈ �ÚÒ Ë �fÑ Ë Ò:Ì!Ê0Ó Ç!Ç �0�dÐ�Ô Ë�Ç Ìf�ç× Ç
�0Ó4Ê È � Ç �0�fÓ Ç � Ë4Å � Å�ÙEÈ ��Ê È Ó Æ ��è?���f� ÅZÇ � Å � Ç ��ÓBÔ:Ê Ë4Å�Æ � Ç � Ë4ÅéÙ Ó4Ì\Ê È�Ë Ìf� Å�Ø Ó Ç �fÓ4� Å � Å �
Ñ Ë¤Æ ��Ô Ù Ó4Ì'��Ì Ç ��Ñ�Ó Ç � Æ Ó Å�ÆEÇZÈ � Ç ��Ì Ç'Ù Ó4Ì Æ5Ë4Å � Ë4Åmê4ë ��Ñ�Ó4�B�0Ì�Ð³�0�IÊ0Ô�Ó4ÌfÌK�fÓ Å5Æ�Ë Ñ�Ôqá
�=Ï Ç �!Ó4Ê Ç � Æ ÒÖ� Ë Ñ ÇZÈ � Ç �fÓB� Å � Å ��Ì!� ÇZØ�Ç �0Ì Ç Ì!� Ç Ó Å5Æ É5ÓBÔ�� Æ Ó Ç � Ë4Å Ì!� Ç �éì Ë �íÊ�Ó ÅgÅ�Ë�Ç �
ÇZÈ �E�4� Å �0�fÓBÔ�Ôcá´Ì Ç � Ë4Å �B�0�8Ê Ë �!�f��Ô�Ó Ç � ËBÅæà � ÇiÙ �0� ÅîÇZÈ � Ç ��Ì Ç Ó Å�Æ É¿Ó4Ô�� Æ Ó Ç � Ë4Å ���f� Ë �8�fÓ Ç �
ÉÛ�0�!Ìf��Ì Ç ��Ì Ç Ó Å�Æ;Ç �!Ó4� Å � Å �\�0�!� Ë �:�!Ó Ç ���

ï ÅÂÇZÈ �EÊ�Ô�ÓBÌfÌf� Ä ��� ÙEÈ ��Ê È Ê Ë Ñ à � Å ��Ì Ç	È ���=Ï?Ð³�0� Ç Ìfð Ë � Ç Ê Ë Ñ\��Ì Ø Ó4Ìvá Ë �æÊ�Ó Å Ìf�0�l� Å
�����B���f���4�6ñ�òæóôÓ�Ì!��Ñ���Ô�Ó4�8Ì!� Ç ��Ó Ç � Ë4ÅõÈ Ó4Ð5Ð?� Å Ì8Ó4Ô�Ì Ë � Å �����4���f���B��ñ4ñ�ö Ø¿Ç	È �0�!����Ì Å�Ë�Æ �jÕ
Ð?� Å�Æ � Å Ê0� Ë Ò ÇZÈ �zÐ?���fÒ Ë �!Ñ\Ó Å Ê0� Ë4ÅEÇ	È �P� Å � Ç ��Ó4Ô�Ê Ë4Å�Æ � Ç � Ë4Å Ì Ë Ò Ç	È �z�!Ó Å�Æ�Ë Ñ Å ��Ñ à ���
�4� Å ���fÓ Ç	Ë �f�vÍÎ�rÌ È�Ë �5Ô ÆîÅ�Ë�ÇPà �rÌf���!Ð��f��Ìf� Æ Ó à³Ë � Ç � Ç Ì!� Å Ê�� Ù �PÊ È�Ë Ìf� Ç	È �PÑ�Ó�Ï?��Ñd��Ñ
Å �5Ñ à �0� Ë Ò:� Ç ���fÓ Ç � Ë4ÅgË Ò ÜI÷ ��ø���Ó4Ô Ç	ËéË4Å � ÇZÈ�Ë �5ÌfÓ Å�Æ Ó Å�Æ � Å^ÇZÈ ��ÌÂÊ0Ô�Ó4Ì!Ìf� Ä �0� Ù �
È ÓsÉÛ� ÇZË ��Ì Ç ��Ñ�Ó Ç � ÇZÈ �AÐ�ÓB�fÓ4Ñ�� Ç �0�!Ì Ë Ò Ë4Å Ôcá ÇiÙPË ÌfÐ È �0�f��Ê0ÓBÔ�â�ÓB��ÌfÌ!��Ó Å Ìf�ù� Ë � ÇZÈ �
Ê0Ô�Ó4ÌfÌ!� Ä ������Ìf� Å �AÒÖ��Ó Ç ���!� à ÓBÌf� Æ�ËBÅ ��Ñ\ÓB�4�ÂÓ Å�Æ ÌfÐ³�0Ê Ç �f��ÑúÐ��!� Å Ê���Ð5Ó4ÔvÊ Ë Ñ�Ð Ë4Å � Å	Ç Ì Ø
ÇZÈ �!�0�EÌ Ç Ó Ç �0Ì8Ó4�!�lÐ Ë Ì!Ìf� à Ô��0�
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É>Ï8Ð É%Ê�ÏOÊ+Ê Æ Ï8Ñ�Ë Æ Ï8Ì�Ì Æ ÏOÌ�Ì É>Ê�Ï Å Ò Å Ï Å+Æ Æ ÏØÉ>Ñ
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Ì É+É>ÏØÉ+É É>Ê�Ï Å Ò É>Ë�Ï8Ë�Ë É>Ò+ÏOÊ�Í É�É>Ï©É�É É>Ê�Ï Å Ò É>Ê+Ï Å Ò
Ð É+É>ÏOÍ+Ñ É�É>Ï8Ò Æ É�É>Ï Æ Ì É>Ë+ÏOÐ�Ê É�É>Ï8Í�Ñ É�É>Ï Æ Ì É�É%Ï Æ Ì
É>Ê É%Ë�ÏOË+Ë É>Ë�Ï8Ð�Ê É�É>Ï8Ò Æ É>Ë+ÏOÐ�Ê É>Ë�Ï8Ñ Å É>Ò�Ï8Í~É É>Ò+ÏOÊ�Í
É>Ð É%Ò�Ï Å+Æ É>Ò�Ï8Ê�Í É>Ò�Ï8Ò�Ò É>Ë+ÏOÑ Å É>Ì�Ï©É>Ñ É>Ì�Ï8Ì�Ì É>Ð+ÏOÊ�Ê
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( )+* & )�*-, )+* . )+*-/ )�*-0 )1, & )2,�,
&�3 ,�4 * , 365 0 *-, 3 ,�, *-, 3 4 & *-. 3 * 5 *-4 3 4�/ *-0 3 /7* * %'3 * 5
&�3 4 * , 3 ,', * &�3 ,�0 %�3 .�. * &'3 0�8 * &�3 ,�0 * &�3 0�8 * &'3 ,�0
* * &�3 ,'0 * &�39&�& %�395 , %'365 , * &�3 4�/ %�3 * 5 :<;>=<?
* 3 4 * &�3 ,'0 * &�3 ,�0 * &�3 0�8 %'3 * 5 * &�3 4�/ %�3 * 5 %'365 ,
, * &�3 4'/ * &�39&�& %�395 , * &'36&�& %�3 .�. %�365 , %'365 ,
8 %'365 , * &�3 ,�0 *�* 3 8 % %'365 , * &�3 0�8 %�3 .'. * &'36&�&
. * &�3 0'8 * &�3 0�8 *�* 39% . * &'3 ,�0 * &�3 4�/ * &�3 ,�0 * &'3 ,�0
4 *'* 3 8 % * &�3 0�8 *�* 3 8 % *�* 3 / 5 *�* 39% . * &�39&�& *�* 3 8 %
* & * , 3 ,', *-, 3 ,�, *-, 3 4 & *�* 36% . *-, 395 0 *-, 3 4 & *-, 365 0
*-4 * 8 3 8'8 *-, 3 4 & *-, 395 0 *-8 3 /7* *-, 395 0 *-8 3 0 % *-8 3 0 %
, & * . 3 * 5 *-8 3 0 % *-. 395 , *-4 36&�& *-8 3 0 % *-4 39&�& *-. 3 .�.
4 & * / 36% . *-/ 3 *�* *-/ 3 8 % *-/ 3 8 % * 5�3 ,�, *-0 3 /7* *-0 3 0 %

