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5HFHQWO\ D QHZ WLPH�GRPDLQ PHWKRG KDV EHHQ SUHVHQWHG

IRU GHFRQYROXWLRQ >�@� 7KLV PXOWLGLPHQVLRQDO PHWKRG

FRPSOHWHO\ HOLPLQDWHV WKH SUREOHPV RI WKH SUHYLRXV

PHWKRGV LQ RQH GLPHQVLRQ DQG FRYHUV D UHDVRQDEOH SDUW

RI WKH VROXWLRQV LQ PXOWLGLPHQVLRQV� ,Q WKLV SDSHU� ZH

SUHVHQW VRPH RI WKH SURSHUWLHV RI WKLV PHWKRG� :H ZLOO

HVSHFLDOO\ IRFXV RQ WKH IUHTXHQF\ GRPDLQ EHKDYLRXU RI

WKH DOJRULWKP DV ZHOO DV WKH SHUIRUPDQFH XQGHU QXPHULFDO

HUURUV DQG HUURUV GXH WR QRLVH� ,Q DGGLWLRQ ZH ZLOO SUHVHQW

H[DPSOHV RI WKH DSSOLFDWLRQV LQFOXGLQJ EOLQG

GHFRQYROXWLRQ ZLWK D PRGLILHG 1$6�5,) DOJRULWKP�

,� ,1752'8&7,21

6HYHUDO UHVHDUFKHUV DUH LQWHUHVWHG RQ WKH GHFRQYROXWLRQ

SUREOHP ZKLFK LV RQH RI WKH PRVW LPSRUWDQW SUREOHP RI

OLQHDU V\VWHP WKHRU\� 'HFRQYROXWLRQ FDQ EH VHHQ DV DQ

LQYHUVH ILOWHULQJ IRU UHPRYLQJ WKH HIIHFWV RI OLQHDU

FRQYROXWLRQ RSHUDWRU� 7KHUH DUH VHYHUDO GLIIHUHQW

DSSURDFKHV GHYHORSHG IRU GHFRQYROXWLRQ WKURXJKRXW WKH

\HDUV� :LHQHU ILOWHULQJ >�@� )RXULHU GRPDLQ WHFKQLTXHV

>�@� KRPRPRUSKLF GHFRQYROXWLRQ >�@� DQG LWHUDWLYH

DSSURDFKHV >�@ DUH RQO\ D VXEVHW RI FXUUHQWO\ DYDLODEOH

PHWKRGV� 8QIRUWXQDWHO\ DOPRVW DOO RI WKHVH PHWKRGV

VXIIHU IURP WKH SUREOHPV RI VWDELOLW\� GLYLVLRQ E\ ]HUR�

DSSUR[LPDWLRQ DQG FRPSXWDWLRQDO FRPSOH[LW\� :H KDYH

SURSRVHG D QHZ WLPH�GRPDLQ GHFRQYROXWLRQ �7''�

DOJRULWKP >�@ ZKHUH DOO RI WKHVH SUREOHPV DUH VROYHG�

7KLV PXOWLGLPHQVLRQDO 7'' PHWKRG UHVXOWV H[DFW

VROXWLRQ IRU RQH GLPHQVLRQDO FDVH ZLWKRXW DQ\ RI WKH

SUREOHPV DVVRFLDWHG ZLWK WKH SUHYLRXV PHWKRGV� ,Q

PXOWLGLPHQVLRQDO FDVH� 7'' PHWKRG KDV DOZD\V

VROXWLRQV ZKHQ WKH FRQYROXWLRQ NHUQHO VDWLVILHV GHW�K� �

FRQGLWLRQ� (YHQ ZKHQ WKLV FRQGLWLRQ LV QRW VDWLVILHG� RQH

FDQ VWLOO VROYH WKH SUREOHP GHSHQGLQJ RQ WKH YDOXH RI

GHW�K� DQG WKH VSOLW IDFWRU ZKLFK LV UHODWHG WR WKH OHQJWK RI

WKH LQSXW VLJQDO�

,Q WKLV SDSHU� ZH GLVFXVV VHYHUDO SURSHUWLHV RI WKH 7''

