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图 1 原子 ELM 分类器结构图

Fig.1 Structure of basic binary ELM classifier

rÄ�|Z ,�Æ��¦�ñ+oQt�-
N»¼ß& PWeà-TPB��ÄÈ./è#û
RNZW& -& õT�Ä��ù7�jNn+�
��Æîþ)Îq£�Äú ,ÿ!-& vÄÏÐ
\+��zo¿�( }�÷"úNÛ{' q]&
�aqsÎ|�ñ+Ö !$% ,v6 HK�ñ-
+Ö" �vhiÎjÜ7 PWen+�& ���
n+��Wr^c�n��N�ñþø'

Ü7PWen+�NyÇxÝ + ÉÏ' µ�Ü
åZñ9N�Î|�ñ+Ö�ÆÜ7 PWen+
�& É� PWeNy�³iÑÎjÄÈ!' fg�²�Æ¦N���q +**& É��BZ�Õ ;-+**
N�Æ¦åZñ9�ñÕçvu��»éK& -& É�ñÕçZµ��Ny�Íq +& �]��Ny
�Íq H+'

Ü7 PWen+�NK³y�%çq# -"-?& �)&

- -
<!O+$a+&I+" 1 <!O;$a+&I+"

4 4
<!O+$a.&I." 1 <!O;$a.&I.









" ;V.

& "-
!+

4
!









.

& ?-
5+
4
5









;

'

µ�h�E³ÄÈ!�\��Æ¦���& - . ";& É�LC -Ü´~ÑN' ,9LC !*U$[

+NNK+



¦§¨©©ª !«¬.©­" ! "# "

=99>#??@.5A1&A10B&0BCD4.C5E.C<0?FGA

--g" qµí[LC& Ìy�±Í "��µ%ç !+" wH'
"� @!*U$[-g-" H+-g? !+"

!!��õ�²& Z�Îjf¹O& ��Ï�Ü7PWen+�& ZµNy��µ%ç !"" ièGH'

EA -
+& ' .

4-+
<!O$a4&I4" 3*

/+& ' .

4-+
<!O$a4&I4" %{ *

!""

!!Ü7 PWen+�Nñ9�Æè#Äþxy#
+" y�ÔÎ�»éK�N�Æ¦ K$
"" ���E³ÄÈ!� . & q«�� < & 3!C� $-+ $
#" °×h)y�ëBE³ÍÊN±Í ALE³û�&T B $
K" ièE³Ny�LC - -<!:$A&B" $

J" ièE³By�³ÍÊN±Í "
�
-!*U![-g-" H+-g?'

"C"!�� PWe
�ÉÑNÜ7 PWen+� !$% ,v6 HK�ñ- +Ö" ��Æ³½�& sÎjÜ7 PWen

+�ûç�Û)P�|�ñÕçB���ñÕçNnÛÒ' ��Ü7 PWen+�¸Ý " wç�Wr
^)O* ' µ��O¨\�ÛÜyt²×Å)é�v6ÆuÕç& É�� ,v6 HK�ñÕç- NÜ7
PWen+�½��W.)N!Îj'

�ZxÞ���ñþøß& �ÔÎ�»éK�N��Ï��W PWe:ô' �!ÎjÜ7 PWen
+�Ny�q H+& g�£¤v�yÎjÜ7 PWen+�& ØT�! GjÜ7 PWen+�Ny�q +
ß/t&y¼y& � Nþøyzq! GjÜ7 PWen+�ÉZµN�ñÕç& G-+&1&O '

Prereated test
sample

图 2 级联 ELM 流程图

Fig.2 Flow chart of cascaded ELM
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图 3 小样本故障识别率

Fig.3 Small sample fault recognition rate
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