@<A�BDC6E 5�3 4�FHGJILKNM�O P�QSRUT�VXW�Y[Z]\^Y`_bac\edHfDY[\ga�_ Pihkjml7Y[ZnZnj�Znoqp�r�s�t�uvY[ZnZnj�Z$Z-acP�Ykacowa
lyx^\ez{P O j�\|jmlDP�Q^Y�M�O>d�P�Q~}Xac\edkd^O>�$Y[\^o-O j�\���jmlbl�Y`acP�xmZnY!onfga�z{Y`�U�bQmY���Y[onP�f�Y[Z-lyj�Z-�qac\ez{Y
O oUQeO ��Qe_>O ��Q'P�Y`dkO \�P�QgO>z�W��e_>a�z�WX_ Y[P�P�Y[Z]o-�

( )+* & )�*-, )+* . )+*-/ )�*-0 )1, & )2,�,
&�3 ,�4 *'* 3 / 5 *�* 3 / 5 *-. 3 * 5 *-4 36&�& *-/ 3 *�* *-0 3 0 % *-0 3 0 %
&�3 4 0 3 0 % 0 3 0 % * &�3 ,�0 * &'3 ,�0 *�* 3 *�* *�* 3 *�* *�* 3 / 5
* 0 36& / 0 3 8�8 5�3 4 & 5'3 4 & 0 3 8�8 0 3 0 % 0 3 0 %
* 3 4 5'3 4 & 5�395 0 5�3 4 & �<;�:�� 0 39& / / 3 / 5 0 3 /7*
, / 36% . 5�3 4 & 5�395 0 / 36% . / 3 / 5 / 3 8 % 5'365 0
8 5'3 4 & 0 3 /7* 5�3 4 & 0 36& / 5�3 ,�, 5�3 4 & 5'3 4 &
. 0 3 /7* 0 39& / 5�395 0 0 36& / 0 39& / 5�3 ,', 5'3 4 &
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lyx^\ez{P O j�\|jmlDP�Q^Y�M�O>d�P�Q~}Xac\edkd^O>�$Y[\^o-O j�\���jmlbl�Y`acP�xmZnY!onfga�z{Y`�U�bQmY���Y[onP�f�Y[Z-lyj�Z-�qac\ez{Y
O oUQeO ��Qe_>O ��Q'P�Y`dkO \�P�QgO>z�W��e_>a�z�WX_ Y[P�P�Y[Z]o-�
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¼¾½�¿cÀDÁ[Â1Ã�À�½�Ä�ÅDÆ�Ç�Èc½-¿cÉ�ÇÊÃ�¿wË�Á�ÈÌÉDÈcÍ9Å�½�Æ�Å�ÎÐÏeÁ'Ç6Ç9½ÑÅÒÎ�Æ-ÃJÆ�Ó�Æ�¿Ô½ÑÕ®Ö�ÅÐÁ�ÈcÎD½ÑÈ×Ã�ÁØÆ�¿Ô¿c½-¿c¿
Ã�À�½qÏ�½ÑÈcË�Á'ÈcÙ�Æ�Å�Ú-½ÑÛÜÆ�ÚÑÁ�ÅDË�É�¿cÍ9Á�ÅXÙkÆ Ã�ÈcÍÊÝÐÍ9¿ÞÓ�É�Í9Ç�ÃJÕ�ßvÆ'Ú[À~ÈÔÁ[ÂàÍ6¿�ÃJÀ�½LÚÑÇ9Æ�¿c¿²Ã�ÁÌÂwÀ�Í9Ú[À
Ã�À�½�ÃJ½Ñ¿iÃXÍ9Ù�Æ�á�½-¿�Óe½-Ç6Á�ÅDá�Û�Ã�À�½�Ú-Á�Ç9É�Ù�Å�¿�Æ�Èc½HÃJÀ�½®ÚÑÇ9Æ�¿Ô¿c½Ñ¿ÌÃJÁ´ÂwÀ�Í6Ú[ÀSÃ�ÀD½�ÚÑÇ9Æ�¿c¿ÔÍ6ÄD½ÑÈ
Æ�¿c¿ÔÍ6á�ÅD¿UÃ�À�½ÞÃ�½-¿iÃ�Í6Ù�Æ�á�½-¿cÕqâÞÀ^É�¿cÛ
Í6Å�Ã�À�½HÍ6ÅJÃ�½-Èc¿Ô½ÑÚ]ÃJÍ6Á'ÅSÓe½nÃ�ÂÌ½-½ÑÅ´Ã�ÀD½�ã�ä{ÃJÀ~ÈÔÁ[ÂåÆ'Å�Î
Ã�À�½ÞæçäçÃ�ÀXÚÑÁ�Ç9É�Ù�Å�ÂÌ½wÄ�Å�Î�Ã�À�½qË�Á�Ç9Ç9Á[ÂwÍ9Å�ák½Ñ¿èÃ�Í9ÙkÆ Ã�½Ñé

ê´ë�ìîí7ï ð ìîñÒò�ó�ô²õvö-æ{ñÒ÷Jøeò�ó�ô²ù[ú§û Å�ÈcÕ�Á�ËüÍ�ÃJ½ÑÙ�¿!Á�Ë
ô²ù�ÚÑÇ9Æ�¿c¿ÔÍ6Ä�½-Î�Æ�¿�Ó�½ÑÇ9Á�Å�á�Í9Å�áLÃ�Ákô²õ
Ã�Á-ÃJÆ�ÇbÅ�ÈÔÕÞÁ�Ë7ÃJ½Ñ¿èÃ�½ÑÎ~Í6Ù�Æ�á'½Ñ¿�Óe½-Ç6Á'Å�á�Í9Å�áqÃJÁkô²ù

ýiþ Õ ¦-ÿ
Ö�ÅÒÁ�ÈcÎD½ÑÈÞÃ�ÁØ½���Æ�Ç9É�Æ-ÃJ½qÃJÀ�½|Á���½ÑÈcÆ'Ç6Ç�Ï�½ÑÈcË�Á'ÈcÙ�Æ�Å�Ú-½qÂ�½|Ú-Á�Ù�Ï�É ÃJ½qÃJÀ�½|½-ÈcÈÔÁ�ÈqÈcÆ-ÃJ½

Î�½ÑÄ�ÅD½ÑÎ�Æ'¿cÛ

����û Å�ÈÔÕ!Á'Ë<Å�Á ÃwÚÑÁ�ÈÔÈc½ÑÚnÃ�Ç��ÒÚÑÇ9Æ�¿c¿ÔÍ6ÄD½ÑÎ|ÃJ½Ñ¿iÃHÍ9Ù�Æ�á�½Ñ¿
Ã�Á-ÃJÆ�ÇbÅ�ÈÔÕ�Á�Ë7ÃJ½Ñ¿èÃ�Í9Ù�Æ�á�½-¿ ýiþ Õ ¦-ÿ