PHWKRG� :H VKRZ WKDW ZKDW 7'' PHWKRG GRHV LQ WLPH�

GRPDLQ FRUUHVSRQGV WR WKH SROH�]HUR FDQFHOODWLRQ LQ

)RXULHU GRPDLQ ZLWK VRPH DSSURSULDWH VSHFWUDO VKDSLQJ�

,Q DGGLWLRQ� ZH ZLOO GLVFXVV KRZ WKH VSUHDG RI

FRQYROXWLRQ NHUQHO ]HURV DQG WKH VSOLW IDFWRU DIIHFW WKH

QRLVH EHKDYLRXU RI WKH 7'' PHWKRG� 2QH LQWHUHVWLQJ

SURSHUW\ RI WKH 7'' PHWKRG LV WKDW WKHUH DUH VHYHUDO

FRSLHV RI WKH LQSXW VLJQDO DW WKH RXWSXW RI GHFRQYROXWLRQ�

7KH QXPEHU RI LQSXW LPDJHV GHSHQGV RQ WKH QXPEHU RI

]HURV RI WKH FRQYROXWLRQ ILOWHU DQG WKH GLVWDQFH EHWZHHQ

LPDJHV LV HTXDO WR WKH VSOLW IDFWRU� ,W WXUQV RXW WKDW HDFK

LQSXW LPDJH KDV GLIIHUHQW QRLVH VHQVLWLYLW\ DQG LW LV

DOZD\V EHWWHU WR FKRRVH WKH LQSXW LPDJH� ZKLFK VKRZV XS

WKH ILUVW�

7'' PHWKRG KDV EHHQ HPSOR\HG IRU ERWK RQH DQG

PXOWLGLPHQVLRQDO VLJQDOV� ,Q DGGLWLRQ WR GLUHFW

GHFRQYROXWLRQ ZKHQ WKH RXWSXW DQG FRQYROXWLRQ NHUQHO

DUH NQRZQ� 7'' PHWKRG LV DOVR XVHG IRU EOLQG

GHFRQYROXWLRQ SUREOHP� $ PRGLILHG QRQ�QHJDWLYLW\ DQG

VXSSRUW UHFXUVLYH LQYHUVH ILOWHU �1$6�5,)� VWUXFWXUH LV

XVHG ZLWK 7'' EORFN >�@� ,Q EOLQG GHFRQYROXWLRQ� LQSXW

VLJQDO LV UHTXLUHG WR EH IRXQG ZLWKRXW DQ\ NQRZOHGJH RQ

WKH FRQYROXWLRQ NHUQHO�

$QRWKHU LQWHUHVWLQJ SUREOHP LV WKH FLUFXODU

GHFRQYROXWLRQ� ,W WXUQV RXW WKDW FLUFXODU GHFRQYROXWLRQ LV

SRVVLEOH LI WKH FLUFXODU 7RHSOLW] PDWUL[� +� LV QRQVLQJXODU�

1RWH WKDW VLQJXODULW\ LV QRW DQ LVVXH IRU OLQHDU FRQYROXWLRQ

DQG GHFRQYROXWLRQ LV DOZD\V SRVVLEOH IRU RQH�

GLPHQVLRQDO FDVH�

7KHUH DUH VHYHUDO DSSOLFDWLRQV RI WKH GHFRQYROXWLRQ

RSHUDWRU >�@� ,PDJH UHVWRUDWLRQ IRU PHGLFLQH >�@ DQG

DVWURQRP\ >�@ HPSOR\V GLIIHUHQW DOJRULWKPV� DOO RI ZKLFK

XVH D GHFRQYROXWLRQ RSHUDWLRQ� %OXUULQJ HIIHFWV GXH WR

PRYLQJ REMHFWV DQG IRFXVLQJ RI WKH FDPHUD FDQ EH

HOLPLQDWHG E\ GHFRQYROXWLRQ PHWKRGV� 6HLVPLF VLJQDO

SURFHVVLQJ DOVR UHTXLUHV LQYHUVH ILOWHULQJ IRU WKH

ORFDOLVDWLRQ RI QDWXUDO UHVRXUFHV�

,,� 7'' 0(7+2'

