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Abstract  - :H KDYH GHYHORSHG DQ DGMDFHQW
HOHFWURPDJQHWLF ILHOG GLVWULEXWLRQ PHDVXUHPHQW V\VWHP

XVLQJ D XQLTXH VHQVRU DQG WKUHH�LQSXW SKDVH�GLIIHUHQFH
PHDVXUHPHQW WHFKQLTXH WKDW FDQ VLPXOWDQHRXVO\ PHDVXUH
HOHFWULF DQG PDJQHWLF ILHOG �PDJQLWXGH DQG SKDVH�

GLVWULEXWLRQV XS WR �*+]� 7KH V\VWHP FDQ PHDVXUH YHFWRU
HOHFWULF DQG PDJQHWLF ILHOG GLVWULEXWLRQV RQ DQ ,& SDFNDJH
ZLWK OHDG IUDPH OHYHO UHVROXWLRQ� 7KHVH HOHFWURPDJQHWLF

GLVWULEXWLRQV DUH HIIHFWLYH LQ HYDOXDWLQJ WKH (0, IURP DQ
LQWHJUDWHG FLUFXLW� 
 

�� ,1752'8&7,21

 
7KHUH LV D GHPDQG IRU FRPSDFW DQG OLJKWZHLJKW PRELOH
LQIRUPDWLRQ HTXLSPHQW� +RZHYHU� DV HTXLSPHQW EHFRPHV

VPDOOHU DQG OLJKWHU� DGMDFHQW LQWHUIHUHQFH� VXFK DV FRXSOLQJ�
EHFRPHV PRUH SUREOHPDWLF� )RU ZLUHOHVV FRPPXQLFDWLRQ
HTXLSPHQW LQ SDUWLFXODU� UDGLR FLUFXLWV DUH MDPPHG E\ WKH

KDUPRQLF IUHTXHQFLHV RI WKH GLJLWDO ,&V LQ WKH HTXLSPHQW�
WKXV GHJUDGLQJ UHFHSWLRQ VHQVLWLYLW\� )RU HYDOXDWLQJ WKLV
SUREOHP� D KLJK�IUHTXHQF\ DGMDFHQW HOHFWURPDJQHWLF ILHOG

GLVWULEXWLRQ PHDVXUHPHQW LV QHFHVVDU\� 7KH HYDOXDWLRQ RI
DGMDFHQW HOHFWURPDJQHWLF ILHOGV IURP DQ ,&� ZKLFK FDXVHV
LQWHUIHUHQFH� LV LPSRUWDQW LQ SDUWLFXODU� +RZHYHU�

FRQYHQWLRQDO PHWKRGV RI PHDVXULQJ DGMDFHQW
HOHFWURPDJQHWLF ILHOG GLVWULEXWLRQV ZLWK HOHFWULF RU
PDJQHWLF SUREHV ODFN VXIILFLHQW SHUIRUPDQFH DW KLJKHU

IUHTXHQFLHV�
7R UHVROYH WKLV SUREOHP� ZH KDYH GHYHORSHG D QHZ PHWKRG
XVLQJ D XQLTXH VHQVRU ZLWK D VLPSOH VWUXFWXUH >�@ WR

DFFXUDWHO\ PHDVXUH WKH DGMDFHQW HOHFWURPDJQHWLF ILHOG
GLVWULEXWLRQV� >�@� >�@�
'HYHORSHG PHDVXUHPHQW V\VWHP FDQ PHDVXUH HOHFWULF DQG

PDJQHWLF ILHOG GLVWULEXWLRQV� VLPXOWDQHRXVO\� ZLWK SKDVH
LQIRUPDWLRQ >�@� 7KH PHDVXUHG HOHFWULF DQG PDJQHWLF ILHOG
GLVWULEXWLRQV RQ DQ ,& SDFNDJH XVLQJ WKH V\VWHP DUH

HIIHFWLYH LQ HYDOXDWLQJ (0, IURP DQ ,&�
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7KH VHQVLQJ HOHPHQW RI WKH HOHFWURPDJQHWLF VHQVRU VKRZQ

LQ )LJXUH � FRQVLVWV RI D VLPSOH ZLUH ORRS� WKH HQGV RI
ZKLFK DUH FRQQHFWHG WR RXWSXWV $ DQG % YLD FRD[LDO FDEOH�
7KH VLPSOLFLW\ RI WKH VHQVRU¶V VWUXFWXUH PDNHV WKH GHYLFH

