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OUTLINE

� ,QWURGXFWLRQ�WR�LQYHUVH�KDOIWRQLQJ

� 2YHUYLHZ�RI�SURSRVHG�PHWKRG

� 'HWDLOV�RI�DOJRULWKP

� 5HVXOWV

� &RPSOH[LW\�DQDO\VLV

� 0RGHOLQJ�DQG�TXDOLW\�PHWULFV

� &RQFOXVLRQV



�

INVERSE HALFTONING

� $WWHPSW�WR�UHFRYHU�JUD\VFDOH
LPDJHV�IURP�KDOIWRQHV

� $SSOLFDWLRQV

�'LJLWDO�FRSLHUV

�6FDQQHU�VRIWZDUH

�)DFVLPLOH

� 1HHG�IRU�LQYHUVH�KDOIWRQLQJ

� ,QDELOLW\�WR�PDQLSXODWH�KDOIWRQHV

�3RRU�KDOIWRQH�FRPSUHVVLRQ�UDWLRV

� (IILFLHQF\�UHTXLUHPHQWV

�/RZ�FRPSXWDWLRQDO�FRPSOH[LW\

�/RZ�PHPRU\�UHTXLUHPHQW

�+DUGZDUH�LPSOHPHQWDWLRQ



�

PREVIOUS APPROACHES

� %D\HVLDQ�HVWLPDWLRQ
 >6FKZHL]HU�	�6WHYHQVRQ�����@

� 9HFWRU�TXDQWL]DWLRQ
� >7LQJ�	�5LVNLQ�����@

� 3URMHFWLRQ�RQWR�FRQYH[�VHWV
� >+HLQ�	�=DNKRU�����@

� /RZSDVV�VPRRWKLQJ�DQG�QRQOLQHDU
ILOWHULQJ�>:RQJ�����@

� :DYHOHW�GHQRLVLQJ
� >;LRQJ��2UFKDUG�	�5DPFKDQGUDQ
����@

� 0RVW�DUH�LWHUDWLYH��VORZ��DQG
PHPRU\�LQWHQVLYH

� /RFDO�LQWHJHU�RSHUDWLRQV�SUHIHUUHG



�

OVERVIEW OF METHOD

� $QLVRWURSLF�GLIIXVLRQ

�(VWLPDWH�LPDJH�JUDGLHQWV

�&RPSXWH�GLIIXVLRQ�FRHIILFLHQW

�6PRRWK�ZLWKLQ�DUHDV��SUHVHUYH�HGJHV

� (UURU�GLIIXVHG�KDOIWRQHV

�+LJKSDVV�QRLVH��615�≈���G%
�7RQDO

� 6ROXWLRQ

�6SHFLDOL]HG�JUDGLHQW�HVWLPDWRU

�&RUUHODWH�HVWLPDWH�DFURVV�VFDOHV

�6HSDUDEOH³VPRRWK�SDUDOOHO�WR�HGJHV

� /RFDO�RSHUDWLRQV

�/RZ�PHPRU\�UHTXLUHPHQW

�/RZ�FRPSXWDWLRQDO�FRVW

�6LQJOH�SDVV



�

BLOCK DIAGRAM

� (VWLPDWH�JUDGLHQWV�DW�WZR�VFDOHV
LQ�[�DQG�\�GLUHFWLRQV

� &RUUHODWH�JUDGLHQWV�DFURVV�VFDOHV

� &RQVWUXFW�SDUDPHWULF�VPRRWKLQJ
ILOWHU�LQ�[�DQG�\�GLUHFWLRQV

� )LOWHU�DQG�FOLS
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SMOOTHING FILTER DESIGN

� )LOWHU�UHTXLUHPHQWV

�6PDOO��VHSDUDEOH��),5

�$WWHQXDWLRQ�RI�KLJKSDVV�QRLVH��WRQHV

�3DUDPHWHU�WR�FRQWURO�FXWRII�IUHTXHQF\

� 6ROXWLRQ����WDS�ILOWHU�SURWRW\SH

�8QLW\�JDLQ�DW�'&��]HUR�DW�I1

�&RQVWUDLQHG�SDVVEDQG�ULSSOH�
VWRSEDQG�DWWHQXDWLRQ

�7ZR�SDUDPHWHUV��[���[���FRQWURO�FXWRII

� 3DUDPHWHU�HOLPLQDWLRQ

�'HVLJQ����ILOWHUV�PHHWLQJ�FRQVWUDLQWV

�&RPSXWH�FXELF�ILW�RI�[��WR�[�

� 5HVXOW��FRQWLQXRXV�DGMXVWPHQW�RI
FXWRII�IURP�����I1�WR�����I1�E\
YDU\LQJ�[�



�

GRADIENT ESTIMATOR DESIGN

� (UURU�GLIIXVHG�KDOIWRQHV

�+LJK�SRZHU��KLJKSDVV�QRLVH

�6WURQJ�WRQHV�DW��I1���I1�����I1�����

� 6ROXWLRQ��PXOWLVFDOH�HVWLPDWRU

�+LJK�VWRSEDQG�DWWHQXDWLRQ

�/LQH�]HURV�DW�EDQG�HGJHV

�&RUUHODWH�HVWLPDWHV�DFURVV�WZR�VFDOHV
>0DOODW�	�=KRQJ�����@

� &RUUHODWLRQ�DFURVV�VFDOHV

�H� �_HVPDOO�í�HODUJH�í�HODUJH_
�����

�&RQWURO�IXQFWLRQ�H�YDULHV�OLQHDUO\�ZLWK
JUDGLHQW

� 5HVXOW��615�RI�JUDGLHQW�HVWLPDWH
LPSURYHG�E\���G%



�

GRADIENT ESTIMATES

6PDOO�VFDOH��[ 6PDOO�VFDOH��[

&RQWURO�IXQFWLRQ��[ &RQWURO�IXQFWLRQ��[

/DUJH�VFDOH��\ /DUJH�VFDOH��\

                        

