
(1/$5*(0(17 2) ',*,7$/ ,0$*(6 21 /$3/$&,$1 3<5$0,' %<

86,1* 1(85$/ 1(7:25.

'DLVXNH 6(.,:$ DQG $NLUD 7$*8&+,

'HSDUWPHQW RI (OHFWULFDO DQG (OHFWURQLF (QJLQHHULQJ� 0XVDVKL ,QVWLWXWH RI 7HFKQRORJ\

H�PDLO WDJXFKL#LSF�PXVDVKL�WHFK�DF�MS

$%675$&7

$ QHXUDO QHWZRUN IRU HGJH�SUHVHUYLQJ LPDJH LQWHUSR�

ODWLRQ LV LQWURGXFHG� ZKLFK LV EDVHG RQ WKH QRQ�OLQHDU

SURFHGXUH ZKLFK LV SUHVHQWHG E\ *UHHQVSDQ >�@� 6LP�

XODWLRQ UHVXOWV VKRZ WKH VXSHULRU SHUIRUPDQFHV RI WKH

SURSRVHG DSSURDFK ZLWK UHVSHFW WR RWKHU LQWHUSRODWLRQ

WHFKQLTXHV�

� ,QWURGXFWLRQ

(QODUJHPHQW RI LPDJHV FRUUHVSRQGV WR QDUURZ 1\TXLVW

LQWHUYDO LQ GLJLWDO LPDJHV� 8VXDOO\� HQODUJHPHQW RI LP�

DJHV DUH JLYHQ E\ LQWHUSRODWLRQ E\ XVLQJ VLQF IXQFWLRQ

EDVHG RQ VDPSOLQJ WKHRUHP� *HQHUDOO\� WKHUH DUH LQ�

nQLWH IUHTXHQF\ FRPSRQHQWV LQ QDWXUDO LPDJHV� 6DP�

SOLQJ LPDJHV� WKHUH DUH ORVW KLJK IUHTXHQF\ FRPSRQHQWV

LQ GLJLWDO LPDJHV� 7KXV� ZH QHHG IRU FUHDWLQJ LPDJHV

ZLWK KLJKHU UHVROXWLRQ WKDQ WKH VDPSOLQJ UDWH ZRXOG

DOORZ� +RZHYHU� HQODUJHG LPDJHV E\ XVLQJ VLQF IXQF�

WLRQ GRQ
W KDYH KLJK IUHTXHQF\ FRPSRQHQWV ZKLFK ZHUH

ORVW E\ VDPSOLQJ� *UHHQVSDQ KDG SUHVHQWHG WKH SURFH�

GXUH IRU SUHGLFWLQJ DQ XQNQRZQ KLJKHU UHVROXWLRQ LP�

DJH� ZKLFK XWLOL]HV /DSODFLDQ S\UDPLG LPDJH UHSUHVHQ�

WDWLRQ >�@� 7KLV SDSHU SUHVHQWV D QRYHO HQODUJHPHQW

PHWKRG E\ XVLQJ D QHXUDO QHWZRUN�11� ZKLFK LV H[�

WHQGHG *UHHQVSDQ
V QRQ�OLQHDU SURFHGXUH� 5HVXOWV DUH

SUHVHQWHG GHSLFWLQJ WKH YLVXDO HQKDQFHPHQW RI VHYHUDO

LPDJHV� 6HYHUDO VLPXODWLRQ UHVXOWV DUH SUHVHQWHG WKH

SURSRVHG PHWKRG LV VXSHULRU WR WKH *UHHQVSDQ
V PHWKRG�

)XUWKHUPRUH� ZH VKRZ WKH UREXVWQHVV RI WKH SURSRVHG

PHWKRG�

� 7KH (QODUJHPHQW E\ 1RQ�OLQHDU
0HWKRG

*DXVVLDQ DQG /DSODFLDQ S\UDPLGV� DV GHVFULEHG E\

%XUW >�@� DUH XWLOL]HG� 7KH *DXVVLDQ S\UDPLG FRQVLVWV

RI ORZSDVV nOWHUHG YHUVLRQV RI WKH LQSXW LPDJH DV *��

ZLWK HDFK VWDJH LPDJH DV *Q�� RI WKH S\UDPLG DFKLHYHG

E\ *DXVVLDQ nOWHULQJ RI WKH SUHYLRXV VWDJH RQH DV *Q

DQG FRUUHVSRQGLQJ VXE�VDPSOLQJ RI WKH nOWHUHG RXWSXW�

7KH /DSODFLDQ S\UDPLG FRQVLVWV RI EDQGSDVV nOWHUHG

YHUVLRQV RI WKH LQSXW LPDJH� ZLWK HDFK VWDJH RI WKH

S\UDPLG FRQVWUXFWHG E\ WKH VXEWUDFWLRQ RI WZR FRUUH�

VSRQGLQJ DGMDFHQW OHYHOV RI WKH *DXVVLDQ S\UDPLG� $

UHFXUVLYH SURFHGXUH DOORZV IRU WKH FUHDWLRQ RI WKH S\UD�

PLGV� DV IROORZV�
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ZKRVH VL]H LV WKH VDPH ZLWK *Q LV WKH LQWHUSRODWHG ]HUR

RI *Q��� *HQHUDOO\� WKH ZHLJKWLQJ IXQFWLRQ: LV *DXV�

VLDQ LQ VKDSH DQG QRUPDOL]HG WR KDYH WKH VXP RI LWV

FRHpFLHQWV HTXDO WR �� 7KH YDOXH IRU D ��VDPSOH VHS�

DUDEOH nOWHU DUH �� ���� �� � ��� ��� ���� 7KH KLJKHU

OHYHO LPDJH *
b� WKDQ WKH RULJLQDO GLJLWDO LPDJH *� LV

JRW *
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NQRZQ DQG LW LV QHFHVVDU\ WR SUHGLFW D KLJKHU IUHTXHQF\

FRPSRQHQW /
b��

$Q HGJH FDQ EH FKDUDFWHUL]HG E\ ]HUR FURVVLQJV �=&�

LQ WKH /DSODFLDQ LPDJH� 0DLQ HGJHV DUH REVHUYHG DFURVV

GLmHUHQW UHVROXWLRQ LPDJHV� 8WLOL]LQJ WKH FKDUDFWHU�

*UHHQVSDQ KDV SUHVHQWHG D SURFHGXUH IRU SUHGLFWLQJ

/
b� E\ QRQ�OLQHDU PHWKRG XVLQJ /�� 7KH DOJRULWKP
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7KH LPDJH A/
b�� ZKLFK LV REWDLQHG E\ QRQ�OLQHDU RS�

HUDWLRQ� KDV KLJK IUHTXHQF\ FRPSRQHQWV WKDQ WKH

VDPSOLQJ UDWH�



6WHS � :H FUHDWH a/
b� E\ /DSODFLDQ nOWHULQJ WKH A/b�

WR UHVKDSH WKH QHZ WUDQVLHQWV VR WKH\ KDYH WKH GH�

VLUHG VSDWLDO IUHTXHQF\ FRPSRQHQWV
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6LQFH� ZH JXHVV WKDW D KLJKHU IUHTXHQF\ FRPSRQHQW /
b�

SUHVHUYHV WKH VKDSH DQG WKH SKDVH RI /�� DQG /b� LV

DSSUR[LPDWHG E\ a/
b� ZKLFK LV REWDLQHG E\ WKH DERYH

DSSURDFK�

,Q WKH IROORZLQJ� WKH H[SHULPHQW ZLWK RQH GLPHQ�

VLRQDO VWHS VLJQDO LV GLVFXVVHG� )LJ��D LOOXVWUDWHV WKH

LGHDO VLJQDO *
b�� WKH H[SDQGHG VLJQDO (;3$1'�*���

DQG WKH SUHGLFWHG VLJQDO E\ *UHHQVSDQ
V PHWKRG �VWHS

�^��� )LJ��E LOOXVWUDWHV WKH /DSODFLDQ FRPSRQHQWV /
b��

(;3$1'�/��� DQG a/b� VLPLODUO\� :H FDQ YHULI\ WKDW
a/
b� KDV WKH VDPH =& ZLWK /� DQG VKDUSHQV WKH ZDYH�

IRUP RI (;3$1'�/�� IURP )LJ��E� +RZHYHU� WKH YDOXH

RI ?7� DQG ?D� LQ (T� � DUH GLmHUHQW LQ HDFK LPDJH DQG

REWDLQHG HPSLULFDOO\�

� (QODUJHPHQW 1HXUDO 1HWZRUN

:H FDQ H[SUHVV DERYH *UHHQVSDQ
V QRQ�OLQHDU VFKHPH

DV SDUWO\ FRQQHFWHG IHHGIRUZDUG WKUHH OD\HU QHXUDO QHW�
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6WHS � RI *UHHQVSDQ
V PHWKRG �L�H�� (T� �� LV UHDOL]HG

