H46 % 2 W it () Hl = Eile Vol. 46 No. 2
2023 4F 2 J CHINESE JOURNAL OF COMPUTERS Feb. 2023

A EEREN ST T EHM
DItk & X-HENt4E

IAB wEE I E AIHM F B F H

GF & T2 QAR A BL2E B M 48 25 [0 % 420 BFF 250353)

 OE RMGERA SRR LR A MR 2 R FE R R 68 ) L 2 6 0 BHRRRAE. 3T 4F R 0 F UG 1 BF 58 BUA
TR R AR T AE S8 ) USSR A TE 1 22 TR A, R 23 TG S B0 A 1) ik R B0 AN AR L T T S ) G A R T A
fE. 5381 A% ¢ 1 G HE AL A P A Ak I PG 0 T 25 7 T 32 I RS 56 1 % 6 R A TE /8 O . R A #7-3d
AL B R BRTE — @ AR LT LLE AL 58 i BEUGOE FE AL 3% G R R AR T AR R AV IR 1 % 8 IR 1R
P A3 B AR AR B BOE I 5T L EHGE I DR 58 3 AT B B B (B B RTX T 40 O A 0 B AR SR AN &
— 26 BLAY R I BB A% 8 PG R 1 23 B A 3 TS R A T 5 R X TR B B B IS R AR AR AN 8 T oy BT A Y
A ES R AR S 5 AT LAk R 38 N S O & 4% 19 R 9 B AR SO U 1 SR B i S (Chebyshev-Fourier
Moments, CHFMs) ¥4 1 23 8B V) be 25 k-8 B 146 (Fractional-order Chebyshev-Fourier Moments, FrCHFMs) , 5
R fF v T CHEMs 48 [in] 3 oR 8507 A6 B B3 (H S Foe PR IRDE. LA O Sl 9145 6 1 /S S8 e 4 3 1 7S o 80y
B V) b 25 -8 L -4 (Sedenion Fractional-order Chebyshev-Fourier Moments, SErCHFMs) , ¥ #8 & 046 14 [
U 0, G AN ST AR UG 56 B 2 M % 0 BEUR. 200 % £ VGO SRS A DLE o 7% 8 5 2 3R AR pL 4 R 2 22
SR A AE — 2 A B SRR AL B 51 B 0 45 1 BRI -F X Jo B0 kR AT LA ) i A 3 22 A0 AR R € TR AR i A R A 1Y
JIA B 4y S R) PR E - 43 e 22 ) B S I Gl o R EE A SE IR IR UE T SFrCHFMs X T 28 3 4 b Yo o 19 2 1 £ %
BEMG A BRI E WG, B F KSR 1 FE T 3 F SFrCHFMs (192 7K B J5 4 76 1 % 4% Fb 25 i B4+ LU
A SRR K EN 5 %, i — BB iE T SFrCHFMs [WAR 5 P, SEIR 45 SR R B A SO ) SFrCHFMs oA |
Y ) 1 4 R A 1 i R R A

KR A NTCHUE S RO s U S OG- L ARt R R
MEESES TP391 DOI 5 10.11897/SP. . 1016. 2023. 00400

Sedenion Fractional-Order Chebyshev-Fourier Moments for
Multi-View Color Images

WANG Chun-Peng ZHANG Qing-Hua MA Bin XIA Zhi-Qiu LI Jian LI Qi
(School of Cyber Security . Qilu University of Technology (Shandong Academy of Sciences) . Jinan 250353)

Abstract Image moments have strong geometric invariance and global feature description capa-
bilities and are excellent image features. In recent years, research on image moments has achieved
fruitful results. However, traditional image moments have many problems, and the radial basis
functions of some image moments are numerically unstable, which seriously affects their image
reconstruction performance. In addition, traditional image moments can only be used to process

