2N S /1A O
CHINESE JOURNAL OF COMPUTERS

ZIAXEEFRN T RTH ML EX
-HE0ME

IAE KER BT E ORI % R % A

GFE T RS (LARBRER) Mg asa %40, Frg 250353)
% FE BGEEARKNUAIA R A R R IE R AR B8 70, 2 6 1) BG4 5k 6 T MG BB 72 LA T R A
SRR A G 1 BB AR AR AE 1 2 1) 70, 340 43 RV I 4 )k R OB AN AR, 7 S s i L PR A TR . 3 A A% S I R AN e
FH AL B P MG AT 24 TR T2 B AN B R s R R TG e R 0 K FEE AR -3 3 AL 3R £ R R BRARTE — @ AR B BT Ak
e G EMRETE AL IR B UG R FEAE T A2 EN IR T R 4 MR I A Ak k. 43 5090 6 R e 2 800 1) 51 N L MG B 3
AN T Hr B AR, B a0xtT 250056 (8T 5 HAR AN 4 T, — SL LA R 0 14 0 10 4% 4 R 109 43 B R 3 AT AR A o 7 A SR vt
TR BUE 2 IR R INANE 78 75, T v 4 P TR S BB AE 456 T DALk BB I I B 9 52 2% (1 82 FH 3 3t AR SURAB VT EE S R
-{# L% (Chebyshev-Fourier moments, CHFMSs)¥41& 73 $4¥i17) Lt 25 J% -8 B - (fractional-order Chebyshev-Fourier moments,
FICHFMs), A & ik 7 CHFMSs 47 ) 5 bR 20 7E (1B AN Fo g 1 1) . DAL Ay Rl O 25 6T 78 o808 M3 78 o sr
e Bri7) b 25 Je-18 HLIH-46 (sedenion fractional-order Chebyshev-Fourier moments, SFrCHFEMS), K1 53 30 1 37 B AT M % (6 4%
FNSL A BE 0 T8 3 2 A AR 0 R 2 A0 A % O BB BB AR L8 I 30 B3 22 s AR e R 225 S SR AT 18 A — 5 A FE A FSCAR AL
R 51 BT AT £8P LB AR FE 7S TG B0 R 308 T DA [ i Ak 252 2 400 4 R € LA 1) 4 A0 A D i A € 2 ) B (RAE % 23 2 TR] ) O
W i R B A IR IR AIE T SFrCHFMSs X T 48 i - R e o 1) 22 A A 7 (0 MR R AT R B 1) B AG) 1k ol i ZE /K B SR B Bk 1
T SFrCHFMs {5 /K B[ 7 SR AE I 44 b B0t B B4 T DAAE ST BMR K B 38, 38— B 504 T SFrCHFMs e 1 SE a6 45
SRR AR ST H K SFICHFMSs LA R 4 f PR 45 2 A4 1 e A A e .
REEAE  PSOEE: B VIS R HEMAE; SWARARE BBEN
hEESES TP391

Sedenion fractional-order Chebyshev-Fourier moments for multi-view color
images
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Abstract Image moments have strong geometric invariance and global feature description capabilities 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 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
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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 (FrCHFMSs) 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 (SFrCHFMSs) 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 fractional parameters that give SFrCHFMSs 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.

Key words sedenion moments; fractional-order moments; Chebyshev-Fourier moments; multi-view color
images; image reconstruction
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B A AHAL B3] T EAEE TS A

A Q)= {1, A =T (34)

0, A(i)<T

Hr, 0<i<PxQ,T AN {lALBIME AT B A K
M.

M AEAHEE T 1 A AT AR P AT Q B —
R F

F={f(i,j),0<i<P,0<j<Q} (35)

(4) FIKENEGAE Rk

X Logo EIE L5 —AHFHIEEME F 2:47 R el
HAFRNTKENEBW et Ed R T R R O8:

W = XOR(L, F) (36)
422  FKENRAF

F K BN I FE T 3R AR IR 2 A Rt
EUE 12 BRI S R I 22K ERSGIE I AR R

(1) EgmikbeE

P TS0 A T S BE AL B IE 5 R A IR
MR AEE L BN ME M <N KT
NS SO A NS (T 2 S B N N
(M+ N) /2 M+ NIMIETTEZ MM GEIE

15,

(2) SFrCHFMs 15

Wi KB ECA N, 8 2 :0(23) THE sk 22
JEHI Z A EAEIE 1S 1 SFrCHFMS, AT LL 15 3
(N, +D@N,, +1) MY,

(3) FHEFEFFEIIE

¥ RS BRARM (N, +D@N,,, +1) MHE
ST R, T LAS 3 P = Q /N AR, 3@ i BT 5 A (4
KA P < Q (AR E 5 A

(4) AEFHEEB L IE

B A AL S B T AEAEE TS A

A ()= {1, A@)=T 37)

0,A(i)<T
Ho,0<i<PxQ, T A MEMBIME, AT BLA K
BfH.