7LPH GRPDLQ GHFRQYROXWLRQ PHWKRG LV EDVHG RQ VLPSOH

DOJHEUDLF LGHQWLWLHV� ZKLFK SHUPLW H[DFW GHFRQYROXWLRQ

IRU ILUVW RUGHU NHUQHOV RU ILOWHUV� 'HFRQYROXWLRQ RI KLJKHU

RUGHU NHUQHOV LV GRQH E\ WKH FRPELQDWLRQ RI ILUVW RUGHU

IDFWRUV� ,Q WKLV UHVSHFW� 7'' PHWKRG UHTXLUHV WKH

IDFWRULVDWLRQ RI D FRQYROXWLRQ NHUQHO LQWR LWV ILUVW RUGHU



WHUPV� ,GHDOO\ D GHFRQYROXWLRQ ILOWHU VKRXOG VDWLVI\

K�Q� *
D
Kc_inv�Q� δ�Q� ZKHUH 

D
LV ' GLPHQVLRQDO

FRQYROXWLRQ� 7KH VROXWLRQ IRU WKH DERYH HTXDWLRQ LV LOO

FRQGLWLRQHG VLQFH WKHUH DUH PRUH HTXDWLRQV WKDQ WKH

XQNQRZQV� 7'' PHWKRG WULHV WR ILQG D GHFRQYROXWLRQ

ILOWHU ZKLFK VDWLVILHV�
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$GGLWLRQDO WHUPV RQ ULJKW KDQG VLGH RI HTXDWLRQ ��� DOORZ

XV WR ILQG H[DFW VROXWLRQV IRU GHFRQYROXWLRQ RSHUDWLRQ� $V

ORQJ DV WKH VDPSOH VSOLWWLQJ IDFWRU� ,� LV JUHDWHU WKDQ WKH

LQSXW OHQJWK� H[DFW FRSLHV RI WKH LQSXW VLJQDO FDQ EH

REWDLQHG� 1RWH WKDW ILQGLQJ D VROXWLRQ WR D FRQGLWLRQHG

HTXDWLRQ OLNH ��� LV QRW DQ HDV\ WDVN� ,QVWHDG ZH ZLOO XVH

DQ RSHUDWLRQ ZKLFK LV FDOOHG DV VDPSOH VSOLWWLQJ IRU

ILQGLQJ D VROXWLRQ IRU ���� /HW K0 �Q� EH D ' GLPHQVLRQDO

ILUVW RUGHU FRQYROXWLRQ NHUQHO� 7KH GHFRQYROXWLRQ NHUQHO�

Kc_inv,0�Q�� FDQ EH IRXQG E\ D VXFFHVVLYH VDPSOH VSOLWWLQJ

RSHUDWLRQ GHILQHG DV EHORZ�
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+HUH Kc_inv,0�Q�� LV WKH GHFRQYROXWLRQ NHUQHO IRU WKH ILUVW

RUGHU ILOWHU K�Q�� ,Q RUGHU WR FKRRVH D FRS\ RI WKH LQSXW

VHTXHQFH IURP WKH RXWSXW RI GHFRQYROXWLRQ� ZKLFK KDV

VHYHUDO LPDJHV RI WKH VFDOHG LQSXW VLJQDO� ZH XVH WKH

ZLQGRZLQJ RSHUDWLRQ�

[ ][ \ K FWD
c inv Nx

( ) ( ) ( ) Re ( )* _ ,n n n n= 0 [�]