�$½-ÚÑÆ�ÉD¿c½qÅ�Á-ÃqÆ'Ç6Ç�ÃJÀ�½LÚÑÆ Ã�½Ñá'Á�ÈcÍ9½Ñ¿ÞÍ9ÅØÁ�É�È$Î�Æ Ã�Æ�Ó�Æ'¿c½Ñ¿ÞÀDÆ	��½$Ã�À�½L¿ÔÆ�Ù�½wÅ^É�ÙHÓe½-È�Á�Ë
Í6Ù�Æ�á�½-¿cÛDÂ�½×Ã�ÈÔÆ�Í6ÅØÆ�ÅDÎ�Ã�½Ñ¿èÃHÁ�Å®Æ�É�Å�½
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ÅDÈcÕ�Á�ËüÙkÍ9¿cÚ-Ç6Æ'¿c¿cÍ9Ä�½-Î|Ã�½-¿iÃ�Í6Ù�Æ�á�½-¿�Óe½-Ç6Á�ÅDá�Í6ÅDáqÃJÁ|ô²ù
ÃJÁ-Ã�Æ�ÇgÅ�ÈcÕ�Á�Ë§Ã�½-¿iÃHÍ6Ù�Æ�á'½Ñ¿�Óe½-Ç6Á'Å�á�Í9Å�áqÃJÁkô²ù ýiþ Õ ¦-ÿ
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aver. test ER = 6.8% σ = 0.6% (ERp = 6.5%)

96 0 1 1 2 0

88 0 0 3 5 3 2

0 3 93 2 0 0 0 0 1

2 93 1 4 1 0 0

0 0 96 3 0 1

0 1 0 1 3 92 1 2

2 0 3 91 3 1

1 2 94 3
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0 3 1 1 2 1 92
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av. test ER = 16.6% σ = 0.1% (ERp = 16.3%)
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aver. test ER = 7.5% σ = 0.8% (ERp = 7.2%)
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Graphic representation of confusion matrix − av. test ER = 7.8% σ = 0.7% (ERp = 7.6%) av. train. ER = 5.2%
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Graphic representation of confusion matrix − av. test ER = 8.2% σ = 0.8% (ERp = 8.0%) av. train. ER = 6.6%
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Graphic representation of confusion matrix − av. test ER = 8.6% σ = 0.8% (ERp = 8.5%) av. train. ER = 6.5%
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av. test ER = 11.7% σ = 0.9% (ERp = 11.3%)
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UNK alder ash elmjacaran.mulber.oak olive pine

alder

ash

elm

jacaran.

mulber.

oak
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ESTIMATED CLASS

av. test ER = 21.8% σ = 2.7 (abs. ER = 20.0%)

85.2 2.8 3.7 2.7 1.7 3.4 0.6

3.2 67.5 5.7 8.8 1.8 11.2 1.8

3.8 6.9 81.4 1.4 2.0 1.5 0.3 2.6

1.4 5.8 3.4 68.0 4.8 15.0 1.2 0.3

5.5 3.1 0.2 5.8 79.1 5.8 0.5

3.0 9.6 3.6 21.0 2.9 57.5 1.1 1.3

0.1 1.0 0.2 2.0 93.8 2.8

0.7 2.7 1.4 0.4 1.7 0.4 92.8

UNK alder ash elmjacaran.mulberryoak olive pine

alder

ash

elm

jacaran.

mulberry

oak

olive

pine

T
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S

S

ESTIMATED CLASS

av. train ER = 17.0% σ = 2.5 (abs ER = 15.8%)

89.2 1.9 2.7 1.7 1.3 2.8 0.3

3.2 73.7 3.7 7.0 1.2 10.1 1.1

3.2 5.3 85.4 0.6 1.6 1.6 0.3 2.0

1.6 4.9 2.2 78.0 3.5 9.2 0.5 0.1

5.9 2.7 0.3 1.9 83.9 5.3

1.9 7.7 4.0 18.2 2.1 64.5 0.7 0.9

0.1 0.5 0.0 1.1 95.6 2.6

0.7 2.3 1.6 0.0 0.2 1.4 0.3 93.5
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UNK alder ash elmjacaran.mulber.oak olive pine

alder
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ESTIMATED CLASS

av. test ER = 23.2% σ = 3.3 (abs. ER = 21.1%)

83.9 3.6 3.4 3.5 1.9 2.0 1.6

1.8 70.3 5.7 6.6 2.7 11.1 0.9 0.8

2.5 7.8 80.2 1.8 2.1 1.5 4.0

4.3 7.9 1.3 62.1 5.2 16.6 2.0 0.6

0.7 9.7 0.4 5.4 77.3 6.0 0.4

1.8 10.9 2.2 20.3 2.5 59.3 2.5 0.6

0.4 1.2 3.2 90.7 4.5

1.3 1.5 1.8 0.1 0.2 1.9 2.5 90.8

UNK alder ash elmjacaran.mulberryoak olive pine

alder

ash

elm

jacaran.

mulberry

oak

olive

pine
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ESTIMATED CLASS

av. train ER = 16.4% σ = 3.1 (abs ER = 15.2%)

90.1 2.8 2.6 2.3 0.5 1.1 0.7

1.7 75.6 4.8 5.7 1.6 9.4 0.4 0.8

2.0 6.9 84.8 1.5 1.2 0.8 2.9

2.7 5.7 1.7 78.1 2.3 8.4 1.0 0.3

0.4 7.6 0.1 2.7 84.7 4.3 0.1

1.5 9.1 1.7 15.1 1.8 68.8 1.4 0.6

0.2 1.8 1.9 92.8 3.2

0.8 0.9 1.4 0.0 0.1 1.2 1.5 94.0

�����M�����������M���������@�7�������	�@�����	� �\�k�;�
�U�0�\ K��¡;�h�	�
��� ¡K� ¡$�¢�£�7� ��¤¥�;�7�U�0�\ §¦c¨�¡K�k©$�7� ¨�¡dª����	�7�U¦c�@��¨��
«�¬�¬ �@­¥®��@�7�Uª��@¡M�	�`� ¡d¯�¤;�U¦V¤°�0�@�	�\¦c�	¨���®K���Q¦V¤$�@�h¯n�@����©����\�d�£���@�±�U������¦c¨�� ©;ª�¡d¨��$�Q��²;³U´�³U´� 	³
µ ¡C�	¤$�@���¢�@­M®��@�7�Uª��@¡M�	�7¶�¯b�¢¤K�	�����
��¡K�0¨�ª�� ·]�@­¥�	�7��¦c�	�\�d�	¤$� «�¬�¸ ¨��b�Uª������@�±�k¨����	�@���e���
�\��¦5¤¹� �	�@�
���Q� ¨�¡K³



º	»C¼0½�¾�¿eÀ@½�Á�Â¥¼�Ã7Ä�Å§Æ'ÃSÁM»�Á�Ç�È;É7ÃdÃ
Ä�Ä�Ê�Ä�¿eË_Á�Ì�ÃdÍ�ÈÎÌ�ÃÏ¼0Ã
ÀÏ¼0Ê�Ä¢Á�»�ÌÐÀ7Ç�Á�¿�¿�¾�Ñ�Ã
Ä�ÒÔÓÕÃdÁM¾�Ë
¼�Ê_Ñ�»�ÌdÆe½�Ã
Ä�Ã�¼�½�Ã¢Ë_¾�¿�¼�ÁMÖMÃ
¿�Á�Ä�Ã¢ËSÁMÌ�Ã�Á�»�Ì×¼�Ê_Ø�»�Ì�Ã
Ä�¿5¼�Á�»�Ì_Æe½0ÈC¼�½�ÃÏÈÙÁMÄ�Ã�Ë_Á�Ì�Ã
Ò
ÓÕÃ�À
ÊM»�À
Ç�Ø�Ì�ÃeÃ
Á�À@½Z¿�Ã7ÀÏ¼�¾�Ê�»_Æe¾E¼0½Z¿�Ê�Ë_Ãe¾�Ì�Ã7Á�¿�¼0Ê_Ê@Ú�Ã
Ä�À
Ê�Ë_Ã�¼�½�Ã7¿�ÃeÂ�Ä�Ê�Í�Ç�Ã7ËS¿�Ò