                        

                        



��

IMAGE CONSTRUCTION

� &RPSXWH�VPRRWKLQJ�ILOWHU
SDUDPHWHUV�[���\��IURP�[��\
JUDGLHQW�HVWLPDWHV

� &RPSXWH��[���\���IURP��[���\��
XVLQJ�FXELF�ILW

� &RQVWUXFW�[��\�ILOWHUV��TXDQWL]H
FRHIILFLHQWV�WR����ELW�LQWHJHUV

� )LOWHU���í���QHLJKERUKRRG�LQ�[
DQG�\�GLUHFWLRQV�VHSDUDEO\

� &OLS�RXWSXW�WR�UDQJH������
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INVERSE HALFTONE RESULTS I

2ULJLQDO�LPDJH +DOIWRQH

3URSRVHG�PHWKRG :DYHOHW�PHWKRG
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INVERSE HALFTONE RESULTS II

                        

                        

2ULJLQDO�LPDJH +DOIWRQH

3URSRVHG�PHWKRG :DYHOHW�PHWKRG



��

IMPLEMENTATION

� 2SWLPL]DWLRQ�IRU�HIILFLHQF\

�*UDGLHQW�HVWLPDWRUV��LQWHJHU�DGGLWLRQV

�*UDGLHQW�FRUUHODWLRQ��ORZ�RYHUKHDG
1HZWRQ�5DSKVRQ�FXEH�URRW

�6PRRWKLQJ�ILOWHU��DSSOLHG�VHSDUDEO\�
LQWHJHU�FRHIILFLHQWV

� 2SHUDWLRQV�SHU�SL[HO

�����LQFUHPHQWV��++�

���²����LQWHJHU�DGGLWLRQV������DYH��

���LQWHJHU�PXOWLSOLFDWLRQV

����IORDWLQJ�SRLQW�DGGLWLRQV

����IORDWLQJ�SRLQW�PXOWLSOLFDWLRQV

���IORDWLQJ�SRLQW�GLYLVLRQV

� 0HPRU\����LPDJH�URZV

� ([HFXWLRQ�WLPH������V������í����
LPDJH������0+]�6XQ�8OWUD���



��

INVERSE HALFTONING MODEL

� )RUZDUG�LQYHUVH�KDOIWRQLQJ
V\VWHP�EOXUV�LPDJH��DGGV�QRLVH

� 0RGHO�LQYHUVH�KDOIWRQLQJ

�&RPSXWH�XQVKDUSHQHG�KDOIWRQH

� ,QYHUVH�KDOIWRQH��VDYH�ILOWHU
SDUDPHWHUV�DW�HDFK�SL[HO

�)LOWHU�RULJLQDO�XVLQJ�VDYHG�ILOWHUV

� 5HVLGXDO�KDV�ORZ�OLQHDU�FRUUHODWLRQ
ZLWK�RULJLQDO��PRVWO\�QRLVH�

                                    

0RGHOHG,QYHUVH�KDOIWRQH 5HVLGXDO��×��



��

INVERSE HALFTONE QUALITY

� &RPSXWH�ZHLJKWHG�615�RI�LQYHUVH
KDOIWRQH�UHODWLYH�WR�PRGHO

� &RPSXWH�HIIHFWLYH�WUDQVIHU
IXQFWLRQ�RI�V\VWHP

�'LYLGH�))7�RI�PRGHO�E\�))7�RI�RULJLQDO
LPDJH�SRLQW�IRU�SRLQW

�5DGLDOO\�DYHUDJH�RYHU�DQQXOL
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CONCLUSIONS

� )DVW�LQYHUVH�KDOIWRQLQJ�PHWKRG
IRU�HUURU�GLIIXVHG�KDOIWRQHV

�+LJK�TXDOLW\

�/RZ�FRPSXWDWLRQDO�UHTXLUHPHQW

�/RZ�PHPRU\�UHTXLUHPHQW

�6XLWDEOH�IRU�KDUGZDUH�DQG�HPEHGGHG
VRIWZDUH

� 4XDOLW\�PHWULFV�IRU�LQYHUVH
KDOIWRQHV

�6HSDUDWH�GHJUDGDWLRQV�LQWR�IUHTXHQF\
GLVWRUWLRQ��EOXUULQJ���QRLVH�LQMHFWLRQ

�4XDQWLI\�EOXU�ZLWK�HIIHFWLYH�WUDQVIHU
IXQFWLRQ

�4XDQWLI\�QRLVH�ZLWK�ZHLJKWHG�615

�(QDEOHV�RSWLPL]DWLRQ�RI�JHQHUDO
LQYHUVH�KDOIWRQLQJ�PHWKRGV


