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Convolution theorems for the linear canonical
sine and cosine transform and its application
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Abstract: For the denoising problem of odd and even signals, a multiplicative filter design method based on the
convolution theorem of the linear canonical sine and cosine transform is proposed. Two kinds of convolution theo-
rems associated with the linear canonical sine and cosine transform based on the existing linear canonical transform
domain convolution theory are derived. Using this two convolution theorems, two kinds of the multiplicative filtering
models of the band-limited signal are designed by choosing an appropriate filter function in linear canonical sine and
cosine transform domain. And the complexity of these schemes is analyzed. The results indicate that these filtering
models are particularly suitable for handling odd and even signals, and can effectively improve computational effi-
ciency by reducing computational complexity.

Keywords: linear canonical transform; linear canonical sine and cosine transform; convolution theorem; filter
Citation: Wang R B, Feng Q. Convolution theorems for the linear canonical sine and cosine transform and its ap-
plication[J]. Opto-Electronic Engineering, 2018, 45(6): 170722

[1-3]

it

1 3]

WS HER: 2017-12-30; WEMEKFEHER: 2018-03-15

HEFA: (61671063) (YDY2017-05)
fEEEN: (1976-) E-mail yadxwrb76@163.com
BIEEE: (1975-) E-mail yadxfq@yau.edu.cn

170722-1



DOI: 10.12086/0ee.2018.170722

[4-5]

(Fourier transform, FT)

Cooley  Tukey!®
(fast
Fourier transform, FFT) FT
FT
FT (linear
canonical transform, LCT)V-¥
LCT
3
(fractional Fourier transform, FRFT) 1
FT 0 LCT
LCT
LCT LCT
[11-17]
(18-23] [24-29)
LCT
LCT
(canonical sine transform, CST)
(canonical cosine transform, CCT)?"!
(Fourier sine transform, FST) (Fourier

cosine transform, FCT) (fractional sine

transform, FRST) (fractional cosine

transform, FRCT) CST
CCT CST LCT
CCT LCT
LCT
CST CCT CST CCT
LCT

CST
CCT
CST
CCT
CST CCT
CST CCT
CST CCT
CST CCT
CST CCT
LCT
2 LCT CST CCT
3 CST CCT
CST CCT
4 CST CCT
5
2 TEFR
2.1 Ze%IEMTEH#R
LCT
FT A=[a,b,c,d]
(a,b,c,d)eR ad —bc =1 LCT

.E:f(f)KA(t,u)dt,b;t()
L) =L (f(0)(u) = o "
Jd-¢ 2 f(du), b=0

K*(t,u)
K*(t,u)=C,-e CA:W
A=[cosa,sina,—sina,cos ] LCT
FRFTY
Ff ()= F*(f(0)(u)
= f: FOK(t,u)e ™ 0dt )
Hor:
A(p ~e%(t2H2)CW , p#kn
K?(t,s)=408(t-s) , ¢ =2kn , (3)
S(t+s) , o=Q2k-Dn

170722-2



DOI: 10.12086/0ee.2018.170722

I—-icote T
A = /— =z
v 2 4 2

LCT FT0O
FfF@o)s)= [ f(0)-e™dr @)

A=[0,1,-1,0]

2.2 ZRMEIENIIE(FK)5% 3T He
LCT [30]
(CST) (CCT)

LA/ () = —i\/%exp(i%]
T At

LA w) = %exp(iifj

in 2b
-ij@)cos{%t}-exp[i%}dt , (6)
LACf@O)w) LS ()(u) CST
CCT ICST ICCT

L2 .a ,
f(H=i —inbexp(_lgtj

“ LA ) ysin] L |-exp| —i P
.JO (Lsf)(u)sm(btJ exp( i Jdu , @

2 .a o
f)= ity
7@ —inbeXp( "2 j
2

© 4 u _.du”
-, (L f)(u)cos(;t)exp( i jdu (8)

A =[cosa,sina,—sin a,cos ]
CST CCT FRST  FRCTEY
FX(f () () =2exp(p—n/2)
{7 K psin(esco-undr - (9)