Û�Ü�Ý Þàßjánß_âaábãZä

å Ë_¾�¿�¿�Ã
Ì�Ì�ÃÏ¼�Ã7ÀÏ¼0¾�Ê�»ZË_Á@ÈÙÊæÀ7À
Ø�Ä�Æe½�Ã7»�ç

è ÂKÊMÇ�Ç�Ã
»°ÂKÃ7Ä�¼0¾�À7Ç�Ãe¾�¿�Ú�Ã
Ä�ÈéÇ�ÊêÆëÀ7Ê�»0¼�Ä�ÁM¿�¼±¾�»°ÁjÚ^Ã7Ä�Èé»�Ê�¾�¿�Èé¾�Ë_Á�ì�Ã

è ÂKÊMÇ�Ç�Ã
»°Â�Á�Ä5¼�¾�À
Ç�Ã
¿�Á�Ä�Ã¢ì�Ä�Ê�Ø�ÂíÃ
Ì°¾�»NÁS¿�¾�»�ì�Ç�Ã�Í�Ç�ÊMÍZ¾�»NÁ�Æ'ÁêÈ ¼�½�ÁQ¼�Æ'Ã�ì�ÃÏ¼±Ê�»�ÇEÈ
Á�»Ù¾�»�¼0Ã
Ä�Ã
¿�¼SÂíÊ�¾�»0¼_îVÊ�Ä'ÁMÇ�Ç^¼�½�Ã7¿�Ãdì�Ä�Á�¾�»�¿�Åï¼�½�¾�¿¢Ø�¿�Ø�¿�Á�Ç�ÇEÈðÂ�Ä�Ê�Ì�Ø�À7Ã×Á�Ç�¿�ÊCÁ Í�Á�Ì
Á�Ø¥¼0Ê�Ë_Á7¼�¾�À�¿�Ã
ìMËSÃ7»0¼�Á7¼0¾�Ê�»

è Ì�Ø�¿5¼×¾�¿�Ú^Ã
Ä5ÈéÀ
Ç�Ê�¿�Ã�Ê�ÄiÁ7¼�¼�Á�À@½�Ã
Ìd¼�Ê_Á_ÂKÊ�Ç�Ç�Ã
»°À
Á�Ø�¿�¾�»�ìIÁ_Í�Á�Ì°¿�Ã7ì�Ë_Ã
»0¼�Á7¼0¾�ÊM»�Ò
ñ ½�Ã
¿�ÃZÇ�¾�Ë_¾�¼�Á7¼0¾�ÊM»�¿dÁ�Ä�ÃI¾�»0¼�Ä�¾�»�¿�¾�À°ÊMîa¼0½�¾�¿S¿5ÈK¿�¼�Ã7Ë_ÒòÓÕÃCÀ7Ê�Ø�Ç�Ìó¾�Ë_Â�Ä�Ê@Ú�ÃNÊ�»�Ç�È.¼�½�Ã
Á�Ç�ìMÊ�Ä�¾�¼�½�ËôîVÊ�Ä`¼�½�Ã°Ì�ÃÏ¼�Ã7Ä�Ë_¾�»�Á7¼�¾�Ê�»WÊ�îiÍKÊ�Ø�»�Ì�¾�»�ìòÍíÊêõKÃ
¿S¾�»óÊ�Ä�Ì�Ã
Äj¼�ÊÐÁ�Ç�Ç�Ê@Æ÷öÏØ�»�Ö
Á�Ä�Ê�Ø�»�Ì_¼0½�Ã�ÂKÊMÇ�Ç�Ã
»�Òiø�»×¼�½�Ã�Ê7¼0½�Ã
Äi½�ÁM»�Ì�Å�¼�½�¾�¿iÀ
ÊMØ�Ç�Ì°¿�Ç�ÊêÆùÌ�ÊêÆe»d¼�½�Ã�Ì�Ã�¼�Ã
À�¼�¾�Ê�»�Ò
úïÁ�Ç�¿�Ã�Á�Ç�Á�Ä�ËS¿�À7Ê�Ø�Ç�Ì]ÍíÃ�ÁêÚ^Ê�¾�Ì�Ã
Ì]À
Ê�»�¿�¾�Ì�Ã
Ä�¾�»�ìe¾�»�îVÊ�Ä�Ë_Á7¼0¾�ÊM»]Á�ÍíÊ�Ø¥¼�À
Ê�Ç�Ê�Ä�ÅïÁ�ÍíÊ�Ø¥¼

Á@Ú�Ã
Ä�Á�ì�ÃÔÍ�Ä�¾�ì�½0¼�»�Ã7¿�¿�ÅnÁ�ÍíÊ�Ø¥¼i¼�Ã�õ�¼0Ø�Ä�Ã7Òjû�Ø�»�ÖNÂ�ÁMÄ�¼�¾�À
Ç�Ã
¿`Ø�¿�Ø�¿�Á�Ç�ÇEÈòÁ�Ä�Ã�Í�Ç�ÁMÀ@Ö°ÊMÄ�Â�¾�»�Ö
ü ¾�Ò�Ã7Ò`Í�Ø�Í�Í�Ç�Ã
¿�Ê�înìMÇ�Ø�Ã7ý�Æe½�¾�Ç�ÃeÂKÊ�Ç�Ç�Ã
»°ì�Ä�Á�¾�»�¿iÁ�Ä�Ã¢Í�Ä�ÊêÆe»�Å|ÀÏÈ�Á�»�Å|Ä�Ã7ÌZÁM»�ÌZìMÄ�Ã
Ã7»�Òiº	»
¼�½�Ã`À
Ø�Ä�Ä�Ã
»0¼j¿�ÈK¿�¼0Ã
ËþÆjÃ`Ì�ÊÔ»�Ê7¼j½�Á@Ú�Ã'ÁeÇ�ÊêÆ'Ã
Ä|¼�½�Ä�Ã
¿�½�Ê�Ç�ÌIÊ�î;Í�Ä�¾�ìM½�¼0»�Ã
¿�¿n¼�½�Á7¼jÀ7Ê�Ø�Ç�Ì
Ì�¾�¿�À
Á�Ä�ÌÐÍ�Ç�ÁMÀ@Ö¹Â�Á�Ä5¼�¾�À
Ç�Ã
¿¢Ê�î�Ì�Ø�¿5¼�ÒSÿbÊ�Ç�Ç�Ã
»Ðì�Ä�ÁM¾�»�¿'½�ÁêÚ^Ã_Á�Ç�ÆjÁêÈK¿¢ÁCÖ$¾�»�ÌÐÊ�î§¼0ÃÏõ$¼�Ø�Ä�Ã
¼�½�Á7¼±Ë_Á�Ö¥Ã
¿a¼�½�Ã7Ë Ì�¾ � Ã7Ä�Ã
»0¼ÔîVÄ�Ê�Ë÷Ê7¼�½�Ã
ÄiÂ�Á�Ä5¼�¾�À
Ç�Ã
¿�Ò



�������	��
���
����	���	��������������
���� ����� !"!$#

%'&)( *,+.-0/1/12)35476

8�95:<;>=@?7?)ACBD:.=@E"9>FHGIA0GJ=@K@K�L)ANMOACL�:.E5ADPRQRANL)=@STAN9<:.?TU>E"9>AVE"9�W�L)=@9>AVU>XN:<X"Y>X"?ZAC[]\^;>A
BCK@X"?)?Z=`_>BNXN:.=@E"9aACLZL)E"LZ?bGJ=`K@KcYdAIX"9>XeKgfRhCANUiGJ=g:<;aLZACMOANL)AC9�BCA�:.E	:<;>Akj�XlfmAN?)=@X"9nBCK@X"?)?Z=`_�ACL
W>?)=@9>opMOANXN:.W�L)AkY>X"?ZACUqE"9nK`ErBCX"K�stAD:.?Z[
8�9�Q>X"Lu:<=`BNW>K@X"L)FbG�AVL)ANMOACLv:.EwADPxQdACLZ=`SyAN9.:<?yU>E"9>AzEe9{MOW>K@K|U>X$:.Xw?ZAt:i:<X"}~=`9>o !$#"� E"M
=`SyX"o"AN?0MOE"L�:<AC?u:<[�\^;>AC?ZAp=@STXeo"AC?�X"L)ATL)X"9�U>E"SyKgf]ADP~:.L)XeBt:.ANU{Y<f�X'?)AD:V9>AD�mANL0W>?ZACU
MOE"L�:.LZX"=`9�=`9>oTX"9>U7��X"K@=`U>X$:.=@E"9>[
8�9q�1=`oeW>L)AJ�"[ ! F�G�A0?Z;>ElG�:.;>A�Sy=`?ZBCK@X"?)?Z=`_>ANU�=`SyX"o"AN?�GJ=�:.;�:<;>AJAC?u:<=`SyXN:<ACU5BNK`X"?Z?

