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7KLV�FRPPXQLFDWLRQ�GHDOV�ZLWK�WKH�ZULWHU�YHULILFDWLRQ�
WDVN�� 7KLV� WDVN� FRQVLVWV� LQ� GHFLGLQJ� ZKHWKHU� WZR�
KDQGZULWWHQ�VDPSOHV�KDYH�EHHQ�ZULWWHQ�E\�WKH�VDPH�ZULWHU�
RU� QRW�� +DQGZULWLQJV� DUH� ILUVW� FKDUDFWHUL]HG� E\� WKH�
JUDSKHPHV� WKDW� KDYH� EHHQ� VHJPHQWHG� E\� D� VHJPHQWDWLRQ�
SURFHGXUH�� +DQGZULWWHQ� VDPSOHV� DUH� WKHQ� DQDO\VHG�
DFFRUGLQJ� WR� WZR� GLIIHUHQW� SURFHGXUHV�� 7H[W� VDPSOHV� DUH�
GHVFULEHG� LQ�D� IHDWXUH� VSDFH�FRPPRQ� WR� WKH� WZR�ZULWHUV��
7KH� VWDWLVWLF� RI� D� PXWXDO� LQIRUPDWLRQ� FULWHULD� DOORZV� WR�
EXLOG� D� UREXVW� K\SRWKHVLV� WHVW�� ,Q� WKH� FDVH� RI� VPDOO�
VDPSOHV� RI� KDQGZULWLQJV� VXFK� DV� VLQJOH� ZRUGV�� WKH�
/HYHQVWHLQ�GLVWDQFH� LV� XVHG� WR�EXLOG�D� VHFRQG�K\SRWKHVLV�
WHVW��7KH�WZR�DSSURDFKHV�DUH�HYDOXDWHG�RQ�D�36,�GDWDEDVH�
DV�ZHOO�DV�WKH�,$0�GDWDEDVH��
����,QWURGXFWLRQ�
� $V� IRU�DQ\�ELRPHWULF�EDVHG� LGHQWLILFDWLRQ�DSSOLFDWLRQV�
�ILQJHUSULQWV�� IDFHV�� YRLFHV�� VLJQDWXUHV«��� IRUHQVLF�DQDO\VLV� RI� KDQGZULWLQJ� UHTXLUHV� WR�TXHU\� ODUJH�GDWDEDVHV�RI�KDQGZULWWHQ�VDPSOHV�RI�NQRZQ�ZULWHUV�GXH�WR�WKH�ODUJH�
QXPEHU� RI� LQGLYLGXDOV� WR� EH� FRQVLGHUHG�� 7KHUHIRUH� LQ�RUGHU� WR� FRPH� WR� D� FRQFOXVLRQ� DERXW� WKH� LGHQWLW\� RI� DQ�
XQNQRZQ�ZULWHU��WZR�WDVNV�PXVW�EH�FRQVLGHUHG���

� WKH� ZULWHU� LGHQWLILFDWLRQ� WDVN� FRQFHUQV� WKH�UHWULHYDO�RI�KDQGZULWWHQ�VDPSOHV�IURP�D�GDWDEDVH�
XVLQJ� WKH� KDQGZULWWHQ� VDPSOH� XQGHU� VWXG\� DV� D�JUDSKLFDO� TXHU\� >�@�� ,W� SURYLGHV� D� VXEVHW� RI�
UHOHYDQW�FDQGLGDWH�GRFXPHQWV�>�@>�@>��@��

� WKH� ZULWHU� YHULILFDWLRQ� WDVN�� RQ� LWV� RZQ�� PXVW�FRPH� WR� D� FRQFOXVLRQ� DERXW� WZR� VDPSOHV� RI�
KDQGZULWLQJ� DQG� GHWHUPLQHV� ZKHWKHU� WKH\� DUH�ZULWWHQ�E\�WKH�VDPH�ZULWHU�RU�QRW�>��@>��@��:KHQ� GHDOLQJ� ZLWK� ODUJH� GDWDEDVHV�� WKH� ZULWHU�

LGHQWLILFDWLRQ� WDVN� FDQ�EH�YLHZHG�DV�D� ILOWHULQJ� VWHS�SULRU�WR� WKH� YHULILFDWLRQ� WDVN�� ,Q� WKLV� FDVH�� WKH� YHULILFDWLRQ�
FRQVLVWV� LQ� PDWFKLQJ� WKH� XQNQRZQ� ZULWHU� ZLWK� HDFK� RI�WKRVH�LQ�WKH�VHOHFWHG�VXEVHW��7KHUHIRUH�WKH�YHULILFDWLRQ�WDVN�FDQ�VRPHWLPHV�EH�DGDSWHG�WR�HDFK�NQRZQ�UHIHUHQFH�ZULWHU�
EDVHG� RQ� WKH� LQGLYLGXDO� GHVFULSWLRQ� RI� WKHLU� KDQGZULWLQJ��2Q� WKH� FRQWUDU\��ZKHQ� WKH�QXPEHU�RI� SRWHQWLDO�ZULWHUV� LV�
WRR� ODUJH� HYHQ� XQNQRZQ� RU� LQILQLWH�� DQ� LQGLYLGXDO�

GHVFULSWLRQ� RI� HDFK� KDQGZULWLQJ� FDQQRW� EH� XVHG�� ,Q� WKLV�FDVH�RQH� FDQ� IRU� LQVWDQFH� GHULYH� D� VSHFLILF� VHW� RI� IHDWXUH�
GLIIHUHQFHV�WR�PRGHO�WKH�RYHUDOO�ZLWKLQ�DQG�EHWZHHQ�ZULWHU�GLVWDQFH� �LQWUD� DQG� LQWHU� ZULWHU� YDULDELOLW\�� RQ� D� VHW� RI�
H[DPSOHV�>��@��0RVW� RI� WKH� WLPH� WKH�ZULWHU� DXWKHQWLFDWLRQ� WDVN� LV� FDUULHG�RXW� E\� D� )RUHQVLF� +DQGZULWLQJ� ([DPLQHU� �)'(�� DQG� LV�
SURQH� WR� DQ� LPSRUWDQW� VXEMHFWLYLW\� >�@�� ,Q� DQ\� FDVH�� WKH�FRQILGHQFH�WKDW�FDQ�EH�DVVRFLDWHG� WR�WKLV�NLQG�RI�GHFLVLRQ�LV� QRW� VFLHQWLILFDOO\� SURYHQ�� 5HFHQW� ZRUNV� KDYH� KRZHYHU�
SURSRVHG�D�VFLHQWLILF�PHWKRGRORJ\�RI�KDQGZULWLQJ�DQDO\VLV�IRU�WKH�ZULWHU�YHULILFDWLRQ�WDVN�>�@��,W�VKRXOG�EH�QRWHG�WKDW�
WKLV�WDVN�KDV�EHHQ�OHVV�VWXGLHG�WKDQ�WKH�LGHQWLILFDWLRQ�WDVN��7KLV� LV� XQGRXEWHGO\� GXH� WR� WKH� IDFW� WKDW� YHULILFDWLRQ�LPSOLHV� D� ORFDO� SURFHVV� RI� GHFLVLRQ�PDNLQJ� ZKLFK�
JHQHUDOO\� GHSHQGV� RQ� WKH� WH[WXDO� FRQWHQWV�� ,QGHHG�� RQH�JHQHUDOO\� KDV� WR� FRPSDUH� WKH� SRVVLEOH� VKDSHV� RI� D�
FKDUDFWHU� RU� D� VSHFLILF�ZRUG� WKDW� RFFXU� RQ� WKH� GRFXPHQW�XQGHU�VWXG\��7KLV� LV�ZK\�WKH�FRPSOHWH�DXWRPDWLRQ�RI�WKLV�WDVN� GRHV� QRW� VHHP� WR� EH� YHU\� UHDOLVWLF� EHFDXVH� LW�ZRXOG�
GHSHQG�RQ�DXWRPDWLF�UHFRJQLWLRQ��7KH�ILUVW�VWDJH�LQ�WKH�GHVLJQ�RI�D�ZULWHU�YHULILFDWLRQ�V\VWHP�
UHTXLUHV� WR� GHILQH� D� VLPLODULW\� PHDVXUH� EHWZHHQ� WZR�KDQGZULWLQJV��7KH�VHFRQG�VWDJH�LV�D�GHFLVLRQ�EHWZHHQ�WZR�FODVVHV��ZLWKLQ�ZULWHU� DQG�EHWZHHQ�ZULWHU��7R� WKLV�HQG�DQ�
K\SRWKHVLV� WHVW� DSSHDUV� WR� EH� XVHIXO� E\� SURYLGLQJ�PHDQV�WRR� TXDQWLI\� WKH� IDOVH� DFFHSWDQFH� DQG� IDOVH� UHMHFWLRQ�HUURUV���
,Q�WKLV�FRPPXQLFDWLRQ��ZH�SURSRVH�WR�GHDO�ZLWK�WKH�ZULWHU�YHULILFDWLRQ�WDVN�LQ���GLIIHUHQW�ZD\V���LQGHSHQGHQWO\�RI�WKH�
WH[WXDO� FRQWHQWV� IRU� VDPSOHV� RI� ELJ� VL]H� �EORF� RI� WH[WV�� ��DFFRUGLQJ� WR� WKH� WH[WXDO� FRQWHQWV� IRU� VPDOO� VDPSOHV��KDQGZULWWHQ�ZRUGV���7KH�ILUVW�SDUW�RI�WKLV�FRPPXQLFDWLRQ�
LV� GHYRWHG� WR� WKH�ZULWHU� YHULILFDWLRQ� IURP� WH[W�EORFV��7KH�DSSURDFK� UHVWV� RQ� D� PXWXDO� LQIRUPDWLRQ� FULWHULRQ� DQG� D�
K\SRWKHVLV� WHVW� IRU� WKH� GHFLVLRQ�PDNLQJ�� 7ZR� GDWDEDVHV�DUH�XVHG�WR�HYDOXDWH�WKH�PHWKRG��36,B'DWD%DVH� PDGH�XS�RI����ZULWHUV��ZDV�EXLOW�DW�36,�DQG�ZDV�XVHG�DV�D�WUDLQLQJ�
EDVH�� DQG� ,$0B'DWD%DVH� PDGH� XS� RI� ���� ZULWHUV� ZDV�XVHG�DV�D�WHVW�EDVH�DQG�SDUW�RI�LW�KDV�EHHQ�SURYLGHG�E\�WKH�DXWKRUV�RI� >��@�� ,Q� WKH� VHFRQG�SDUW� RI� WKLV�SDSHU�ZH�GHDO�
ZLWK� WKH�ZULWHU� YHULILFDWLRQ� WDVN� EDVHG�RQ� WKH� DQDO\VLV� RI�KDQGZULWWHQ�ZRUGV��)RU� WKLV�SXUSRVH�ZH�XVH�D�/HYHQVWHLQ�
GLVWDQFH� EHWZHHQ� WZR� KDQGZULWWHQ� FKDLQV� >��@�� 7KHQ� ZH�
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EXLOW�D�K\SRWKHVLV�WHVW�WR�PDNH�WKH�GHFLVLRQ��7KH�PHWKRG�LV�HYDOXDWHG� RQ� D� GDWDEDVH� RI� ���� ZRUGV� ZULWWHQ� E\� ���
GLIIHUHQW�ZULWHUV������:ULWHU�YHULILFDWLRQ�IURP�WH[W�EORFV�
�

)RU�WKH�SXUSRVH�LW�LV�QHHGHG�WR�GHILQH�D�VHW�RI�UHOHYDQW�JUDSKLFDO� IHDWXUHV� DEOH� WR� GHVFULEH� DQ\� KDQGZULWLQJ�� 7R�FLUFXPYHQW� WKLV� GLIILFXOW\�� WKH� PHWKRG� UHVWV� RQ� WKH�
DGDSWDWLRQ�RI�WKH�IHDWXUH�VHW�WR�WKH�H[DPLQHG�KDQGZULWLQJV��:H� EULHIO\� SRLQW� RXW� WKH� IHDWXUH� GHWHFWLRQ� SULQFLSOH�� )RU�
PRUH� SUHFLVH� GHWDLOV� RQH� FDQ� VHH� >�@�� 7KH� GRFXPHQW� LV�VHJPHQWHG� LQWR� OLQHV� RI� WH[W� DQG� HDFK� OLQH� LV� VHJPHQWHG�LQWR�JUDSKHPHV�EDVHG�RQ�WKH�DQDO\VLV�RI�XSSHU�FRQWRXUV�RI�
WKH� FRQQHFWHG� FRPSRQHQWV�� 7KLV� VWDJH� SURGXFHV� D� VHW� RI�HOHPHQWDU\� SDWWHUQV� ZKLFK� DUH� HLWKHU� FKDUDFWHUV�� SDUWV� RI�
FKDUDFWHUV�� RU� FRQQHFWHG� FKDUDFWHUV� �ILJXUH� ���� )ROORZLQJ�WKLV�VHJPHQWDWLRQ�VWHS��KDQGZULWWHQ�WH[WV�FDQ�EH�GHVFULEHG�DW�WKH�JUDSKHPH�OHYHO��DW�WKH�EL�JUDP�DQG�WUL�JUDP�OHYHO�RU�
HYHQ�PRUH����7KH� VHW� RI� JUDSKHPHV� REWDLQHG� RQ� WKH� WZR� GRFXPHQWV� LV�
VXEPLWWHG� WR� D� XQVXSHUYLVHG� FODVVLILFDWLRQ� SKDVH�� 7KLV�VWDJH�PDNHV�LW�SRVVLEOH�WR�GHILQH�JURXSV�RI�VLPLODU�SDWWHUQV�WKDW� DUH�PRUH�RU� OHVV� IUHTXHQW�RQ� WKH� WZR�GRFXPHQWV�DQG�
ZKLFK� ZLOO� FRQVWLWXWH� WKH� FKDUDFWHULVWLFV� RI� WKH� ZULWHU�YHULILFDWLRQ� SURFHVV�� 7KLV� PHWKRG� WKHUHIRUH� GRHVQ¶W�GHSHQG� RQ� DQ\� VHW� RI� SUH�GHILQHG� IHDWXUHV� DQG� LW� LV�
SUHFLVHO\� IRU� WKLV� UHDVRQ� WKDW� LW� LV� DGDSWDEOH� WR� DQ\�XQNQRZQ�KDQGZULWLQJV��:H�QRZ�GHVFULEH�WKH�PDLQ�VWDJHV�
ZKLFK�OHDG�WR�WKH�GHFLVLRQ���

Figure 1. Samples of graphemes of level 1 on the 
handwriting word “man” 

�
�����'LVWDQFH�EHWZHHQ�WH[W�EORFV��$VVXPH� WKDW� WZR�KDQGZULWWHQ�GRFXPHQWV�'� DQG�'� KDYH�EHHQ� ZULWWHQ� E\� ZULWHUV� 6� DQG� 6� UHVSHFWLYHO\�� /HW� XV�GHQRWH�6 WKH�VHW�RI�WKHVH�WZR�ZULWHUV���6  �^6�� 6�`'HILQH�*� WKH�VHW�RI�FOXVWHUV�FRPPRQ�WR�WKH� WZR�DQDO\]HG�GRFXPHQWV�DQG�REWDLQHG�E\�DQ�XQVXSHUYLVHG�FODVVLILFDWLRQ�
VWDJH���

*  �^J�� J�� J�������J1`6RPH� RI� WKHVH� IHDWXUHV� FDQ� EH� SUHVHQW� RQ� WKH� WZR�
GRFXPHQWV�� ZKLOH� RWKHUV� FDQ� DSSHDU� VSHFLILFDOO\� RQ� RQH�VLQJOH� GRFXPHQW�� 0XWXDO� LQIRUPDWLRQ� WKHQ� DOORZV� WR�PHDVXUH� WKH�GHSHQGHQFH�EHWZHHQ�WKH�VHW�RI�ZULWHUV�6 DQG�
WKH� VHW� RI� IHDWXUHV� *� /RZ� YDOXHV� RI� WKH� PXWXDO�LQIRUPDWLRQ� LQGLFDWH� D� VWURQJ� LQGHSHQGHQFH� EHWZHHQ� WKH�

WZR� UDQGRP� YDULDEOHV� ZKLOH� KLJK� YDOXHV� GHQRWH� D� VWURQJ�GHSHQGHQFH� EHWZHHQ� WKHP�� ,QGHSHQGHQFH� EHWZHHQ�6� DQG�
* VKRXOG� LQGLFDWH� WKDW� WKH�VHW�RI� IHDWXUHV�* LV�GLVWULEXWHG�LQ�WKH�VDPH�ZD\�RQ�WKH�WZR�GRFXPHQWV�DQG�VKRXOG�UHIOHFW�WKH� VDPH� LGHQWLW\� IRU� WKH� WZR� ZULWHUV� 6� DQG� 6�� 2Q� WKH�FRQWUDU\��WKH�PXWXDO�LQIRUPDWLRQ�FULWHULRQ�VKRXOG�DOORZ�WR�GHWHFW� FDVHV� WKDW� H[KLELW� D� VWURQJ� GHSHQGHQFH� EHWZHHQ�6
DQG�* DQG�WR�UHYHDO�GLIIHUHQW�LGHQWLWLHV�RI�WKH�WZR�ZULWHUV��:H� UHFDOO� WKH� H[SUHVVLRQ� RI� WKH� PXWXDO� LQIRUPDWLRQ�EHWZHHQ�* DQG�6�
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����� (YDOXDWLRQ� RI� WKH� PXWXDO� LQIRUPDWLRQ�
FULWHULRQ�� 7R�DWWHVW�WKH�UHOHYDQFH�RI�WKLV�FULWHULRQ�ZH�FDUULHG�RXW�WZR� GLVWLQFW� VHULHV� RI� WHVWV� RQ� WZR� GLIIHUHQW� KDQGZULWWHQ�
GDWDEDVHV�� 7KH� ILUVW� RQH� KDV� EHHQ� FRQVWLWXWHG� DW� WKH� 36,�ODERUDWRU\� �36,B'DWD%DVH� DQG� FRQWDLQV� ��� ZULWHUV� ZKR�KDYH�EHHQ�DVNHG�WR�FRS\�D�OHWWHU��LQ�)UHQFK��WKDW�FRQWDLQV�
����ZRUGV�� 7KH� VFDQQHG� LPDJHV� KDYH� EHHQ� FXW� LQWR� WZR�SDUWV�� LQ� RUGHU� WR� KDYH� WZR� VDPSOHV� RI� HDFK� ZULWHU�� 7KH�
VHFRQG� GDWDEDVH� LV� SDUW� RI� WKH� ,$0� GDWDEDVH��,$0B'DWD%DVH� >��@�� 7KH� IUDFWLRQ� RI� WKLV� GDWDEDVH� WKDW�ZH� KDYH� XVHG� FRQWDLQV� WH[WV� ZULWWHQ� LQ� (QJOLVK� E\� ����
ZULWHUV��7H[WXDO�FRQWHQW�YDULHV�IURP�RQH�ZULWHU�WR�DQRWKHU��:H� FKRVH� WR� XVH� WKH� 36,B'DWD%DVH� DV� WKH� WUDLQLQJ�
GDWDEDVH��DQG�WKH�,$0B'DWD%DVH�DV�WKH�WHVW�GDWDEDVH���
Figure 2� JLYHV� WKH�GLVWULEXWLRQ�RI� WKH�PXWXDO� LQIRUPDWLRQ�FULWHULRQ� LQ� WKH� WZR� IROORZLQJ�FDVHV��� figure 2.a� JLYHV� WKH�
GLVWULEXWLRQ�RI�WKH�PXWXDO�LQIRUPDWLRQ�FULWHULRQ�LQ�WKH�FDVH�ZKHUH�WKH�WZR�ZULWHUV�DUH�LGHQWLFDO��ZKLOH�figure���E�JLYHV�WKH�GLVWULEXWLRQ�RI� WKH�FULWHULRQ�LQ�WKH�FDVH�ZKHUH�WKH�WZR�
ZULWHUV� DUH� GLIIHUHQW�� )URP� WKH� REVHUYDWLRQ� RI� WKHVH� WZR�GLVWULEXWLRQV�LW�VHHPV�FOHDU�WKDW�PXWXDO�LQIRUPDWLRQ�VKRXOG�
SURYLGH�D�TXDQWLWDWLYH�FULWHULRQ� IRU� WKH�ZULWHU�YHULILFDWLRQ�WDVN�� )XUWKHUPRUH�� WKLV� ILJXUH� VKRZV� WKDW� WKHVH� WZR�GLVWULEXWLRQV� FDQ� EH� DSSUR[LPDWHG� XVLQJ� D� QRUPDO�
GLVWULEXWLRQ���
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Figure 2. Mutual information criterion distributions 
on the PSI database, with the graphemes of level 
1 (a, b), with the graphemes of level 2 (c, d), in 
the intra (a, c) and in the inter case (b, d) 

�
�����'HFLVLRQ��7KH�ZULWHU�YHULILFDWLRQ�WDVN�LV�D�GHFLVLRQ�SURFHVV�EHWZHHQ�
WZR�FODVVHV���ZLWKLQ�DQG�EHWZHHQ�ZULWHU��7KH�FRQVWUXFWLRQ�RI� WKH� EHVW� GHFLVLRQ� OHDGV� XV� WR� PRGHO� WKH� VWDWLVWLFDO�GLVWULEXWLRQ� RI� WKH� GHFLVLRQ� FULWHULRQ� IRU� WKH� WZR�
FRQVLGHUHG�FODVVHV��7KH�PRGHOLQJ�RI�WKH�ZULWHU�YHULILFDWLRQ�SUREOHP�FRUUHVSRQGV�WR�WKH�PRGHOLQJ�RI�WKH�WZR�IROORZLQJ�
K\SRWKHVLV���

� +� � 7KH� WZR� KDQGZULWLQJV� FRPH� IURP� WKH� VDPH�KDQG�
� +� � 7KH� WZR� KDQGZULWLQJV� FRPH� IURP� GLIIHUHQW�KDQGV�

:H� FDQ� DOVR� PRGHO� WKH� WZR� K\SRWKHVLV� XQGHU� D�PDWKHPDWLFDO� IRUP�� 7KLV� FDQ� EH� DFFRPSOLVKHG� XVLQJ�

FODVVLFDO� K\SRWKHVLV� WHVW� >��@�� +� ZLOO� VHUYH� DV� WKH� QXOO�K\SRWKHVLV�RU�WKH�GHIDXOW�K\SRWKHVLV����
+��� 6�  6� DQG��+��� 6� � 6�(DFK� RI� WKH� WZR� SRVVLEOH� GHFLVLRQV� LV� DVVRFLDWHG� WR� D�SUREDELOLW\� RI� FRUUHFW� DQG� IDOVH� GHFLVLRQ�� 3UREDELOLW\� RI�

HUURU� RQ� WKH� QXOO� K\SRWKHVLV� LV� WKH� 7\SH� ,� HUURU� DQG� LV�
GHQRWHG�α� ZKLOH�SUREDELOLW\�RI�HUURU�RQ�+� LV�WKH�7\SH�,,�HUURU� DQG� LV� GHQRWHG�β. 7DEOH� �� VXPPDUL]HV� WKH� SRVVLEOH�
VLWXDWLRQV��
�

Table 1. Associated probabilities to the 
different decisions 

�
�����6WDWLVWLFDO�WHVW�
6HYHUDO� VWDWLVWLFDO� WHVWV� RI� YHU\� GLIIHUHQW� GHVLJQV� DUH�
DYDLODEOH��7KH�WHVW�ZKLFK�SURYLGHV�WKH�VPDOOHVW�HUURU�β� IRU�
WKH�VDPH�YDOXH�RI�α� LV�E\�GHILQLWLRQ�PRVW�SRZHUIXO��ZKLFK�
KDV� WKH� JUHDWHVW� SRZHU� YDOXH� ���β��� ,QGHHG�� LW� FDQ� GHWHFW�
WKH� VPDOOHVW� GLIIHUHQFHV� EHWZHHQ� WKH� SRSXODWLRQV�ZLWKRXW�
LQFUHDVLQJ� WKH� 7\SH� ,� HUURU�� 7KH� FKRLFH� RI� WKH� PRUH�DGDSWHG�VWDWLVWLFDO�WHVW�WR�WKH�K\SRWKHVLV�LV�D�FHQWUDO�DVSHFW�
RI� VWDWLVWLFV�� (DFK� VWDWLVWLF� RI� D� WHVW� KDV� D� SUREDELOLW\�GLVWULEXWLRQ��,I� WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�SRSXODWLRQ�LV�XQNQRZQ�� ZKLFK� LV� JHQHUDOO\� WKH� FDVH�� WKHQ� WKH� PRVW�
VXLWDEOH� VWDWLVWLFV� WHVW� DUH� IRXQGHG� RQ� D� W�VWXGHQW�GLVWULEXWLRQ�� 7KLV� ODZ� LV� RIWHQ� XVHG� ZKHQ� WKH� QXPEHU� RI�LQGLYLGXDOV�LQ�WKH�SRSXODWLRQ�LV�ORZHU�WKDQ�����%H\RQG�WKLV�
YDOXH� WKH� W�6WXGHQW� ODZ�FRQYHUJHV� WRZDUGV�D�QRUPDO� ODZ��7KLV� LV� ZK\� ZH� DVVHVVHG� RXU� ZULWHU� YHULILFDWLRQ� V\VWHP�
XVLQJ�D�QRUPDO�ODZ��figure 3���$VVXPLQJ� QRUPDO� GLVWULEXWLRQ� RI� WKH� PXWXDO� LQIRUPDWLRQ�FULWHULRQ� IRU� WKH� WZR� K\SRWKHVLV�� LW� LV� YHU\� VLPSOH� WR�
TXDQWLI\� WKH� 7\SH� ,� DQG� 7\SH� ,,� HUURUV�� 8VLQJ� WKHVH�GLVWULEXWLRQV�DQG�FKRRVLQJ�D�YDOXH�IRU�WKH�7\SH�,�HUURU��ZH�
FDQ�GHILQH�WKH�UHMHFWLRQ�DQG�DFFHSWDQFH�UHJLRQV�RI�WKH�QXOO�
K\SRWKHVLV�DQG�GHGXFH�WKH�H[SHULPHQWDO�YDOXH�RI�β�
7KH� DUHD� RI� UHMHFWLRQ� RI�+�� QRWHG�:�� LV� GHILQHG� E\� WKH�ILUVW�RUGHU�HUURU��7KH�OLPLW�RI�WKLV�DUHD�DOORZV�WR�GHILQH�WKH�
UHMHFWLRQ�DUHD�RI�+�� GHQRWHG�:� DQG�WR�GHGXFH�WKH�VHFRQG�RUGHU�HUURU�E\�WKH�IROORZLQJ�UHODWLRQV��
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3� �: _ +��  ���α DQG������3� �: _ +��  �����β