$ERYH 7'' PHWKRG FDQ EH XVHG IRU DQ\ W\SH RI

FRQYROXWLRQ NHUQHO �LQFOXGLQJ WKH RQHV ZKLFK KDYH ]HURV

RQ WKH XQLW FLUFOH� LQ RQH�GLPHQVLRQDO FDVH� ,I WKH ILUVW

RUGHU FRQYROXWLRQ NHUQHO VDWLVILHV WKH GHW�K� � FRQGLWLRQ�

WKHQ LW LV SRVVLEOH WR REWDLQ H[DFW GHFRQYROXWLRQ LQ

PXOWLGLPHQVLRQV� ,W PD\ VWLOO EH SRVVLEOH WR REWDLQ H[DFW

GHFRQYROXWLRQ HYHQ ZKHQ GHW�K�≠� GHSHQGLQJ RQ WKH VL]H
RI WKH LQSXW VLJQDO DQG WKH YDOXH RI GHW�K��

,,,� 3523(57,(6 2) 7+( 7'' 0(7+2'

:H ZLOO ILUVW VKRZ WKDW GHFRQYROXWLRQ ILOWHU LQ 7''

PHWKRG FDQ EH REWDLQHG E\ D SROH�]HUR FDQFHOODWLRQ� ,Q

WKLV VHQVH GHFRQYROXWLRQ LV D SROH�]HUR FDQFHOODWLRQ

IROORZHG E\ VRPH VSHFWUDO VKDSLQJ� )RU RQH GLPHQVLRQDO

FDVH� FRQYROXWLRQ DQG GHFRQYROXWLRQ LQ ]�GRPDLQ FDQ EH

ZULWWHQ DV�

ZKHUH '�]I� LV D SRO\QRPLDO RI ]I� /HW ;�]� �� 7KHQ

GHFRQYROXWLRQ ILOWHU� +c_inv�]� ZLOO EH

ZKHUH 01 DQG *1 DUH WKH VHWV RI PLQLPXP SKDVH ]HURV

DQG 02 DQG *2 DUH WKH VHWV RI PD[LPXP SKDVH ]HURV� ,I

ZH FKRRVH Gk Fk �01 *1� 02 *2� DQG DSSO\ WKH SROH�

]HUR FDQFHOODWLRQ� ZH KDYH

$ERYH GHFRQYROXWLRQ ILOWHU LV DOZD\V VWDEOH DQG FDXVDO�

1RLVH VHQVLWLYLW\ RI WKH 7'' PHWKRG GHSHQGV RQ VHYHUDO

SURSHUWLHV� 7KH QXPHULFDO HUURU QRLVH VHQVLWLYLW\ LV WKH

QRLVH VHQVLWLYLW\ ZKHQ WKHUH LV QR QRLVH RQ ERWK RXWSXW

\�Q� DQG FRQYROXWLRQ NHUQHO K�Q� VHTXHQFHV� 1RLVH

VHQVLWLYLW\ RI WKH 7'' PHWKRG LQ WKLV FDVH GHSHQGV RQ�

D� 7KH ORFDWLRQ RI WKH ]HURV RQ WKH XQLW FLUFOH�

E� 7KH YDOXH RI WKH VSOLW IDFWRU� ,�

F� :KLFK FRS\ RI WKH LQSXW VHTXHQFH� [�Q�� ZLOO EH

FKRVHQ�

G� +RZ DFFXUDWH WKH ]HURV RI K�Q� DUH IRXQG�

D� Location of the zeros� ,I WKH ]HURV RQ WKH XQLW FLUFOH

JHW FORVH WR HDFK RWKHU� QRLVH VHQVLWLYLW\ LQFUHDVHV� 7KH

]HURV RI WKH FRQYROXWLRQ NHUQHO RXWVLGH WKH XQLW FLUFOH

KDYH OLWWOH HIIHFW RQ WKH QRLVH VHQVLWLYLW\�

E� Split factor, I� 1RLVH VHQVLWLYLW\ LQFUHDVHV ZLWK WKH VSOLW
IDFWRU� ,� ,Q DGGLWLRQ QRLVH VHQVLWLYLW\ VKRZV D F\FOLF

EHKDYLRXU� 7KH SHULRG� 3� RI WKLV F\FOLF EHKDYLRXU LV

DSSUR[LPDWHO\ HTXDO WR�
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ZKHUH θ LV WKH DQJOH RI WKH ]HUR RQ XQLW FLUFOH DQG 1p LV

