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2D Rotation-invariant U Transform and Its Application
CHEN Wei'

Abstract U-system is a class of orthogonal piecewise-polynomial function system in L2 [0,1], and its generalized U-
system in L?[0,1]® with tensor-product form is not rotation-invariant. In this paper, we present a novel 2D transform
named rotation-invariant U transform (RIUT). The construction of RIUT combines U-system functions with harmonic
functions so that the object’s rotation is transformed into its phase’s translation and the modulus keeps unchanged.
Compared with the classical rotation-invariant moments, such as Zernike moment, RIUT has many special properties,
suggesting an applying potential in image feature extraction. The experiment results for binary image retrieval show that

RIUT method has a higher retrieval precision.
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Table 4 Retrieval precision for each group (%)

EER= 1 2 3 4 5 6 7 8 9 10

ZM 37.37 54.94 38.43 42.98 27.34 28.72 24.79 42.00 37.83 26.59
PZM 22.45 52.99 33.88 23.60 40.48 26.45 17.23 41.02 44.00 30.22
OFMM 25.65 49.41 30.37 38.90 33.22 22.31 26.27 45.65 29.23 22.90
RIUT 31.55 53.33 38.84 41.74 47.40 20.04 30.72 52.12 33.93 28.29
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Fig.11 Images in CE2-B data set
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Table 5 The average retrieval precision (%)
EEy ZM PZM OFMM RIUT
BEP 36.10 33.23 32.39 37.79
5 ZHig
ARLET—RIEZ T BEZ AR R U-R4,

S T2 4R AL U Az RIUT. A[H]
T PAERE XAE L?[0, 1] bpg —4E ik EAUE U
U-#2%¢, RIUT sl U- R G0 ek -5 PR AR RoRH 45
AR AR . RIUT A3 ke T 14 G v
PR Z IR, AR TR . R
Wi, T U-RERAEZ REARE, Hinfy R
VE. sRE 2 SO ELE/ TR W A7 2%, (5 RIUT
FERBR LR BO I B A E 2 IS &5, EhniE
P4 % BT TAHIEME AR R K, 2550 RIUT
PSS BRI R R AR FEARSRI AR, AR
2008 RIUT BRI, -0 H A0 RS B 2 4 52
BB

References

1 Teague M R. Image analysis via the general theory of mo-
ments. Journal of the Optical Society of America, 1980,

2

w

'

5

10

13

70(8): 920—930

Teh C H, Chin R T. On image analysis by the methods of
moments. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 1988, 10(4): 496—513

Kan C, Srinath M D. Invariant character recognition with
Zernike and orthogonal Fourier-Mellin moments. Pattern
Recognition, 2002, 35(1): 143—154

Ghosal S, Mehrotra R. Detection of composite edges. IEEE
Transactions on Image Processing, 1994, 3(1): 14—25

Gao Shi-Yi, Zhao Ming-Yang, Zhang Lei, Zou Yuan-Yuan.
Improved algorithm about subpixel edge detection of im-
age based on Zernike orthogonal moments. Acta Automat-
ica Sinica, 2008, 34(9): 1163—1168

(Filt—, B4, 576, BEEE. 3T Zernike IEATARMEIBINE
FNGARMBEIE. B3, 2008, 34(9): 1163—1168)

Wang L Z, Healey G. Using Zernike moments for the illu-
mination and geometry invariant classification of multispec-
tral texture. IEEE Transactions on Image Processing, 1998,
7(2): 196—203

Chen Z, Sun S K. A Zernike moment phase-based descriptor
for local image representation and matching. IEEE Trans-
actions on Image Processing, 2010, 19(1): 205—219

Flusser J, Suk T, Zitova B. Moments and Moment Invariants
in Pattern Recognition. UK: John Wiley & Sons, 2009.

