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Abstract Finger-back articular skin texture recognition is presented as a novel biometrics

pattern. The hand back image is captured by the device made by ourselves. The articular

skin texture is segmented and located by utilizing Canny operator and moving window. In the

stage of recognition, two kinds of recognizing methods are given and compared: one is based

on the correlation classifier and the other based on the complex Gabor wavelet transform.

We judge the result of recognition using Hamming distance between two feature codes. The

experiment results show that finger-back articular skin texture has such high uniqueness that

can be used to authenticate human. The correct identification rate of the method based on

correlation classifier is 98.04% when FAR equals FRR; the correct identification rate of the

method based on Gabor wavelet transform is 94.61% when FAR equals FRR. But the later

is faster than the former in the matching.
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1 �zU8�>^*�yi\�=hRmUZv;h(�>'hR�^*m���1$C�EF�5�wfK;pi&�dW����R�^*G\�mU8�>m�vo�1) �&j���px;=�7�=U�>�2) &�j��>ab;=m�>i3��m�3) G?dj���>G?d�4) 3|j���>1��Y	3s0#��'���R�^*m�>[���I0�90�e�[1] �qg�k$��=a�,u��7Æ�&~�T0�Æ�p�qg^*i��qNm�UU8�>^*�y��O�m�.�r��RSZ�f�G�wJ��4�qg^*[�\�qI3�8,mP��qImG��q9P�^f�p�>[2,3]
, =^�>37�I0^90�>m�U4�&�j���^*mr�L����N7?C�&vor�5�.mEbm�[3]

. (eI(qg^*m6J^3o��/�Oe�UbmU8�>^*�— qI�L��0^*�qI�L��0iIqI�8L�8,m�%0Z�7� .m{Z�!0^y4p�>�w�qI�L��0m^*7��&j��+�j���wp�v�/�yo�^qg^*Cb�GI}�Æ^*����I�\�4R�^*m)���/�qI�L��0^*seN7x/�tF��h&����7Ox;qI�9g\� Canny �f^i�U��L��0'h�7!|,�����mb�L��0N��ag�0'hM�j�d���b;i#(�����/>OebU^*����iw�ML�T#m^*��Tiw� GaborZ/#pm^*�-�b;m^*j�'he���t 2 �>Oeq��Rm:~�qIm�7!�L��0m|,�t 3 �4 �5 ��*>Oe�L��0m�a!���m|!U^!q�
2 s��U<��sK�9$�O �2~.
2.1 (|-5��;(�	��Xh[O�m:~	tkq��R�4�%mNRzO�:~	{8�.�QYWFs{�QAFK �:~	�X!����Gv�zn-Qm�Q�	O�Q�}P�D:~�RmQ(��(�}P�\Z�DU<dr�G�GY`q:��:~	!GfÆ��� 1.�R:~Y�q1AFK	h9Q6��1:~	s8m��L��F,QD����IQ6Y�!NRz[YI�����ki'b^*m�R����.b�I!q9WF�O�3:~i�I�! �;qI���|mC��"�qIm�7�E� 2 �f��q��R_p( 8,r��R�\� Canny�)�?�fkiqImfR��)�E� 3. ��)�R'h 8 h&�)�m�kiZrM� 8 ��)Vd pi(x
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Fig. 1 Sketch map of capturer

� 2 r��T
Fig. 2 Hand-back image

� 3 �*�3
Fig. 3 Edge extraction2x;qIb>�)`mmBG�s(qISdKm`m k′

j , ��
k′

j =
k2∗j−1 + k2∗j

2
, j = 1, 2, 3, 4 (2)?5 k′

j , ��7gmqI'hr_�akqISdK!~�KWF�qgkimSI^6~IE� 4(a) �f�

� 4 (a) �8ljnTJ`7�J�T (b) � Canny 
g���N��1n�*
(c) �N��1}-`�8"V (d) �+RK� (e) �T5*℄V

Fig. 4 (a) Middle finger and third finger image (b) Edge of finger-back articular skin texture by

Canny operator (c) Location and segmentation of finger-back articular skin texture (d) Estimate of

background light (e) Enhanced image

2.2 |��1�0�R:~Y�[I^ZI�FD�U�`��*iqI�B��bY�[I^ZI�L�m�%({3�!NR�QY�VWF��/�SI^6~ImS�L��0(^��!�>'h^*���7kimqI�R�A\� Canny �)�?�f (wG�Z), GkiL��0m�)�E� 4(b). O2gU W (N, M), N (�7gqI�R4m 1/6, M (�7gqI�RP��W hLVD{qI�)�Ri���kU*3m�)vzdqbYm,O�-��XYU*3/&mSd (a, b). (a, b) �akd�Yz
s(x, y) =

num
∑

i=1

((xi − x)2 + (yi − y)2) (3)
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num
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(4)9g�5y2Sdv (a, b) LD= 50 R�Em8�S�( 120×160, E� 4(c) �f'h�L��0^*�

2.3 �~�="L℄S�gmL��0�R (4(c) �f) ����r�3�F����>�2^���(eki7�AZPmr��5�tF�2�R 10×10ZMmBGs(0Z�*Q)m[pJ��-�HYAG��bi!'b�R��mL℄�E� 4(d). 9g�Z'b�R�4�*Q�-�x 20×20ZM'hF��Bd^SGo/�ki4)gm�L��0�R�E� 4(e). =�14xe�*Qm�Q�bb4)e�L��0�R\U�
3 �O �2o�$��3�m:���L��0Sdm|,G�3�N�=�swW�Qd^*ma7m���m��e^*m�0!z5LSm��s�aSZ�9g0'h��^*��/>OebT^*����iw�ML�T#m^*��iw�+ Gabor Z/#pm^*��Xm|�b;'he���
3.1 |��1��DOz5LSm��( g(x, y), 2e^*�RmSZM f(x, y) (f(x, y) L℄�Z�
g(x, y) mL℄). 1 g(x, y) Sv:! f(x, y) qbML/&�s(b;�a,O�f(x, y) 1
g(x, y)L����m�Æ����db���w��<||Z�kiN�m�a���7���ED�� f(x, y) �X2 0, �( h(x, y), bZ� g(x, y), \� (5) ki�av (x0, y0),

C(u, v) = H(u, v)
∗

G(u, v), c(x, y) = ‖F−1(C(u, v))‖, c(x0, y0) = max
x

(max
y

(c(x, y))) (5)!S G(u, v) ( g(x, y) m�+-_�#p�H(u, v) ( h(x, y) m-_�#pmFz�F−1 (•)(-_�#p�‖•‖ (2�.��(x0, y0) (q
��v����bY:��Rm�aYz c(x, y) IfO�[f"j�E� 5; EUb&�Rm�aYz c(x, y) 37�f"j�E� 6 �f�3(|�ajC�
� 5 O��en�bZ|

Fig. 5 Register function of same pattern

� 6 4��en�bZ|
Fig. 6 Register function of different pattern
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3.2 �:4	�!���1 �� 3.1 7|eb�Rm�av��*�b;mWz8�( p1, p2,  (6) �� p1, p2mML�z�s(^*�5[4]
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ρ (mML�zm��COV (•, •), DX(•) (_�C^�C.��2wG th, EU ρ > th, 3
p1, p2 d(���L��0�#3 p1, p2 d(3�m�L��0�
3.3 �: Gabor 6��|��1 �

Gabor Yzi�4�Yz)X+BHyQki[5,8]
. �+m Gabor Yz^m-_�#pgGaI (7)

g(x, y; u0, v0) = e(−[x2/2σ2
x+y2/2σ2

y ]+2πi[u0x+v0y])

G(u, v) = e(−2π2(σ2
x(u−u0)2+σ2

y(v−v0)2)) (7)!S σx, σy i4�YzJ&mP��(u0, v0) i+BHm�m�=^Yz1Y&^�&�7�[m�%m��I`i?3a'ZqZG[6]
.

Gabor YzGI"�g�B�mw[7]
, >a>|Yz f(x, y) G�1 Gabor YzGImwL6C��X�5yEl�+ Gabor Yz(Z/wmZ/#p� (8) >Oe+ GaborZ/wmg�

gλ(x, y, θ) = e−(λ2x′2+y′2)+iπx′

, x′ = x cos θ + y sin θ, y′ = −x sin θ + y cos θ (8)!S λ iJn��θ (Yz�V�(�k2��5yj λ = 1. \	��Y�=zWIki��m��/S2�V=z θ ( 0◦ �45◦ �90◦ �135◦, L�=z( 1 �2 �4 �8, =�kie Gabor Z/p�E� 7.

g(2−j(x − x0, y − y0), θk), θk = 0◦, 45◦, 90◦, 135◦(k = 1, 2, 3, 4), j = 0, 1, 2, 3 (9)

� 7 M�* 1 Z Gabor [0�<�XMn℄9`o9�T
Fig. 7 Real part and imaginary part of Complex Gabor wavelet when j = 0 and θ = 0◦, 45◦, 90◦, and 135◦Z�Gki+ Gabor Z/#pmg

