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Abstract

In this paper, we presents a signatures verification by using the nonlinear quantization histogram of polar coordinate based on
multi-dimensional adjacent pixel intensity difference. The multi-cimensional adjacent pixel intensity difference is calculated from an
intensity difference between a pair of pixels in a horizontal, vertical, diagonal, and opposite diagonal directions centering around
the reference pixel, The polar coordinate is converted from the rectangular coordinate by making a pair of horizontal and vertical
difference, and diagonal and opposite diagonal difference, respectively. The nonlinear quantization histogram is also calculated
from nonuniformly quantizing the polar coordinate value by using the Loyd algorithm, which is the recursive method, The polar
coordinate histogram of 4-directional intensity difference is applied not only for more considering the corelation between pixels but
also for reducing the calculation load by decreasing the number of histogram, The nonlinear quantization is also applied not only to
still more reflect an attribute of intensity variations between pixels but also to obtain the low level histogram, The proposed method
has been applied to verified 90(3 persons * 30 signatures/person) images of 256°256 pixels based on a matching measures of city-
block, Euclidean, ordinal value, and normalized cross-correlation coefficient, The experimental results show that the proposed
method has a superior to the linear quantization histogram, and Euclidean distance is also the optimal matching measure,
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Table 1. Verification results according to matching measures in 11 blocks of both variation angle and distance

City-block(x 10°) Euclidean(x 10°) Ordinal( x 10") Nee
fefer- Test Xy DID- xy- DID- Xy DID- Xy- DID-
ence Sig. Sig. Polar Polar Toul Polar Polar Toul Polar Polar Toul Polar Polar Toul

TS-10 3,28 5.3 4.30 1.62 238 1.96 3.24 5.24 4,12 1.0000 | 09998 | 0,999
TS-11 431 6.70 5.37 290 4,19 3.49 1334 | 2276 1742 | 0999 | 0991 | 09995
TS-12 491 7.33 5.9 322 4,16 3.80 5.9 3.67 460 0,999 | 09998 | 0.999

RS10 T3 | 488 | 715 | 591 520 | 865 | 671 | 877 | 48 | 630 | 0999 | 0998 | 0999
RP-20 | 948 | 1268 | 1096 | 1267 | 1383 | 1323 | 1584 | 2003 | 2031 | 0999 | 0.993 | 0.99%
TS22 | 1581 | 17.66 | 1671 | 4781 | 4141 | 4449 | 3322 | 4416 | 3830 | 0.999% | 09984 | 0.990
RP30 | 1252 | 1453 | 1349 | 2855 | 2391 | 2613 | 2306 | 3262 | 2743 | 09998 | 09992 | 0.99%
TS33 | 1266 | 1452 | 1356 | 2807 | 2283 | 2534 | 2343 | 3534 | 2877 | 0998 | 09988 | 0.9993
TS20 | 563 | 680 | 618 | 631 522 | 574 | 1180 | 1100 | 1139 | 1.0000 | 0999 | 0.9999
TS-21 4,62 6.73 5.58 543 10.04 7.38 1433 | 2458 | 1877 | 09999 | 0991 | 0.999
S22 | 1360 | 1571 | 1467 | 4546 | 57.86 | 5129 | 3344 | 4990 | 408 | 0995 | 09968 | 09982

Rs20 TS24 | 261 | 446 | 341 | 048 | 272 | 115 | 370 | 1261 | 68 | 10000 | 0995 | 0.9%7
TSI | 807 | 88 | 847 | 446 | 445 | 445 | 1244 | 17.03 | 1436 | 0999 | 09995 | 09997
1513 9.38 9.38 9.38 0.64 5.24 5.90 1436 | 1530 | 148 | 0999 | 0998 | 09998
RP30 | 540 | 687 | 609 | 418 | 671 530 | 875 | 1757 | 1240 | 09998 | 0.999%6 | 0.9997
1533 5.45 6.74 6.06 4.02 5.41 4,66 9.23 1839 | 13.03 | 099 | 09994 | 0.9995
TS31 | 922 | 870 | 8% | 2108 | 1269 | 1635 | 2256 | 1527 | 1836 | 09998 | 0.999 | 0.999
TS32 6.30 6.56 0.46 9.68 5.57 7.34 15.69 11.43 1339 | 0,999 | 0.999 | 0.999
TS33 | 130 | 382 | 223 | 968 | 557 | 734 | 1570 | 1142 | 1339 | 10000 | 09994 | 09997

1530 TS34 | 880 | 931 | 910 | 1872 | 1500 | 1676 | 1921 | 1819 | 1869 | 0.999 | 0.9 | 0.999
TS0 | 1415 | 1287 | 1350 | 4375 | 2605 | 3BT6 | 2547 | 2251 | 2394 | 09998 | 0999 | 09998
TSIl | 1122 | 1198 | 1159 | 1328 | 833 | 1052 | 1808 | 2208 | 1998 | 09998 | 0991 | 0.999
TS20 | 921 | 1002 | 961 | 2013 | 1155 | 1525 | 1871 | 17.29 | 1798 | 0.999 | 0997 | 0.998
TS24 | 431 55 | 491 125 | 441 234 | 720 | 1032 | 862 | 0999 | 0991 | 0.9995
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