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�� 5RVVLQL *� $Q LPSURYHG WR WKH 0DQVILHOGV PHWKRG IRU FRP�
SXWLQJ HOHFWURFKHPLFDO SDUDPHWHUV IURP SRODUL]DWLRQ GDWD
�� &RUURV� 6FL� Û ����� Û ��� ¢ �� Û 3� ���Ü����

�� cË®Ó�ËmË¯� l� i�� tÈ®� �� �� | ¯È°�Ë�Ë °}º¯º°�Ò }º¯�
¯ºÏÒÒ äË�Èããºm ¹º �ÈÓÓ©ä ¹ºã«¯ÒÏÈ�ÒºÓÓ©ä ÒÏäË¯ËÓÒ®
�� ~È�Ò�È äË�Èããºm� Û ����� Û ��� ¢ �� Û v� ���Ü
����

�� |¹¯Ë�ËãËÓÒË }ÒÓË�Ò�Ë°}Ò² ¹È¯ÈäË�¯ºm º­�Ë® }º¯¯ºÏÒÒ ¹º
�ÈÓÓ©ä ¹ºã«¯ÒÏÈ�ÒºÓÓ©ä ÒÏäË¯ËÓÒ® � l� i� cË®Ó�Ë�
mË¯�� s� �� vËäËÓºmÈ� s� k� vË¯�ËËmÈ� �� j� vºãº�}ºmÈ
�� �ËÏ� �º}ã� ~È�Ò�È���� �� lº°}mÈ� �Ü�� °ËÓ��� ���� ��
Û l�� ����� Û v� �Ü��

�� 5RVVLQL *� 7KH GHWHUPLQDWLRQ RI 7DIHO VORSHV E\ DQ LQWHJUDO
PHWKRG �� ,ELG� Û ����� Û ��� ¢ �� Û 3� ���Ü����

�� <HXP .� 6�� 'HYHUHX[ 2� )� $Q LWHUDWLYH PHWKRG IRU ILWWLQJ
FRPSOH[ HOHFWURGH SRODUL]DWLRQ FXUYHV �� &RUURVLRQ� Û
����� Û ��� ¢ �� Û 3� ���Ü����

�� -HQVHQ 0�� %ULW] '� $ OLQHDUL]HG OHDVW�VTXDUHV PHWKRG RI
FRUURVLRQ SDUDPHWHUV FDOFXODWLRQ �� ,ELG� Û ����� Û ���
¢ �� Û 3� ���Ü����

�� 4DPDU -�� +XVDLQ 6� :� $SSOLFDWLRQ RI D QHZ FRPSXWLRQDO
PHWKRG WR GHWHUPLQH FRUURVLRQ FXUUHQW LQ D FDWKRGLFDOO\ SUR�
WHFWHG V\VWHP �� %ULW� &RUURV� -� Û ����� Û ��� ¢ �� Û
3� ���Ü����

�� 4DXPDU ,�� +XVDLQ 6� :� 1HZ FRPSXWLRQDO PHWKRG WR GH�
WHUPLQH FRUURVLRQ 7DIHO VORSHV DQG FRUURVLRQ UDWHV IURP HOHFW�
URGH NLQHWLF PHDVXUHPHQWV �� ,ELG� Û ����� Û ��� ¢ ���
Û 3� ���Ü����

�� 5RVVLQL *� 7KH JHQHUDOL]DWLRQ RI WKH WKUHH SRLQW PHWKRG DQG
LWV DSSOLFDWLRQ WR WKH FRUURVLRQ UDWH PHDVXUHPHQW �� ,ELG�
Û ����� Û ��� ¢ �� Û 3� �Ü���

��� 5RVVLQL *� 7KH XVH RI WKH WKUHH SRLQW PHWKRG IRU HYDOXDWLQJ
FRUURVLRQ UDWHV �� ,ELG� Û ����� Û ��� ¢ �� Û 3� ����Ü
�����
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²ÒäÒ�Ë°}º® ¹¯ºä©�ãËÓÓº°�Ò� Û l�� ����� Û v� ���Ü����

��� 5RVVLQL *� 7KH HYDOXWLRQ RI FRUURVLRQ UDWHV ZLWK WKH JHQHUD�
OLVHG LQIOHFWLRQ SRLQW PHWKRG �� &RUURV� 6FL� Û ����� Û
��� ¢ ��� Û 3� ����Ü�����

��� �È�� ������ k �}¯ÈÒÓÈ� lzj * �� 1 ������ * �� 1
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ÏËäÓ©² äË�ÈããÒ�Ë°}Ò² °ºº¯�ÎËÓÒ® � v� �� �ºã«}ºm�
r� p� �È�ºÓ� k� |� c©­È}ºm Ò �¯� Û |¹�­ã� ���������

��� �ºã«}ºm v� ��� c©­È}ºm k� k�� s©¯}ºmÈ �� j� wãË}�¯º�
²ÒäÒ�Ë°}ÒË äË�º�© }ºÓ�¯ºã« }º¯¯ºÏÒºÓÓº�º °º°�º«ÓÒ«
�¯�­º¹¯ºmº�ºm �� nÒÏ��²Òä� äË²ÈÓÒ}È äÈ�Ë¯ÒÈãºm� Û
����� Û ¢ �� Û v� ��Ü���

��� �ºã«}ºm v� ��� c©­È}ºm k� k�� s©¯}ºmÈ �� j� sÈ��Ó©Ë
º°Óºm© Ò �Ë²ÓÒ�Ë°}ÒË °¯Ë�°�mÈ ªãË}�¯º²ÒäÒ�Ë°}º�º äºÓÒ�
�º¯ÒÓ�È }º¯¯ºÏÒºÓÓº�º °º°�º«ÓÒ« äÈ�Ò°�¯Èã	Ó©² �ÈÏº¹¯º�
mº�ºm �� sÈ�����Ë²Ó� °ºmË�ÈÓÒË °¹Ë�ÒÈãÒ°�ºm skz
½sËÁ�Ë�ÈÏ �}¯ÈÒÓ©�� iz ½�}¯�¯ÈÓ°�ÈÏ�� |k| ½�ÈÏ¹�
¯ºä� ¹º mº¹¯º°Èä ¹ºm©�ËÓÒ« ÓÈ�ËÎÓº°�Ò Ò ªÁÁË}�ÒmÓº°�
�Ò ¯È­º�© �ÈÏº�¯ÈÓ°¹º¯�Óº® °Ò°�Ëä©� Û zÒËm� �}¯�¯ÈÓ°�
�ÈÏ� ����� Û v� ��Ü���

$ FRPSXWHU SURJUDP KDV EHHQ GHYHORSHG IRU FDOFXODWLRQ RI HOHFWURFKHPLFDO SDUDPHWHUV DQG LWV SHUIRUPDQFH KDV EHHQ YHULILHG

LQ WKH ODERUDWRU\ DQG LQ WKH URXWH� ZKHQ WHVWLQJ D JDV SLSHOLQH XVLQJ DQ HOHFWURFKHPLFDO PLFURSURFHVVRU V\VWHP �(&K06��
,W LV VKRZQ WKDW WKH REWDLQHG GDWD RQ WKH UDWH RI VRLO FRUURVLRQ RI SLSHOLQH PHWDO FRUUHODWH LQ D VDWLVIDFWRU\ PDQQHU ZLWK
WKDW RI PDVV PHDVXUHPHQWV� 3RVVLELOLW\ RI HYDOXDWLRQ RI WKH UDWH RI UHVLGXDO FRUURVLRQ RI SLSHOLQH PHWDO LQ D FRDWLQJ GHIHFW

XVLQJ (&K06 DQG GHYHORSHG SURJUDP� DOORZV DQ REMHFWLYH DVVHVVPHQW RI WKH GHJUHH RI SLSHOLQH SURWHFWLRQ DQG WDNLQJ D
ZHOO�JURXQGHG GHFLVLRQ RQ WKH VHTXHQFH RI UHSDLU RI SLSHOLQH VHFWLRQV ZLWK GDPDJHG LQVXODWLRQ�

IhklmibeZ \ j_^Zdpbx ����������

� È ­ ã Ò � È �� cËÏ�ã	�È�© º­°ãË�ºmÈÓÒ« �ÈÏº¹¯ºmº�È pÁ¯Ë�
äºm}ÈÜiÒ}ÈÓ	}ÈÜzÒËm °�ÈÓ�ÒÒ }È�º�Óº® ÏÈ�Ò�© �vz�l���

+� ä

p
¯
 Ü����� {�

p
}
 Ü����� {

��� ä�

p
¯
 Ü����� {�

p
}
 Ü����� {

���� ä�

p
¯
 Ü����� {�

p
}
 Ü����� {

���� ä�

L}� ää
L
}�º
�

ää��º�
L
}
� ää

L
}�º
�

ää��º�
L
}
� ää

L
}�º
�

ää��º�

���� ���� ����� ���� ������ ���� ����

���� ���� ����� ���� ������ ���� ����

���� ���� ����� ���� ������ ���� ����

� ¯ Ò ä Ë � È Ó Ò « � �� cÈ°°�º«ÓÒË º� º�äË�}Ò Û ��� }ä� �� cËÎÒä

¯È­º�© °�ÈÓ�ÒÒ� 8  ��� {� ,  � k� �� + Û �ã�­ÒÓÈ ¹º�¯�ÎË�

ÓÒ« �È��Ò}È�

� È ­ ã Ò � È �� cËÏ�ã	�È�© º¹¯Ë�ËãËÓÒ« °}º¯º°�Ò ¹º�mËÓÓº®
}º¯¯ºÏÒÒ äË�ÈããÈ �¯�­© ���v äÈ°°ºäË�¯Ò�Ë°}Òä äË�º�ºä m
¯ÈÏãÒ�Ó©² �º�}È² �ÈÏº¹¯ºmº�È m ÏºÓÈ² ° ¹ºãºÎÒ�Ëã	Óº®
ÈÓºäÈãÒË® p¯

�È¯ÈäË�¯� ää��º� �°¹º°º­ ÒÏäË¯ËÓÒ«�

cÈ°°�º«ÓÒË º�

º�äË�}Ò ��� }ä� ä

�� ��� ���

L
}
�m ÓÈ��¯Ó©² �°ãºmÒ«² ÓÈ �¯ºmÓË ÓÒÎÓË®

º­¯ÈÏ�
�Ë® �¯�­º¹¯ºmº�È�

���� ���� ����

Y
}
�¹º äË�º�� äÈ°°ºäË�¯ÒÒ� ���� ���� ����

������� ��




