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� &HQWUH GH 0RUSKRORJLH 0DWKpPDWLTXH� (FROH 1DWLRQDOH 6XSpULHXUH GHV 0LQHV GH 3DULV�

���UXH 6W�+RQRUp� ����� )RQWDLQHEOHDX� )UDQFH

� 6WUDWD 0HFKDQLFV 5HVHDUFKHV ,QVWLWXWH� 3ROLVK $FDGHP\ RI 6FLHQFHV� XO�5H\PRQWD ���

������ .UDNRZ� 3RODQG
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2QH RI WKH SUREOHPV IDFHG E\ LPDJH DQDO\VLV DQG PDWKHPDWLFDO PRUSKRORJ\ LV WKH DQDO\VLV RI WKH

GLUHFWLRQV RI ILEUHV� 7KLV FRQFHSW LV WR EH XQGHUVWRRG ERWK DV WKH GHWHUPLQDWLRQ RI WKH GLUHFWLRQ RI

LQGLYLGXDO ILEUHV DV ZHOO DV WKH GHWHFWLRQ RI VWUXFWXUH DUHDV ZLWK XQLIRUP RULHQWDWLRQ RI ILEUHV �.XUG\�

������ )LEUH DQDO\VLV LV RI YLWDO LPSRUWDQFH LQ WKRVH ILHOGV RI VWXG\ LQ ZKLFK PDWHULDOV RI ILEURXV

VWUXFWXUH RFFXU� H�J� LQ PHGLFLQH� ELRORJ\� PHWDOOXUJ\� JHRORJ\ HWF� ,W SOD\V DOVR D VXEVWDQWLDO UROH LQ

WKH SURFHVV RI TXDOLW\ LQVSHFWLRQ �H�J� RI PHWDOOXUJLFDO SURGXFWV�� DV WKH GLUHFWLRQ RI ILEUHV RIWHQ

HVVHQWLDOO\ DIIHFWV WKH SK\VLFDO SURSHUWLHV RI WKH PDWHULDO� 7KH DXWKRUV RI WKH SUHVHQW VWXG\ VXJJHVW WKH

DSSOLFDWLRQ RI PDWKHPDWLFDO PRUSKRORJ\ WRROV IRU WKH GHVFULSWLRQ RI WKH GLUHFWLRQ RI LQGLYLGXDO ILEUHV�

DV ZHOO DV IRU WKH GHWHFWLRQ RI DUHDV RI VLPLODU ILEUH RULHQWDWLRQ� 7KH LQYHVWLJDWLRQV ZHUH FRQGXFWHG

XVLQJ ELQDU\ VRXUFH LPDJHV� 7KHVH LPDJHV ZHUH VXEMHFWHG WR SUHOLPLQDU\ ILOWHULQJ DQG WKLQQLQJ� $

GLUHFWLRQDO HURVLRQ E\ D SDLU RI SRLQWV RULHQWHG LQ � RU � GLUHFWLRQV ZDV SHUIRUPHG� 7KH FRUUHVSRQGLQJ

JUH\ OHYHO ZDV DVVLJQHG WR WKH UHVXOW RI HDFK HURVLRQ� $ JUH\ LPDJH ZDV REWDLQHG� HQFRGHG LQ VXFK D

ZD\ WKDW HDFK JUH\ OHYHO FRUUHVSRQGHG WR D GLIIHUHQW REMHFW GLUHFWLRQ� +RZHYHU� WKLV SURFHVV GRHV QRW

DOORZ WR REWDLQ ILEUHV FRGHG XQLIRUPO\ DORQJ WKHLU HQWLUH OHQJWK� 7KHUHIRUH DOJRULWKPV IRU WKH

GHVFULSWLRQ RI HDFK ILEUH WKURXJK RQH YDULDEOH KDYH EHHQ GHYHORSHG� 7KHVH DOJRULWKPV DOORZ WR

DQDO\VH LQGLYLGXDO ILEUHV DV ZHOO DV WR GHWHFW WKH DUHDV RI VLPLODU RULHQWDWLRQ RI ILEUHV� $OJRULWKPV IRU

VXFK FDVHV DUH SUHVHQWHG DQG WKH UHVXOWV LOOXVWUDWHG RQ VHYHUDO H[DPSOHV�

.H\ ZRUGV� PDWKHPDWLFDO PRUSKRORJ\� LPDJH DQDO\VLV� ILEUH DQDO\VLV� VHJPHQWDWLRQ�
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7KH VWDUWLQJ SRLQWV IRU VWXG\LQJ WKH SUREOHP ZDV WKH QHFHVVLW\ WR DQDO\VH ILEURXV VWUXFWXUHV VKRZQ LQ

)LJ� �D� �E� ,Q WKHVH ILJXUHV RQH FDQ REVHUYH UHFWLOLQHDU ILEUHV UXQQLQJ DW UDQGRP � ZLWKRXW DQ\

SUHIHUUHG GLUHFWLRQ �)LJ� �D�� EHVLGHV ILEUHV ZKLFK� RQ VRPH SDUWV RI WKH LPDJH� DUH DUUDQJHG LQ

SDUDOOHO �)LJ� �E�� 6XFK DUUDQJHPHQW RI WKH ILEUHV LV WKH HYLGHQFH RI GHIHFWV DQG PD\ OHDG WR D UHGXFHG

VWUHQJWK RI WKH PDWHULDO� 7KH REMHFWLYH RI WKH VWXG\ ZDV WKH GHVLJQ RI D PRUSKRORJLFDO DOJRULWKP

ZKLFK FRXOG HQDEOH DXWRPDWLF LGHQWLILFDWLRQ RI WKHVH DUHDV�
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)LJ��� ([DPSOHV RI ILEURXV VWUXFWXUHV�
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,Q WKH DOJRULWKP SURSRVHG LQ WKLV SDSHU� LW LV DVVXPHG WKDW DIWHU D SUHOLPLQDU\ ILOWHULQJ DQG

WKUHVKROGLQJ RI WKH ILEUHV� WKH VNHOHWRQ RI WKH LPDJH LV FDOFXODWHG � 6HUUD ������ $V D UHVXOW D OLQH� RQH

SL[HO WKLFN� LV REWDLQHG� WKH GLUHFWLRQ RI ZKLFK FRUUHVSRQGV WR WKH GLUHFWLRQ RI WKH REMHFW� 7KHQ� DQ

HURVLRQ E\ D SDLU RI SRLQWV RI GLUHFWLRQ G DQG VL]H V RI WKH UHVXOWLQJ LPDJH LV SHUIRUPHG� $V D UHVXOW RI

WKLV HURVLRQ SDUWV RI WKH REMHFW ZLWK D GLUHFWLRQ GLIIHUHQW IURP WKH GLUHFWLRQ G RI WKH VWUXFWXULQJ

HOHPHQW DUH UHPRYHG� ,GHDOO\� LI WKH DQDO\VHG ILEUH LV LQ WKH GLUHFWLRQ G� WKHQ HDFK HURVLRQ E\ D SDLU RI

SRLQWV LQ D GLUHFWLRQ N� N G� JLYHV DQ HPSW\ VHW� 2QO\ WKH HURVLRQ LQ GLUHFWLRQ G ZLOO OHDYH WKH ILEUH�

DOPRVW XQFKDQJHG �RQO\ VKRUWHQHG E\ V��
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:KHQ SHUIRUPLQJ DQ DXWRPDWLF LPDJH DQDO\VLV RQH PXVW EH DZDUH RI WKH OLPLWDWLRQV LPSRVHG E\ WKH