X"9>UT:<;>A0Xe?)?)=@o"9>ANUwQ>LZE"Y>X"Y>=@K@=g:�f��u=@9'QdACLZBCAN9.:<X"o"AN�)[ \^;>=@?�Q>LZE"Y>X"Y>=@K@=g:�f�=@?�:<;>A0Q>LZE"Y>XN�
Y>=`K@=�:�f'EeMr:.;�A	AN?u:.=@SyXN:.ANUzBCK@X"?Z?�o"=��mAN9�:.;>A�AtP~:<L)X"BD:.ACU�MOACXN:<W>L)AH�mANBt:<E"L)[1��A	9>E$:.A1:.;>X$:
MOE"LvSTEe?u:0E"Md:<;>AC?ZA0=@STXeo"AC?H:.;>AJQ>LZE"Y>X"Y>=@K@=g:�f�=@?	YdACK@ElG�� #"� [I\^;>=@?�=`?�Xpo"ErErUaQdE"=@9<:
YRANBCX"W>?ZAv=`97XkLZACX"K>XeQ>Q>K@=`BNXN:.=@E"9�G�A�BNE"W>K@U7X"?)?Z=`oe9k:<;>AC?ZAv=g:<ACSy?x:.EkX"97W�9>}~9>ElGJ9�BNK`X"?Z?
MOE"L^MOW>Lu:<;>ACLvX"9�X"KgfR?Z=`?Z[
��At:TW�?^:<Lufw:<EVo"=��mATXaU�ACACQdACL =@9>?)=@o";<:�E"9z:.;>AyQ>LZAt�R=@E"W>?JST=@?)BNK`Xe?)?)=@_>BNXN:.=@E"9>[a8�9

�1=`oeW>L)A �"[@�"F�G�A ?);>ElG�XyBCEeK`K@X"o"Ak=@9yGJ;�=`B�;q=`97:.;>AkBNAC9<:.LZX"K�BCE"K@W>Sy97:.;>ANL)A X"L)Ak?ZE"SyA
�uSy=`?ZBCK@X"?)?Z=`_�ACU>�T=`SyX"oeAC?7E"M^�1=@o"W>LZAz�"[ ! GJ=g:<;�X"?)?Z=`oe9>ACU];>=@o";�Q>L)EeY>X"Y>=@K`=�:�f�[�8�9w:.;�A
_>L)?�:	:<;>L)ANAJBNE"K@W>Sy9>?�:<;>ACLZA�XeL)Ak=@STXeo"AC?�YRANK`Ee9>o"=@9>o :<EI:.;>A�:.LZW>AJBCK@X"?)?1:.;�XN:�X"L)A�:.;�A
9>ACX"LZAC?�:T:<Ep:.;>AVEe9>AV=`9�BNAC9<:.LZX"K^BCE"K@W>Sy9�=`9w:<;>AVACW>BNK`=@U>ANX"9�9>EeL)S�EeMH:<;>AVMOACX$:.W>LZA
?)Q>X"BNAy�uXeM�:.ACL�:.;�A�Q>LZE�stACBD:.=@E"9VE"9p�����k�Z[�8�9�:.;>A	K`Xe?u:�:<;>L)ANA�BNE"K`W�ST9�?)Fr:<;>ACLZAIX"LZA	=@SI�
X"o"AC?HYdACK@E"9>oe=`9>o�:<E�:.;>AvAC?�:.=@SyXN:.ANU�BNK`X"?Z?x:.;>X$:�X"L)A�:<;>A^9>ACXeL)AC?�:�=`9I:<;>A^?)X"SyAvMOACX$:.W>LZA
?)Q>X"BNAC[
8�M�f>E"W5MOE"K@K`ElG�XVL)ElG f>E"W5BCXe9¡?ZACA�:<;>A7?)SyErEN:.;p:<L)X"9>?Z=g:<=`Ee9¡=@9p:.;�A7MOACXN:<W>L)AN?k?)Q>X"BNA
MOL)E"S¢E"9>A�BCK@X"?)?�:.E�:<;>A0EN:<;>ACLZ£dGJ=�:.;p:<;>=`?	=`9<:<ACL)Q�L)At:<XN:.=@E"9p:<;>A0Sy=@?)BCK@X"?Z?)=@_>ACU¡=`SyX"oeA
=`?�E"9�:.;�AqYdE"W>9>U�X"Luf¤YdAt:�G�ACAC9{:<;>AT:�G�E{BCK@X"?Z?)AC?pX"9>U�=�:5BNX"9�YdAy:<;>E"W>oe;.:wK`=@}eAqX
:.L)Xe9>?)=�:.=@E"9a=g:<ACSy[

��A09>E$:.A�:<;>XN:i?)E"SyA0ANL)LZE"L)?	BCE"W>K@U5YdA0Xl�mE"=@U>ANU5Y.f¥BCEe9>?)=@U>ACLZ=`9�oVMOACXN:<W>L)AN?|GJ=g:<;
=`9>MOEeL)SyXN:.=@E"9¦E"9¦?);>X"QdAC[§��E"LnAtPRX"SyQ>K@ACF7=@9]:.;�A�?ZACBCEe9>U¨LZE�G©E"M���=`o"W�L)A��"[@�"Fi=�:
?)ACANSy?TBNK`ANX"L�:.;�XN:0:<;>AVXl�mACLZX"o"AzEeM�K@ErBCX"K�stAt:.?0U>E�AN?)9>ª�:aX"K@K`ElG�:.E'?)ACQ�X"L)XN:<AVBCK@ACX"LZKgf
:.;>A7=@SyX"o"AiE"9T:.;>A7MOE"W�Lu:.;'BCE"K@W>Sy9�MOL)E"S«:.;>A0=`SyX"o"A0=`9p:<;>Ai_>M�:<;5BCE"K@W>Sy9�Y>W�:IG�A
?);>E"W�K`U�El�mANL)BCEeSTA0:<;>=@?7U>=`¬yBNW>Kg:�f�BCE"9�?)=@U>ACLZ=`9>o�?Z;>X"QdAVX"9>U':.ADP~:.W>LZAzE"M1:.;>AN?)A�:�G�E
=`SyX"o"AN?)[
­ 90:.;�AkEN:.;>ANL�;>X"9�U>F�:.;�ACL)AkXeL)AI=@SyX"o"AC?�GJ;�=`B�;aX"L)A�L)ACXeK`K�f5;>XeL)Ui:.EiU�=`?�:.=@9>o"W>=@?);

