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Scale Invariants of Tchebichef Moments for Binary Image

Wu Haiyong
(School of Physics and Electronic Engineering , Nanjing Xiaozhuang University, Nanjing, Jiangsu, 211171, China)
Abstract New scale invariants of Tchebichef moments are proposed. Using the falling factor and the first Stirling
numbers, Tchebichef polynomials are represented with the linear combinations of power series, therefore, scale
factors in moments of scaled image are separated. Then., new power series are transformed back to Tchebichef
polynomials. Consequently, scaled invariants of Tchebichef moments can be expressed as linear combinations of
original moments. They have lower the computational complexity and no iterative error accumulations. Experiments
show that the proposed descriptors have better performance in extracting scale invariant features of a binary image.
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Fig. 1 Binary images to be tested
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Table 2 Proposed scale descriptors for a contracted or expanded binary image “%&”

oo dn dro du oz deo oz dr g $a0
a=1.0,b=1.00.54308 —0.83371 0.82799 —0.78555 1.206 —1.1977 0.67016 —1.0289 1.0219 — 0. 32647
a=20.6,b=1.10.53667 —0.82446 0.82011 —0.76953 1.1824 —1.1765 0.64089 —0.98507 0.98107 — 0. 28607
a=1.1,b=0.6 0.52711 —0.81052 0.8076 —0.75978 1.1682 —1.1639 0.64194 —0.98684 0.98274 — 0. 30204
a=1.1,b=2.3 0.54519 —0.83927 0.83918 —0.79003 1.2163 — 1.2164 0.67702 —1.0426 1.0432 —0.3341
a=1.2,b=2.10.54965 —0.84342 0.83661 —0.79017 1.2125 —1.2027 0.66249 —1.0165 1.0082 — 0.30245
a=1.4,b=1.20.55768 — 0.85581 0.84928 —0.80921 1.2418 —1.2325 0.69639 —1.0688 1.061 —0.34989
a=1.6,b=2.40.53381 —0.81741 0.80682 —0.77457 1.1862 —1.171 0.66626 —1.0205 1.008 —0.33334

o/p /% 0.0028 0.0043 0.0045 0.0048  0.0073  0.0076 0.0081 0.0123 0.0123  0.0230
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Table 3 References[ 10]'s scale descriptors for a contracted or expanded binary image “%&”
oo dor do du oz o os 2 P $s0
a 1.0, 6=1.0 74.41 51.27 48. 36 42,74 33. 35 39.41 38. 20 27.85 27.18 34. 64
a=0.6,b=1.1 67.70 46. 89 44,01 38.99 30. 66 35.58 34.67 25.68 24. 87 30. 98
a=1.1,b=10.6 71.22 49.01 47.41 40. 48 32.53 38. 60 35. 87 26.92 26.29 33.67
a=1.1,b=2.3 80.07 55.50 51.46 46. 27 35. 82 41.71 41. 27 30.02 29.13 36.53
a=1.2,b=2.1 71.84 50. 19 47.00 42.11 32.82 38.41 37.74 27.56 26.76 33.79
a=1.4.0=1.2 79.94 54. 83 51.73 45.78 35.54 42.27 41.07 29.72 28.99 37.31
a 1.6, b=2.4 71.61 49. 47 46.70 41. 28 32.38 38.05 36. 89 27.12 26.48 33.40
o/ p /%% 4.1923 2.7431 2.2256 2.4128 1.4287 1. 8929 2.3287 1. 2319 1.2136 1. 8466
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Table 4 Proposed scale descriptors for a contracted or expanded noised binary image “F”

$oo Jor do dn oz P20 Pos i dn Ps0

a 1.0, 6 =1.0 0.61647 —0.94578 0.94685 — 0.89885 1.375 —1.3668 0.79826 —1.212 1.1828 —0.48295
a=20.6,b=1.10.63498 —0.98644 1.0151 —0.90457 1.4013 —1.4325 0.75866 —1.1667 1.1717 —0.39926
a=1.1,b=0.6 0.65008 —0.98055 0.94585 —0.97181 1.4611 —1.3983 0.91704 —1.368 1.2834 —0.63707
a=1.1, b= 2.3 0.66346 —1.0121 1.0008 —0.96418 1.4656 —1.4367 0.8497 —1.2797 1.2258 —0.50524
a=1.2,b=2.10.61849 —0.9503 0.95415 —0.89133 1.3653 —1.3607 0.76862 —1.1678 1.1408 —0.43142
a=1.4,b=1.20.6147 —0.93931 0.93157 —0.89968 1.3707 — 1.3496 0.80578 —1.2184 1.1772 —0.49547
a 1.6, b= 2.4 0.59522 —0.91499 0.9193 —0.86348 1.3236 —1.3207 0.75676 —1.1515 1.1286 —0.4418

oy /% 0.0124 0.0163 0.0188 —0.0246  0.0279  0.0195 0.0599 0.0695 0.0335  0.1755
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Table 5 References[10]’s scale descriptors for a contracted or expanded noised binary image “F”
$oo dor do dn oz P20 Pos iz dn P