F B AR AEAE FF 51 A FT AR P 4T Q S —
{EHFHE S F

F ={f'(i,j),0<i<P,0<j<Q} (38)

(5) Logo Ff& R HL

SHRKBEBW 5 HRFEEIR F T R
T, AT DAAS BN RRA I ) Logo & L kit il #2
AIRIRA:

L = XORW, F) (39)

(6) ZiEEB

181 IF 3 2 (bit correct ratio, BCR)“F1IH—1,
814 (normalized correlation, NC)EOV i & 43k i g
Logo 1% L 5544 Logo % L (f1—%tE. BCR 5
NC FI7E T

BCR = PSQ (40)
p Q G i ol i
o 2l )< G ) an

PIDIMUCH)§

Hep, CHLELHMFAMEEE, PxQN Logo
% R~ L={3,))1<i<P1<j<Q} #
L={'Gj)1<i<P1<j<Q} il NEL Logo K
G F$EELH) Logo F14.

BCR Al NC I¥J{ELE 0 B 1 2 Ju), HAf#BzIL
1,008 L5 L RSk, 2k 1 158 B S92 8 e B T

423  FKEIEG S

AT I 526 U6 AE T SFrCHF M [ 2 M1 1 %2
U KBRS R PE AR, SL 5644 FH 1) 158 Tanks
and Temples #5419 4230 21 2H 2 WM % (0 14,
KANA 2565056 14 2%, 556 45 F o (1 G R BE AL
EH 5 H.H T 828t =21 SFrICHFMs B f
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R UF B e BT DAA T SE B0 1 2 AR B R K
ENJE ¥t =2 1) SFrCHFMs 43 ) /K EN 2
AR AR AN Bk s, IR 7K B 28 B 1 R /N e AR B IR
T8 SFrCHFMs [ KA 20 7 FE i 2 11 £
AN A& BN = R &S 1Y EI RS i Ny
I B RFERY SN, =10.

(1) HI e

SEBG IR HU R T R 6 fR, &and
M d b ¥ 5, 5 4Lk B 2 40 M 8 AR
BCR/NC #1 21 HZ WA A A 1F BCRINC

WK 7 Frow b« ZEMREMERER BCR, AN
BUEA K NC. SFrCHFMs AT ik (1) 2 2 A1 M % (1]
& BIARATURRAE, 177 DA - 00 X o) P A5 v A0 ) B o
558 JE vy X BB ARAT R 52 i 452 /8 T A SFrCHFMs: /]
CLA AP I B se it g vl 40,404 JPEG
JE4 AN PMEIED . e . SEGNE T
o T 7 L BB M P S5 i 2 JiE, BCRINC [RI{R 342
T LIRS0 T 2 W0 A o EUR /K BN VAT
EHRGAEARGEMNESRNE, - PDRIUET
SFrCHFMs X T+ LM (R fe e k.

*6 FWHHBENKE

Wi 7 S

JPEG &4 =T 10, 30, 50, 70
HRE JEV &K 353, 556
PEIED &R 353, 555
e T & KA 353, 556
Y E Y &R 353, 556
T BT e I 7 J5 % 0.01, 0.02, 0.03
L e I 75 2% iF 0.01, 0.02, 0.03

R7 BHRETSNARCEGTKENA & (BCR/NC) XfEE

Family Courthouse Playground Museum Palace PIH

JPEG 10 0.9912/0.9837 0.9961/0.9926  0.9922/0.9853 0.9912/0.9836  1.0000/1.0000  0.9947/0.9900

JPEG 30 1.0000/1.0000 1.0000/1.0000 0.9961/0.9926  0.9873/0.9765 0.9961/0.9926  0.9975/0.9954

JPEG 50 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000 0.9961/0.9926  1.0000/1.0000 0.9984/0.9970