grayscale images, but they are powerless for color images that are widely used and disseminated
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today. Although grayscale and sub-channel processing of color images can allow traditional image
moments to play a role in processing color images to a certain extent, they destroy the integrity of
color images. The introduction of fractional-order moments and hypercomplex moments has
brought the research of image moments into a new stage. Fractional-order moments constructed
based on traditional integer-order moments can effectively solve the problem of numerical instability
of radial basis functions in traditional image moments and improve the reconstruction ability of
image moments. The introduction of hypercomplex moments makes image moments adapt to
complex application scenarios. Quaternion moments can process the color image as a whole, while
ternary moments and octonion moments can process grayscale stereo images and color stereo images,
respectively. However, the current research on fractional-order moments is still not comprehensive
enough, and there are still no research results on the fractional-order structure of some traditional
image moments with good properties. The mining of hypercomplex moments is still not sufficient.
The combination of higher-dimensional hypercomplex numbers and image moments can make image
moments adapt to more complex application scenarios. Based on the Chebyshev-Fourier moments
(CHFMs), this paper proposes the fractional-order Chebyshev-Fourier moments (FrCHFMs)
and solves the numerical instability of the radial basis function of CHFMs effectively. On this
basis, combined with the sedenion theory, sedenion fractional-order Chebyshev-Fourier moments
(SFrCHFMs) are constructed. The application of the hypercomplex moments is extended from
color images and stereo images to multi-view color images. Multi-view color images are captured
by moving a single camera or arranging multiple cameras in a certain position to form a camera
array according to parallax requirements. The imaginary parts of sedenion are used to encode all
color components of all views of multi-view color images, thus allowing internal correlations
between the components to be preserved. By comparing the radial basis function characteristics of
SFrCHFMs with different fractional parameters, the numerical stability of the SFrCHFMs is
analyzed. The image reconstruction experiment further verifies the influence of SFrCHFMs with
different fractional parameters on the image reconstruction performance, and we obtain the frac-
tional parameters that give SFrCHFMs the best reconstruction performance. Since SFrCHFMs
extract the low-frequency features of images and have good stability, and some conventional
attacks such as noise attacks and filtering attacks are attacks on image high-frequency information,
SFrCHFMs have strong robustness to various conventional attacks. The nature of SFrCHFMs
makes them have good geometric invariance and can effectively resist various geometric attacks.
The image reconstruction experiment verifies the reconstruction performance of SFrCHFMs for
multi-view color images that have undergone various attacks. Through the zero-watermarking
experiment, it is concluded that the zero-watermarking scheme based on SFrCHFMs is better
than the previous zero-watermarking schemes for stereo images in the face of various attacks,
which further verifies the stability of SFrCHFMs. It can be concluded that SFrCHFMs have good

image reconstruction ability and stability.
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color images; image reconstruction
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Background

In this paper, a multi-view color image description
method based on image moments is studied, which combines
the hypercomplex theory and the fractional-order moment
theory to construct a fractional-order hypercomplex moment,
and applies it to multi-view color images. Basically, it can be
seen as the intersection of applied mathematics and computer
science,

At present, the research on image moments is mainly
concentrated on integer-order moments, and its application fields
are also mainly concentrated on grayscale images. In recent
years, due to the proposal of fractional-order moments and
hypercomplex moments, the research on image moments has
entered a new stage. Fractional-order moments constructed
based on traditional integer-order moments can effectively solve
the problem of numerical instability of radial basis functions
in traditional image moments and improve the reconstruction
ability of image moments. The introduction of hypercomplex
moments makes image moments adapt to complex application
scenarios. Quaternion moments can process the color image
as a whole, while ternary moments and octonion moments
can process grayscale stereo images and color stereo images,
respectively. However, the current research on fractional-order

moments and hypercomplex numbers is still insufficient. Some
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traditional image moments with good properties still do not
have a fractional-order structure. Previous studies on hyper-
complex moments have restricted stereo images to images
with only two perspectives, and cannot handle multi-view
color images.

Based on the Chebyshev-Fourier moments (CHFMs),
this paper proposes the fractional-order Chebyshev-Fourier
moments (FrCHFMs) and solves the numerical instability of
the radial basis function of CHFMs effectively. On this basis,
combined with the sedenion theory, sedenion fractional-order
Chebyshev-Fourier moments (SFrCHFMs) are constructed.
The application of the hypercomplex moments is extended
from color images and stereo images to multi-view color images.
The imaginary part of sedenion is used to encode all color
components of all views of multi-view color images, thus
allowing internal correlations between the components to be
preserved. Experiments have verified that SFrCHFMs have
good stability and image reconstruction performance.
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