Figure 3. Adjustment of the within and between-
writer distances distributions with a normal law on 
PSI_DataBase, using graphemes of level 1. 

�
�����5HVXOWV��

7DEOH� �� VKRZV� WKH� YDULRXV� YDOXHV� RI� α� ��β DQG� WKH�
GHFLVLRQ�WKUHVKROG�9F�ZKLFK�ZLOO�EH�DVVRFLDWHG�WR�WKHVH���HUURUV�RQ� WKH�36,B'DWD%DVH� .QRZLQJ�WKH�GLVWULEXWLRQ�RI�
WKH� +�� K\SRWKHVLV�� ZH� FDQ� FKRRVH� WKH� WKUHVKROG� α
WKHRUHWLFDOO\�DFFRUGLQJ�WR�WKH�WKHRU\�RI�WKH�%D\HVLDQ�ODZV�
>�@� �� WKH� PLQLPL]DWLRQ� RI� WKH� WZR� DUHDV� RI� HUURUV� LV� WKH�LQWHUVHFWLRQ�SRLQW�RI�WKH�WZR�GLVWULEXWLRQV��

�

Table 2. Summary of the various values of α,
1-β and Vc calculated on PSI_DataBase.

As we indicated previously, the IAM_DataBase was 
used for the evaluation of our writer verification system. 
The test consists in measuring the within-and between-
writers similarities in order to validate the decision rule. 
The results obtained are summarized in table 3 below. 

 

Table 3. Evaluation of the first and second 
order error on the IAM_DataBase.

�����'LVFXVVLRQ��
7KH�SURSRVHG�DSSURDFK�IRU�WKH�ZULWHU�YHULILFDWLRQ�WDVN��

WKH� UHVXOWV� VHHP� SDUWLFXODUO\� SURPLVLQJ� IRU� VHYHUDO�
UHDVRQV�� )LUVW� RI� DOO� WKH� FKRLFH� RI� D� ORFDO� UHSUHVHQWDWLRQ�
EDVHG� RQ� WKH� VHJPHQWHG� JUDSKHPHV� VHHPV� YHU\� UHOHYDQW�
VLQFH� LW� DOORZV� D� OHYHO� RI� GHVFULSWLRQ� ZKLFK� LV� FORVH� WR�
FKDUDFWHUV�ZLWKRXW�KRZHYHU�UHTXLULQJ�D� UHFRJQLWLRQ�VWDJH��
,Q� DGGLWLRQ�� LW� LV� UHPDUNDEOH� WR� REWDLQ� VLPLODU�
SHUIRUPDQFHV� RQ� WKH� ,$0� GDWDEDVH� WKDQ� RQ� WKH� 36,�
GDWDEDVH�RQ�ZKLFK� WKH�K\SRWKHVLV� WHVW�ZDV� OHDUQW��:H�DUH�
DEOH�� WKXV�� WR�EULQJ� UHOHYDQW� TXDQWLWDWLYH�HOHPHQWV� IRU� WKH�
KDQGZULWLQJ�LQGLYLGXDOLW\�DVVXPSWLRQ��:H�VKRZ�PRUHRYHU�
KHUH� WKDW� LW� LV�SRVVLEOH� WR�EXLOG�D� UREXVW�VWDWLVWLFDO� WHVW�RQ�
VHYHUDO� GDWDEDVHV� RI� KDQGZULWLQJV�� ,W� ZLOO� QDWXUDOO\� EH�
QHFHVVDU\� WR� YDOLGDWH� WKH� DSSURDFK� RQ� PRUH� FRQVHTXHQW�
GDWDEDVHV�RI�GRFXPHQWV.
3. Verification from handwriting words 

