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C30 Scaling or father function C30 Wavelet or mother function
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Higher frequency C30 wavelet packets
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Multiresolution or
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VHS[I�S[}[CQE�GHL�C�VHcDt+tDCFJD�^tDCFVHS[VM��RDS[TiR^S[V�BDCFEHGHS[T�cD}[CFEH}U`�@W�1@�TWGHSU_F@ACFG�EH@�BDEH@WVH@�JKGHS[JD\��+JD\F@�EHBDEHS[JKGMS[I�CQ\F@WV�m
Q	R!S	R!T	U@VXW	YKZ\[^]`_a]cbed�f`fhg	i�jk[^]`l�]`[^R YZ@�TWCQJì�DS[_lSU�D@^CZB+SUTWGHcDEH@�S[JKGHLZBDCFGHTiR+@�V�CFJD��T�Ll�D@�GHRD@^VHBDCFGHSUCF}�N�EH@��lcD@�J+T�S[@�V

LFN~GHRD@uBDCFGHTiR+@�V�tK`�C��D@WT�S[I�CQGHS[LFJD��S[JD��VHBDCFT�@�CF}U\FLFEHS[GHRDI ��VHc+tDtDCFJD�oT�Ll�DS[JD\1�~EHCFGHRD@WEMGHRDCFJ�C
�D@�TWSUI�CFGHSULFJD��S[JD��N�EH@��lcD@WJDT�`
CF}U\FLFEHS[GHRDI ��tD}[LKTr�P? b  ��Hm: �RDSUV�S[VuT�LFI�BDcDGHCFGHS[LFJDCF}U}[`�@��lcDS[_�CF}[@�JKG�X;tDc+GuRDCFVuGHRD@
CF�D_�CFJKGHCF\F@�LFN�c+VHSUJD\oVHI�LlLQGHR6tDCFVHSUV
N�cDJDT�GHS[LFJDVM��SUN+GHRD@��D}[GH@�EHV~CFEH@�TiR+LQVH@WJ�CFBDBDEHLFBDEHS[CQGH@W}U`;�+CFJD��CF}[VHL�\FEH@�CFGH@�EnmD@�flS[tDSU}[S[Ga`KX�VHSUJDTW@�GHRD@WEH@�CFEH@�CQ�+�DSUGHS[LFJDCF}®�D@�\FEH@W@�V
LFN�N/EH@W@��DLFI¡C�_öCQS[}[CQt+}U@�SUJ�GHR+@�TiRDLFS[T�@�LQN��D}UGH@WEHV�m� �RD@��DEHC���tDCFTi��S[V�B3LKLFEH@WE�GHS[I�@���N�EH@��lcD@�J+T�`^}[LlT�CF}[SU�WCQGHS[LFJ�m�kDcDtDt+CQJ+�
tDCFVHS[VuN/c+JDT�GHS[LFJDVuVHBDEH@WCQ�6LFcDG�S[J|GHRD@�VHBDCFGHS[CQ}��DLFI�CFSUJ6SUJ6BDEHLFB1LFEHGHSULFJ|GHL^GHR+@�S[E�VHI�LlLFGHRDJD@WVHV�X(CFJD�|GHRD@�`�RDC�_F@�EHCQGHR+@�E
T�LFI�BD}[SUTWCFGH@���òqLQc+EHSU@WEMGHEHCFJDVHN/LFEHI�V�m
 �R+@�VHcDtDtDCFJD��T�LFEHEH@�}[CFGHSULFJDV�CFEH@�T�LFI�BDcDGH@W��EH@�TWcDEHVHS[_Q@W}U`�CFV��D@�BDS[T�GH@W�^t1@�}[L����

W(0, 0)

W(0,1)

W(1,1)

W(2,1)

W(3,1)

W(1, L)

W(2, L)

W(3, L)

W(0, L)

F0

F2

F1

F3 F0

F2

F1

F3

F0

F2

F1

F3
W(4, L)

W(5, L)

W(4L-2, L)

W(4L-1, L)

.

.

.

.

.

.

.

.

.

.

.

.

�������	��
 3 ��é����Q�������
� 
�%��	��� ��<2
 � � � 
������	� � ! ��± 
 � � � ³�³ ��� � � �

 �R+SUV~I�@�GHRDLl��S[V~B1LFBDcD}[CQE~}[CFEH\Q@W}U`��+cD@�GHL�S[GHV�VHS[I�BD}[SUTWSUGa`lm; �RD@eCQI�BD}[S[GHcD�D@�V~��S[GHRDS[J�VHcDtDtDCFJD�DV�TWLFEHEH@�VHB1LFJD��GHL�@W�Kc+CQ}[�
VHS[��@���tDCFVHSUV�N�cDJDTWGHSULFJDV��DS[VHGHS[JD\FcDSUVHR+@���LFJD}U`�tK`�GHRD@�S[E~VHBDCFGHS[CF}®N�EH@��lcD@WJDT�S[@�V�m(¸�@�JDTW@�_�CFEHS[CFtD}U@etDS[GH��CF}U}[LlT�CFGHS[LQJ�S[V�VHSUI�BD}[@eGHL
S[I�B+}U@WI�@WJKG�X®cDVHS[JD\�GHRD@�I�CQJl`�GHEHCFJDVHN�LQEHI¯_�CF}[cD@�VM��SUGHR+SUJ^C�VHcDtDtDCFJD��CFV�GHRD@�EHCFJD�DLFI¯_�CFEHS[CQt+}U@WV�XKCFJD�^CF}U}[LlT�CFGHS[JD\�tDS[GHV
GHLuC�VHcDtDt+CQJ+��CFT�TWLQEH�+SUJD\�GHLuS[GHV�_�CFEHS[CFJDT�@lm(»aJ
CF�D�DS[GHSULFJ�X&S[G�SUV�B3LQVHVHS[tD}[@�GHLucDVH@�CuVHS[I�BD}[@�_KS[VHS[tDSU}[S[Ga`���@WSU\FRKGHS[JD\�N/LFEHI�cD}[C
tDCFVH@��oLFJ�GHR+@u@�`F@=` V�VHBDCFGHSUCF}�N�EH@��lcD@WJDT�`�EH@WVHB1LFJDVH@Km�kD@W@uGHRD@u�lcDCFJKGHS[��CFGHS[LFJ�VH@�T�GHS[LFJ�t3@�}[L>�óN�LFEMN�cDEHGHRD@WE��D@�GHCFS[}UV�m�Y«S[GHR
GHRD@WVH@�CF�D�DS[GHSULFJDCF}3VHGH@WBDV�XKVHcDtDt+CQJ+��TWLK�+SUJD\�t1@WT�LFI�@�Ve�lcDSUGH@�T�LFI�B1@WGHSUGHS[_F@���S[GHR�LFGHRD@WE�GHEHCFJDVHN/LFEHI TWLl�DSUJ+\�T�LFI�BDEH@�VHVHS[LFJ
CF}U\FLFEHS[GHRDI�V�m
Q	R!S	R!o	Upcg	l�]`[^]`_abeqKW	rsYtd�[^_au!rv]�beW	[^d�_auwW	ixg	i�g	[^y;beuwbeR YZ@�TWCQJ|CQGHGH@WI�BDG�BDS[fK@W}��+@�T�LFEHEH@W}UCFGHS[LQJ|tK`�CFVHVHcDI�SUJD\�GHR+CQG�GHR+@

BDS[T�GHcDEH@�}[LlLF�KV�I�LFEH@uLFEM}U@WVHVMGHRD@�VHCFI�@uCFG�_öCFEHSULFcDVM�+SU�1@WEH@�JKG�VHT�CF}U@WV�m� �RDS[VMCFVHVHcDI�BDGHS[LFJ�cDJ+�D@�EH}[SU@WV�T�@�EHGHCFS[J^I�Ll�D@W}UV�LQN
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Ray-traced image,
256 x 256 x 8bpp

Fingerprint image at 500 dpi,
512 x 512 x 8bpp

Fingerprint image at 900 dpi,
1024 x 1024 x 8bppA B C
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��µ1mUgr��p1wF�

grj gFg gis grj vFh hFs p1g j1g
grv grv gih grx vFj pFµ jFs p{p
grh grp gij vFh hFs p1w jFx pFj
grh gFw vQv vFx p1g µ1w µFs jFv
grµ vFv pqw pFj jFµ grsFx grsFp wFw
vFh p{p pMp jFh µ1g grsFh gFgrp xFv
hFx jFh wiµ µ1w grsFp grv1g grvFs grs1g
wrv xFv xMp xFµ gFgrv grsFs grsFp xFx
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ê Þ D ë;ø¦D s�Q sFpFµMpFµFs1wFwQwFwrh1wrµQµFj1wrhFx�O
ê~N.D o ë � D o s�Q/grvFjQxFjFx1grvMpFpFxFjFvQs{pFvFsFs�O
ê=P¦D ë � D o s�Q s1wFwQgrj1g(p{pMpFhFx{p1wQwrpFhFxFµ�O
ê � D o ëMP¦D o s�Q jFs1wihFx1grjFhqgrpFµ{pFjQµFh1grvFs�O
ê � D ë�N.D s�Q/wrh{pQjFµ1w(p{pQµFxFpFhFhQpFhFvFµFs�O
ê�ø¦D o ë Þ D s�Q vFvFjMpFµFhFvFjMp1grx1wrsQjFµ{pFjFs�O
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