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Abstract

Instantaneous frequency of a signal is a quantitative descriptor
of many physical phenomena, sometimes we can grasp the
characters of a physical process if we know well its instantaneous
frequency. Instantaneous frequency is often of significant practical
importance in many technical applications such as radar, sonar, and
mobile communication. Therefore the study of the estimation
method and application of instantaneous frequency can promote
national economy and national defense. The time-frequency
distribution gives rise to time-varying spectrum of a signal on the
planar time-frequency plan, so the analysis and estimation on
instantaneous frequency using the time-frequency distribution will
be helpful to understand profoundly the physical senses. In fact, the
estimation on instantaneous frequency is one of the tasks of two-
dimensional time-frequency distribution. In this dissertation, the
estimation method and application with instantaneous frequency
using time-frequency distribution is deeply studied.

In chapter one, the fundamental concept of instantaneous
frequency is introduced. The worldwide developments in this area are
reviewed. The purpose and significance of the works in this
dissertation are related.

In chapter two, the fast computation of WVD is studied. A new
method transferring the computation of WVD into real field from
complex field taking account of the conjugate symmetry of the WVD

< IV -
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kernel function has been introduced, which not only removes the
redundancies in the WVD computation, but also make the length
of kernel function reduced to a half. The realization of fast cosine
operation and fast sine operation considerably reduces the
computation cost by making full use of the periodicity and
symmetry of the trigonometric function. The computation cost of
the new method is now only (N/2)log2" — N real multiplication and
(2N - 2)log 2V — 2N + 2 real addition instead of 2Nlog2?N —IN +6
real multiplication and 3N log2*" —3N +2 real addition. It is obvious

that the new method remarkably reduces the computation cost of the
WVD. Further more, the method can be implemented by using the
“same address”, that is, we can use the same memory location to input
and output. Preceding shows that the new algorithm provided in the
paper is much more advantageous than the existed.

Chapter three studies the method to estimate instantaneous
frequency of AM-FM signals using the peak of WVD and its
performances. Analysis results show that the estimation on amplitude
time-varying and frequency linear modulating signals will be unbiased,
only if WVD of time-varying amplitude reaches its maximum at
frequency zero no matter in which time, and the invariance is concluded
in detail. The study results expand using condition for estimating the
instantaneous frequency by using the peak of WVD. The simulations
using signals modulated Gaussian in amplitude and linearly in
frequency show that for four kinds varying amplitude signal with no
noise, the instantaneous frequency can be estimated accurately when the
condition is met. Furthermore the statistical results of estimation of
signal with amplitude descending before rising are better than those of
the estimation of signal with constant amplitude. This study results are

e V-
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meaningful for signal process, especially for time-frequency analysis.

In chapter four, the reason that the statistical results of estimating
the instantaneous frequency using the peak of XWVD are much better
than using the peak of WVD is given from statistics point of view.
Namely XWVD of the signal under analysis can be estimated from
XWVD of signal contaminated by noise, the result is unbiased, and the
invariance equals to the invariance of the noise. So using the peak of
XWVD, the instantaneous frequency of signal with low SNR can be
estimated accurately. But in the case of WVD can’t be estimated from
WVD of signal contaminated by noise, say nothing of estimating the
instantaneous frequency of the signal. The simulations show that the
statistical results of the estimation of signal with amplitude descending
before rising are better than those of the estimation of signal with
constant amplitude. The relationship between iteration number needed
for convergence and signal-to-noise ratio is discussed.

In chapter five, a method of adaptive signal expansion based on
fractional Fourier transform of Gaussian functions as the elementary
functions and the related adaptive time-frequency distribution is
proposed. Fractional Fourier transform rotates the time-frequency
distribution of the elementary functions, which will make the match
between signal and the elementary functions more flexible in
combination with scaling, time-shift and frequency-shift. Because
adaptive time-frequency distribution is of better time-frequency
resolution, free of window effect and cross-term interference, It is
a good tool for the instantaneous frequency estimation.
Estimating the instantaneous frequency using the peak of the
adaptive time-frequency distribution is good at anti-noise and
flexible in processing multi-component signals. Every component

< VI -
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can be separated by using the time-varying filter when every
component of the signal is separate on the planar time-frequency
plan, then the instantaneous frequency of every component is
estimated respectively. The simulations support our conclusion,
hence the peak of adaptive time-frequency distribution is a new
method to estimate the instantaneous frequency.

In chapter six, the time-varying filter based on the instantaneous
frequency and WVD is designed. The WVD synthesis is complicated
for the time-varying filter. It is achieved in the least-square error,
namely find a discrete-time sequence whose WVD best approximates,
in a least-square error sense, the corrected WVD. The discrete-time
sequence is the output of the time-varying filter. The compared
experiments show that the time-varying filter is better than traditional
filter based on FFT for non-stationary signal.

In conclusion section, a brief summary of all discussed topics is
given. Further possible studied topics about the estimation method
and application of the instantaneous frequency in the future are
pointed out.

Key words instantaneous frequency estimation, time-frequency distribution,
WVD, AM-FM signal, XWVD, adaptive signal expansion,
adaptive time-frequency distribution, time-varying filter
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