JPEG 70 1.0000/1.0000 1.0000/1.0000  1.0000/1.0000 0.9961/0.9926  1.0000/1.0000  0.9996/0.9993
HHEIEDE 353 1.0000/1.0000 1.0000/1.0000 0.9961/0.9926 0.9863/0.9746 0.9961/0.9927  0.9962/0.9930
R IEY 556 0.9951/0.9909 1.0000/1.0000 0.9961/0.9926 0.9863/0.9746  0.9961/0.9927  0.9942/0.9892
YIEIEV 33 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000  1.0000/1.0000
BHEIED 56 1.0000/1.0000 1.0000/1.0000 0.9961/0.9926  0.9873/0.9764  1.0000/1.0000 0.9977/0.9956
TR 33 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000  1.0000/1.0000
I ATIEE 556 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000  1.0000/1.0000  1.0000/1.0000  1.0000/1.0000
ey g 33 1.0000/1.0000 1.0000/1.0000  1.0000/1.0000 1.0000/1.0000 1.0000/1.0000  1.0000/1.0000
HEAIEYE 5>6 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000 0.9912/0.9836  1.0000/1.0000  0.9980/0.9964
i 7S 0.01 1.0000/1.0000 0.9922/0.9854  1.0000/1.0000 0.9961/0.9836  1.0000/1.0000  0.9952/0.9911
TR T S 0.02 1.0000/1.0000 0.9863/0.9746  0.9961/0.9926  0.9912/0.9836  0.9961/0.9927  0.9931/0.9873
f T S 0.03 0.9834/0.9694 0.9834/0.9692  1.0000/1.0000 0.9863/0.9749  0.9922/0.9854  0.9915/0.9842
FEREE 7S 0.01 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000  1.0000/1.0000  1.0000/1.0000  0.9988/0.9978
PR 0.02 0.9922/0.9854 0.9951/0.9908 0.9961/0.9926 0.9922/0.9853 0.9961/0.9926  0.9967/0.9939
P EL M 0.03 0.9961/0.9926  0.9912/0.9835 0.9961/0.9926  1.0000/1.0000  1.0000/1.0000 0.9963/0.9932

(2) JUfAT X iy i ik

SEIO A L By Rk 8 Fon, &id )L
il Wi Ab# 5, 5 %k B 2 40 A R 6 AR
BCR/NC #1 21 HZ WA B 1% 11 BCRINC
N 9 fin. T SFrCHFMs HAT RAFH) UM AAE
PEFTLAE SFrCHFMSs #4038 1 22 40 A1 B (L RS 1 2%

AKERXS LR B A BT ) e e &5 R mT LS
SRl ERe . 4. KT U e Y Wit 2
BCR/NC FME LT 15256 564F 7 2 WA a
G R ENE LS T U Bt B A R0 Il 2 i, it
—3BIGAE T SFrCHFMs X T J U Jeas ) e 1k

#*8 SLWHHJLAIRE

Bk 7 S

E3pE s 5°15°35°45°60°

K& 47 0.25,0.5,1.5,2, 4

K58 L e B /KP4 7 (0.75, 1), (1, 0.75), (0.5, 1), (1, 0.5),

e LS8yl

(05,2), (2,05)
1/8, 1/16
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®9 UM ETZAFEEGTKENE#EME (BCR/NC) XfEL