a 1.0, b =1.0 60.2531 31.2588 27.6452 24.8515 12.2914 20.9937 21.4261 8.79398 8.85449 18.2569
a=0.6,b=1.162.93 33.3974 28.5142 26.8393 13.1007 21.6514 23.2958 9.3659 9.54379 18.8301
a=1.1, b= 0.6 66.6538 32.8102 30.5047 25.9013 12.604 23.1197 22.3809 8.98597 8.9466 20. 0676
a=1.1,b=2.3 61.1126 31.4293 27.9808 24.7587 12.0669 21.2098 21.3504 8.49244 8.57954 18.4504
a=1.2,b=2.156.3106 29.7661 26.1703 23.6714 11.8691 19.9309 20.3845 8.5014 8.54243 17.3105
a=1.4,b=1.259.903 31.3378 28.0771 25.0262 12.587 21.4469 21.6473 9.07807 9.1224 18. 6825
a 1.6, b= 2.4 56.8208 29.8822 26.5498 23.7653 12.0536 20.0913 20.5278 8.61548 8.65989 17.4336

o/p /% 2.9726  0.8319  1.0298 0.7209  0.2088 0.7671  0.6845 0.1731  0.2024 0.6693
4 4k 2 2 £ X W

FEEMR AT AR f A0 A T B I 58 AR e )
FEAFAE, B BB e @ 5r T Tehebichel 230 5K
T B2 ) 1) B 2R 5 AT 7 4 R 45 08 2R 80U
ORAS B R BR AR A R . IR R A
PEFIBLIE 75 B8 1 =5 T 256 43 ) A0 SCik 10 ] 4
HHR TR T . S5 RERH h FAH 2 AR
e AT B IR 25 R B BT T O R B AR SO 1 A
WA B R R T L n] DU ) B
M, U0 Krawtchouk 45 [/ 48 A A8 BT,

1 M. K. Hu. Visual pattern recognition by moment invariants[ J].
IRE Inf. Theory., 1962, 8(1). 179~187

Zhang He Feng e
reconstruction in fluorescence molecular tomography based on full
time-resolved scheme[ J]. Acta Optica Sinica, 2008, 28 (7):
1262~1268

G SR b T I N0 i = T el Ry NG 78 SR S
FHE]]. kIR, 2008, 28(7): 1262~1268

Yang Wenxia, Cai Chao, Ding Mingyue et al.. Characterization

[\

Limin, Huiyuan, Gao al.. Image

w

of aero-optic effects and restoration of aero-optical degraded
images[J]. Acta Optica Sinica, 2009, 29(2): 347~352
WscE .2 L THIER S5, K3l R08 4 A 5 A SR IR R
SIF[T]. kM, 2009, 29(2): 347~352

4 Zhao Lin, Jin Weiqi, Chen Yinan et al.. Blind restoration for



nz,

3378 ot 2

¥ 29 %

defocus blurred image based on autocorrelation of derivative image
[J]. Acta Optica Sinica , 2008, 28(9): 1703~1709
BB AR L BRI SE. B TR R AR DG I S AR R 1A
BEREIFEI]. K FM|, 2008, 28(9): 1703~1709

5 Tao Xiaoping, Feng Huajun, Lei Hua et al.. A splicing method
of sectioned restoration algorithm for images with space-variant
point spread function[J]. Acta Optica Sinica, 2009, 29 (3):
648~653
/N7 IBAEEVE AR S —Rhas ) fE PSF RG4S R
Bk, R 4, 2009, 29(3); 648~653

6 R. Mukundan, S. H. Ong, P. A. Lee. Image analysis by
Tchebichef moments[J]. IEEE Trans. Image Process. , 2001,
10(9): 1357~1364

7P. T. Yap, P. Raveendran, S. H. Ong. Image analysis by
Krawtchouk moments[J]. IEEE Trans. Image Process. , 2003,
12(11): 1367~1377

8 M. R. Teague. Image analysis via the general theory of moments
[J]. J. Opt. Soc. Am., 1980, 70(8): 920~930

9 Ren Haiping, Ping Ziliang, Bo Wurigen et al.. Image description
with Jacobi-Fourier moments [ J ]. Acta Optica Sinica, 2004,
24(1): 5~10
RSP F R 0 E A8 FIMERT b B e 56 47 R i b

[J]. k%54, 2004, 24(1): 5~10

10 Zhu Hongqing, Shu Huazhong, Xia Ting. Translation and scale
invariants of Tchebichef moments[]]. Pattern Recogn. . 2007,
40(2): 2530~2542

11 Mourad E. H. Ismail. Classical and Quantum Orthogonal
Polynomials in One Variable [ M ]. Cambridge: Cambridge
University Press, 2005; 195~217

12 R.  Mukundan. Some computational aspects of discrete
orthogonal moments[J]. IEEE Trans. Image Process. , 2004,
13(8): 1055~1059

13 Zhang Hui. Zhou Jian, Shu Huazhong. Fast computation of
Tchebichef moments[J]. J. Southeast University, 2006, 36(5) :
857~862
i MR fEL AP, Tchebichel E Mt )], Ad X
FF IR, 2006, 36(5): 857~862

14 L. Comtet. Advanced Combinatorics: The Art of Finite and
Infinite Expansions [ M ]. D. Dordrecht: Reidel Publishing
Company, 1974 34~46

15 Milan Sonka, Vaclav Hlavac, Roger Boyle. Image Processing:
Analysis and Machine Vision [ M ]. Toronto: Thompson
Learning, 2008 354~356