Sheng Y L, Shen L X. Orthogonal Fourier-Mellin moments
for invariant pattern recognition. Journal of the Optical So-
ciety of America A, 1994, 11(6): 1748—1757

Chong C W, Raveendran P, Mukundan R. A comparative
analysis of algorithms for fast computation of Zernike mo-
ments. Pattern Recognition, 2003, 36(3): 731—742

Shu H Z, Luo L M, Coatrieux J L. Moment-based ap-
proaches in imaging part 3: computational considerations.
IEEE Engineering in Medicine and Biology Magazine, 2008,
27(3): 89—91

Li Z M, Men X P, Li H. 3D model retrieval based on U
system rotation invariant moments. In: Proceedings of the
2nd International Conference on Pervasive Computing and
Applications. Birmingham: IEEE, 2007. 183—188

Liu Yu-Jie, Li Zong-Min, Li Hua, Qi Dong-Xu. 3D U system
moment and 3D model retrieval. Journal of Computer-Aided
Design & Computer Graphics, 2006, 18(8): 1111—-1116
(RIEAR, R, 246, FRIM. =4 U KRG858 it
SRS R 224 4R, 2006, 18(8): 1111-1116)



1388 H 3l

¥ 2%

14

15

16

17

18

19

Chen Wei, Zhang Xiao-Ting. Orthogonal rotation-invariant
V moments and application to image reconstruction. Acta
Automatica Sinica, 2015, 41(2): 376—385

(BRft, SKIGIs. IEATHERAE V AN HAE IR EE T WA, B3
1k244R, 2015, 41(2): 376—385)

Feng Y Y, Qi D X. A sequence of piecewise orthogonal poly-
nomials. STAM Journal of Mathematical Analysis, 1984, 15:
834—844

Qi Dong-Xu, Song Rui-Xia, Li Jian. Discontinuous Orthog-
onal Functions. Beijing: Scientific Press, 2011.
GFARIL, s, 0. JESER R Juat: B, 2011.)

Qi Dong-Xu, Tao Chen-Jun, Song Rui-Xia, Ma Hui, Sun
Wei, Cai Zhan-Chuan. Representation for a group of para-
metric curves based on the orthogonal complete U-system.
Chinese Journal of Computers, 2006, 29(5): 778—785
GrARW, ey, REE, D%, IME, 451 B TIERSES U- &
ety BB AL . HHEEHL2EHR, 2006, 29(5): T78—T85)

Cai Zhan-Chuan, Sun Wei, Qi Dong-Xu. A classification and
recognition method for planar figures based on complete or-
thogonal U-system. Journal of Software, 2006, 17(Suppl.):
21-27

(BN, IME, FAW. BETIER R U-RGEN EE 4385158
k. FPEEAAR, 2006, 17 (3T): 21-27)

Ding Wei, Yan Wei-Qi, Qi Dong-Xu. Digital image water-
marking based on U-system. Journal of Image and Graphics,

nology in 2013.
graphics and image processing.)

2001, 6(6): 552—557
(T, EffFF, FAM. BT U RENBFRSKEAR. dEE
SR, 2001, 6(6): 552—557)

20 Xiong Gang-Qiang, Yu Jian-De, Xiong Chang-Zhen, Qi

Dong-Xu. Reversible factorization of U orthogonal trans-
form and image lossless coding. Journal of Computer Re-
search and Development, 2012, 49(4): 856—863

(REMIEER, g, feBH, FAIN. U-EATAR ey n] s g S &8
TR, LB 5 %, 2012, 49(4): 856—863)

21 Abu-Mostafa Y S, Psaltis D. Recognitive aspects of moment

invariants. IEEFE Transactions on Pattern Analysis and Ma-
chine Intelligence, 1984, 6(6): 698—706

BR 5 VLRG0 I A 2 B T Ui
2013 AFARAGIRI TR R B A g2
fr. FEREFETT 1) R LR &
HBALFE. E-mail: wchen_jdsm@163.com
(CHEN Wei Lecturer at the School
of Digital Medial, Jiangnan Univer-
sity. He received his Ph. D. degree from
Macau University of Science and Tech-
His research interest covers computer