5
FA(f(O)u)=2[" f()K* (t,u)cos(csc-ur)dt, (10)
EX(f@O)w)  FE(f(0)(w)
FRST FRCT  A=[0,-10] CST  CCT
FST  FCT®!

F, (f(t))(u)=\/; [ F@sinqudru>0 (1)

F, (f())u) = \/% [ r@cosude >0, (12)

F (f@O)w)  F, (f())u) FST
FCT @

(L f) )= (L f)(u) f()
(L 1)) = (L f)(u)

2.3 ER)ZEMREDHMNIE(R)ZERNERLE
EREE L RIVIK

1934 Paley = Wiener®! FST FCT

[31-39]

() (FFT)
FST  FCT

1) FCT (2

(f*g)(t)=Lfgof(f)(g(lt—f|)+g(t+f))df,
E, 2n

Fc[(f g)(t)}(u) = (FLf)u)(F.g)(u)
2) FCT-FST 133]

()0 =——[" (2 )glt+7)
2 ﬂ 0

+sgn(t—7)g(|t—7)dz,

FLC 220010 = (F. Y Eg)w)
3) FST-FCT [32,34]

(f=;=g>(r)=ﬁ 7 et -)-ge+ D))z,

FS[(ng)(t)](u) =(F ) (u)(F.g)(u)
4) y-FST-FCT, y=sint (35]

r | B
(f x &0) —mfo S@)(g(lt+7-1])

+g(|t—-7-1))—g(t+7+1)
—g(|t—7+1))dr

F{(f g)(t)}(u) = sinu(F, /)(u)(F,g)(w)

5) »-FCT-FST, y=sint 1

4 1 o
(f 3, &0 =7 [, r@)g(i+z-1))

170722-3



DOI: 10.12086/0ee.2018.170722

+g(lt—7+1))—gt+7+1)
—-g(|t—7-1[)dr

E[(f g)(r)}(u) =sinu(Ff)u)(F,g)(w)
6) »-FCT, y=cosz 17

y | B—
(/200 =5 =) g+

+g(lt+7-1)+g(t—7+1))
+g(|t—7—1|)dr

F{(f 5‘ g)(t)}(u) = cosu(F, f)(u)(F.g)(u)

[38-39]

7) y-EST, p=sint

r I =
(f re)n = ﬁjo S(@)(glt+z+1)

+sgn(t—7+1)-g(|t—7+1])
+sgn(t+z-1)-g(|t+7-1))
+sgn(t—7-1)-g(|[t—7-1|)dr

Fs[(f g" g)(t)}(u) =sinu(F f)(u)(Fg)(u)

FST  FCT FRST
FRCT (B040-41 [41]
FRST ~ FRCT
FST FCT
FRST ~ FRCT
)FRCT 1

(f;@@ﬁwggffuxgn—ﬂyga+nmr,

eCS’”FC[(fF’? g)(»}(u) = (F2 f))(FEg)(w)

2) FRST-FRCT 4

(f * g)n= \E [ F@)&t+7)
FOLE T

+sgn(1-7)g(|1 -7 )dr,

DweCch[(f g)(t)}(u) = (F Na)(F g)w)

[41]

3) 7-FRCT, y=cost

4 A C, © 7 ~ .
(f r )0 = 7‘%‘ [ f@)@(t-7-sing))

+g(t+7+sin@)+g(t—7+sing)
+8(|t+7—sing|)dr

eCs’wFf‘[U g)(ﬁ}(u) = cosu(FY' f)(u)(FY'g)(u)

[41]

4) -FRST, p=sint

A Aw —Cip [® 7 ~ .
(f re)n=—re [ F ()&t +7+sinp)
+sgn(t—7+sing)-g(|t—7+sing|)
—sgn(t—r—sing)-g(|t—r—sing|)

+g(t+7—sing))dr

D,'e""F* [( * g)(t)}(u) sinu(F f)(u)(Fg)(u)
/\I:':l

l-icote
2n

1—cotg0

()[gﬂ

7 (@) :f(t)exp(lt— ot¢j

ot¢) o

l\)