Family Courthouse Playground Museum Palace W1E
EI& ek 5° 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000 0.9912/0.9836  1.0000/1.0000  0.9992/0.9985
EIG ek 15° 1.0000/1.0000 1.0000/1.0000  1.0000/1.0000  0.9951/0.9909  1.0000/1.0000  0.9992/0.9984
EIG T 25° 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000 0.9961/0.9926  1.0000/1.0000  0.9988/0.9978
B4 ek 45° 1.0000/1.0000 1.0000/1.0000 0.9961/0.9926  1.0000/1.0000  1.0000/1.0000  0.9990/0.9982
K% ek 60° 1.0000/1.0000 1.0000/1.0000 0.9961/0.9926  1.0000/1.0000  1.0000/1.0000  0.9987/0.9975
EI5 467k 0.25 0.9697/0.9446  0.9912/0.9836 0.9873/0.9761 0.9619/0.9299  0.9697/0.9443  0.9819/0.9664
FEI4 47 0.5 1.0000/1.0000 0.9912/0.9836 0.9961/0.9926 0.9912/0.9836 0.9961/0.9926  0.9949/0.9904
P& 487 1.5 1.0000/1.0000 0.9961/0.9926  1.0000/1.0000  1.0000/1.0000  1.0000/1.0000  0.9988/0.9978
B4 2 1.0000/1.0000 0.9922/0.9854  1.0000/1.0000 1.0000/1.0000 1.0000/1.0000  0.9984/0.9971
EUG4ET8 4 1.0000/1.0000 0.9922/0.9854  1.0000/1.0000 0.9961/0.9926  1.0000/1.0000  0.9978/0.9959
K58 b 48(0.75, 1) 1.0000/1.0000 1.0000/1.0000 0.9961/0.9926  0.9961/0.9926  1.0000/1.0000  0.9991/0.9983
K98 L A%(1, 0.75)  1.0000/1.0000  1.0000/1.0000 0.9961/0.9926  0.9961/0.9926  0.9961/0.9926  0.9987/0.9975
K- bk 48(0.5,1)  1.0000/1.0000 1.0000/1.0000 0.9961/0.9926 0.9912/0.9836  1.0000/1.0000  0.9965/0.9935
<98 beA8(1,0.5)  1.0000/1.0000 1.0000/1.0000 0.9961/0.9926  0.9873/0.9765 1.0000/1.0000  0.9959/0.9923
K5 L A8 (0.5,2)  1.0000/1.0000  0.9922/0.9854  1.0000/1.0000  0.9961/0.9926  1.0000/1.0000  0.9991/0.9983
K- bk 48(2,0.5)  1.0000/1.0000 0.9922/0.9854  1.0000/1.0000 0.9922/0.9926  1.0000/1.0000  0.9983/0.9968
e 4B 1/8 1.0000/1.0000 1.0000/1.0000 1.0000/1.0000  1.0000/1.0000  1.0000/1.0000  1.0000/1.0000
£ Ff89Y) 116 1.0000/1.0000 1.0000/1.0000  1.0000/1.0000  1.0000/1.0000  1.0000/1.0000  1.0000/1.0000

(3) PEREXTLL

T2 AR RS 2K BN T AL, B /T
R0 3 552 1 R A ) S A AR R K BB, K
HB A2 FH R AL BRI P — MM ER F H A T R It
22 J At 0N ey — o T 8 VRV B B R S ST A
B2 K BN 7 %€, Shao 28R 1 T —Fp L T 1F
A {1k 5L T M A R R Y8 9 ke i X PR 8 W K B
&, ] DARI I s 1 O EE R I RRBUAE. Wang 5%

BT 7 — i = 0 %5050 185 - HEL 4 P ST A I
18 & K ENJ5 &, 7T DA LB A 7 20 R Ak 2 57 4k P
% 2T SFrCHFMs N2 A EEREGEKETE
5L J5 %34 BCR (15 E 45 3R 10 fros. f %
gt a4 LT SFrCHFMs I e Eg %
JKEN 5 A0 X T HAth 7 2% T & Fh i I AL
faf Moy B A it ge, it — P IIE T SFrCHFMs
TR & AP B i B RO i fe e 1.

F= 10 ARIFKENF RHIF1 BCR 3ttt

ENIES J7 % [50] J7 % [13] T [37]
JPEG 30 0.9975 0.9258 0.9875 0.9902
JPEG 70 0.9996 0.9427 0.9872 0.9965
PRI 33 0.9962 0.9666 0.9772 0.9929
TR 3>3 1.0000 0.9824 0.9835 0.9990
i 0.01 0.9952 0.9207 0.9705 0.9800
R 0.03 0.9963 0.9182 0.9641 0.9766
K&k 5° 0.9992 0.4984 0.9877 0.9446
K14 ek 45 0.9990 0.4956 0.8798 0.9487
K14 487 0.25 0.9819 0.5044 0.9690 0.9841
K& 4875 4 0.9978 0.9685 0.9799 0.9995
8] 18 1.0000 0.9585 1.0000 1.0000
A EATIY) 116 1.0000 0.9622 1.0000 1.0000
TN T SFICHFMs [{ARASE S i SLiid LU AR [ 4 %
5 £5ie i) FrCHFMs {1 PS50 44 B, B J% A [R50t 3