PHWKRG RQ WKH XVHU� 2QH RI WKHVH OLPLWDWLRQV LV WKH QXPEHU RI EDVLF GLUHFWLRQV ZKLFK FDQ EH

GLVWLQJXLVKHG RQ D JLYHQ JULG� 7KH PRVW IUHTXHQWO\ XVHG JULGV DUH WKH VTXDUH RU KH[DJRQDO RQHV� ,Q WKH

FDVH RI D KH[DJRQDO JULG IRU LQVWDQFH� � PDLQ GLUHFWLRQV FDQ EH GHILQHG� ,Q RWKHU ZRUGV� ZKHQ XVLQJ D

VWUXFWXULQJ HOHPHQW RI VL]H �� � LQGHSHQGHQW HURVLRQV RQO\ FDQ EH SHUIRUPHG �WKH � UHPDLQLQJ HURGHG

VHWV DUH UHGXFHG E\ � SL[HO ZLWK UHVSHFW WR WKH SUHYLRXV RQHV� WKH HGJH HIIHFWV EHLQJ QHJOHFWHG �� ,Q

RUGHU WR REWDLQ D JUHDWHU QXPEHU RI LQGHSHQGHQW HURVLRQV� D VWUXFWXULQJ HOHPHQW RI VL]H JUHDWHU WKDQ �

PXVW EH XVHG� 7KH PD[LPXP QXPEHU RI LQGHSHQGHQW HURVLRQV GHSHQGV WKXV RQ WKH VL]H V RI WKH

FKRVHQ VWUXFWXULQJ HOHPHQW DQG LV HTXDO UHVSHFWLYHO\ WR �V IRU DQ KH[DJRQDO JULG DQG �V IRU D VTXDUH

RQH�

$OO WKH DSSOLFDWLRQV SUHVHQWHG LQ WKLV SDSHU ZHUH SHUIRUPHG RQ DQ KH[DJRQDO JULG�
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7KH DLP RI WKLV VHFWLRQ RI WKH SURFHVV LV WR DVFULEH WR HDFK ILEUH D VLQJOH YDOXH ZKLFK ZLOO FKDUDFWHULVH