YRANBCX"W>?ZA�EeMbXTBCANLu:.Xe=`9a=`9<:<L)=@9>?)=@B�XeS0Y>=@o"W>=�:�f¡E"Mm:.;>A U>XN:<X"Y>X"?ZAC[
��;>XN:T=@?^:<;>A7U>=@®RANL)AN9>BCATYRAD:�GIANAC9n:.;>A7=@SyX"o"AC? E"9z:<;>A7MOE"W>L�:.;�X"9>U�_>M�:<;¡BNE"K@W>Sy9>?
=`90:<;>A�=@9<:.ACLZ?)ANBt:.=@E"9iGJ=�:.;0:.;�AI_>M�:.;�FR?Z=gP~:.;�F�:.AN9.:<;VX"9>UVANK`AD�mAC9<:<;aLZElGJ¯w8°:k=@?�X"9zANSI�
Y>X"L)Xe?)?)=@9>oJ±~W>AC?�:.=@E"9>F�GJ;>=`B�; GIXe?�XeK`?ZE�QdE"?)ANU :<E�:.;>A^ADPxQdACL�:.?�GJ;>EJQ>L)El�R=`U�ACUpW�?�:<;>=@?
U>XN:.XeY>X"?)ANF�X"9>Ui:.;�Atf5BNE"W>K@Uq9�EN: ?)Xlf�=�:.²^\^;�=`?v=@9.:<L)=@9>?)=@B X"S0Y�=`o"W�=g:�fVGJ=@K`KxBCE"9>?�:.=�:.W�:<A
XwK`ElG�ACLiYdE"W>9�U{MOE"L�:<;>ApANL)LZE"L0LZXN:.A�E"M�X"9<f�BCK@X"?)?Z=`_>ANL7E"9q:<;>=`?�U>XN:<Xw?)AD:VX"9>U':<;>=@?
YRE"W�9>UVBCE"W�K`UnYdA�MOE"W>9�U0GJ=g:<;aX�:.AC?�: E"90:<;>AI;~W>SyX"9��uADPxQdACL�:.ª@?)�^ANL)L)EeL�L)X$:.AIE"90:<;>=@?



³�´�µ�¶	·�¸�¹�º�»�µ	¼�µ	½�¾�¿�À�¿�Á�Â�¸�¹�¹ Á�¹�¿ Ã"ÃeÃ

Ä>ÅNÆ.ÅeÇ>Å"È)ÉNÊ

Ë	Ì Å"Í@Î"Ï"Î"Ð>ÈTÅ Ì ÅeÍgÑRÈ)Ò@ÈzÓNÅ Ì ÇdÉ'Ä>Î Ì É'Î Ì�Ô Î"Í@Í`É Ì Ä>ÅNÆ<Å"Ç>Å"ÈZÉCÊ�Õ�Ö)Ö)ÎeÖ)ÈpÅeÖ)É'×yÅ"Ä�É
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(1,9,9)

(1,5,80)

(1,9,62)

(2,11,82)

(2,11,73)

(2,7,89)

(2,11,59)

(2,7,93)

(2,7,92)

(2,10,53)

(3,4,57)

(3,11,100)

(3,11,78)

(3,4,81)

(3,2,67)

(3,7,51)

(3,4,58)

(3,2,61)

(4,3,72)

(4,3,93)

(4,7,53)

(4,9,100)

(4,7,100)

(4,7,3)

(5,9,99)

(5,6,100)

(5,10,89)

(5,6,54)

(5,6,100)

(5,9,15)

(5,6,96)

(6,5,64)

(6,2,42)

(6,5,94)

(6,10,75)

(6,10,1)

(6,3,62)

(6,5,62)

(7,2,88)

(7,2,3)

(7,2,76)

(7,2,88)

(7,2,55)

(7,2,46)

(7,4,59)

(7,6,14)

(7,6,13)

(8,4,99)

(8,4,63)

(8,11,85)

(8,11,89)

(8,4,72)

(8,4,0)

(8,11,99)

(8,11,68)

(8,4,91)

(9,1,96)

(9,6,82)

(9,5,97)

(9,3,39)

(10,5,79)

(10,6,99)

(10,7,36)

(10,2,97)

(11,2,50)

(11,2,51)

(11,2,98)

(11,3,65)

(11,2,75)

(11,7,85)

(11,1,65)

(11,2,97)

(11,4,65)

(11,8,96)

1: Bact 2: Wh. Cell 
Clumps 

3: Clumps
Ysts 

4: Crystal 5: Hyal 6: Nhyal 7: NSE 8: Red Bl.
Cells 

9: Sperm. 10: Sq.
Epitel. 

11: Wh. Bl.
Cells 

12: Mucus 

(true class, estimated class, prob.) 
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(2,530)(2,594)(2,973)(2,593) (7,892) (7,442) (7,772)

(2,820)(2,828)(2,574)(2,886) (11,412) (11,933) (11,317)

(3,792)(3,733)(3,741)(3,916) (4,915) (4,739) (4,413)

(4,767)(4,323)(4,6)(4,566) (7,824) (7,631) (7,628)

(5,892)(5,668)(5,257)(5,939) (6,266) (6,852) (6,363)

(6,627)(6,570)(6,341)(6,414) (5,23) (5,905) (5,523)

(7,551)(7,143)(7,11)(7,6) (2,961) (2,300) (2,828)

(7,826)(7,399)(7,119)(7,270) (4,661) (4,761) (4,705)

(7,661)(7,695)(7,582)(7,248) (6,500) (6,814) (6,13)

(8,970)(8,964)(8,916)(8,509) (11,817) (11,327) (11,493)

(10,707)(10,989)(10,421)(10,300) (6,630) (6,568) (6,572)

(11,795)(11,301)(11,170)(11,483) (2,805) (2,522) (2,573)

CENTRAL COLUMN: not correctly classified images
FIRST THREE COLUMNS: nearest images belonging to the true class
LAST THREE COLUMNS: nearest images belonging to the estimated class 

(index class, index images in data set) 
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UNK alder ash elmjacaran.mulber.oak olive pine fa

alder

ash

elm

jacaran.

mulber.

oak

olive

pine

fa
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U
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S

S

ESTIMATED CLASS

av. test ER = 44.0% σ = 3.1 (abs. ER = 53.8%)

24.172.70.2 0.8 0.3 1.0 0.1 0.8

55.20.9 38.71.2 0.8 0.9 1.9 0.4

30.10.9 1.5 63.50.4 1.1 0.0 2.5

71.71.7 0.7 0.5 20.32.4 1.9 0.7 0.3

28.70.1 3.1 0.7 67.00.3

58.60.9 1.8 0.3 4.5 1.6 31.50.6 0.3

14.1 0.8 0.4 83.01.7

15.60.2 0.0 0.5 0.0 0.3 0.3 0.8 82.3

44.85.8 1.2 0.6 1.7 13.16.3 8.9 17.5

UNK alder ash elmjacaran.mulberryoak olive pine fa

alder
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elm

jacaran.
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oak

olive

pine

fa

T
R

U
E
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L
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S

S

ESTIMATED CLASS

av. train ER = 38.3% σ = 2.9 (abs ER = 53.3%)

20.278.70.1 0.3 0.4 0.3

49.20.8 46.70.9 0.5 0.5 1.3 0.1

26.00.5 1.2 69.70.2 0.9 1.5

64.51.1 0.9 0.3 31.50.7 0.4 0.5

22.1 2.9 75.0

57.30.5 1.3 0.3 2.2 0.8 37.20.1 0.2

11.2 0.6 0.1 86.61.5

14.2 0.0 0.6 0.1 0.1 0.2 84.8

44.95.8 1.2 0.6 1.6 13.26.1 8.9 17.7

WYX[Z"\�]�^`_JacbJdfe6g�h�i#i�j k�l�h�m�j n
ofn�prq0s�n�g�g t�oui#s�t�l�j t�i�v/j m-w�n
x�m�y$n�z
t�g�j o�{�m-w�t8p[h
g i7t8h
g�h�|�y
l�g�h�i7i�}0h#~
t�|�h�{
t(m-t�i#m��-g t�p�m�i�j�z�t���h�o�z�m-|�h
j o�j o�{���|�j {
w1m/i�j�z�t���l�n
o�p�x�i�j n
oMy�h�m-|�j�l�t�iBn�pY�
�
�
t��"s�t�|�j�y$t�o"m-i�j o�v6w�j�l�w�{
n"n�z�z
t�m-t�l�m-n
|�s�h�m�l�w�t�i$v@t�|#t/x�i#t�z��Y��o�m-w�t�i7t/t��"s�t�|�j�y$t�o"m-i���v@t
w�h-~
t�|�h�o�z�n�y�g ��t��1m-|�h
l�m-t�z�m-w�t4�
�
��n�p<j�y�h�{
t�iBp�n
|6m-t�i#m�h�m6t�h
l�w�j m-t�|�h�m�j n
o��



�@�B�B�/�@ 6¡H¢J£L¤M�(¥$¦� Q§S¨�§S�@ 6© ªJª�«

¬Y­c®�¯J°c°²±´³"µB¶¸·�¯J®�¹
º�±�¹�»�¼�»�½�¶�°1¹
¾�¶¸¿�¯"°[ÀÁ¶¸¯J°[¯"º�¼Â·�°c¯JÀ�ÀÁÃ¸Ä�­[®Å·�¶@µB¶�¾Å¯�Æ�¶Ç¯�ÆÈ¯J­c°c¯JÉ�°c¶
¯�°c»�¹0»J¿@ÀÁ¯J¼�Ê�°c¶�ÀBÉË¶�°c»J®�Ì"­[®�Ì�¹
»�¹
¾Å­[ÀÇ·�°c¯JÀÁÀB¯J®�½8À�­c®�·�¶Ç¹�¾�¶�ÀÁ¶�À�¯"¼�ÊÅ°[¶�ÀBÀ�¾Å»�µÍ¯J®�¶#Î�Ï
¹
º�¶�¼�¶@ÆÅ¯"º�­c¯JÉ�­c°[­²¹-±`­c®�¯JÊ�ÊË¶�¯JºÁ¯J®�·�¶�³"µ�¶¸·�¯J®�É�Ð�­c°[½�¿�»JºÑ¹
¾�­cÀ5·�°c¯JÀÁÀ�¯B¼�»"º�¶¸·�»"¼�ÊÅ°[­c·�¯�¹�¶
¼�»�½�¶�°[ÃÇÒ¸¾�¶¸¹
Ð�®Å­[®�Ì�Ê�ºÁ»È·�¶�¶�½ÅÀ/­c®(¹
¾�¶�¿�»J°c°[»Óµ4­c®�Ì�À&¹
¶�Ê�À�Ô
ª Ã�µ�¶�º�Ð�®Õ¶7Î�ÊË¶�ºÁ­[¼�¶�®�¹�À/¹
»�Ö�®�½Õ¯)ÌJ»�»È½f®�Ð�¼0É�¶�º�»J¿r½�­[¼�¶�®�À�­c»J®�ÀÁ³$®�Ð�¼�ÉË¶�º0»J¿
·�»J¼�ÊË»J®�¶�®
¹�À$­c®0¹
¾�¶/×�»JØ4À�³ËÀ&¹�º�Ð�·#¹
Ð�ºÁ¶�»J¿<·�»�ÆÈ¯JºÁ­[¯"®�·�¶�¼�¯�¹�º�­²Î�¿�»JºS¹�¾�¶BÊË»J°c°[¶�®
·�°c¯JÀ�ÀÁ¶�À(Ù1¶�¶�Ê�­[®ÅÌ�¹
¾�¶�À�¯"¼�¶�¼�»È½�¶�°6¿�»Jº$¹
¾�¶�¿�¯J°cÀ�¶�¯"°[¯JºÁ¼Ú·�°c¯JÀÁÀ�Û@µB¶�Ð�ÀÁ¶�½Ü¿�»Jº
¹
¾�­cÀ(·�°[¯JÀÁÀ�¯�¼�­�Î�¹�Ð�º�¶0µ4­²¹
¾ÞÝ)¿�Ð�°[°r·�»ÓÆÈ¯Jº�­c¯J®�·�¶�Ø4¯JÐ�À�ÀÁ­[¯"®�À*ß�¹�¾�¶�®�Ð�¼0É�¶�º�»J¿
½�­c¼�¶�®�À�­c»J®�À6µ�¯"À5ÆÈ¯JºÁ­[¶�½�½ÅÐ�º�­c®�Ì�¹
¾�¶�¶7Î�ÊË¶�ºÁ­[¼�¶�®�¹�À�à

á Ã�Ù"¶�¶�Ê�­c®�Ì$¹
¾�¶rÉ�¶�À&¹$Ê�¯Jº�¯"¼�¶#¹
¶�º�ÀY¿�»Jº�¹
¾Å¶�ÊË»J°[°c¶�®�·�°c¯JÀ�ÀÁ¶�À�³JµB¶�¹�º�­c¶�½�¼�¯J®�±�ÆÅ¯"°[Ð�¶�À
¿�»Jº@¹
¾Å¶�®�ÐÅ¼�ÉË¶�º�»J¿S·�»J¼�ÊË»J®�¶�®�¹�À/­c®(¹
¾�¶�¼�­²Î�¹�Ð�º�¶4¼�»È½Å¶�°<»J¿�¹�¾�¶�¿�¯J°[ÀÁ¶�¯J°c¯Jº�¼
·�°c¯JÀ�À

â Ã�µ�¶�º�Ð�® ª�ãJã ¶#Î�Ê�¶�º�­c¼�¶�®�¹
À�­c®�»Jº�½Å¶�º�¹�»�Ö�®Å½�¹
¾�¶4ÉË¶�À&¹�­[®�­²¹
­c¯J°S·�»"®�½�­²¹
­c»J®�À�¿�»Jº
ä6×å¯J°cÌJ»JºÁ­�¹�¾�¼

ÝJÃ�µ�¶¸ÆÈ¯Jº�­c¶�½�¹
¾Å¶¸¹�¾�º�¶�À�¾�»"°[½8»J®�¹
¾�¶�ÊË»JÀ&¹�¶�º�­c»JºÇÊ�ºÁ»JÉ�¯JÉ�­c°c­�¹-±æß�À�¶�¶0¬Y­cÌJÐ�ºÁ¶�çJÃ â à
Ò¸¾�¶�ÉË¶�À�¹(ÊË¶�ºÁ¿�»Jº�¼�¯J®�·�¶ÇµB¯JÀ�¯J·�¾�­c¶7Æ�¶�½�µ4­²¹
¾)ÊÅ¯Jº�¯J¼�¶#¹
¶�ºÁÀB°c­[À�¹
¶�½�­[®�¹
¯"É�ÃBçJÃ â Ã/Ò¸¾�¶
°[¯JÀ�¹�À&¹�¶�Êu­cÀr¹
»`ÖÅ®�½�¹
¾�¶0¯ÓÆ�¶�ºÁ¯JÌJ¶�¶�º�º�»"ºBº�¯�¹
¶(»J¿ ª�ãJã ¶#Î�ÊË¶�ºÁ­[¼�¶�®
¹�À�Ã�èB»�¹�¶/¹
¾Å¯�¹BµB¶
¯JÀ�ÀÁÐ�¼�¶�¹
¾Å¯�¹/¯0·�»Jº�ºÁ¶�·7¹/·�°[¯JÀÁÀ�­cÖ�·�¯�¹
­c»J®�¿�»Jº5¯4¿�¯J°cÀ�¶�¯J°[¯"º�¼éÀÁ¯J¼�Ê�°c¶B»�·�·�ÐÅº�À<µ4¾�¶�®�­�¹/­cÀ
¯JÀ�ÀÁ­[ÌJ®Å¶�½`¶�­²¹
¾Å¶�º�¹�»�¹�¾�¶B¿�¯J°cÀ�¶/¯J°c¯Jº�¼Í·�°[¯JÀÁÀ�»Jºê¹
»Ç¹
¾�¶/Ð�®�Ù�®�»Óµ4®`·�°c¯JÀÁÀ�ÃÇëBÀrÐ�À�Ð�¯"°�¿�»Jº
¹
¾�¶�°c¯JÀ&¹4¶#Î�ÊË¶�ºÁ­[¼�¶�®
¹�³S¯�¹4¶�¯J·�¾8­²¹
¶�ºÁ¯�¹
­c»J®(µB¶4ºÁ¯J®�½�»"¼�°²±uÀÁ¶�°c¶�·#¹/¹�¾�¶ ª�ãJì »J¿S­[¼�¯JÌJ¶�À
¿�»Jº@¹
¶�À&¹
Ã�Ò¸¾�¶�Ê�ºÁ»J¼�­[ÀÁ­[®�Ì�ÊË¶�º�¿�»"º�¼�¯J®�·�¶0­cÀÇÀ�¾�»Óµ4®)­c®*¬Y­cÌJÐ�º�¶�çJÃcÝJÃ