E\ EHWZHHQ LQSXW OD\HU DQG KLGGHQ OD\HU� 6WHS � RI

*UHHQVSDQ
V PHWKRG LV FDUULHG RXW WKH QRQ�OLQHDU IXQF�

WLRQ RI QRGHV LQ KLGGHQ OD\HU� 7KH KLJK IUHTXHQF\ FRP�

SRQHQWV a/Q LV H[WUDFWHG EHWZHHQ KLGGHQ OD\HU DQG RXW�

SXW OD\HU �L�H�� a/Q  A/Qb:eA/Q�� 7KHQ� a/Q LV REWDLQHG

IURP WKH 11
V RXWSXW OD\HU�

7KHUH DUH OLQHDU QRGHV LQ WKH LQSXW DQG WKH RXWSXW

OD\HU� 6LQFH WKH ZHLJKW IXQFWLRQ : LV � d � ZLQGRZ�

ZH QHHG � d � QRGHV LQ WKH KLGGHQ OD\HU IRU JHWWLQJ RQH

RXWSXW IURP WKH RXWSXW OD\HU� :H DOVR QHHG WZLFH *DXV�

VLDQ nOWHULQJ LQ (T� �� :H DFFRUGLQJO\ VHW WR �� d ��

WKH QXPEHU RI QRGHV LQ WKH LQSXW OD\HU� 7KXV� WKH WKUHH

OD\HU 11 FRQVLVWV �LQSXW QRGHV� KLGGHQ QRGHV� RXWSXW

QRGHV�  ���d��� �d�� ��� :H GHQRWH WKH UHODWLRQV

DPRQJ LQSXW OD\HU LQSXW �,M� � KLGGHQ OD\HU RXWSXW

?+M� DQG RXWSXW OD\HU RXWSXW ?2��
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7KH HQODUJHPHQW 11 LV WUDLQHG LQ RUGHU WR PLQLPL]H