LWV GLUHFWLRQ LQ WKH SODQH� 7KH PRVW REYLRXV YDULDEOH ZKLFK FDQ EH XVHG IRU WKLV SXUSRVH LV WKH JUH\

OHYHO� ,W LV WR EH QRWLFHG WKDW HQFRGLQJ RI WKH ILEUH GLUHFWLRQ E\ PHDQV RI D VLQJOH YDULDEOH LV MXVWLILHG

RQO\ LQ WKH FDVH ZKHQ WKLV GLUHFWLRQ LV VWULFWO\ GHILQHG� 6XFK DQ DSSURDFK LV XVHOHVV ZKHQ WKH VKDSH RI

REMHFWV �FLUFOH� HOOLSVH� FXUYHG ILEUHV� HWF�� GRHV QRW DOORZ VXFK D GHILQLWLRQ� /HW XV DVVXPH WKDW WKH

GLUHFWLRQ RI DQ DUELWUDU\ ILEUH LV WR EH DQDO\VHG� $IWHU WKUHVKROGLQJ DQG VNHOHWRQL]LQJ �6DODPELHU�

6HUUD ������ HURVLRQV E\ D SDLU RI SRLQWV RI VL]H V� RULHQWHG LQ DOO LQGHSHQGHQW GLUHFWLRQV DUH



SHUIRUPHG� $V D UHVXOW� �V LQGHSHQGHQW ELQDU\ VHWV DUH REWDLQHG� 7KHQ� HDFK VHW LV DVVLJQHG LWV

LQGLYLGXDO JUH\ OHYHO DQG LV PHUJHG LQ RQH JUH\WRQH LPDJH� ,Q WKH LGHDO FDVH� WKH LPDJH REWDLQHG LQ

WKDW ZD\ ZLOO VKRZ WKH VNHOHWRQ RI WKH ILEUH LQ RQH JUH\WRQH OHYHO FRUUHVSRQGLQJ WR WKH RULHQWDWLRQ RI

WKLV ILEUH� 0RVW RIWHQ� KRZHYHU� WKH REWDLQHG VNHOHWRQ LV FRPSRVHG RI SLHFHV RI GLIIHUHQW JUH\ OHYHOV�

7KH QH[W VWHS LQ WKH SURFHGXUH LV WR DVVLJQ RQO\ RQH JUH\ OHYHO WR WKH REMHFW� 7KH PRVW REYLRXV

PHWKRG WR DWWDLQ WKLV LV WR DVFULEH WR WKH REMHFW D JUH\ OHYHO UHSUHVHQWLQJ VRPH NLQG RI PHDQ IURP WKH

JUH\ OHYHOV RI DOO SL[HOV RI WKH REMHFW� %XW VXFK DQ DSSURDFK KDV VRPH GLVDGYDQWDJHV� WKH PRVW

VLJQLILFDQW EHLQJ WKH FRPSXWDWLRQ WLPH� :KHQ DSSO\LQJ WKLV PHWKRG HDFK REMHFW PXVW EH DQDO\VHG

VHSDUDWHO\� ZKLFK LQ WKH FDVH RI REMHFWV LQ )LJ� �E WDNHV DERXW ���� VHF ZKHQ WKH SURFHVV LV SHUIRUPHG

RQ D PLFURFRPSXWHU� 6XFK D ORQJ WLPH UHTXLUHG IRU FDOFXODWLRQV PDNHV LW QHFHVVDU\ WR SURSRVH

DQRWKHU� IDVWHU DOJRULWKP�
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/HW XV QRWH WKDW HDFK REMHFW LQ WKH JUH\WRQH LPDJH� RFFXUULQJ DV WKH UHVXOW RI D VHULHV RI GLUHFWLRQDO