ALK CHFMs #Ji& T FrCHFMs, f R g
YT CHFMs 42 ) 2 bR 507 78 B BUE AN A2 e A e .
i A PN EER i T SFrICHFMs, FIH 7570
H B R 0T DL RS 2 A R e R N 2 A Rt
FE T A AL A 10 BT B 4y s SR A B AR RE 2 40
R0 BRSNS A BB 2 52 18] 1) KBk
TELIEH BA RIF AP, SFrCHFMs H Tt
HEZ WA OEIGHE, LA RGeS
RE VE4H )T T SFrCHFMs ()t LA B A4 i 72, 20 Hr

SFICHFMs K14 Mg I 52w , 73 T ik
SFICHFMs B A f A2 e ME AT E M 1 e 1 20 B0 =
Boam it KIS —PIE T SFrCHFMs B
R AT [ Fa e 1.

& SFrCHFMs 7E A B Z A0 A % (0 R G it B
KPR B AT AR AE — S AN 2 2 U 1)
Mot E 2 M AEEEIEN SFrCHFMSs B K Tk
G AR AR TAE A Bl IR 4
B 5 R 28 i
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MisEA SFrCHFMsHIiTHE

SFrCR = Zi jj” j: RY(r) f5(r,0) exp(-pm@)rdrd
T

1 porp1_,
- EJ.U J.o Ry(NLf.(r.0)e, + f,(r.0)e, + f,(r,0)e, +
ot fog(r,0)e,,]exp(—pm@)rdrd 6

1 27 el t
=el— jo jo RY(r) f,,(r,8) exp(—pm6)rdrd 6] +
e, [ ['RU(1) (1, 0)exp(-pmo)rarda] +
2 27[ 0 o M gi\"
eg[ijz” [ "RY(F) f,,(, ) exp(—pmé)rdrd 6] + - +
2770 Y0

els[ij;”j: RL(r) fys (1, 6) exp(—pme) rdrd 6]
= el[ij;”jol R!(r) f,,(r,6) cos(md)rdrd 6 -
p% [ [LR(0) a1, O)sin(ma)rdrde] +
ez[ij‘ozﬂj‘: Ry (r) f,,(r,6)cos(m@)rdrd & —
pi [ [IR(r) £,(r.0)sin(me)rdrda] +
e3[$.[02” j: RY(r) f,,(r,0) cos(m@)rdrd & —

L[ ('R (1) ,,(r, 0)sin(mé)rdrd e
HEJ.O -[0 L (r) £, (r,0)sin(m@)rdrd @] +--- +
1 2zt
615[5-'.0 -[o Ry () fos(r,6) cos(m@)rdrd 0 —
1 27 ol ) .
Hﬂjo JORn(r)fbs(r,e)sm(mg)rdrde]
=e,[Re(FrC,.(f,))+

1
ﬁ(el +8, +85+---+e,) Im(FrC  (f.))]+
e,[Re(FrC,, (fy,)) +

1
ﬁ(el +e,+e,+--+ey) Im(FrCnm(fgl))] +
e3[Re(FrCnm( fbl)) +
NS

es[Re(FrC,, (fys)) +

(e, +e,+e;+--+e ) Im(FrC (T D]+ +

N

A0 1 2 3 4 5
=M, +e,M,, +e,M +e,M  +e M  +eM> +

(e, +e,+e,+---+e, ) Im(FrC, (f,:))]

6 7 8 9 10
eGMnm +e7Mnm +88Mnm +eQMnm +e10Mnm +

11 12 13 14 15
ell'\/lnm +elZMnm +el3Mnm +614Mnm +elSMnm

(42)

1
5

Im(FrC, (f,,)) + Im(FrCy (f,,)) +Im(FrCr (f,,)) +
IM(FrC? (f,,)) + Im(FrC® (f, )]+ Im(FrCF ( o))+
IM(FrCy, (f,,)) + Im(FrCy (f.,)) + Im(FrCy (f,,)) +
Im(FrC, (f,,)) + Im(FrC (f.5)) + Im(FrCy (f,5)) +
Im(FrCy, (fus)]

My, = [Im(FrCy, (f,0)) + Im(FrCy (f,)) +

1
N

Im(FrCy, (f,,)) + Im(FrC (f,,)) —Im(FrCF (f,,)) -
Im(FrC, (f,,)) + Im(FrCy (f.5)) + Im(FrCy (f,.)) -
Im(FrCy, (f,,)) — Im(FrCF (f.,))+ Im(FrCy (f.,)) -
IM(FrC (f,,)) + Im(FrCy (f.5)) + Im(FrCy (f,5)) -
Im(FrCy, (fu)]

