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PROGRAMS FOR HIGH-SPEED FOURIER, MELLIN
AND FOURIER~BESSEL TRANSFORMS

D, K. Tkhablslmov, A. S. Debabov, . I. Kolosov,
D. A. Usikov

We present a description of program modules fox
performing one-dimensional and two-dimensional discrete
Fourier transforms, Mellin and Fourier-Bessel trans-
formsg, and also programs for realizing the algebra of
high-speed Fourier transforms on a computer. The pro-
grams developed can be used to perform numerical harmonic
analysis of functions, to synthesize complex optical fil-
ters on a computer, modelling the holographic methods of
processing images.

The prograins are written in FORTRAN and are in-
cluded in the library of programs of the video images
processing unit "SOFI": in the Institute of Space
Sciences of the USSR Academy of Sc1ences.

INTRODUCTION

The need for numerical harmonic analysis arises when solving integral
equations of convolution type. Here all the functions are given in discrete
form., Let f(na be the file of the readlngs for the 1n1t1a1 function :FCXJ
which is monzero on the interval QI g) of the real axis. A pair of discrete
Fourier transforms (DFT) of the file ;F(PL) has the form:

aﬂ
Z’: (m) = Dmn '.F(ﬂ.) =N ‘ ” }MJ[ (n)
' (1)

and

Vo %fmn A

finy= z)m 3[(1'4) Ze ), @

"Numbers in the margin indicate pagination of original foreign text.
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%
where N is the dimension of the files £(n) and £ (m). By means of the trans-

forms (1) and (2) we can compute continuous Fourier transforms and the coeffi-

cients of the Fourier series of the initial function [1].

of the functionf {x} is defined by the formula [2]:

{6 =Mefoo= [ e du. ®

On making the substitution :c'.-=e_‘ under the integral sign in (3), we obtain

E"’”’f[ )¢ a’f~ W[f(e*)e/ (@)

where %ﬁ is the operator of the continuous Fourier transform. From (4) it

is evident that the Mellin transform is carried out with the help of (1).
Fourier-Bessel function f[ﬁ) has the form:

The

fn.(?'): 7[{“&} ~/I(IT)][(1)xa/x ©

In [11 a procedure is shown for computing (5) with the help of the transforms
(1)-(8). Applying the Mellin transform (3) to (5), we obtain
(>0
/ )

My fu () = /ifﬂﬁ,{}p fpfil, o ()

or
4“—~ ! ' 21‘A- -

M(.d,'l fh [T) = 9‘5’& /,)f[’gf)ﬁ /M (Uo}), )
where .

i B N 1y HELLW

Wi, (w) = .fl ” _[_2_2

y L - w
/Y’n ¢ ) -

‘. « -
The coefficient 'fkf‘l’) is computed at the points where =€  (~e=<¥<)

The case n = 0 reduces to the case n = 1 if we note that

[ LG9 fppdp = o | 500 T (00 4.

where

The Mellin transform



= ¥ 5.

To calculate (7) we can use the representation [2]:

‘oo - - - - -

(2 ‘e, | = r~e ei,“‘ 't ' —&%nt)
)= [ €T pat fzégi@ /} (8)

where (7 & 7 . When _ﬁﬂ?j[ we make use of the recursion formula:
[(z+1)=Z [7z)

Bessel's functions are computed by means of (1), since

7 e " ‘ ©)
LA ¢ i pStiees Fo
[’(P)‘_ er / 2 g (/35’(.(/(:?(9

B3

In the present paper, programs are described which realize the transforms
(1), (2), (3) and (5). A description is also given of programs for the algebra
of high-speed Fourier transforms, programs for calculating the Bessel and gamma

functions, etc. The text of the programs appears in the appendix.

1. Program for the High-Speed Fourier Transform

1.1 The One-Dimensional Version

The programs DQFT1 and RQFTL are designed to carry out direct and inverse
DFT of one-dimensional files described in the user's program as a complex. In
accordance with the principles of organization of the ‘complex '"SOFI" [4], access

to the prograﬁs is accomplished as follows:

1) 1In the basic program the user defines

COMPLEX  Alrn)”
COMMON FICT (385), N, f.f/ﬁ);

NM=n

Elle01b1e in original foreign text.



where A is a working one-dimensional file with the DFT program to be processed

{a=9"%

2) The file to be processed is entered into the working file A and accesses

one of the programs of the high-speed Fourier transforms, e.g., CALL DQFTI;

3) The Fourier transform of the initial file is placed in-the file A; the

error in the calculation does not exceed 10H8 when g« 2‘:‘0

1.2 The Two-Dimensional Version

The direct and inverse DET of two-dimensional files is performed with the
help of the programs DQFT2 and RQFT2. Here not every variable undergoes (1) and
(2). In the basic program it is necessary to write:

co ‘ '
ﬂPZEX -{/1‘1,,”2)} Bﬁl',ﬁf)

cormron’
wen L FICT(335), 8 mn 76(3), 4, 8

MA/_: ﬂfﬁfzg

where A, B are the one-dimensional working files with the DFT program to be
- ~ M,
processed { f2,=2 :jz2=2 {. Moreover, analogous to Sec. 1.1, a description of

the programs used in the high-speed Fourier transform programs can be found in

[31.