HURVLRQV� LV PDGH XS RI SL[HOV RI YDULRXV JUH\ OHYHOV� 3L[HOV RI WKH VDPH JUH\ OHYHO� LI WKH\ DSSHDU RQH

EHVLGH WKH RWKHU� IRUP VHFWLRQV RI YDULRXV OHQJWK �)LJ� �D�� %DVHG RQ WKH DVVXPSWLRQ WKDW WKH DQDO\VHG

ILEUHV ZLWK UHVSHFW WR WKHLU VKDSH PD\ EH WUHDWHG DV UHFWLOLQHDU REMHFWV� LW FDQ EH DVVXPHG WKDW WKH

GLUHFWLRQ RI WKH ILEUH FRUUHVSRQGV WR WKH GLUHFWLRQ RI WKH ORQJHVW RI WKHVH VHFWLRQV� ,Q RUGHU WR LGHQWLI\

LW� WKH GLVWDQFH IXQFWLRQ ZLOO EH FDOFXODWHG IRU HDFK RI WKHVH VHFWLRQV� ,Q WKH FDVH RI VNHOHWRQV� ZKLFK

DUH RQH SL[HO WKLFN� WKH GLVWDQFH IXQFWLRQ LV GHWHUPLQHG WKURXJK VXFFHVVLYH UHPRYDO RI HQGLQJ SRLQWV�

WKH DGGLWLRQ RI WKH VXFFHVVLYH VHWV JLYHV WKH ILQDO UHVXOW VKRZQ LQ )LJ� �E� 7KH QXPEHU RI UHTXLUHG

GLVWDQFH IXQFWLRQV LV HTXDO WR WKH QXPEHU RI JUH\ OHYHOV LQ WKH LPDJH� DQG LW LV QRW JUHDWHU WKDQ WKH

QXPEHU �V RI HURVLRQV XVHG WR EXLOG WKH JUH\WRQH LPDJH� $ JHRGHVLF UHFRQVWUXFWLRQ �%HXFKHU� �����

LV WKHQ SHUIRUPHG WR ODEHO HDFK REMHFW ZLWK WKH JUH\ OHYHO HTXDO WR WKH PD[LPDO YDOXH RI WKH GLVWDQFH

IXQFWLRQV FRPSXWHG LQ WKH ZKROH ILEUH �)LJ� �F�� :KHQ FRPSDULQJ WKH UHVXOWV LQ )LJ� �E DQG �F� VRPH

UHPDUNDEOH SRLQWV FDQ EH GHSLFWHG LQ HDFK ILJXUH� ,Q RXU

H[DPSOH� VXFK D SRLQW LV WKH SRLQW '% �)LJ�� �F��� ,W

FRUUHVSRQGV�DOVR�WR�WKH�FHQWUH�'$�RI�WKH�ORQJHVW�VHFWLRQ�LQ

)LJ��D�� %\� PHDQV� RI� DQRWKHU� JHRGHVLF� UHFRQVWUXFWLRQ�

XVLQJ�'$�DV�PDUNHU�DQG�WKH�ZKROH�ILEUH�DV�PDVN��ZH�JHW�D

ODEHOOHG�LPDJH�RI�WKH�ILEUH�VNHOHWRQ��LWV�XQLTXH�JUH\�OHYHO

FRUUHVSRQGLQJ� WR� LWV� GLUHFWLRQ� LQ� WKH� SODQH� �)LJ��G��� 7KH

SURSRVHG� DOJRULWKP� GRHV� QRW� UHTXLUH� LQGLYLGXDO� DQDO\VLV

RI� HDFK� REMHFW�� ZKLFK� GUDPDWLFDOO\� UHGXFHV� WKH� WLPH

QHHGHG� IRU� DQDO\VLV�� ,Q� WKH� LQYHVWLJDWLRQV� FRQGXFWHG� E\

WKH�DXWKRUV�WKLV�WLPH�ZDV�DERXW����VHF�LQ�FRPSDULVRQ�ZLWK

WKH������VHF�QHHGHG�E\�WKH�SUHYLRXV�PHWKRG��

7KH� SURSRVHG� DOJRULWKP� LV� FRQQHFWHG� ZLWK� VRPH

DVVXPSWLRQV�� 7KH� DVVXPSWLRQ� WKDW� WKH� GLUHFWLRQ� RI� WKH

ORQJHVW�VHFWLRQ�RI�WKH�ILEUH�LV�FRQVLVWHQW�ZLWK�WKH�GLUHFWLRQ

RI� WKH� ORQJHVW� VHFWLRQ� JLYHQ� E\� GLUHFWLRQDO� HURVLRQV� LV

FRUUHFW�RQO\�LQ�WKH�FDVH�RI�IDLUO\�UHFWLOLQHDU�REMHFWV��,I��RQ

WKH� ILEUH�� VHYHUDO� VHFWLRQV� RI� HTXDO� OHQJWK� RFFXU�� EXW� RI

GLIIHUHQW�JUH\�OHYHO��WKH�DOJRULWKP�ZLOO�IDYRXU�WKH�VHFWLRQ

RI� KLJKHU� OHYHO��0RUHRYHU�� ZH�PXVW� EH� DZDUH� WKDW�� DV� D

UHVXOW� RI� VHULHV� RI� �V� HURVLRQV�� VRPH� SRLQWV� ZLOO� EH

GXSOLFDWHG�LQ�VHYHUDO�ELQDU\�UHVXOWV��:KHQ�DOO�WKHVH�ELQDU\

HURGHG� VHWV� DUH� PHUJHG� LQ� RQH� JUH\WRQH� LPDJH�� VRPH

LQIRUPDWLRQ�PD\�EH�ORVW��+RZHYHU��IURP�WKH�H[SHULPHQWV

X

Y

X

Y

X

Y

X

Y

a

b

b

a

(a)

(b)

(c)

(d)

Fig.2 Coding of directions
          for a single fibre.