M = Re(FrCy (f,,) + —=[Im(FrCy (f,,)) -

LS[—lm(Frcfm(fﬂ)w

NG

Im(FrC; (f,,)) + Im(FrCy () + Im(FrCy (f,,)) -
Im(FrCy (f,,)) — Im(FrCl (f,,)) + Im(FrCy (f,.)) +
Im(FrC, (f,5)) — Im(FrCr (f,,)) — Im(FrC: (f,,)) -
Im(FrCy (f,,)) — Im(FrCl (f.5))+ Im(FrCy (f..))+
Im(FrCa, ()]

M r?m = Re(FrCan( fg1)) +

1
5

Im(FrCy, (f,,) + Im(FrC7 (f,,)) - Im(FrC} (f,,)) +
Im(FrCy, (f,,)) — Im(FrCl (f.,)) + Im(FrCy (f..)) -
IM(FrC, (f,5)) + Im(FrCy (f,)) - Im(FrC; (f.,)) -
IM(FrCy (f,,)) + Im(FrCy (f.)) — Im(FrC (f..)) +
IM(FrCy, (f,5)]

M sm = Re(FrCVTm( fbl)) + [Im(Frcan( frl)) -

1
15

Im(FrC, (f,,)) — Im(FrCF (f,,) +Im(FrCF (f,,)) +
Im(FrC, (f,,)) + Im(FrCy (f.5)) + Im(FrC; (f..)) +
Im(FrCy, (f,,)) + Im(FrC7 (f.,)) + Im(FrCy (f,,)) -
Im(FrC, (f,,)) — Im(FrC; (f.5)) — Im(FrCy (f,5)) -
Im(FrCy, (fus))]

M:m = Re(FrCan(frz)) + [7Im(FrC:m(fr1)) -

1
i5

Im(FrCy (f,,)) + Im(FrC7 (f,,)) — Im(FrCy (f,,)) -
IM(FrC (f,,)) + Im(FrCy (f.,))+Im(FrC; (f,.)) -
IM(FrCy, (f,,)) + Im(FrC? () — Im(FrCy (f.,) +
IM(FrC (f,,)) — Im(FrCl (f.5))+ Im(FrCy (f.q)) -
Im(FrCa, ()]

Mo, = Re(FrCy (f,,)) + —=[Im(FrCg (f,,)) -
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1
15

Im(FrCy (f,,)) — Im(FrCy (f,,))— Im(FrCy (f,,)) +
Im(FrCy (f,,)) — Im(FrCy (f.,)) +Im(FrC (f,,)) -
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Im(FrCy (f,,)) — Im(FrCF (f,5)) — Im(FrC; (f,s)) +
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1
N

Im(FrCy (f,,) +Im(FrCr (f.,)) - Im(FrCy (f.,)) -
Im(FrC (f,,)) +Im(FrCr (f,,))+ Im(FrCy (f,.))+
Im(FrC (f,,)) — Im(FrCy (f,,)) — Im(FrCF (f,,)) +
Im(FrC (f,,)) + Im(FrC7 (f5)) — Im(FrCy (f,5)) -
Im(FrCy., (u)]

M er = Re(FrC:m( er)) + [_ Im(FrCr?m( frl)) +

1
i5

Im(FrCy, (f,)) — Im(FrCy (f,,))— Im(FrC; (f,,)) -
Im(FrCy (f,,)) — Im(FrCj (f,,)) - Im(FrC; (f.,))+
Im(FrC (f,5)) + Im(FrCF (f,,)) + Im(FrCy (f,,)) +
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1
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IM(FrCZ (f,,)) + IM(FrCZ (f,,)) - Im(FrCR (f,,)) +
Im(FrC (f,,)) +Im(FrCy (f.,))— Im(FrCy (f..)) -
Im(FrCy (f,3))— Im(FrCy (f,,)) +Im(FrCF (f,,)) -
Im(FrC (f,,)) + Im(FrCl (f.5)) + Im(FrC (f..)) -
Im(Frey, (f,5))]