HDV\ WR UHGXFH LQ VL]H�

0HDVXUHPHQW

HTXLSPHQW

2XWSXW $

&RD[LDO FDEOH

/RRS �VHQVLQJ HOHPHQW�

2XWSXW %

)LJXUH �� 7KH VWUXFWXUH RI WKH VHQVRU�

)LJXUH � VKRZV WKH HTXLYDOHQW FLUFXLW RI WKH VHQVRU DQG
RXWSXWV DQG KRZ WKH VHQVRU PHDVXUHV HOHFWULF DQG
PDJQHWLF ILHOGV� 7KH RXWSXWV IURP WKH VHQVRU DUH JHQHUDWHG

E\ ERWK HOHFWULF DQG PDJQHWLF ILHOGV� 7KH FXUUHQW IURP
PDJQHWLF ILHOG ,

P
LV JHQHUDWHG E\ PDJQHWLF IOX[ FURVVLQJ

WKH ORRS� 2XWSXWV IURP WKH PDJQHWLF ILHOG KDYH WKH VDPH

PDJQLWXGH EXW DUH RSSRVLWH LQ GLUHFWLRQ DW $ DQG %� 7KH
FXUUHQW IURP HOHFWULF ILHOG ,

H
LV JHQHUDWHG E\ WKH HOHFWULF

ILHOG DW WKH VHQVLQJ HOHPHQW� 2XWSXWV IURP WKH HOHFWULF ILHOG

DOVR KDYH WKH VDPH PDJQLWXGH DQG DUH LQ WKH VDPH
GLUHFWLRQ DW $ DQG %� 7KHUHIRUH� WKH RXWSXWV DW $ �2
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%\ FDOFXODWLQJ WKH YHFWRU VXP DQG GLIIHUHQFH RI WKHVH
RXWSXWV� WKH RXWSXW E\ PDJQHWLF ILHOG FDQ EH VHSDUDWHG



IURP WKH RXWSXW E\ HOHFWULF ILHOG�
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,H� 2XWSXW FXUUHQW E\ HOHFWULF ILHOG

,P� 2XWSXW FXUUHQW E\ PDJQHW LF ILHOG

2XWSXW %
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)LJXUH �� 7KH HTXLYDOHQW FLUFXLWV RI WKH VHQVRU DQG RXWSXWV�

 
)LJXUH � VKRZV DQ H[DPSOH RI WKH VHQVRU VWUXFWXUH XVLQJ D
��OD\HU SULQWHG FLUFXLW ERDUG� 7KH VHQVRU FRQVLVWV RI D
���PP OLQH IRUPHG LQ WKH FHQWHU OD\HU RI WKH ERDUG� WKH

RXWSXWV RI ZKLFK DUH FRQQHFWHG WR D PHDVXUHPHQW
LQVWUXPHQW DQG D WHUPLQDWLRQ YLD �� 2KP VWULS OLQHV�

�� RKPVWULS OLQH

7R FRQQHFWRU
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JURXQG

6HQVLQJ HOHPHQW

JURXQG

 
)LJXUH �� 7KH 3&% VHQVRU VWUXFWXUH�

7R FDOFXODWH HTXDWLRQV ��� DQG ���� RXWSXWV IURP WKH VHQVRU
�2

D
DQG 2

E
� PXVW EH YHFWRUHG� $ YHFWRU QHWZRUN DQDO\]HU

LV XVHG WR PHDVXUH YHFWRU RXWSXWV IURP WKH VHQVRU� )LJXUH �
VKRZV WKH DGMDFHQW HOHFWURPDJQHWLF ILHOG GLVWULEXWLRQ
PHDVXUHPHQW V\VWHP XVLQJ D YHFWRU QHWZRUN DQDO\]HU DQG

WKH VHQVRU� 7KH V\VWHP FDQ PHDVXUH WKH DGMDFHQW
HOHFWURPDJQHWLF ILHOG DURXQG D SDVVLYH FLUFXLW� ZKLFK LV

GULYHQ E\ WKH VLJQDO IURP SRUW � RI WKH YHFWRU QHWZRUN
DQDO\]HU� 7KH VHQVRU RXWSXWV DUH FRQQHFWHG WR SRUWV � DQG
�� UHVSHFWLYHO\� 7KH RXWSXWV IURP WKH HOHFWULF ILHOG �2

H
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(OHFWULF DQG PDJQHWLF ILHOG GLVWULEXWLRQV FDQ EH PHDVXUHG
E\ VFDQQLQJ WKH SUREH�

:H LQYHVWLJDWHG WKH RXWSXW FKDUDFWHULVWLFV RI WKH VHQVRU E\

XVLQJ WKH PHDVXUHPHQW V\VWHP�

1HWZRUN

DQDO\]HU
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)LJXUH �� (OHFWURPDJQHWLF ILHOG GLVWULEXWLRQ PHDVXUHPHQW

V\VWHP XVLQJ D YHFWRU QHWZRUN DQDO\]HU�

7KH RXWSXW�YHUVXV�IUHTXHQF\ FKDUDFWHULVWLFV RI WKH VHQVRU
ZHUH PHDVXUHG E\ WKH V\VWHP� 7KH GHYLFH XQGHU WHVW ZDV

WHUPLQDWHG �� 2KP PLFURVWULS OLQH� $V VKRZQ LQ )LJXUH ��
WKH HOHFWULF DQG PDJQHWLF RXWSXWV IURP WKH VHQVRU DUH
SURSRUWLRQDO WR IUHTXHQFLHV RYHU �*+] LQ WKH ILJXUH�

7KHUHIRUH� WKH VHQVRU FDQ EH XVHG DW KLJK IUHTXHQF\�

6HQVRU RXWSXWV E\ IUHTXHQF\
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)LJXUH �� 2XWSXW�YHUVXV�IUHTXHQF\ FKDUDFWHULVWLF RI WKH

VHQVRU�

)LJXUH � VKRZV HOHFWULF DQG PDJQHWLF ILHOG GLVWULEXWLRQV

DERYH WKH PLFURVWULS OLQH DW ��� *+] WKH VHQVRU ZDV VHW
SDUDOOHO WR WKH OLQH� DQG VFDQQLQJ ZDV GRQH LQ ��� PP VWHSV
DORQJ WKH XSSHU SDUW RI D FURVV VHFWLRQ� )LJXUH � FKRZV

HOHFWULF DQG PDJQHWLF ILHOG GLVWULEXWLRQV ZKHQ WKH VHQVRU
ZDV VHW DW ULJKW DQJOHV ZLWK WKH OLQH� 7KH KDWFKHG VTXDUHV
LQ WKH ILJXUHV VKRZ WKH ZLGWK RI WKH OLQH�

7KH HOHFWULF ILHOGV LQ ERWK ILJXUHV VKRZ DOPRVW VDPH
GLVWULEXWLRQV� 7KLV VKRZV WKDW WKH HOHFWULF ILHOG FDQ
PHDVXUH ZLWKRXW LQIOXHQFH IURP WKH PDJQHWLF ILHOG� 7KH

PDJQHWLF ILHOG LQ ILJXUH � VKRZV EDFNJURXQG OHYHO
GLVWULEXWLRQ ZLWKRXW LQIOXHQFH IURP HOHFWULF ILHOG�



7KHVH GLVWULEXWLRQV VKRZ WKDW WKH VHQVRU KDV DERXW �� G%
VHSDUDWLRQ UDWLR RI WKH HOHFWULF ILHOG WR WKH PDJQHWLF ILHOG DW
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)LJXUH �� (OHFWULF DQG PDJQHWLF ILHOG GLVWULEXWLRQV DERYH

WKH PLFURVWULS OLQH DW ��� *+] �SDUDOOHO WR WKH OLQH�

(OHFWULF ILHOG
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)LJXUH �� (OHFWULF DQG PDJQHWLF ILHOG GLVWULEXWLRQV DERYH

WKH PLFURVWULS OLQH DW ��� *+] �DW ULJKW DQJOHV WR WKH OLQH�
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%HFDXVH WKH DGMDFHQW HOHFWURPDJQHWLF ILHOG PHDVXUHPHQW
V\VWHP ZLWK QHWZRUN DQDO\]HU FDQ EH XVHG RQO\ IRU SDVVLYH
HOHPHQW PHDVXUHPHQWV� WKH ��LQSXW SKDVH�GLIIHUHQFH

PHDVXUHPHQW V\VWHP PXVW EH XVHG WR PHDVXUH DFWLYH
HTXLSPHQW�
)LJXUH � VKRZV DQ RXWOLQH RI WKH WKUHH�LQSXW SKDVH�

GLIIHUHQFH PHDVXUHPHQW V\VWHP� 7KH V\VWHP FDQ PHDVXUH
VLJQDO PDJQLWXGH DQG UHODWLYH SKDVH EHWZHHQ WKUHH VLJQDOV
LI WKH IUHTXHQF\ DQG SKDVH RI WKH VLJQDOV DUH XQVWDEOH�

7KH PHDVXUHG LQSXW VLJQDO LV GRZQ�FRQYHUWHG WR DQ ,)
IUHTXHQF\ DQG GLJLWL]HG E\ DQ $�' FRQYHUWHU� 7KH VLJQDO

PDJQLWXGH� IUHTXHQF\ DQG SKDVH DUH GHULYHG E\ ))7 �)DVW
)RXULHU 7UDQVIRUP�� $OO LQSXWV DUH V\QFKURQL]HG E\ XVLQJ
WKH VDPH ORFDO RVFLOODWRU DQG FORFN VLJQDO� ZKLFK HQVXUHV

WKDW WKH UHODWLYH SKDVH LQIRUPDWLRQ IRU DOO WKUHH LQSXWV LV
PDLQWDLQHG� %\ XVLQJ WKH UHODWLYH SKDVH LQIRUPDWLRQ� ZH
FDQ FDOFXODWH YHFWRU VXP DQG VXEWUDFW WKH GLIIHUHQFH

EHWZHHQ LQSXWV�

&+�

VLJQDO

$�'

FRQYHUWHU

/R�

RVFLOODWRU
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VLJQDO

&+�

VLJQDO
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6\QFKURQL]H

'LYLGHU

0L[HU

0L[HU

0L[HU
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3KDVH

$�'

FRQYHUWHU

$�'

FRQYHUWHU

 
)LJXUH �� ��LQSXW SKDVH�GLIIHUHQFH PHDVXUHPHQW V\VWHP�

7KH FRQVWUXFWLRQ RI WKH DGMDFHQW HOHFWURPDJQHWLF ILHOG
GLVWULEXWLRQ PHDVXUHPHQW V\VWHP IRU DFWLYH HTXLSPHQW
XVLQJ WKH ��LQSXW SKDVH�GLIIHUHQFH PHDVXUHPHQW V\VWHP LV

VKRZQ LQ )LJXUH �� 2QH LQSXW RI WKH V\VWHP LV FRQQHFWHG WR
D IL[HG SUREH� ZKLFK LV XVHG DV D UHIHUHQFH IRU WKH SKDVH
PHDVXUHPHQW� 7KH RWKHU WZR LQSXWV DUH FRQQHFWHG WR WKH

HOHFWURPDJQHWLF VHQVRU WR PHDVXUH WKH HOHFWULF DQG
PDJQHWLF ILHOGV� 7KH HOHFWURPDJQHWLF ILHOG GLVWULEXWLRQV
DUH PHDVXUHG E\ VFDQQLQJ DQG URWDWLQJ WKH VHQVRU XQGHU

3& VRIWZDUH FRQWURO� 0HDVXUHG GDWD VWRUHG DV FVY GDWD�
7KH V\VWHP LV VKRZQ LQ )LJXUH ���

)L[HGSUREH

�6WDQGDUG VLJQDO�

�0DJQLWXGH� 3KDVH�6FDQQLQJ DQG

URWDWLQJ E\

DFWXDWRU

2XWSXWV IURP WKH

VHQVRU �$�%�

7KH ��LQSXW SKDVH

GL IIHUHQFH PHDVXUHPHQW

V\VWHP

'87

�H[� $Q ,&RQ D 3&%�

(OHFWURPDJQHW LF

ILHOG

GLVWULEXWLRQV

 
)LJXUH �� &RQVWUXFWLRQ RI DGMDFHQW ILHOG GLVWULEXWLRQV

PHDVXUHPHQW V\VWHP IRU DFWLYH HTXLSPHQW�



 
)LJXUH ��� 7KH SKRWRJUDSK RI WKH DGMDFHQW ILHOG

GLVWULEXWLRQV PHDVXUHPHQW V\VWHP�

7KH V\VWHP FDQ PHDVXUH HOHFWULF DQG PDJQHWLF ILHOG

GLVWULEXWLRQV RI DFWLYH HTXLSPHQW VLPXOWDQHRXVO\ ZLWK
SKDVH LQIRUPDWLRQ DW KLJK IUHTXHQF\� %\ XVLQJ WKH V\VWHP�
WKH HOHFWULF DQG PDJQHWLF ILHOG GLVWULEXWLRQV RQ ,& SDFNDJH