í�î�ïðî�ñMò�ó�ò�ïðô õÅî�ö�÷�ò
½�­c¼�¶�®�ÀÁ­[»"®�À ª Ý

·�»"¼�ÊË»J®�¶�®�¹
À�Ê�»J°c°cÃ¸·�°c¯JÀ�ÀÁ¶�À á
·�»ÓÆÈ¯Jº�­c¯J®�·�¶0ÊË»J°c°[Ã¸·�°[¯JÀÁÀ�¶�À ÀÁÊ�¾�¶�º
·�»J¼�Ê�»"®�¶�®�¹
À�¿�Ãc¯JÃ¸·�°c¯JÀ�À Ý
·�»ÓÆÈ¯JºÁ­[¯J®Å·�¶4¿�Ã[¯JÃ¸·�°[¯"À�À ¿�ÐÅ°[°

ÊÅº�»JÉ�Ã@¹�¾�º�¶�À�¾�Ã ã Ãcø

Òù¯JÉÅ°[¶4çJÃ â ÔBú6û�ü�ý#ý�þ ÿ���ü���þ �����	��

����û�û ����ý�������þ ��ý�����������������û�þ �����������[ü
û ý��(ü
û�ü� !�"��û�ü�ý7ý!#
��ü� �ü��������� #ý$�%��&	���'����ü���("ý)���*��&���þ �	�6ý���ü����+����þ,�-�(ü
û ý����	 ��/.�þ,�0���$&�ý@ü1���2�3�5ý������	�´þ ��þ ��þ�ü
û
�4���5��þ ��þ ����ý6�7�� ������8 �ü����0�	�9�2&���:��� $�������� �ü����� �&�ý����;�������� !�7�� !�=<?>Hü
û ���� �þ �����A@



B+C6D6EGF+H�IKJMLONPC�Q�R?HTSVU�SVF+H�W XMX/Y

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7
Error rate as a function of probability threshold

prob. threshold

ER
prop. ER

Z'[]\2^�_�`GaMb]c2d
e�f,g�hih!j k�l�g�m/j n�opn	qsr�t�n	f,f u�ovhitwu�l�j u�h'x�y	u�o�z�n3{0u�f,j o�|6m�y�u}q]g�f hiu}g�f,g�~�z�l�f,g�hih!�
u�~i~�n�~$~!g�m�uAg�h8g;q%�	o�l4m/j n�opn	q�m�y�u�m�y�~iu�h�y�n	f,{6n�opm�y�u�t�n�h�m�u�~!j n�~$t�~in���g���j,f,j m�������y�u*~�u�{pf,j o�u
hiy�n/x�h�m�y�u��	h���g�f�u�~�~�n�~�~!g�m�u6{�u�k�o�u�{�g�h�m�y�u�~!g�m/j n6��u�m�x+u�u�oAm�y�u�o���z���u�~Vn	q�z�j h!l�f,g�h�h�j k�u�{
j,zAg�|�u�h;g�o�{}m�y�u�o2��z���u�~�n	q	m�u�h�m�u�{�j,z�g�|�u�h}��j o�t�u�~!l4u�o2m/g�|�u�������y5j hGj h6z�g�j o5f �v|	j ��u�o����
m�y	u;l�f,g�h�h�j k�l�g�m/j n�o�t�u�~!q7n�~!z�g�o�l4u�n�ovm�y	u;q�g�f h�u�g�f,g�~!z�l�f,g�h�h$h!j o�l4u*x+u;g�~�u�m�u�h�m/j o	|p���6q�g�f h�u
g�f,g�~�z�h�t�u�~�u�g�l�y�twn	f,f u�o�|�~!g�j o�����y�u8��f ��u�f,j o�u8h�y�n/x�h�m�y�uGt�~�n�t�n�~�m/j n�o�g�fMu�~i~�n�~�~!g�m�u�{0u��
k	o�u�{Ag�h�m�y�u�h��5z�n	q�u�g�l-y�l�f,g�h�h+u�~�~�n�~�~!g�m�u��$��y�j h�j h�z�n�~iu�h�u�o�h!j m/j ��u*m�nvzAj h!l�f,g�h�h!j k�l�g�m/j n�o
n	q�t�n	f,f u�o�h!g�z
t�f u�h!���4opn���~�u��2t�u�~!j,z�u�o2m/ Mx�u8y�g���u�l-y�n�h�u�o�g�m�y�~�u�h�y	n	f,{;n	q����,¡��



¢+£6¤6¥G¦+§�¨K©MªO«P£�¬�­?§T®V¯�®V¦+§�° ±M±/²
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ESTIMATED CLASS

av. test ER = 35.1% σ = 3.1 (abs. ER = 15.5%)

8.9 76.51.4 3.3 3.0 1.3 1.3 0.4 0.6 3.3

18.42.5 46.08.1 6.4 2.6 9.8 0.5 3.4 2.3

13.12.4 6.9 60.75.7 1.6 3.1 4.8 1.7

20.22.8 8.4 5.6 41.34.5 10.20.5 2.6 3.9

13.7 7.1 5.7 66.62.9 4.0

19.41.1 6.6 1.3 13.43.1 44.42.5 2.2 6.0

3.6 0.2 0.9 0.6 87.30.9 6.5

8.7 0.7 1.0 2.8 0.7 0.2 2.2 2.0 74.86.9

6.7 1.4 1.4 1.1 0.5 1.8 1.7 1.3 4.4 79.7
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alder

ash

elm

jacaran.

mulberry

oak

olive

pine

fa

T
R

U
E

 C
L

A
S

S

ESTIMATED CLASS

av. train ER = 33.5% σ = 2.5 (abs ER = 15.3%)

8.8 76.81.6 3.5 2.7 0.7 1.5 0.2 0.8 3.5

17.12.5 49.06.5 5.7 2.9 10.80.5 2.7 2.3

13.12.2 7.3 61.45.2 1.5 3.2 4.4 1.8

16.92.2 7.1 5.0 48.23.6 9.9 0.7 2.8 3.6

9.3 7.7 8.3 69.62.4 2.7

19.01.6 6.5 1.2 12.23.9 45.21.8 2.3 6.4

4.8 0.3 1.4 0.2 85.90.4 7.0

7.8 0.7 0.9 2.6 0.6 0.1 1.9 2.2 76.27.0

6.8 1.3 1.4 1.1 0.5 1.7 1.7 1.3 4.4 79.8
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av. test ER = 17.4% σ = 2.6% (abs. ER = 8.2%)

9.9 81.4 3.7 0.7 4.3

14.7 4.1 78.0 1.2 2.0

14.5 0.7 0.7 78.0 6.1

14.8 1.4 1.4 4.2 78.2
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av. train ER = 16.1% σ = 2.8% (abs ER = 7.9%)

9.2 83.9 2.5 0.7 3.7

14.4 3.3 79.2 0.5 2.6

13.7 0.7 0.7 79.2 5.7

14.5 1.4 1.3 4.0 78.7
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