Db

Db

a

Da

D



SHUIRUPHG�E\�WKH�DXWKRUV�VXFK�D�FDVH�RFFXUUHG�RQO\�IRU�D�VPDOO�QXPEHU�RI�SRLQWV�DQG�KDG�QR

LQIOXHQFH�RQ�WKH�UHVXOW��

7KH�SURSRVHG�PHWKRG�FDQ�EH�VOLJKWO\�LPSURYHG�E\�HOLPLQDWLQJ�WKH�WRR�VKRUW�VHFWLRQV��PDGH�RI

RQH�RU�D�IHZ�SL[HOV��REWDLQHG�DIWHU�HURVLRQV��H�J��)LJ���D���DQG�E\�ILOOLQJ�E\�UHFRQVWUXFWLRQ�WKH

YRLGV� SURGXFHG� E\� WKLV� UHPRYDO��%\� WKLV�PHDQV�� ORFDO� GLVWXUEDQFHV� DUH� UHPRYHG��+RZHYHU�

WKLV� WHFKQLTXH�PXVW�EH�XVHG�FDUHIXOO\�DV� LW�PD\�UHVXOW� LQ� WKH� UHPRYDO�RI� VLJQLILFDQW�REMHFWV�

SDUWLFXODUO\�WKH�VPDOO�RQHV�

$1$/<6,6�2)�,1',9,'8$/�),%5(6�

/HW�XV�DSSO\�WKH�DERYH�DOJRULWKP�RQ�WKH�JUDVV�ILEUHV�IURP�)LJ���D��7KH�LQLWLDO�JUH\WRQH�LPDJH

LV�ILUVWO\�ILOWHUHG��WKUHVKROGHG��)LJ���E���DQG�VNHOHWRQL]HG��7KH�QH[W��YHU\�LPSRUWDQW�VWHS�LQ�WKH

SURFHGXUH��LV�WR�UHPRYH�WKH�SRLQWV�RI�LQWHUVHFWLRQ�RI�WKH�OLQHV��WKH�VR�FDOOHG�PXOWLSRLQWV���7KH

UHPRYDO�RI� WKH�LQWHUVHFWLRQ�SRLQWV�RI� WKH�ILEUHV�DOORZV�WR�VSOLW� WKH�LPDJH�IURP�RQH�REMHFW�RI

LQGHILQLWH�RULHQWDWLRQ�LQWR�D�VHW�RI��IRXU�GLVWLQFW�REMHFWV��HDFK�RQH�KDYLQJ�D�GHILQLWH�RULHQWDWLRQ

�)LJ���F���
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)LJ����$QDO\VLV�RI�GLUHFWLRQV�RI�LQGLYLGXDO�ILEUHV�



(URVLRQV�E\�D�SDLU�RI�SRLQWV�RI�VL]H���LQ���GLUHFWLRQV�DUH�WKHQ�SHUIRUPHG�RQ�WKLV�ODWWHU�LPDJH

DQG�WKH�GLUHFWLRQV�FRGLQJ�DOJRULWKP��SUHVHQWHG�LQ�WKH�SUHFHGLQJ�VHFWLRQ��LV�DSSOLHG��7KH�ILQDO

VWDJH�RI� WKH� WUHDWPHQW� LV�PDGH�RI� �D�SURSDJDWLRQ�RI� WKH�GLUHFWLRQ� ODEHOV�RQ� WKH�ZKROH�VHW�RI

ILEUHV��.XUG\��-HXOLQ�������ZKLFK�DOORZV�WR�UHFRQQHFW�WKH�ILEUHV�ZKLFK�KDYH�EHHQ�FXW�E\�WKH

UHPRYDO�RI�PXOWLSOH�SRLQWV��)LJ���G��

'(7(&7,21�2)�$5($6�2)�6,0,/$5�25,(17$7,21�2)�),%5(6�

7KH� DOJRULWKP� SUHVHQWHG� VR� IDU� HQDEOHV� WR� VROYH� WKH� PDMRU� SUREOHP� SUHVHQWHG� LQ� WKH

LQWURGXFWLRQ� RI� WKLV� SDSHU�� QDPHO\� WKH� DQDO\VLV� RI� WKH� VWUXFWXUH� VKRZQ� LQ� )LJ��E�� 7KH� ILUVW

VWDJH� RI� WKH� SURFHVV� FRQVLVWV� LQ� DSSO\LQJ� WKH� GLUHFWLRQ� FRGLQJ� DOJRULWKP� GHVFULEHG� LQ� WKH

SUHYLRXV� H[DPSOH�� 7KH� JUH\WRQH� LPDJH� LV� WKHQ� H[SDQGHG� LQ� WKH�ZKROH� VSDFH� E\� VXFFHVVLYH

JHRGHVLF�GLODWLRQV��GRLQJ�VR��ZH�DVVLJQ�D�GLUHFWLRQ�QRW�RQO\�WR�HDFK�ILEUH�EXW�DOVR�WR�WKH�]RQH

RI� LQIOXHQFH� RI� WKH� ILEUH� �)LJ�� �D��� ,Q� WKLV� H[DPSOH�� VL[� GLUHFWLRQV� KDYH� EHHQ� FRGHG�� ,I� WKH

SUHYLRXV�LPDJH�LV�WKUHVKROGHG��WKH�UHVXOWLQJ�ELQDU\�LPDJH�HPSKDVLVHV�WKH�UHJLRQV�ZKHUH�ILEUHV

H[WHQG�LQ� WKH�VHOHFWHG�GLUHFWLRQ��)LJ���E���,Q� WKLV�H[DPSOH��RQH�HYLGHQWO\�ODUJH�DUHD�DSSHDUV�

FRQQHFWHG�ZLWK�VPDOOHU�DUHDV��FRQVWLWXWLQJ�D�IDLUO\�H[WHQGHG�REMHFW��
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)LJ� � 6HJPHQWDWLRQ RI DUHDV RI VLPLODU RULHQWDWLRQ RI ILEUHV