When formulating the basic program, the user must designate the library

of the complex for which the card

Wes PAVSE o SSCHSYSRLE, X 19N ‘quo: 102

must be inserted after the card

Vo TOBZ W inE

2. The Fourier—Bessel Transform

The Fouri-reai—Bessel coefficients (5) are computed by the program
Fffé’[/‘j MZLA/&,M_T&J‘TM) Here ¥ is the file for the readings of the
initial function £{x) at the points X .= e‘:, NT is the number of readings on

the interval %f £ < % Y8 is the subscript of the Bessel function, W is the

4



file of the function W@) Tﬂ"‘/ ™ = tma‘x' For access to the program FIFB,

the user must write in the basic program

COMPLEX  Fim), lm)
CoMtion. FjCT(sgg),ﬂ_

where m is the dimension of the file. The result is located in the file F.

The values of the function W, (w) are calculated by means of the program

b
F o4 7-(?”/\/7- Jir.ﬂ TT) Here W is the desired file of values of the function /7
\f?hf“_")__ _A'_f_cij is the number of values, iVB 0,/ /= =% 7,. » the function W)
is computed at the points b= ’(’9—:{.}5 E‘ /‘i/]n . In the program FILT, the

gamma function is calculated Wlth the help of series {cf. Sec. 3}; however, it
is also possible to make use of the representation {(8). The programs FTFB and

FILT are accessed by means of the opexrator CALL.

3. Calculating the Bessel and Gamma Functions

The program BESF(BF,TF,NF) is calculated by means of formula (9) NF of the

Bessel functions at the point TF:
o (TF), T ( rg*), s e / 7F)
and the result is placed in the file BF(NF).

The progran (:;E??’}’T"/}j{’ /1;7' 7:51,7}/ ,4,;’: computes the function F'(,?,E}T‘)' at

the pointslt); T“:’I‘ [--_/;/C ”7:;, where, 7'?1777,7:@ 1]'/!/ and /7 are the upper and
lower 1ntegrat10n limits in (8). The result is located in the file G(NT). Be-

fore accessing programs BESF and GAMMAL, it is necessary to describe:

COHP.ZEX A OO
Commownw FIeT(397),4

The program GAMMA(Z) calculates the gamma function at the point Z2 (;_P.,z [Iﬁ’
by means of the formula [5]:

—— . A\
(=) = & n: e
[ ) - /t--aw?:zc:: = 47,71;- */f:



The result is located in Z.

4, Auxiliary Programs

Below we give descriptions of programs whose use simplifies access to the
high-speed Fourier transform programs and accelerates the process of formulating

a basic program. All programs work with complex files.

DDLINVE (4.8, '4/)(,/(/.5’ k£, L)~ the program selects line number K from file
A(WX,NY) and when L = 0, copies the information from file A into file B(NY); when

L =1, it copies the information from file B(NY) into file A.

2) ;ZM/V(%‘JG/V)(,/}/_“,;; ,4-} —— the program selects column number X from
file AQNX,NY}; when L = 0, it copies the information from file A into file B(NX) ;
vhen L = 1, ft copies the information from file B(MX) into file A.

3y QU7 C OM%/VX}/VZ K} -- the program copies the information from the
COMMON-block of element K in file C into file A(NX,NY).

4) 7OC 0/"7 f%ﬁ(x@ £/ _. the program copies the information into the
COMMON-block of element K in file C from file A(NX,NY).

5) AMULT [ -463 «5;/{//1’, NY ) the program multiplies out the two two-dimen-—
sional files A(NX,NY and B(NX,NY), component by component. The result is located
in the file S(NX,NY).

El* 7«@/\/5’?(;{, 5’);1/1; /Vy) — the program transposes the matrix A(NX,NY).
The result is located in the file B(NX,NY).

17)150/1/]‘6'(:6 B, W% N/ —— the program forms the complex conjugate of
tlw:e matrix A(NX,NY). The result is located in the file B(MX,NY).

@ROUZ 2 Z{. il Hﬁj;lf}j,ﬁfy)bj, 4‘/);/1/,5' /e;zﬁ—zé/ﬂ-’.this is a program for the linear in-
terpolation of a function, given in Cartesian coordinates by the file of values
A{(NX,NY) on a network with sampling steps HX and HY along the axes 0X and OY,
respectively, into the polar exponential network (-_gt.'_}f) s where

ox= € lfié’-S'_f‘ﬁ' Y= Sy, —wat oo, OL@ &5
Here #El‘gﬁ':’e‘f" ,QM =z Gnex 7% —— mumber of subdivisions of the network with respect

6



to the variable t, NF —- number of subdivisions of the network with respect to
the variable . The result is located in the file B(NT,NF).

9) Q;_E_-\_/Oé_(f}f\/fj, /_‘\.(f!sz AR, A/{{;}]_{) —— 45 a program of linear interpolation
of the values of a function given in the Cartesian file fﬂhﬁ%éﬁ@_ into the
Cartesian network rotated through the angle AL relative to the origin of coordi-
nates. The origin of coordinates corresponds to the point fj%f:ﬁl*%?*1)'

NX and NY are the numbers of the nodes of the new network with respect to each
variable (the sampling step is not changed); V(NX,NY) is the file of values of the

initial function in the new network.

10) CORF(F, V, S,V X, Y l -~ the program calculates the correlation
function of the two images in the plane given by the files F(NX,NY) and V{NX,NY)
of the form:

N

Stg)= [ [ #x-g) 302) of, (10)

where L s }’ are vectors with components ’4’.’;: I:, and ‘%",;17 respectively. In
the result, the file S(NX,NY) of the readings of the correlation function is ob-

tained.

. CONCLUSION

In the present paper the programs described are included as object modules
in the complex "SOFI" and are intended for various problems in spectral processing;
recognition of images, refinement of images, the photographing of smog, the effects
of blurring, for various statistical and physical problems required when applying

the algorithms for the Fourier, Mellin and Fourier-Bessel transforms.

The authors express their deep appreciation to V. G. Zolotykhin for useful

discussions.
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