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Abstract—Quasi-likelihood and maximum likelihood algorithms of duration estimation for
ultra-wideband quasi-radio signal of arbitrary shape with unknown amplitude and initial phase,
influenced by additive Gaussian white noise, are synthesized. It was considered that conditions of
relatively narrow band of received signal are not satisfied and its duration can constitute only several
periods or a fraction of period of harmonic oscillation. It is shown that the structure of the algorithm for
duration estimation of ultra-wideband quasi-radio signal is significantly different from the structure of
duration estimation algorithm for narrowband radio signal. Relative bias and variance are determined as
the statistical characteristics of synthesized duration estimates. The influence of unknown amplitude and
initial phase on the accuracy of duration estimation is investigated. Quantitative limits for relation of
signal bandwidth to its center frequency are formulated, such that the classical solution of the problem of
duration estimation for narrowband radio signal possesses the required accuracy.
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Ultra-wideband (UWB) signals finds ever broader applications in many practical cases of modern
radioelectronics, which are evidenced by large number of publications, including considerable number of
monographs [1-6]. Implementation of UWB signal into telecommunication systems allows increasing the
information transfer rate due to large spectral width. Application of UWB signals in measurement systems,
radars and positioning devices unveils the possibilities of enhancement of measurement accuracy and
resolution.

The problems of processing of UWB signals with unknown time of arrival are studied in detail in modern
literature [1]. This is related to the necessity of signal delay measurement in radars and also to the active
utilization of temporal-impulse modulation in the UWB systems. At the same time, there are plenty of
applications that require processing of UWB signals with unknown duration. In this case duration can serve
both as an informative signal parameter and as a non-informative parameter, which is undefined at the
receiving side due to specifics of UWB signal propagation.

The meaning of UWB signals is wide and includes large number of various mathematical models [1-6].
Obtaining of constructive results from processing algorithms of UWB signals of any type poses significant
difficulties. Therefore among UWB signals we separate a sub-type of such signals that have structure similar
to narrowband signals, but the narrowband conditions are not satisfied. Such signals are termed as UWB
quasi-radio signals (QRS) [1]. This paper investigates algorithms for duration estimation of UWB QRS.
Such narrowing of the type of signals under consideration allows more in-depth and informative results of
synthesis and analysis of the duration estimation algorithms.

The problem of signal duration estimation in the noise background for different signal types has been
considered multiple times [7—13], but for UWB signals this problem remains mainly unsolved. Algorithms
for duration estimation of video impulses of rectangular [ 7], arbitrary shape [8] and signals of arbitrary shape
and unknown amplitude [9] have been investigated previously. It has been shown that accuracy of maximum
likelihood (ML) duration estimation asymptotically does not depend on signal shape in case of large signal
to noise ratio (SNR), but is determined only by the magnitude of back front of the signal. In addition,
synthesis and analysis of the duration estimation algorithms for narrowband radio impulse with an arbitrary
envelope shape having unknown initial phase [10] and simultaneously unknown amplitude and initial phase
[11] have been performed. The accuracy of ML estimation of radio signal duration is asymptotically defined

! This study is supported by Russian Science Foundation grant (project #15-11-10022).

358


mailto:trifonov@phys.vsu.ru

w

10.
1.
12.

13.
14.

15.

16.
. A.P. Trifonov, V. K. Buteyko, “Characteristics of combined estimation of signal parameters for partial violation

ESTIMATION OF ULTRAWIDEBAND QUASI-RADIO SIGNAL DURATION 367

REFERENCES

V. G. Radzievskiy, P. A. Trifonov, Processing of Ultra-Wideband Signals and Interferences [in Russian]
(Radiotekhnika, Moscow, 2009).

R. Aiello, A. Batra, Ultra Wideband Systems (Elsevier, 2006).

W. Pam Siriwongpairat, K. J. Ray Liu, Ultra-Wideband Communications Systems: Multiband OFDM Approach
(Wiley, 2007). DOI: 10.1002/97 80470179765.chl.

F. Nekoogar, F. Dolwa, Ultra-Wideband Radio Frequency Identification Systems (Springer, 2011). DOI:
10.1007/978-1-4419-9701-2.

. Z. Sahinoglu, C. Gezici, 1. Guvenc, Ultra-Wideband Positioning Systems (Wiley, 2008). URL: http://www.

cambridge.org/9780521873093.

H. Arslan, Z. N. Chen, M.-G. Di Benedetto, Ultra Wideband Wireless Communication (Wiley, 2006). ISBN:
978-0-471-71521-4.

A. P. Trifonov, Yu. S. Shynakov, Combined Differentiation of Signals and Estimation of Their Parameters in the
Interference Background [in Russian] (Radio i Svyaz’, Moscow, 1986).

. A.P. Trifonov, Y. E. Korchagin, “Reception of a signal with unknown duration,” Radiophys. Quantum Electron.

45, No. 7, 571, 2002. DOI: 10.1023/A:1020593112597.

A.P.Trifonov, Y. E. Korchagin, P. A. Kondratovich, “Efficiency of estimating duration of a signal with unknown
amplitude,” Radioelectron. Commun. Syst. 54, No. 11, 581 (2011). DOI: 10.3103/S073527271111001X.

Yu. E. Korchagin, “Estimation duration of signal with unknown amplitude and phase,” Radiotekhnika, No. 9, 11
(2013). URL: http://radiotec.ru/article/13420.

Y. E. Korchagin, “Estimation of the radio pulse duration with unknown phase,” Radioelectron. Commun. Syst.
56, No. 7, 345 (2013). DOI: 10.3103/S0735272713070030.

Ye. I. Kulikov, A. P. Trifonov, Estimation of Signal Parameters in the Interference Background [in Russian]
(Sov. Radio, Moscow, 1978).

V. L. Tikhonov, Optimal Signal Reception [in Russian] (Radio i Svyaz’, Moscow, 1983).

A. P. Trifonov, P. Y. Rudnev, “Characteristics of estimating the amplitude of ultrawideband quasi-radio signal,”
Radioelectron. Commun. Syst. 53, No. 5, 241 (2010). DOI: 10.3103/S0735272710050031.

A. P. Trifonov, Y. E. Korchagin, M. B. Bespalova, “Statistical properties of height and provisions of absolute
maximum Markov random processes Bachelier type,” Vestnik VGU. Ser. Fizika, Matematika, No. 4, 54 (2014).
URL: http://www.vestnik.vsu.ru/pdf/phys-math/2014/04/2014-04-07.pdf.

V. I. Tikhonov, M. A. Mironov, Markov Processes [in Russian] (Radio i Svyaz’, Moscow, 1977).

of regularity conditions,” Radiotekh. Elektron. 36, No. 2,319 (1991).

RADIOELECTRONICS AND COMMUNICATIONS SYSTEMS Vol.60 No.8 2017


http://doi.org/10.1002/9780470179765.ch1
http://doi.org/10.1007/978-1-4419-9701-2
http://www.cambridge.org/9780521873093
http://www.cambridge.org/9780521873093
https://doi.org/10.1023/A:1020593112597
http://dx.doi.org/10.3103/S073527271111001X
http://radiotec.ru/article/13420
http://doi.org/10.3103/S0735272713070030
http://dx.doi.org/10.3103/S0735272710050031
http://www.vestnik.vsu.ru/pdf/physmath/2014/04/2014-04-07.pdf