7R�WDFNOH�WKH�ZULWHU�YHULILFDWLRQ�WDVN�EDVHG�RQ�WKH�DQDO\VLV�RI� KDQGZULWWHQ� ZRUGV�� ZH� KDYH� GHFLGHG� � WR� EXLOG� WKH�
DQDO\VLV� EDVHG� RQ� WKH� WH[WXDO� FRQWHQWV� LQ� RUGHU� WR�RYHUFRPH� WKH� ODFN�RI� GDWD� LQ� WKLV� FDVH��/HW�XV� UHFDOO� WKDW�WKH� )RUHQVLF� GRFXPHQW� ([DPLQHUV� �)'(��� GXULQJ� WKHLU�
DQDO\VLV� RI� GRFXPHQWV� YHULILFDWLRQ�� FRPSDUH� IHDWXUHV�H[WUDFWHG� RQ� WKH� VDPH� FKDUDFWHUV� RU� RQ� WKH� VDPH� ZRUGV�
IURP�WKH�WZR�GRFXPHQWV�>�@>�@��:KHQ�XVLQJ�WH[W�EORFV�ZH�VXFFHHGHG� LQ� SURYLGLQJ� WH[W� LQGHSHQGHQW� ZULWHU�YHULILFDWLRQ� WHVW� EHFDXVH� LQ� WKLV� VLWXDWLRQ� D� VXIILFHQW�
DPRXQW�RI�GDWD��JUDSKHPHV��ZDV�DYDLODEOH��7KH� DSSURDFK� WKDW� ZH� SURSRVH� QRZ�� IRU� WKH� ZULWHU�YHULILFDWLRQ�IURP�KDQGZULWWHQ�ZRUGV��ZLOO�EH�GHSHQGDQW�RI�
WKH� DQDO\]HG�ZRUG�EXW�ZLOO� QRW� UHTXLUH� WKH�NQRZOHGJH�RI�WKH�FKDUDFWHUV�ZLWKLQ� WKH�DQDO\]HG�ZRUG��,QGHHG��ZH�RQO\�
FRQVLGHU� VLWXDWLRQV� ZKHUH� ZH� FRPSDUH� VLPLODU� HQWULHV� RI�WKH� OH[LFRQ�� ,Q� WKLV� FDVH�� WKH� YHULILFDWLRQ� WDVN� LV� FORVHO\�UHODWHG�WR�WKH�SUREOHP�RI�ZRUGV�FRPSDULVRQ�OLNH�VLJQDWXUH�
YHULILFDWLRQ� >�@�� RU� WR� VRPH� DSSURDFKHV� RI� FXUVLYH�KDQGZULWLQJ� UHFRJQLWLRQ�� ,QVSLUHG� IURP� WKLV� VWXGLHV� ZH�
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SURSRVH� D� QHZ� FULWHULRQ� EDVHG� RQ� WKH� HVWLPDWLRQ� RI� D�GLVWDQFH�EHWZHHQ�WZR�KDQGZULWWHQ�ZRUGV��
����'LVWDQFH�EHWZHHQ�KDQGZULWWHQ�FKDLQV��2XU� ZULWHU� YHULILFDWLRQ� SUREOHP� FDQ� EH� FRQVLGHUHG� DV� D�
SUREOHP� RI� GLVWDQFH� FDOFXODWLRQ� EHWZHHQ� �� KDQGZULWWHQ�FKDLQV�� VLQFH� ZH� DUH� DEOH� WR� VHJPHQW� ZRUGV� LQWR�JUDSKHPHV� E\� XVLQJ� VHJPHQWDWLRQ� SURFHVV��2QH� FDQ� WKHQ�
IRUPXODWHV�WKH�SUREOHP�LQ�WKH�IROORZLQJ�ZD\���OHW�XV�FRQVLGHU�WZR�VHJPHQWHG�KDQGZULWWHQ�ZRUGV�;�DQG���

� ;� �[� [� ���[Q <  �\� \� ���\P�ZKHUH� WKH� [L� \M UHSUHVHQW� UHVSHFWLYHO\�� JUDSKHPHV� RI� WKH�FKDLQ� ;� DQG� WKH� FKDLQ� <��:H� GHILQH� WKH� WUDQVIRUPDWLRQ�
FRVW� RI� D� JUDSKHPH� [L LQWR� D� JUDSKHPH�\M E\� D� VLPLODULW\�PHDVXUH� EHWZHHQ� JUDSKHPHV� �LQ� RXU� FDVH� WKH� FRUUHODWLRQ�PHDVXUH��� 7KHQ� WKH� GLVWDQFH� FDOFXODWLRQ� DOJRULWKP�
EHWZHHQ� KDQGZULWWHQ� ZRUGV� LV� VLPSO\� H[SUHVVHG� E\� WKH�IROORZLQJ�DOJRULWKP���
� '�������� �VLP�[�� \��)RU�L�� ��WR�Q��'R�

'�L������ �'�L���������VLP�[L� \��)RU�M�� ��WR�P��'R�
'����M��� �'����M������VLP�[�� \M�)RU�L�� ��WR�Q��'R�)RU�M�� ���WR�P�'R�
0� � �'�L����M�������VLP�[L� \M�0� � �'�L����M������VLP�[L� \M�0� � �'�L��M��������VLP�[L� \M�'�L��M��� �0D[�0�� 0�� 0��'LVWDQFH�;��<�� �'�Q��P����Q�P��
�ZKHUH� VLP�[L� \M� LV� WKH� FRUUHODWLRQ�PHDVXUH� EHWZHHQ� WKH�JUDSKHPH�[L DQG�WKH�JUDSKHPH�\M%\� PDNLQJ� WKLV� FKRLFH�� PD[LPXP� YDOXHV� RI� WKH�WUDQVIRUPDWLRQ� FRVW� RI� ;� LQWR� <� FRUUHVSRQGV� WR� D� ORZ�

YDULDELOLW\�EHWZHHQ�WKH�WZR�FKDLQV��DQG�LV�D�JRRG�FULHWULRQ�IRU� FRQVLGHULQJ� WKDW� WKH� WZR� DQDO\VHG� ZRUGV� FRPH� IURP�WKH� VDPH� KDQG�� &RQYHUVHO\�� ORZ� YDOXHV� RI� WKH� ILQDO�
WUDQVIRUPDWLRQ� FRVW� ZLOO� EH� VLJQLILFDQW� RI� DQ� LPSRUWDQW�GLIIHUHQFH� EHWZHHQ� WKH� WZR� ZULWHUV� RI� WKH� WZR� DQDO\]HG�
ZRUGV�� �
����([SHULPHQWDWLRQ��

)RU� WKLV� QHZ� H[SHULPHQW� D� QHZ� KDQGZULWWHQ� ZRUG�GDWDEDVH�ZDV�EXLOW��:H�DVNHG����GLIIHUHQW�ZULWHUV�WR�FRS\�
� RFFXUUHQFHV� RI� WKH� )UHQFK� ZRUG� �PDQXVFULW��� 6RPH�
H[DPSOHV� DUH� SUHVHQWHG� RQ� figure 4� :H� XVHG� ��� LQWUD�ZULWHU�GLVWDQFHV�DQG���� LQWHU�ZULWHU�GLVWDQFHV�� WR�HVWLPDWH�
WKH�FRUUHVSRQGLQJ�GLVWULEXWLRQV�WKDW�ZH�DOVR�PRGHOHG�ZLWK�QRUPDO�ODZV��

 

Figure 4. Some samples of our handwritten word 
database. 

 

:H� DGRSWHG� WKH� VDPH� SURFHVV� DV� WKDW� DGRSWHG� IRU� WKH�ZULWHU� YHULILFDWLRQ� IURP� WH[W�EORFV�DQG�ZH� IRUPDOL]HG� WKH�SUREOHP� DFFRUGLQJ� WR� WZR� K\SRWKHVLV� +� DQG� +� DQG�
GHWHUPLQHG� WKH� WZR� FRUUHVSRQGLQJ� � HUURUV�� 7KH�DGMXVWPHQWV�FDUULHG�RXW�RQ� WKH�GLVWULEXWLRQV�KDYH�DOORZHG�
XV� WR� GHWHUPLQH� WKH� UHMHFWLRQ� DQG� DFFHSWDWLRQ� UHJLRQV�DFFRUGLQJ� WR� D� WKUHVKROG� GHFLVLRQ�9F� �figure 5���:H� FDQ�QRWLFH� RYHUODSSLQJ� EHWZHHQ� WKH� WZR� GLVWULEXWLRQV�� ZKLFK�
OHDGV� QDWXUDOO\� WR� D�PRUH� LPSRUWDQW� ULVN� RI� HUURU� WKDQ� LQ�WKH�SUHFHGLQJ�FDVH��:H�FDQ�HVWLPDWH�WKH�SRZHU�RI�WKH�WHVW�WR� ���� DQG� WKH� ILUVW� RUGHU� HUURU� WR� ������� 7KHVH� UHVXOWV�
VHHP� FRPSOHWHO\� QDWXUDO� GXH� WR� WKH� VPDOO� DPRXQW� RI�LQIRUPDWLRQ�XVHG�WR�EXLOG�WKLV�VHFRQG�WHVW��
�

Figure 5. Inter and intra-writer distribution 
distances of the handwritten words. 

����&RQFOXVLRQ�
�

In this communication we have investigated the writer 
verification problems. It constitutes a complementary and 
necessary approach for any identification approach, 
because it offers the only mean of individual rejection 
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(writer) when one writer is unknown by the system. We 
were interested in the writer verification from text blocs, 
independently of their textual contents, and in the writer 
verification from handwritten words, where we tried to 
avoid the use of characters location. In both cases, we 
built a discriminating criterion and a decision rule based 
on a hypothesis test. This allowed us to quantify the two 
kinds of errors (false acceptance and false rejection). 
The verification performances obtained from text blocs 
analysis was definitely better than those obtained from the 
handwritten word analysis, what seems completely 
natural. We showed that it is possible to authenticate the 
handwritings of two documents without needing to know 
beforehand its properties. The tests were carried out on a 
basis of 150 writers unknown by the system and have 
allows us to obtain 4% error of false acceptance. Results 
obtained for the verification on handwritten words are 
about 15% of false acceptance what is completely 
honorable without using the characters knowledge in the 
words. 

These results highlight the capacity to characterize the 
writings from the elementary patterns which compose 
them and which can be extracted thanks to a segmentation 
algorithm. These characteristics allows to automate the 
writer verification task without introducing additional 
knowledge, generally used by the Forensic Document 
Examiner (knowledge on the words or the characters). 
The performances obtained must still be validated on 
more constraining verification tasks. We think naturally to 
the detection of forgery. But in the current state, the 
approach makes it possible right now to supplement the 
results which we obtained for the writer identification task 
[2], by providing a rejection method of unknown writers. 
Finally this study highlights the capacity of the 
handwriting to constitute an interesting biometric 
characteristic for certain cases of use. 
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