W (x, y, j, θk) =

∫

f(x1, y1)g
∗(2−j(x1 − x, y1 − y), θk)dx1dy1 (10)O!S f(x, y) (L��0�R�W S j, θk 23�GGki3�L�^�VLm+ GaborZ/#p��� W m\8^n8�* (11) 'h�'Q s�ki�>s�: 5 ;
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hRe =

{

1, if Re(w) > 0

0, if Re(w) < 0
, hIm =

{

1, if Im(w) > 0

0, if Im(w) < 0
(11)\�b�L��0�>sm Hamming 9W (Hamming Distance: HD) 'h��^*�

Hamming 9W|�E (12), ��3�mL��0s'h,�v�
HD(A, B) =

1

N

N
∑

i=1

Ai ⊕ Bi (12)!S A, B (fb�L��0�>s�N (fbL��0Wz/&m�>sz��HD(A, B)G,b��|bL��0C*,b�M�j,Z�HD(A, B) G,Z��|bL��0M�j,b�2wG d, EU HD(A, B) > d, 1?(bL��0(����#3?(b;3i����
4 o~#W5y�_e�;Zfz5L��S 56;qIm�L��0�x�;�0�H&�R�F� 168 &qI�L��0�R�(e�|�L��0^*ma7�^)���^<�wm (False rejection rate, FAR)^^<3�m (False acceptance rate, FRR)('a��w�ML�T#m^*^w� GaborZ/#pm^*'hej��>^�����qImx;�0�Rs(e^*��^/qImH;�0'h���s(T	���F� 56×9 = 504 Y�x;qIm�0!! 55;qIm�0'h���s(T���F� 56× 55× 3× 3 = 27720Y�kiT	^T�5�E� 8 �f�� 8 �|�L��07��[mG�j��I��R�^*�

(a) (b) (c) (d)� 8 (a) V
ONB|�6 (b) VÆONB|�6 (c) V
 Hamming ;Y�6
(d) VÆ Hamming ;Y�6

Fig. 8 (a) Correlation coefficient distribution of same patterns (b) Correlation coefficient distribution

of different patterns (c) HD distribution of same patterns (d) HD distribution of different patterns� 9(a) ^� 9(b) �*>OebU��m FAR ^ FRR 0K�� 9(c) >Oeb;^*j�m'�7���(�>Oeb; FAR ^ FRR 0K!wGmL��G��ML�T#m^*j�4� Hamming �T#m^*j��gi�w�ML�T#m^*m�\R�L��0�R�x&�R 18.75KB,xY�+ML.�m�BY( 5.4813ms (��n-(
PIV2.8GHz, Matlab6.5), �w� Hamming 9Wm^*�Lp\R 1.5KB m�>s�xY�>s�v.�Y( 2.1577ms.



366 k � m u � 32>
(a) (b)

(c)� 9 (a) y�ON�V%`,n FAR ` FRR (b) y� Hamming ;Yn FAR ` FRR 1L
(c) V`,��k���

Fig. 9 (a) FAR and FRR curve of correlation classifier (b) FAR and FRR curve of HD classifier

(c) Performance curves of the two recognize methods) 1 V`,��T FRR ` FAR #xHnNB
Table 1 The relative of FAR, FRR and threshold within two recognize methodsNM�U$ Hamming :X�U$NMA{ FRR(%) FAR(%) HD :X FRR(%) FAR(%)

0.21 1.96 3.73 0.36 9.97 0.32

0.23 1.96 1.99 0.38 8.99 1.13

0.25 2.29 0.92 0.40 6.54 3.01

0.27 2.61 0.43 0.42 4.08 6.91

0.29 2.94 0.17 0.44 2.61 14.04Zm|!UG�Di�1) �XqI�L��0'hR�^*iGhm�/�>7��4m&�j�2) w�ML�T#m^*^w� GaborZ/#pm^*�7��4ma7m�1p^<�wm^p^<3�mm,QD�';^*a7m( 1−FRR=98.04%, g;^*a7m( 94.61%. 3) 1w� Gabor Z/#p^*m��S��� Hamming 9Wm+/�Z�ML.���>sm\RJ�r�\R'b�R�
5 #r$Cu7%�Oe�Uw�qI�L��0^*mR�?C���=i�U5bm^*��/8�XseN7mx/�\� Canny �f^i�U�qI�L��0�7!|,���^*mb�L��0N��ag�\�ML�T#^ Gabor Z/#pbU��'h^*�-�=bU��se���m|!U(|qI�L��0��R�^*iGhm�7�
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