M r?m = Re(FrCan( fbs)) + [Im(FrCr?m( frl)) -

1
M2 = Re(Frc® (f,)) + —[Im(FrC? (f.)) +
nm ( nm( |'4)) 1\E[ ( nm( Tl))

Im(FrCy (f,,)) — Im(FrCy (f,,)) - Im(FrCy (f.,)) -
Im(FrCy (f,,)) +Im(FrCr (f,,)) + Im(FrC; (f,,)) -
Im(FrC (f,.))+ Im(FrCy (f,,)) - Im(FrCy (f,,)) -
Im(FrCy (f,,)) — Im(FrCy (f.5)) + Im(FrCy (f,5)) +
Im(FrCy, (u)]

M2 = Re(FrCF, (f,,)) + —=[~ IM(FrCF, (f,)) +

NG

Im(FrC (f,,) +Im(FrC? (f.,)) - Im(FrCy (f.,)) +
Im(FrC; (f,,)) = Im(FrCy (f,,)) +Im(FrCy (f..)) -
Im(FrCy (f,.)) — Im(FrCy (f,,)) + Im(FrCy (f,,) -
Im(FrCy (f,,)) + Im(FrCl (f.5))— Im(FrCy (f,5)) +
Im(FrCy, (f,5))]

1
M™ =Re(FrC® (f,,)) + —=I[Im(FrC} (f,)) +
nm ( nm( b4)) ’\/E[ ( nm( rl))

Im(FrC, (f,,)) + Im(FrC7 (f,,) + Im(FrCF (f,,)) -
IM(FrCa, (fg,)) = Im(FrCg (f,,)) — Im(FrCy (f5)) -
IM(FrC (f,2)) + Im(FrCy (f.,)) + Im(FrC7 () +
IM(FrCy (f,,)) = Im(FrCy (f.5)) — Im(FrCF (f ) -
Im(FrCy (fy5))]

1
NS

Im(FrC, (f,,)) — Im(FrCF (f,)) + Im(FrCy (f,,)) +
Im(FrCy, (f,,)) + Im(FrCg (f,,)) - Im(FrC; (f,,)) -
Im(FrCy, (f,.)) - Im(FrCy (f,,))+Im(FrCF (f,,)) -
Im(FrC, (f,,) + Im(FrCF (f,,)) + Im(FrC; (f,s)) -
Im(FrCy, (fu)]

M rﬁ = Re(FrCan( frs)) + [_ Im(FrC:m( frl)) +

1
5

Im(FrCy (f,,)) + Im(FrCF (f,))) + Im(FrCF (f,,)) -
Im(FrCy, (f,,)) + Im(FrCg (f,,)) +Im(FrC7 (f,)) -
IM(FrCy (f,)) — Im(FrCy (f,,)) — Im(FrCy (f,,)) +
Im(FrCy (f,,)) + Im(FrCF (f,,)) = Im(FrCy (f.)) +
Im(FrCa, ()]

Mo = Re(FrCy (f,5)) + —=[-Im(FrCg (f,))) -

1
5

Im(FrC, (f,,)) — Im(FrCF (f,)) + Im(FrCg (f,,)) +
Im(FrCy (f,,)) - Im(FrCF (f.,)) + Im(FrC} (f.,)) -
Im(FrC, (f3)) + Im(FrCy (f,,)) - Im(FrC7 (f,,)) -
Im(FrCy (f,,)) + Im(FrCF (f.,))+ Im(FrC} (f.)) -
Im(Freg, (fgs)]

M ii = RE(FI’Can( fbs)) + [Im(FrCan( frl)) -

(43)
:’H\: EP Frcnm(frl) ' Frcnm(fgl) 1 Frcnm(fbl) PR
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JHEH#8.SFICHFMs 1Y% — 70 8w LRI Z A E (8
1§ BARLAR BT B FrICHFMs SEH R R SRR 4



FEME: AR OREE /oo Bl Ul S k-0 i 4E
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+00

fo(r.o)= > z RE(r)SFrCEt exp(umé)

nN=—o0 M=

—Z ZR(r)(M” +e,ML +e,MZ +L +e M2).