WKH VPDOOHVW LQWHJHU WKDW PDNHV 3 DV DQ LQWHJHU YDOXH�

F� Copy of the input sequence� 1RLVH VHQVLWLYLW\ GHSHQGV

RQ ZKLFK FRS\ RI WKH LQSXW VHTXHQFH LV FKRVHQ IURP WKH

GHFRQYROXWLRQ RXWSXW� 7KH FRS\ RI [�Q� WKDW FRUUHVSRQGV

WR WKH ILUVW G�Q� FRHIILFLHQW KDV WKH EHVW QRLVH TXDOLW\�

7KLV FRS\ RI [�Q� DW WKH GHFRQYROXWLRQ RXWSXW UHTXLUHV

WKH OHDVW QXPEHU RI DULWKPHWLFDO RSHUDWLRQV� ZKHUH VRPH

RI WKHP VKRXOG H[DFWO\ DGG XS WR ]HUR� 7KLV LV ZK\ WKH

ILUVW FRS\ RI [�Q� KDV WKH VPDOOHVW QXPHULFDO QRLVH�

G� Zero finding accuracy� 1RLVH VHQVLWLYLW\ RI WKH 7''
PHWKRG GHSHQGV RQ KRZ DFFXUDWHO\ ZH ILQG WKH ]HURV RI

WKH FRQYROXWLRQ NHUQHO� 3ROH�]HUR FDQFHOODWLRQ LV DIIHFWHG

E\ WKLV DFFXUDF\�

,9� $33/,&$7,216 2) 7+( 7'' 0(7+2'

$SSOLFDWLRQV RI GHFRQYROXWLRQ RSHUDWRU FDQ EH GLYLGHG

LQWR WZR PDLQ JURXSV� QDPHO\ GLUHFW DQG EOLQG

GHFRQYROXWLRQ� 'LUHFW GHFRQYROXWLRQ LV UHODWHG WR WKH

SUREOHP RI ILQGLQJ WKH LQSXW VLJQDO ZKHQ WKH V\VWHP

RXWSXW DQG FRQYROXWLRQ NHUQHO DUH NQRZQ� %OLQG

GHFRQYROXWLRQ LV XVHG ZKHQ WKH FRQYROXWLRQ NHUQHO LV

XQNQRZQ� 7KLV LV DQ LWHUDWLYH SURFHGXUH LQ FRQWUDVW WR

RQH VWHS RSHUDWLRQ RI GLUHFW GHFRQYROXWLRQ� ,Q WKLV SDSHU�

ZH ZLOO JLYH H[DPSOHV IRU ERWK GLUHFW DQG EOLQG

GHFRQYROXWLRQ�

([DPSOH ��

,Q WKLV H[DPSOH� ZH ZLOO VKRZ WKH SHUIRUPDQFH RI WKH

7'' PHWKRG IRU QRLV\ REVHUYDWLRQV� 7KH FRQYROXWLRQ

NHUQHO LV FKRVHQ ZLWK ]HURV DW ]0 ���� ]1,2 ����±M�����
]3 ������ DQG ]1,2 ���±M����� )LJXUH ��D VKRZV WKH LQSXW
VLJQDO� &RQYROXWLRQ RXWSXW ZLWK D 615 RI ���� G% DIWHU D

