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The paper describes an economic (from the computation cost viewpoint) algorithm for calculation

of the cyclic digital convolution, and of the cross- and self-correlation functions of signals based on

the fast Hartley transform. Application of the new algorithm makes it possible to diminish the

computational complexity and the memory resource by one third as compared with the known

version of the algorithm.

One of the most widespread operations in digital processing of signals is calculation of the cyclic digital convolution

of two functions h(n) and q(n) defined by expression
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where “*” denotes convolution of two digital signals.

Many methods have been suggested for computations in conformity with formula (1), which differ in computational

complexity or in the hardware implementation [1, 2]. The Hartley transformation (HT) [3] and its fast realization (FHT) [4,

5] offer certain advantages in calculation of digital convolution, since these procedures permit replacing the operations

over complex numbers by operations over real ones in the most widely used method of convolution calculation based on

the Fourier transform. Because of this, FHT has found wide utility in signal processing [6–10].

Particularly, it has been shown in [5, 9, 10] that calculation of the cyclic convolution can be performed with the aid of

the Hartley transform in the frequency domain, i.e.,
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where H(k) and Q(k) are the Hartley spectra taken of the functions h(n) and q(n), n = 0, 1, 2,..., N – 1, “M” denotes

correspondence, and

H k N h n
nk

N
s n

N
( ) ( )sin�

*

+
,

-

.
/

�

�

�

	
1

0

1 2!
, (3)

H k N h n
nk

N
c n

N
( ) ( )cos�

*

+
,

-

.
/

�

�

�

	
1

0

1 2!
, (4)

Q k N q n
nk

N
s n

N
( ) ( )sin�

*

+
,

-

.
/

�

�

�

	
1

0

1 2!
, (5)

Q k N q n
nk

N
c n

N
( ) ( )cos�

*

+
,

-

.
/

�

�

�

	
1

0

1 2!
. (6)

30

© 2005 by Allerton Press, Inc.

Authorization to photocopy individual items for internal or personal use, or the internal or personal use of specific clients, is granted by Allerton Press, Inc. for libraries and other users

registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided that the base fee of $50.00 per copy is paid directly to CCC, 222 Rosewood Drive,

Danvers, MA 01923.

Radioelectronics and Communications Systems Izvestiya VUZ. Radioelektronika

Vol. 47, No. 4, pp. 30–33, 2004 Vol. 47, No. 4, pp. 41–45, 2004

UDC 681.51:621.372.54



REFERENCES

1. E. Oppenheim (editor), Application of Signal Digital Processing [Russian translation], Mir, Moscow, 1980.

2. J. H. Macclellan and Ch. M. Raider, Application of the Number Theory in Signal Digital Processing [Russian

translation], Radio i Svyaz’, Moscow, 1983.

3. R. V. L. Hartley, Proc. of IRE, Vol. 30, No. 3, pp. 144–150, 1942.

4. R. N. Bracewell, Fast Hartley Transform, Proc. IEEE [Russian edition], Vol. 72, No. 8, pp. 19–27, 1984.

32

Radioelectronics and Communications Systems

Vol. 47, No. 4, 2004



5. V. A. Vlasenko, Yu. M. Lappa, and L. P. Yaroslavskii, Methods of Synthesis of Fast Algorithms and of Spectral

Analysis of Signals [in Russian], Nauka, Moscow, 1990.

6. C. Aykanat and A. Dervis, IEEE Transactions on Parallel and Distributed Systems, Vol. 6, No. 6, pp. 561–577,

1995.

7. B. P. Sabanin, The Discrete Hartley Transform and Its Application [in Russian], in coll.: Problems of Nuclear

Science and Technology, Ser. Mathematical Simulation of Physical Processes, Issue 4, pp. 75–84, 1997.

8. V. V. Sergeyev and V. P. Usachov, Komp’yuternaya Optika, Issues 10, 11, pp. 168–177, 1992.

9. R. Bracewell, The Hartley Transform — Theory and Applications [Russian translation], Mir, Moscow, 1990.

10. M. S. Shikhov, The discrete Hartley transform for experiment automation systems [in Russian], Preprint of AS

BSSR, No. 22, 1982.

13 January 2003

Radioelectronics and Communications Systems

Vol. 47, No. 4, 2004

33