n=-com=

exp(um0)
- 3. 3 RO, exp(ume) +

n=—0m=

e i Z RE(r)M?, exp(umé@) +

N=-c0 M=

e, i Z RE(r)MZ exp(umé) +L +

+o0

€y z RYNME exp(umé)

nN=-oom=

13 Z RU()M® cos(mé) —

N=—o0 M=

n i z RE(r)M 2, sin(mé)] +

N=—00 M=-0

e [i Z Ri(r)ML cos(mé) —

N=—c0 M=—0

1> S Z RUMM sin(mé)]+

N=—00 M=

e [z z RY(r)MZ cos(mé) —

N=—o0 M=

pi z R (r)MZ sin(m@)] +L +

N=—o00m=

15[2001 Z RE(r)ME cos(m@) —

N=-o00om=

1> S Z RU(rM sin(md)]

N=—00 M=

—[Re(MR )+

f

e,[Re(MR:, ) +

(e, +e,+L +e15)lm(Re(MR N+

%(e1 +e,+L +e,)Im(Re(MR} )]+

2[Re(MR )+

f

e,s[Re(M Riﬁ) +

(e, +e, +L +e,)Im(Re(MR% )]+L +

1 (e, +e, +L +e,)Im(Re(MR: )]

NS
= (r.0)+e f (r,0)+e,f (r.0)+e,f(r.0)+

e, fo(r.0)+e f ,(r,0)+e,f,(r,0)+e, f(r.0)+
€ fos(r 0) +e,f(r,0) +e, f,(r,0) +e, f,(r,0)+
ey, fos(r,0) +e, i (r0) +e, f o(r,0) +e, fo(r,0)

(44)

“

f, (r,0) =Re(MR? ) -

%[Im(MR )+ IM(MRZ. ) +
IM(MR. )+ Im(MR* )+ IM(MR?. ) + Im(MR®. ) +
IM(MR. ) + Im(MR®. ) + Im(MR?, ) + Im(MR) +
IM(MR) + IM(MR2) + IM(MRE) + Im(MR™ ) +
IM(MRE)]

f.(r,0) =Re(MR:, )+—[Im(MR )+Im(MR? ) -

J15
IM(MR? ) + Im(MR? ) — ImM(MR?® ) — Im(MR? ) +
IM(MR”.) + Im(MR? ) — Im(MR?, ) — Im(MR'®) +
IM(MR) — Im(MR2 ) + Im(MR® ) + Im(MR™ ) —
Im(MR)]

fou(r.0) = Re(MRZ, )+—[Im(MR )= Im(MR} )+

N

IM(MR? )+ Im(MR? ) + Im(MR®, ) — Im(MR®, ) —
IM(MR’ )+ Im(MRE ) + Im(MR®, ) — Im(MR™2)) —
IM(MR) — Im(MR2) — Im(MR2) + Im(MR ) +
Im(MR®)]

f(r,0) = Re(MR®, )+—[Im(MR )+ Im(MR}, ) -

NS

IM(MRZ) + Im(MR?, ) = Im(MR®, ) + Im(MR®, ) -
IM(MR?, ) + Im(MR®, ) - Im(MR?, ) + Im(MRX) —
IM(MR™) = Im(MR2 ) + Im(MR2 ) — Im(MR¥) +
Im(MR;7)]

£,(r.6) = Re(MRL, ) + —=_[Im(MRZ,) ~ Im(MRL,) -

Ji5

IM(MRZ,) = Im(MR? ) + Im(MR? ) + Im(MR?® ) +
IM(MR” ) + Im(MR® ) + Im(MR?, ) + Im(MR) +
IM(MR}) - Im(MR;2) - Im(MR??)) - Im(MR;) —
Im(MR2 )]

fy,(r,0) =Re(MR?, )+—[Im(MR )+Im(MR} ) -

J15
IM(MRZ, ) + Im(MR?. ) — Im(MR? ) — Im(MR®. ) +
IM(MR! ) + Im(MR? ) — Im(MR? ) + In(MR™ ) —
IM(MR) + Im(MR2) — Im(MR® ) + Im(MR™ ) —
Im(MR2)]

fo(r,0) = Re(MR®, )+—[Im(MR )+ Im(MRY ) +

\i5
Im(MR2,) - Im(MR? ) — Im(MRZ,) + Im(MR2, ) —
Im(MR’) + Im(MRE,)) — Im(MR?, ) — Im(MRZ2) +
IM(MRX) + Im(MR2 ) — Im(MR ) — Im(MRX4 ) +
Im(MR;)]
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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 traditional image moments with good

properties still do not have a fractional-order structure.
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Previous studies on hypercomplex 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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