7KHVH FRQQHFWLRQV DQG WKH VPDOO DUHDV� KRZHYHU� GR QRW FRUUHVSRQGV WR VLJQLILFDQW RULHQWDWLRQV� 6R� LQ

WKH QH[W VWHS� WKH VPDOO GLVMRLQHG DUHDV FDQ EH UHPRYHG E\ DQ RSHQLQJ E\ UHFRQVWUXFWLRQ �6DODPELHU�

6HUUD ������ 7KHQ� LQ RUGHU WR EUHDN WKH FRQQHFWLRQV EHWZHHQ WKH ODUJH UHJLRQV UHPDLQLQJ DIWHU WKH

RSHQLQJ DQG WKH VPDOO DUHDV ZKLFK DUH FRQQHFWHG WR WKHP� D VHJPHQWDWLRQ E\ D ZDWHUVKHG

WUDQVIRUPDWLRQ ZLOO EH XVHG �%HXFKHU ������ 7KH GLVWDQFH IXQFWLRQ RI WKH RSHQHG LPDJH LV FRPSXWHG

DQG WKH ZDWHUVKHG WUDQVIRUP RI WKH LQYHUWHG GLVWDQFH IXQFWLRQ LV SHUIRUPHG� 7KH UHVXOW LV JLYHQ LQ

)LJ��F� $QRWKHU RSHQLQJ E\ UHFRQVWUXFWLRQ RI VL]H N HOLPLQDWHV WKH VPDOOHVW REMHFWV� 7KHQ DQ

HOHPHQWDU\ FORVLQJ UHPRYHV WKH GLYLGH OLQHV EHWZHHQ WKH UHPDLQLQJ REMHFWV� 7KLV DOJRULWKP LV

UHSHDWHG IRU DOO WKH JUH\ OHYHOV LQ )LJ� �D� 7KH ILQDO UHVXOW RI VXFK D WUHDWPHQW LV VKRZQ LQ )LJ� �G� /HW

XV QRWH WKDW WKH NH\ SDUDPHWHU RI WKH SURSRVHG DOJRULWKP LV WKH VL]H N RI WKH RSHQLQJ E\

UHFRQVWUXFWLRQ� ,W FRUUHVSRQGV WR WKH VL]H RI WKRVH DUHDV RI VLPLODU RULHQWDWLRQ RI ILEUHV� ZKLFK DUH RI

QR VLJQLILFDQW LPSRUWDQFH LQ UHJDUGV WR WKH SK\VLFDO SURSHUWLHV RI WKH PDWHULDO DQG WKHUHIRUH ZKLFK FDQ

EH QHJOHFWHG�

&21&/86,216�

6RPH WRROV RI PDWKHPDWLFDO PRUSKRORJ\ DSSOLFDEOH WR WKH DQDO\VLV RI WKH RULHQWDWLRQ RI ILEUHV KDYH

EHHQ SUHVHQWHG� 7KH PDLQ DGYDQWDJH RI WKH SURSRVHG PHWKRG LV WKH SRVVLELOLW\ RI D VLPXOWDQHRXV