Nl“w

g()= g(t)eXp(

CST
CCT

CST CCT

CST CCT

3 ZMIENIE(R)ZERNEIREE
REEREIR

3.1 KMIENIER)ZERERTE

1 (f(n,g(®)el(R,) CST

* =

170722-4



DOI: 10.12086/0ee.2018.170722

* (f g =

+g(|t+7-b|)dr
2 (f(n.g(r))eL'(R,) CCT

—e 2 I f(z')( gt+7+Db)

+sgn(t 7+b)-g(|t—7+b])
—sgn(t—7-b)-g(|t~7-b])

[Fle(t+r+b)de+[ gt —7—b|)dt
=[Jg@) lds+[" g(sDlds
=J0 ) lds+ [ g lds++]; 7 g(s)]ds

13 o
1) =2["g(s)|ds,

1 R [Tlg(+z=bDlde+["g(t-z+b]|dt
RSO0 = gore P f()E T [ g(s)1ds -
+g(t+7))dr (14)
. *(f 2)(t) <4,/ | f(z)|dz| |g(s)|ds
LR)={ O 1 f®]de<1, te(0@), o h
- .a - = J— . 0
Fi)= f(f)exp[litj = I lglh<e,
§(1)=g(t)exp(i;—bt2jo W (NI R,)
A=[cosa,sina,—sina, cosa] 1~2 (15) (5) 1
.d 2
) sinu(LY f)(u)(Lig)(u)=———e""
A=[0,1,-1,0] 1~2 in-b
139] . ‘[: j: sinu sin[% s) sin(% wj
3.2 LMIENIE(R)ZEREREIR o2 F($)gwdsdw . (16)
()
¢ sinu sin(zs] sin[ﬁ w] = l{sin u(l+ l(s -w))
b b 4 b
f(t)l ” yesinu LS Lig +sinu(l—%(s—w))—sinu(1+%(s+w))
(/@80 e L(R) csT —sinu(l—%(ﬁw))} 17)
*(f g1 eL'(R,)
{ f g)}(u) e " sinu(L{ f)()(Lig)w) ,(15) | 1 , 1
[ [smu(l+—(s—w))—smu(1+—(s+w))}
0 Jo b b
u>0
v 2( +w?)
Lj(f .8 eL'(R,) ’ S(s)g(w)dsdw
b>0 =1 smu[z T ) glg+ p+bdpdg
(10| = [ 1%(f.0)0) | dr i)

< /ﬁj:]f(r)|[j'go|g(t+r+b)|dt

+["lg(t+7—b])|dt
+[1g(t—7+b|)|dr
+J.:|g(|t—r—b|)|dt}dr

f(p)g(| p+b—qdpdg

i— (p+(qpb))

—I:I;bsinu Z

_J' J‘ Slnu(ij(p)e”’ |: g(q+p+b)62b(q p+bY?

f(p)g(lg—p—>b|dpdg

e
S sinu(z}l
(5

*(
—sgn(g—p-b)-g(lg-p-be> " }dpdq , (18)

170722-5



DOI: 10.12086/0ee.2018.170722

_[: _[: {sin u(l —%(s —w))—sinu(l —%(s + w))}

a. 2

2 £(5)g(w)dsdw

@ poo il p? i-L(g+p-b)*
=5 [ sin“(%)f(l?)e a {g(ltﬁp—bl)e !

i-L(g-p+b)?
+sgn(g—p+b)-g(lg—p+b|e 280 }dpdq, (19)

(16) (18) (19) 1
(15)
2 (f(,g)el'(R) Lf Llg
S g
CCT ﬂ;(f,g)(t) eL'(R,) CCT
,iiuz
L L";(f ,g)}(u) =e 2 (LI f)u)Lig)u) ,(20)
u>0
2 1
A=[cosa,sina,—sina, cosa| 1~2
[41]
A=[0,1,-1,0] 1~2

[39]

[32]

3.3 LMIENMIE(R)ZEHENEEZEHXR
()
(FFT)

1 (f(t).g()eL(R,), CST
V4
*  CCT * FCT-FST
bse !

% [30] FCT % [32]

FC,F Fc
“(f.9)0) = = P
, =4
gl £ it-b

.[(j;&g)(lt_bb_(fa’f‘a gv)(Hb)} ,(21)

1 il
* t)= 2 * g (¢ 22
0= (raf0 @
1~2 FCT-FST F*F

170722-6

FCT

2 (f(1),g@)eLl'(R,), CST

CCT *

7

1
(/00 = (2.0,
(.00 = 5(8. /0
) : :
(3,200 = (£ % (8.0,
LR = 20,200
)

(/40 = %1000+ (@0,
(S +NO = 5(fRNO+ (b0

7
CST *

p

1

I [ . g)}w) —ie " (L)L)

.d o

=ie 2" (L) w)LLf)(u)

= L;‘[f;(g, f)}(u)

3. fHeL(R) gl (R,)

(£,

<2 o101
, im-b

(£ LR,

b>0

2 .a o
P A
:J' = e 2
, P \Nin-b

JCf@[-gt+7+b)
+sgn(t—7+b)-g(|[t—7+b))
—sgn(t—7-b)-g(|t-7-b))
+g(t+r-b)Me| de

(.80

211K = = 70 v
<=l @ -2+ )
+sgn(t—7+b)-g(|t—7+b))
—sgn(t—7-b)-g(|t—7->b))



DOI:

10.12086/0ee.2018.170722

+g(t+-blde] dr

]ensen
P )(r) 8”f”‘jj|f()|
A [ e+ +b)
gt +7 b))
(-7 +b)f

+lg(t-r—b)[]ddr,

[Clgt+r+b)Pdr+]"g(t-r-b) [ dr
@ o T+b
=[, g P ds+[e()F ds+ [ | g() ds

=gl

[lg(t+z=bDF dze+["|g(t-z+b)F dz

=gl

Fubini

*(f )(z) ”f l J | f(@)|]g]odr
<= bIIfII el <o

R rrig L%( f.9)t)e*(R,) -

P HY N A

&1t

()
1
Hu)
fein(f) LA00) L200) feout(t)
B A AR IE (475 09 38 R A R B
Fig. 1 The bandpass multiplicative filter in the CST or CCT
domain
Join(®) Sein(®)
n,(t)  n(1) ()
, Liw) N Liw) N
()
1) 1)
()
( 2 3)
()
() FFT
1~2
Jou(D)= P Zb

[l

> Time shift t+b I—

()
exp(i(a/2b)t)
;! ha(t)
fs,in(t) *
Fe,Fs
B 2

hJ(1e=bD=( 7w 2. )(r+b)} (23)

(2/inb)"?-exp(-i(al(2b))f)

—=| Time shift |t-b| |— \L

Gl—)@)—) fout(t)

LRV B ) E 7% 3 64 A 38 AR R K B5 49 B IR SR AL

Fig. 2 The method to achieve the bandpass multiplicative filters in the CST domain by convolution in the time domain

exp(-i(a/2b)f)

(1/i2m-b) - exp(-i(a/2b)f)

fe,in(f) »i»

*

Fe

ha(t)

L =®

A3

o I M 472 B A 64 A 1B RAR R IR B 4 BT IR K

Fig. 3 The method to achieve the bandpass multiplicative filters in the CCT domain by convolution in the time domain

170722-7



DOI: 10.12086/0ee.2018.170722

a2
eZh

fout(t) =

L (o o

hl = eiﬁtzgl(t) hz = ei%tzgz(t)
()
g () =L (Lg)w)()
= .Le_izi”t2 o_[:lsm(btj ¢ 2" (LAg)(u)du

—inb

2 L2 -idh,2
=——=< * -[Cibsin(ur)-e > (L!g)(bu)du
—inb 0

a4y

=2iib-e 2 g(1) , (25)

2, () =L (L g)w)()

_ L 7127’ u 2b A
_,/_mb j cos(bt] e (L 2)(u)du

2 lclbu
=b|——. j cos(ut)-e  * (L'g)(bu)du
—inb
—2ibe " 5,0 . (26)
gl(t) gz(t) Gl(”) Gz(”)
(IFST) (IFCT)

Gu)y=e 2 (I!g)Mbu) G,(wy=e¢ > (Llg)bu)

ho=2iNib-g,(1) , (27)
hy =2:ib - &,(0) (28)
@) @)
.2 . a ,
fom(t)—21\/;exp(—12—bt j
[P (T FAR -3 ) ey
08) (4
S 0)= \f Four )0 (30)
2~3 1
2~3 1
()
W) )
FST FCTM®
EST FCT
(N /4)log,(N/2)
CST CCT CST CCT EST
FCT (N /2)log,(N/2)+2N

N 2
1 FST 1 FCT 1 FCT
2 (3N /4)log,(N/2)+ N
3 2 FCT 1
FCT 3
(3N /4)log,(N/2)+N 1 1
CST 1 CST 1 CCT 1 CCT
1 Nlog,(N/2)+4N
2 3 1 3/4
5 % it
()
()
()
()
() ,
(
S22 HR

(]

5]

(6]

(7]

(8]

170722-8

Akay O, Boudreaux-Bartels G F. Fractional convolution and
correlation via operator methods and an application to detec-
tion of linear FM signals[J]. IEEE Transactions on Signal
Processing, 2001, 49(5): 979-993.

Mustard D. Uncertainty principles invariant under the fractional
Fourier transform[J]. The ANZIAM Journal, 1991, 33(2):
180-191.

Shinde S, Gadre V M. An uncertainty principle for real signals
in the fractional Fourier transform domain[J]. IEEE Transac-
tions on Signal Processing, 2001, 49(11): 2545-2548.

Li H, Li M W. Design and implementation of coded exposure
camera[J]. Opto-Electronic Engineering, 2016, 43(9): 72-77.
Zor, ZUA4R. AR RABAGRIT S £ILY]. kw142, 2016,
43(9): 72-77.

Ge M F, Qi H X, Wang Y X, et al. Spectral calibration for the
high spectral resolution imager[J]. Opto-Electronic Engineering,
2015, 42(12): 14-19.

B, Tk, TRIE, F. SN RGO AU E R AR
%[J]. Ad A2, 2015, 42(12): 14-19.

Cooley J W, Tukey J W. An algorithm for the machine compu-
tation of complex Fourier series[J]. Mathematics of Computa-
tion, 1965, 19(90): 297-301.

Namias V. The fractional order Fourier transform and its appli-
cation to quantum mechanics[J]. IMA Journal of Applied Ma-
thematics, 1980, 25(3): 241-265.

Tao R, Qi L, Wang Y. Theory Applications of the Fractional
Fourier transform[M]. Tsinghua University Press: China, 2004.



DOI: 10.12086/0ee.2018.170722

[9]

[10]

(M

[12]

[13]

[14]

(18]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

MR, Ak, A SHME Lt TR AELEAM]. b FAE
X AL, 2004,

Xu T Z, Li B Z. Linear Canonical Transform and Its Applica-
tions[M]. Beijing: Science Press, 2013.

HRE, AR, KM EN RS AM. A A it
2013.

Sneddon | N. Fourier Transforms[M]. New York: McGraw-Hill,
1951.

Deng B, Tao R, Wang Y. Convolution theorems for the linear
canonical transform and their applications[J]. Science in China
Series F: Information Sciences, 2006, 49(5): 592—603.

Wei D Y, Ran Q W, Li Y. A convolution and correlation theorem
for the linear canonical transform and its application[J]. Circuits,
Systems, and Signal Processing, 2012, 31(1): 301-312.

Wei D Y, Ran Q W, Li Y M. New convolution theorem for the
linear canonical transform and its translation invariance prop-
erty[J]. Optik, 2012, 123(16): 1478—1481.

Wei DY, Ran Q W, Li Y M, et al. A convolution and product
theorem for the linear canonical transform[J]. /IEEE Signal
Processing Letters, 2009, 16(10): 853—856.

Shi J, Liu X P, Zhang N T. Generalized convolution and product
theorems associated with linear canonical transform[J]. Signal,
Image and Video Processing, 2014, 8(5): 967-974.

Feng Q, Li B Z. Convolution and correlation theorems for the
two-dimensional linear canonical transform and its applica-
tions[J]. IET Signal Processing, 2016, 10(2): 125-132.

Zhang Z C. New convolution structure for the linear canonical
transform and its application in filter design[J]. Optik, 2016,
127(13): 5259-5263.

Stern A. Sampling of linear canonical transformed signals[J].
Signal Processing, 2006, 86(7): 1421-1425.

Tao R, Li B Z, Wang Y. Spectral analysis and reconstruction for
periodic nonuniformly sampled signals in fractional Fourier
domain[J]. IEEE Transactions on Signal Processing, 2007,
55(7): 3541-3547.

Li B Z, Tao R, Wang Y. New sampling formulae related to linear
canonical transform[J]. Signal Processing, 2007, 87(5):
983-990.

Shi J, Sha X J, Zhang Q Y, et al. Extrapolation of bandlimited
signals in linear canonical transform domain[J]. [EEE Transac-
tions on Signal Processing, 2012, 60(3): 1502—1508.

Li B Z, Ji Q H. Sampling analysis in the complex reproducing
kernel Hilbert space[J]. European Journal of Applied Mathe-
matics, 2015, 26(1): 109-120.

Wei D Y, Li Y M. The dual extensions of sampling and series
expansion theorems for the linear canonical transform[J]. Optik,
2015, 126(24): 5163-5167.

Stern A. Uncertainty principles in linear canonical transform
domains and some of their implications in optics[J]. Journal of
the Optical Society of America A, 2008, 25(3): 647-652.
Sharma K K, Joshi S D. Uncertainty principle for real signals in
the linear canonical transform domains[J]. IEEE Transactions
on Signal Processing, 2008, 56(7): 2677—2683.

(26]

[27]

(28]

[29]

(30]

[31]

(32]

(33]

[34]

[39]

(36]

[37]

(38]

[39]

[40]

[41]

[42]

170722-9

Zhao J, Tao R, Li Y L, et al. Uncertainty principles for linear
canonical transform[J]. /EEE Transactions on Signal
Processing, 2009, 57(7): 2856—2858.

Xu G L, Wang X T, Xu X G. On uncertainty principle for the
linear canonical transform of complex signals[J]. /EEE Trans-
actions on Signal Processing, 2010, 58(9): 4916-4918.

Dang P, Deng G T, Qian T. A tighter uncertainty principle for
linear canonical transform in terms of phase derivative[J]. IEEE
Transactions on Signal Processing, 2013, 61(21): 5153-5164.
Shi J, Han M, Zhang N T. Uncertainty principles for discrete
signals associated with the fractional Fourier and linear ca-
nonical transforms[J]. Signal, Image and Video Processing,
2016, 10(8): 1519-1525.

Pei S C, Ding J J. Fractional cosine, sine, and Hartley trans-
forms[J]. IEEE Transactions on Signal Processing, 2002, 50(7):
1661-1680.

Paley R C, Wiener N. Fourier Transforms in the Complex Do-
main[M]. New York: American Mathematical Society, 1934.
Churchill R V. Fourier Series and Boundary Value Problems[M].
New York: McGraw-Hill, 1941.

Thao N X, Kakichev V A, Tuan V K. On the generalized con-
volutions for Fourier cosine and sine transforms[J]. East West
Journal of Mathematics, 1998, 1(1): 85-90.

Thao N X, Tuan V K, Hong N T. A Fourier generalized convolu-
tion transform and applications to integral equations[J]. Frac-
tional Calculus and Applied Analysis, 2012, 15(3): 493-508.
Thao N X, Khoa N M. On the generalized convolution with a
weight function for the Fourier sine and cosine transforms[J].
Integral Transforms and Special Functions, 2006, 17(9):
673-685.

Thao N X, Tuan V K, Khoa N M. A generalized convolution with
a weight function for the Fourier cosine and sine transforms[J].
Fractional Calculus and Applied Analysis, 2004, 7(3): 323-337.
Thao N X, Khoa N M. On the convolution with a weight-function
for the cosine-Fourier integral transform[J]. Acta Mathematica
Vietnamica, 2004, 29(2): 149—-162.

Kakichev V A. On the convolution for integral transforms (in
Russian)[J]. Vestsi Akademii Navuk BSSR, Seriya Fizi-
ka-Mathematics, 1967, 2: 48-57.

Thao N X, Hai N T. Convolution for Integral Transforms and
Their Applications[M]. Moscow: Russian Academy, 1997.
Ganesan C, Roopkumar R. Convolution theorems for fractional
Fourier cosine and sine transforms and their extensions to
Boehmians[J]. Communications of the Korean Mathematical
Society, 2016, 31(4): 791-809.

Feng Q, Li B Z. Convolution theorem for fractional cosine-sine
transform and its application[J]. Mathematical Methods in the
Applied Sciences, 2017, 40(10): 3651-3665.

Lee B G. A new algorithm for computing the discrete cosine
transform([J]. IEEE Transactions on Acoustics, Speech, and
Signal Processing, 1984, 32(6): 1243-1245.



DOI: 10.12086/0ee.2018.170722

Convolution theorems for the
linear canonical sine and cosine
transform and its application

Wang Rongbo, Feng Qiang*

School of Mathematics and Computer Science, Yan'an University, Yan'an, Shaanxi 716000, China

exp(-i(a/2b)f) (1/(i27-b))"-exp(-i(al2b)f)
;; ha(t)
fc,in(t) % =
Fe

The method to achieve the bandpass multiplicative filters in the CCT domain by convolution in the time domain

Overview: In the modern optical signal processing domain, the collected signals must be denoised before the signal is
analyzed and processed. The multiplicative filtering is one of the effective denoising methods in signal processing field
based on the convolution theorem. The classical convolution theorem shows that the convolution of the two signals in
time domain is leads to simple multiplication of their Fourier transforms in the Fourier transform domain. But Fourier
transform is a holistic transformation based on the time domain or frequency domain, which is not suitable for modern
optical signal processing.

As generalization of the Fourier transform and the fractional Fourier transform, Linear canonical transform has be-
come a one of the powerful tools for modern optical signal analysis and processing, and has achieved fruitful research
results in recent years. In order to further reduce computation and improve computing efficiency, convolution theory
and application based on linear canonical transform has become one of the hot topic research in modern optical signal
processing. Therefore, this paper will mainly focus on the research of convolution theory and application based on ca-
nonical sine transform and canonical cosine transform which have very close relations with the linear canonical trans-
form, and have important role in signal processing, optics and other fields. Because canonical sine transform has no even
eigenfunction and canonical cosine transform have no odd eigenfunction, therefore, it is much more efficient to use the
canonical sine transform to deal with the odd signal and use the canonical cosine transform to deal with the even signal.
Moreover, the complexity of the canonical sine transform and canonical cosine transform is one half of the complexities
of the linear canonical transform, then, it is more suitable for engineering applications.

Hence, for the denoising problem of odd and even signals, a multiplicative filter design method based on the convolu-
tion theorem of the canonical sine and cosine transform is proposed. Two kinds of the convolution theorems associated
with the canonical sine and cosine transform based on the existing linear canonical transform domain convolution
theory are derived. Using this two convolution theorems, a kind of the multiplicative filtering model of the band-limited
signal is designed by choosing an appropriate filter function in canonical sine and cosine transform domain. And the
complexity of this scheme is analyzed. The results indicate that this filtering model is particularly suitable for handling
odd and even signals, and can effectively improve computational efficiency by reducing computational complexity.
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