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Abstract. Linear canonical transformation is a new signal processing tools developing in recent
years. As a unified multi-parameter linear integral transform, linear canonical transformation has its
unique advantages when dealing with non-stationary signal. However, from the existing literatures,
the basic theoretical system is not perfect, some of the theories associated with signal processing
needs to be further established or strengthened, the research of linear canonical transformation has
important theoretical significance and practical significance, but linear canonical transformation
needs a lot of calculation, it is not like Fourier transform, fractional Fourier transform, Fresnel
transform and scale operator, they have already been widely used in various fields of expertise, in
order to reduce the amount of calculation, this paper puts forward a fast algorithm which uses duality
theorem of linear canonical transformation to reduce the amount of calculation, it can quickly
complete the operation when we use linear canonical transformation to process the signal during radar
signal processing, the time for normal algorithm is 5s, the fast algorithm needs only 0.2s.

Introduction

For a long time, Fourier transform[1] is a powerful tool for dealing with stationary signal, there is no
signal processing can better than it, however, Fourier transform has an obvious limitation, because of
its degrees of freedom and the overall transformation parameters makes it unable to describe the
properties of partial change characteristics in time and frequency signal, therefore, in the treatment of
non-stationary signals, the Fourier transform is not work, with the deepening of the signal processing
method, fractional transform was raised, because of its good time-frequency characteristics of
rotating, so it has obtained the widespread application in the field of non-stationary signal analysis,
but there is only one parameter in fractional transformation , for the unsteady signal it is still not
enough, with the introduction of more parameters, fractional transformation can further promote to
linear canonical transformation[2](LCT),linear canonical transformation has more strong flexibility
and processing capacity. But it has been a lack of scientific physical interpretation and an effective
fast algorithm. Based on the above problems, this paper study the fast algorithm of the linear
canonical transformation, puts forward a fast algorithm for linear canonical transformation, the fast
algorithm can quickly calculate the linear canonical transformation and generality[3].

The discrete algorithm of LCT

The definition of linear canonical transformation[4]is as follows:
F(a,b,c,d)(”) = L(a,b,c,d)(f(t)) =

1 4 e L S22
; e2b el e f(t)dt b0 1
e J-_w ad —bc=1 (1)
Jed
Vde>" f(d) b_o

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.ttp.net. (#69776123, Pennsylvania State University, University Park, USA-15/09/16,20:24:04)


http://dx.doi.org/10.4028/www.scientific.net/AMR.1049-1050.1245

1246 Modern Technologies in Materials, Mechanics and Intelligent Systems

First of all the input function f{?) and the output function F_, ., (u) with interval Az, Au for

sampling is as bellows:
f(m)=f(nAt), n=-N,-N+1,...,N,

Ea,b,c,d)(m) = Ea,b,c,d)(mAﬂ)a m= _M’_M + 17 s 7M7 (2)
We can get the expression of discrete canonical transformation:
b >
m)y=A4 ) ex o—)eeX —n A f(n 3
(abcd)( )= z p(— JZM 1 |b| p(j )f () (3)
Where, A= ex '—mzAu2 4
1PV, ) )

The fast algorithm of linear canonical transformation

The expression of discrete canonical transformation[5] also can be writen as follow:

(ab(@(m)—ZE(M)(m n),me (-M,M),ne (-N,N) (5)

d
Epgp e (1) = ,/ v |b|> XPLjC, WAL+ MY f (), me (-M.M).ne (-N.N) - (6)
We can see that, ne ( N,N), me (=M ,M)is symmetrical about n=0,m =0 so if we can get the

relationship between E,yeay(mn), me(-M,M),ne(l,N)  and E,peaqyim—n)
me (—M,M),ne (1, N) the relationship between:
E(a)b’(,’d)(m, n),me (1,M),ne (—N,N) and E(a,b,c,d)(—m, n), me (,M),ne (—N,N) We can simplify

the calculation. Through the analysis of (6), we can get:

By (mem)=E,,, , (mn)exp(j 4”"’"1 |§’)|)f( ) f(), me (=M, M),ne (1,N) 7

dnm b
3)

E(a,b,c,d)(‘ma”): (abe d)(m n)exp(j———+—) me (1,M),ne (-N,N)

Especially when n=0, we can get:

. d
Epeay(m,0)= 2M+16Xp(12—bm2Au2)f 0), me(=M,M) )
When m =0 we can get:
.4 o240
E 0,n)= exp(j—n At n 10
(@) (0571) M1 p(j b ).f (n) (10)

Thus it is concluded that the calculation of linear canonical transformation[ 6] steps are as follows:
1)According to (6) we can get the value of £, . ,,(m,n) ,me (1,M),ne (I,N).

2)According to (7) and (9) we can get the value of  E, ., (m,n), me (1, M),ne (=N,1) and the
value of E, ., (m,0), me (-M,M).

3)According to (8) and (10) we can get the value of £, (m,n), me(=M,1),ne(=N,N).

and the value of £, ., (0,n) n€ (=N, N) then we can get F|_, ., (m), me (=M ,M).

The results of simulation

In this paper 9= V3/2,d =3/2,b=1/2,c=-1/2,M =60,At =035, Au=ls the values of N is
1:100 the step of the simulation is 10,the result of simulation is shown as figure 1, the ratio between
the fast algorithm and the original algorithm with the changing of sampling values are as figure 2:
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the relationship between the original algorithm and the fast algorithm
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Fig.1 The relationship between the fast algorithm and the original algorithm

the ratio between the fast algorithm and the original algorithm
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Fig.2 The ratio between the fast algorithm and the original algorithm

This figures show that the rapid algorithm can reduce the amount of calculation, especially when a
larger amount of data operation was exist, when the normal time needed is 5 seconds, fast algorithm
only needs 0.2 seconds.

As the figure shows, the ratio of speed with the increasing of number in operations is becoming
more and more better. Especially when handling large amounts of data,it can quickly calculate the
data, Ar=0.1~1 ,he step of the simulation is 0.1,the result of simulation is shown as figure 3,the ratio
between the fast algorithm and the original algorithm with the changing of sampling values are as
figure 4:

the relationship between the original algorithm and the fast algorithm
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Fig.3 The relationship between the fast algorithm and the original algorithm
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Fig.4 The ratio between the fast algorithm and the original algorithm

Conclusion

Based on the decomposition of discrete canonical transformation, the use of various parts in the
discrete canonical transformation and duality theorem to reduce the amount of calculation, this
method in this paper can quickly realize discrete linear canonical transformation, it can save time and
this method has universality, it can make discrete canonical transformation more specific and more
explicit.
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