DQDO\VLV RI D JUHDW QXPEHU RI ILEUHV SUHVHQW LQ WKH LPDJH� 7KLV UHVXOW LQ D KXJH UHGXFWLRQ RI WKH

FRPSXWDWLRQ WLPH UHTXLUHG IRU VXFK DQ DQDO\VLV� %\ DSSO\LQJ HIILFLHQW PRUSKRORJLFDO RSHUDWLRQV�

HVSHFLDOO\ WKH ZDWHUVKHG WUDQVIRUP� DFFXUDWH VHJPHQWDWLRQV RI DUHDV RI VLPLODU RULHQWDWLRQ RI ILEUHV

DUH REWDLQHG� 2Q EHKDOI RI WKH DYDLODEOH UHVXOWV� WKH PHWKRG GHVFULEHG KHUH FDQ EH FRQVLGHUHG DV D

KHOSIXO DQG UHOLDEOH WRRO IRU GLUHFWLRQDO DQDO\VLV RI ILEUHV�
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%HXFKHU 6� 6HJPHQWDWLRQ G¶,PDJHV HW 0RUSKRORJLH 0DWKpPDWLTXH� 3K�' GLVVHUWDWLRQ� (FROH

1DWLRQDOH 6XSpULHXUH GHV 0LQHV GH 3DULV�����

.XUG\ 0�%�� -HXOLQ '� 'LUHFWLRQDO 0DWKHPDWLFDO 0RUSKRORJ\ 2SHUDWLRQV� $FWD 6WHUHRORJLFD�����

.XUG\ 0�%� 7UDQVIRUPDWLRQV 0RUSKRORJLTXHV 'LUHFWLRQQHOOHV HW $GDSWDWLYHV� $SSOLFDWLRQ DX[

6FLHQFHV GHV 0DWHULDX[� 3K' GLVVHUWDWLRQ� )FROH 1DWLRQDOH 6XSpULHXUH GHV 0LQHV GH 3DULV�����

0O\QDUF]XN 0� 'LUHFWLRQDO )LEUH $QDO\VLV� 3URFHHGLQJV RI (XURSHDQ 6\PSRVLXP RQ /DVHUV� 2SWLFV�

DQG 9LVLRQ IRU 3URGXFWLYLW\ LQ 0DQXIDFWXULQJ� &RQIHUHQFH RQ $SSOLFDWLRQ� %HVDQoRQ� )UDQFH� -XQH

����� 63,( 3URFHHGLQJV 6HULHV� YRO ���� SS� �������

6DOHPELHU 3� 6HUUD -� 0DWKHPDWLFDO 0RUSKRORJ\ DQG ,PDJH $QDO\VLV� /HFWXUH 1RWHV� (FROH 1DWLRQDOH

6XSpULHXUH GHV 0LQHV GH 3DULV�����

6HUUD -� ,PDJH $QDO\VLV DQG 0DWKHPDWLFDO 0RUSKRORJ\� YRO �� $FDGHPLF 3UHVV� /RQGRQ�����


