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The paper considers composite ultra-wideband signals with amplitude code modulation and with

intrablock positional pulse modulation. Investigation of the generalized indeterminacy function for

these signals is implemented. Analytical expressions for the correlation matrix of simultaneously

effective estimates of delay time and period of these signals are derived. Analysis of potential

accuracy of these parameters’ estimates is performed for various modulation techniques. An

algorithm is suggested for generation of modulating shift sequences.

The present-day systems of location, short-range navigation and communication must possess high accuracy of

estimation of objects’ motion parameters, and be able to transmit large volumes of information with high speed. One of

promising ways to improvement of efficiency of such systems is application of coded ultra-wideband signals (UWBS)

without carrier [1–2]. The amplitude-code and positional pulse modulation of UWBS sequences are most widely used. The

known code sequences have to be optimized in terms of structure of the signal autocorrelation function (ACF). The

availability of an additional information parameter (the period of the pulse sequence) in a composite UWB signal

necessitates optimization of the generalized indeterminacy function (GIF) [1]. The problem of selection of the code,

corresponding to optimal GIF structure, has not been resolved in full measure.

The GIF structure and potential characteristics of composite UWBS with amplitude code modulation are investigated

in [1]. In the present work we suggest a new technique of intrablock positional pulse modulation (IPPM) based on ternary

discrete codes with optimal correlative properties. The work also includes results of investigations of two classes of binary

and ternary codes for the amplitude and intrablock positional modulation of UWB sequences. Analytical expressions are

deduced for matrices of simultaneously efficient estimates of delay time and period of UWB signals, and the structure of

GIF signals with intrablock positional pulse modulation is determined.

In order to describe the process of code modulation, some definitions will be introduced. By periodic modulation of a

generating sequence, consisting of ($ + 1) pulses, by a discrete code with its number of positions M, is meant a partition of

this sequence into L = ($ + 1) /M blocks, so that in each block we perform the modulation of the pulses in amplitude or time

position in accordance with code elements’ values. In the case of aperiodic modulation, L = 1.

The amplitude code modulation (ACM) is a method of periodic modulation of a composite signal by a binary code

sequence {ak}, ak = {0, 1}, � �k M� �0 1, , with the number of nonzero elements M0 & M. The amplitude code modulation is

performed by eliminating, from each block, (M – M0) pulses in the positions corresponding to the value ak = 0 in the

modulating code. The number of pulses in the generated sequence, i.e., M0L < ($ + 1).

IPPM is the method of periodic modulation of a signal by the ternary discrete code {bk}, bk = {–1, 0, 1}, � �k M� �0 1, ,

containing (M – M0) nonzero elements. Within each block of the generating sequence we perform shifting of the pulses,

32

© 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. 48, No. 3, pp. 32–37, 2005 Vol. 48, No. 3, pp. 47–55, 2005

UDC 621.396.01



REFERENCES

1. Yu. S. Radchenko and S. V. Sokhnyshev, Izvestiya VUZ. Radioelektronika, Vol. 44, No. 6, pp. 33–43, 2001.

2. L. Yu. Astanin and A. A. Flyorova, Izvestiya VUZ. Radioelektronika, Vol. 46, No. 4, pp. 11–20, 2003.

3. M. Z. Win, R. A. Sholtz, and L. W. Fullerton, Time-hopping SSMA techniques for impulse radio with an analog

modulated data subcarrier, Proceedings of the IEEE Fourth International Symposium on Spread Spectrum Techniques and

Applications (ISSSTA’96), Germany, Mainz, pp. 359–364, September 22–25, 1996.

4. M. B. Sverdlik, Optimal Discrete Signals [in Russian], Sov. Radio, Moscow, 1975.

5. Yu. B. Nechayev, Yu. S. Radchenko, and S. V. Sokhnyshev, Fizika Volnovykh Protsessov i Radiotekhnicheskiye

Sistemy [Physics of Wave Processes and Radio-Engineering Systems], Vol. 3, Nos. 3–4, pp. 50–54, 2000.

16 July 2004

Radioelectronics and Communications Systems

Vol. 48, No. 3, 2005

37