FDQ EH PHDVXUHG IRU VXUIDFH VFDQ PHWKRG� ZKLFK LV XVHG
IRU HYDOXDWLQJ WKH (0, RI WKH ,&�
)LJXUH �� DUH PHDVXUHG H[DPSOHV RI WKH HOHFWULF DQG

PDJQHWLF ILHOG GLVWULEXWLRQ RQ D �� E\ �� PP ,& SDFNDJH
DW DERXW �*+]� 7KH VHQVRU ZDV VFDQQHG DW D �PP LQWHUYDO
���PP DERYH WKH SODQH RI WKH SDFNDJH� 7KH OLQHV LQ

PDJQHWLF ILHOG GLVWULEXWLRQ DUH HVWLPDWHG FXUUHQW GLUHFWLRQV�
7KH GLVWULEXWLRQV VKRZ WKDW WKH PHDVXUHG GDWD KDV OHDG
IUDPH OHYHO UHVROXWLRQ�
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0DJQHWLF ILHOG
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)LJXUH ��� $GMDFHQW HOHFWURPDJQHWLF ILHOG GLVWULEXWLRQV RQ

DQ ,& SDFNDJH�

�� &21&/86,21

7KH LQQRYDWLYH HOHFWURPDJQHWLF VHQVRU ZDV GHVLJQHG IRU
KLJK� IUHTXHQF\� KLJK�UHVROXWLRQ RSHUDWLRQ� EHLQJ DEOH WR

VLPXOWDQHRXVO\ PHDVXUH ERWK HOHFWULF DQG PDJQHWLF ILHOGV
ZLWK SKDVH LQIRUPDWLRQ�
$GMDFHQW HOHFWURPDJQHWLF ILHOG GLVWULEXWLRQ PHDVXUHPHQW

V\VWHP IRU DFWLYH HTXLSPHQW LV GHYHORSHG ZLWK WKH VHQVRU
DQG WKUHH�LQSXW SKDVH�GLIIHUHQFH PHDVXUHPHQW V\VWHP�
7KHVH V\VWHPV SURYLGH VLPXOWDQHRXV PHDVXUHPHQW RI ERWK

HOHFWULF DQG PDJQHWLF ILHOG GLVWULEXWLRQ ZLWK SKDVH
LQIRUPDWLRQ DW KLJK IUHTXHQF\� WKXV SURYLGLQJ XVHIXO (0&
LQIRUPDWLRQ IURP WKHVH FKDUDFWHULVWLFV�

7KH PHDVXUHPHQW RI HOHFWULF DQG PDJQHWLF ILHOG
GLVWULEXWLRQV RQ DQ ,& SDFNDJH E\ XVLQJ WKH PHDVXUHPHQW
V\VWHP LV RQH RI HIIHFWLYH HYDOXDWLQJ PHWKRGV IRU (0,

IURP DQ ,&�

�� 5()(5(1&(6

>�@ 6� .D]DPD� 6� 6KLQRKDUD DQG 5� 6DWR� �(VWLPDWLRQ RI
FXUUHQW DQG YROWDJH GLVWULEXWLRQV E\ VFDQQLQJ FRXSOLQJ
SUREH�� ,(,&( 7UDQVDFWLRQV RQ &RPPXQLFDWLRQV� 9RO�

(���%� 1R��� SS�������� 0DUFK �����

>�@ 6� .D]DPD� 6� 6KLQRKDUD DQG 5� 6DWR� �(VWLPDWLRQ RI

FXUUHQW DQG YROWDJH GLVWULEXWLRQV LQ D GLJLWDO ,&
SDFNDJH�� ��WK ,QWHUQDWLRQDO :URFODZ V\PSRVLXP RQ
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>�@ 6� .D]DPD� 6� 6KLQRKDUD� 5� 6DWR DQG 0� 6KLPL]X�
�0HDVXUHPHQW RI FXUUHQW DQG YROWDJH GLVWULEXWLRQV LQ

D GLJLWDO ,& SDFNDJH DW D UDGLR IUHTXHQF\�� ���� $VLD�
SDFLILF PLFURZDYH FRQIHUHQFH SURFHHGLQJV �&'�
520�� 'HF� �����

>�@ 6� .D]DPD� .HQ ,FKL $UDL� �$GMDFHQW (OHFWULF )LHOG
DQG 0DJQHWLF )LHOG 'LVWULEXWLRQ 0HDVXUHPHQW
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