WKH PHDQ VTXDUH HUURU �06(� EHWZHHQ WHDFKLQJ VLJQDO
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DQG Z�

M � ,QLWLDO YDOXH RI ZHLJKWV DUH VHW WR DQ HTXDO

YDOXH ZLWK *UHHQVSDQ
V PHWKRG�

� 6LPXODWLRQ 5HVXOWV

��� 2QH 'LPHQVLRQ 6LJQDO

+HUH� ZH DSSO\ WKH HQODUJHPHQW 11 WR WKH VDPH VLJ�

QDO DV )LJ��� )LJ�� LOOXVWUDWHV WKH LGHDO VLJQDO� WKH FXELF

FRQYROXWLRQ VLJQDO� WKH H[SDQGHG VLJQDO E\ *UHHQVSDQ
V

PHWKRG� DQG WKH H[SDQGHG VLJQDO WKH SURSRVHG 11� :H

ZRXOG UHFRJQL]H WKDW WKH HQODUJHPHQW 11 SURGXFHV WKH

/DSODFLDQ FRPSRQHQW ZKLFK LV WKH PRVW FORVH WR WKH

LGHDO RQH IURP )LJ��E� 7KH HQODUJHPHQW 11 FDQ QDW�

XUDOO\ UHVWUXFWXUHV WKH VKDUSHU HGJH WKDQ *UHHQVSDQ
V

PHWKRG �)LJ��D�� 7KLV VKRZV WKDW WKH HQODUJHPHQW 11

LV WKH QHWZRUN ZKLFK DFKLHYHV WR UHVWRUH WKH ORVW KLJK

IUHTXHQF\ FRPSRQHQWV DW GRZQVDPSOLQJ DQG JHWV WKH

RSWLPXP FRQGLWLRQ RI *UHHQVSDQ
V PHWKRG� ,W LV JRRG

UHVXOW RI FXELF FRQYROXWLRQ� EXW LW GRHV QRW KDYH HQRXJK

KLJK IUHTXHQF\ FRPSRQHQWV WKDQ HYHQ *UHHQVSDQ
V PHWKRG�

��� 7ZR 'LPHQVLRQ 6LJQDO

:H DSSO\ WKH HQODUJHPHQW 11 WR HQODUJH DQ LPDJH�

:H VKRZ WKH UREXVWQHVV RI WKH SURSRVHG 11 IROORZLQJ

� SRLQWV RI YLHZ�

�� 7KH HQODUJHPHQW 11 LV FRQVWUXFWHG ZLWK LQGH�

SHQGHQFH IURP OHYHOV RI D /DSODFLDQ S\UDPLG UHSUH�

VHQWDWLRQ�

�� 7KH HQODUJHPHQW 11 LV FRQVWUXFWHG ZLWK LQGH�

SHQGHQFH IURP GLmHUHQW NLQGV RI LPDJHV�

�� 7KH HQODUJHPHQW 11 LV FRQVWUXFWHG ZLWK LQGH�

SHQGHQFH IURP UHGXFWLRQ SURFHGXUHV� ZKLFK DUH JHQ�

HUDOO\ XQNQRZQ� WR JHW WKH ORZ UHVROXWLRQ LPDJH

IURP WKH KLJK UHVROXWLRQ LPDJH� +HUH ZH DVVXPH

WKDW LW LV *DXVVLDQ nOWHULQJ WKHQ GRZQVDPSOLQJ DV

WKH UHGXFWLRQ SURFHGXUH�

:H QRZ H[DPLQH WKH SRLQW �� :H FDOFXODWH VL[ HQODUJH�

PHQW 11V ZLWK ?/HQD� DQG ?%RDW� DV IROORZV�
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b�� *UHHQVSDQ
V a/b�� WKH 11�

:H HQODUJH LPDJHV �IURP *� WR *�� IURP *� WR *��

DQG IURP *� WR *� RI ?/HQD� DQG ?%RDW�� E\ VL[ HQ�

ODUJHPHQW 11V WUDLQHG GLmHUHQW OHYHOV� 7DEOH � VKRZV

WKH UHVXOWLQJ 06(V EHWZHHQ WKH GHVLUHG LPDJH DQG WKH

HQODUJHPHQW LPDJHV� 3615 LQ 7DEOH � LV JLYHQ E\

3615  ��cORJ
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,W LV VHHQ WKDW WKH WKUHH HQODUJHPHQW 11V JLYH VLPLODU

UHVXOWV LQ WKH 06(� DQG KHQFH ZH UHFRJQL]H WKDW WKH HQ�

ODUJHPHQW 11V LV FRQVWUXFWHG ZLWK LQGHSHQGHQFH IURP

OHYHOV�

,Q WKH IROORZLQJ� ZH H[DPLQH WKH SRLQW �� +HUH� ZH

HQODUJH WKH LPDJHV IURP *� WR *� RI ?/HQD�� ?*LUO��

?%RDW�� ?/LJKW +RXVH�� DQG ?%XLOGLQJ� E\ XVLQJ WKH



11��/� 7DEOH � VKRZV WKH UHVXOWLQJ 06(V E\ WKH 11�

�/� *UHHQVSDQ
V PHWKRG DQG FXELF FRQYROXWLRQ LQWHU�

SRODWLRQ�&&,�� ([FHOOHQW HQODUJHG LPDJHV DUH REWDLQHG
E\ WKH 11��/ DW DOO H[DPSOHV� &RPSDULQJ WKH 11V

ZLWK &&,� WKH 11V VKRZ EHWWHU UHVXOWV RI ���G% DERXW

?/LJKW +RXVH� DQG �G% DERXW WKH RWKHUV� :H ZRXOG

OLNH WR VKRZ WKDW WKH HQODUJHPHQW 11 LV FRQVWUXFWHG

ZLWK LQGHSHQGHQFH IURP GLmHUHQW NLQGV RI LPDJHV�

$OVR ZH VKRZ WKH VXEMHFWLYH HYDOXDWLRQ LQ )LJ��

ZKLFK VKRZ WKH UHVXOW RI HQODUJHG LPDJHV RI ?%RDW�

E\ WKH 11��/� )LJ��D VKRZV WKH GHVLUHG LPDJH� )URP

)LJ��� WKH SURSRVHG 11 UHFRYHU WKH KLJK�IUHTXHQF\ FRP�
SRQHQWV ZKLFK ZHUH ORVW E\ VDPSOLQJ�

$W ODVW� ZH H[DPLQH WKH SRLQW �� ,Q WKLV SDSHU� ZH

DVVXPH WKDW WKHUH LV *DXVVLDQ nOWHULQJ DQG GRZQVDP�

SOLQJ DV WKH UHGXFWLRQ SURFHGXUH� +RZHYHU� ZH FDQ QRW

JHQHUDOO\ NQRZ KRZ WR EH UHGXFHG LPDJHV� WKHQ ZH VKRZ
WKH 11
V FKDUDFWHULVWLF E\ UHGXFWLRQ SURFHVVHV� +HUH�

ZH XVH WKUHH NLQG RI LW� ZKLFK LV D� *DXVVLDQ nOWHULQJ

DQG GRZQVDPSOLQJ �*)�� E� � d � PHDQ YDOXH nOWHU�

LQJ DQG GRZQ VDPSOLQJ �$)�� DQG F� FXELF FRQYROXWLRQ

nOWHULQJ DQG GRZQVDPSOLQJ �&&�� :H H[SDQG UHGXFHG
LPDJHV RI ?%RDW� DQG ?/LJKW +RXVH�� ZKLFK KDYH GLI�

IHUHQW UHGXFWLRQ SURFHGXUH� E\ WKH 11��/� *UHHQVSDQ
V

PHWKRG� DQG &&,� 7DEOH � VKRZV WKH UHVXOWLQJ 06(V E\

WKH 11��/� *UHHQVSDQ
V PHWKRG DQG &&,� 5HGXFLQJ E\

*) DQG $)� WKH 11��/ KDV WKH EHVW UHVXOWV WKDQ WKH

RWKHU H[SDQG SURFHGXUHV� +RZHYHU� UHGXFLQJ E\ &&�
*UHHQVSDQ
V PHWKRG DQG &&, KDV GHVLUHG UHVXOWV WKDQ

WKH 11��/ QXPHULFDOO\� 7R EH REYLRXVO\ WKH FDXVHV� ZH

VKRZ WKH VXEMHFWLYH HYDOXDWLRQ RI H[SDQGHG LPDJHV E\

WKH 11��/ DQG &&, LQ )LJ��� ,Q )LJ��� ZH UHFRJQL]H

WKDW WKH HGJH DQG GHWDLO VLJQDOV DUH HQKDQFHG E\ WKH
11��/� &XELF FRQYROXWLRQ IXQFWLRQ KDV VXSHULRU IUH�

TXHQF\ FKDUDFWHULVWLF QHDU 1\TXLVW IUHTXHQF\ WR *DXV�

VLDQ nOWHU� WKHQ ZH FRQVLGHU WKDW WKH 11��/� ZKLFK LV

WDXJKW E\ *DXVVLDQ nOWHUHG LPDJH� HQKDQFHV KLJK IUH�

TXHQF\ FRPSRQHQWV PRUH WKDQ ZH H[SHFW� +RZHYHU�
WKH nQH OLQHV DV ZLUH DW WKH HQODUJHG LPDJH E\ WKH 11�

�/ DUH PRUH VKDUSHU WKDQ RQH RI &&,� DQG WKHUHE\ ZH

ZRXOG UHFRJQL]H WKH LQFUHDVH RI UHVROXWLRQ E\ WKH 11�

�/ ZLWK LQGHSHQGHQFH IURP UHGXFWLRQ SURFHGXUHV�

� &RQFOXWLRQ

7KLV SDSHU SUHVHQWV D SURFHGXUH IRU SUHGLFWLQJ D

KLJKHU�IUHTXHQF\ FRPSRQHQW WKDQ WKH VDPSOLQJ UDWH

ZRXOG DOORZ� 7KLV 11 LV JHQHUDO WKUHH OD\HU 11� DQG
FRQWDLQV *UHHQVSDQ
V DOJRULWKP ZKLFK SUHGLFWV KLJKHU

OHYHO /DSODFLDQ LPDJH E\ XVLQJ WKH /DSODFLDQ S\UDPLG�

([FHOOHQW HQODUJHG LPDJHV DUH REWDLQHG E\ WKH HQODUJH�

PHQW 11� )XUWKHUPRUH� WKH FKDUDFWHULVWLFV RI WKH HQ�

ODUJHPHQW 11 DUH QRW GHSHQGHG RQ W\SHV DQG OHYHOV RI

7DEOH �� 7KH FRPSDUH WKH HQODUJHPHQW 11V FRQ�

VWUXFWHG E\ GLmHUHQW OHYHOV� �06( �3615>G%@��
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WUDLQLQJ LPDJH VR PXFK�
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>�@ 3� -� %XUW DQG (� $� $GHOVRQ� ?7KH /DSODFLDQ
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