]HUR PHDQ ZKLWH QRLVH LV DGGHG LV VKRZQ LQ )LJXUH ��E�

'HFRQYROXWLRQ ILOWHU� Kc_inv�Q�� LV JLYHQ LQ )LJXUH ��F� 7KH

UHVXOW RI WKH GHFRQYROXWLRQ LV SUHVHQWHG LQ )LJXUH ��G�

615 IRU WKH UHFRQVWUXFWHG LQSXW VHTXHQFH LV ����� G% RQ

WKH DYHUDJH IRU �� WULDO UXQV�

([DPSOH ��

,Q WKLV H[DPSOH� ZH XVHG D PRGLILHG YHUVLRQ RI WKH 1$6�

5,) VWUXFWXUH IRU EOLQG GHFRQYROXWLRQ� )LJXUH � VKRZV

WKH PRGLILHG 1$6�5,) VWUXFWXUH� ,Q WKLV PRGLILHG

VWUXFWXUH� GHFRQYROXWLRQ ILOWHU OHQJWK GHSHQGV RQ WKH

LQSXW LPDJH VL]H� %XW RSWLPLVDWLRQ LV GRQH RQ WKH

FRQYROXWLRQ ILOWHU FRHIILFLHQWV UDWKHU WKDQ WKH

GHFRQYROXWLRQ ILOWHU� ,QSXW LV D �� × �� � ELW LPDJH RI

KHDUW DQG OXQJV REWDLQHG IURP HOHFWULFDO LPSHGDQFH

WRPRJUDSK\� %OXUULQJ SRLQW VSUHDG IXQFWLRQ LV DVVXPHG

WR EH D ILUVW RUGHU QRQVHSDUDEOH ILOWHU� )LJXUH ��D� LV WKH

RULJLQDO LPDJH� )LJXUH ��E LV REWDLQHG DIWHU VHYHUDO

LWHUDWLRQV E\ PDQXDO LQWHUYHQWLRQ WR WKH ILOWHU FRHIILFLHQW

RSWLPLVDWLRQ URXWLQH� )LJXUH ��F VKRZV WKH UHVXOW RI WKH

PRGLILHG 1$6�5,) DOJRULWKP DIWHU �� LWHUDWLRQV� 1RWH

WKDW WKHUH DUH VRPH VWUXFWXUHV� ZKLFK DUH QRW FOHDUO\ VHHQ�

LQ WKH RULJLQDO LPDJH LQ ERWK E DQG F�

9� &21&/86,21

,Q WKLV SDSHU� SURSHUWLHV RI WKH UHFHQWO\ SURSRVHG

PXOWLGLPHQVLRQDO GHFRQYROXWLRQ PHWKRG KDYH EHHQ

LQYHVWLJDWHG� 7KLV QHZ PHWKRG JLYHV H[DFW VROXWLRQV IRU

DQ\ FRQYROXWLRQ NHUQHO LQ RQH GLPHQVLRQDO FDVH DQG

FRYHUV D VHW RI SRVVLEOH VROXWLRQV LQ PXOWLGLPHQVLRQV� ,W

WXUQV RXW WKDW WKLV WLPH�GRPDLQ PHWKRG LV FORVHO\ UHODWHG

WR SROH�]HUR FDQFHOODWLRQ ZLWK DQ DGGLWLRQDO VSHFWUDO

VKDSLQJ� 1RLVH VHQVLWLYLW\ RI WKH 7'' PHWKRG LQFUHDVHV

ZKHQ WKH ]HURV RQ WKH XQLW FLUFOH JHW FORVHU� ,W DOVR

GHSHQGV RQ WKH DFFXUDF\ RI WKH IDFWRULVDWLRQ RI WKH

FRQYROXWLRQ NHUQHO DQG WKH YDOXH RI WKH VSOLW IDFWRU� ,� ,Q

DGGLWLRQ WR WKHVH� WKH ILUVW FRS\ RI WKH LQSXW IURP WKH

VHYHUDO RWKHU FRSLHV DW WKH GHFRQYROXWLRQ RXWSXW LV WKH

EHVW LQ WHUPV RI QRLVH VHQVLWLYLW\� :H KDYH JLYHQ GLIIHUHQW

H[DPSOHV RI WKH DSSOLFDWLRQV RI WKH 7'' PHWKRG� 7''

PHWKRG LV UREXVW WR DGGLWLYH QRLVH DQG LW FDQ EH

VXFFHVVIXOO\ XVHG LQ EOLQG GHFRQYROXWLRQ�

9,� 5()(5(1&(6

>�@ 7�(QJLQ 7XQFHU� 

 $ QHZ PHWKRG IRU '�GLPHQVLRQDO

H[DFW GHFRQYROXWLRQ

� WR EH SXEOLVKHG LQ ,((( 7UDQV� RQ

6LJQDO 3URF�

[�] -�/LP� $�9�2SSHQKHLP� µ¶$GYDQFHG 7RSLFV LQ 6LJQDO
3URFHVVLQJ¶¶� 3UHQWLFH +DOO� �����

>�@ '�=D]XOD� /�*\HUJ\HN� µ¶'LUHFW IUHTXHQF\ GRPDLQ

GHFRQYROXWLRQ ZKHQ WKH VLJQDOV KDYH QR VSHFWUDO

LQYHUVH¶¶� ,((( 7UDQV� RQ 6LJQDO 3URF�� 9RO� ��� 1R���

SS��������� )HE� �����

[�] -DH /LP� µ¶6SHFWUDO URRW KRPRPRUSKLF GHFRQYROXWLRQ
V\VWHP¶¶� ,((( 7UDQV� RQ $663���� 1R��� SS���������

-XQH �����

[�] &� 6DQFKH]�$YLOD�¶¶$Q DGDSWLYH UHJXODUL]HG PHWKRG

IRU GHFRQYROXWLRQ RI VLJQDOV ZLWK HGJHV E\ FRQYH[

SURMHFWLRQV¶¶� ,((( 7UDQV� RQ 6LJQDO 3URF�� 9RO����

SS����������� -XO\ �����

>�@ '� .XQGXU� '� +DW]LQDNRV� 

 %OLQG LPDJH

GHFRQYROXWLRQ

� ,((( 6LJQDO 3URF� 0DJ�� SS������� 0D\

�����

>�@ 0�5� %DQKDP� $�.�.DWVDJJHORV� 

'LJLWDO ,PDJH

5HVWRUDWLRQ

� ,((( 6LJQDO 3URF� 0DJ�� SS� ������ 0DUFK

�����

[�] -�$� *R\HWWH� *�'� /DSLQ� 0�*�.DQJ� $�.�

.DWVDJJHORV� µ¶,PSURYLQJ DXWRUDGLRJUDSK\ UHVROXWLRQ

XVLQJ LPDJH UHVWRUDWLRQ WHFKQLTXHV¶¶� ,((( (QJLQ�

0HGLFLQH %LRORJ\� SS� �������� $XJ� �����

3 1p=
−
π

π θ



)LJXUH �� 2QH GLPHQVLRQDO GHFRQYROXWLRQ ZLWK DGGLWLYH QRLVH�

Time-domain
Deconvolution

Nonlinear
Projection

Convolution 
    Kernel Optimization

Kernel

+
_y

x̂

x
_

Image
Blurred e

)LJXUH �� 0RGLILHG 1$6�5,) VWUXFWXUH IRU EOLQG GHFRQYROXWLRQ�

)LJXUH �� %OLQG GHFRQYROXWLRQ ZLWK PRGLILHG 1$6�5,) VWUXFWXUH� D� 2ULJLQDO LPDJH� E�LPDJH RSWLPL]HG

VXEMHFWLYHO\� F� LPDJH REWDLQHG ZLWK 1$6�5,) DOJRULWKP DIWHU �� LWHUDWLRQV�

0 50 100 150 200 250
-2

0

2

SAMPLES

AM
P.

A. ORIGINAL INPUT

0 50 100 150 200 250
-20

0

20

SAMPLES

AM
P.

B. CONVOLUTION OUTPUT

0 50 100 150 200 250
-2

0

2

SAMPLES

AM
P.

D. DECONVOLUTION RESULT

0 500 1000 1500 2000 2500 3000 3500 4000
-0.1

0

0.1

SAMPLES

AM
P.

C. DECONVOLUTION FILTER

a

10 20 30

5

10

15

20

25

30

b

10 20 30

5

10

15

20

25

30

c

10 20 30

5

10

15

20

25

30


