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Theanalyticimpulseis usedas a complex-excitatinusignaltoproducethe Energy-
Time Curve (ETC) of a system. The ETC, usually displayed on a wide-dynandc-range
log scale, is the envelope of the system's impulse response and is loosely related to the
energy decay in the system. Additional information is presented, using heuristic
arguments and simulations, to show that: 1) The ErIC is acausal in the same sense that
thetimeresponseof athex_reticalzero-phasefilterisacansal;2) A time-derivative-based
complex-excitation siglml (rather than a Hilbert-transfi_rm-basexl signfil) does not work to
extract the envelope of a system's impulse response; and 3) Even though the ETC is a
good general approximation of the energy decay in a system, it does not predict details of
the decay such as exact timing and rolloff behavior. The intent here is not to present any
radical new infi*rmation in this debate, but to explain and clarify some of the concepts.

0. INTRODUCTION

The energy-time curve (ETC), first presented by Heyser [II, [2| and used by others 131- I51,
is purported to show how the energy in a system decays as a function of time. The ETC and the
related topic of the analytic impulse has been hotly debated 161, [71. Even though the ETC has been
closely associated with time-delay spectrometry 181,other implementation methodologies can be
used to generate the ETC 191- 1121.

The primary inducement for the ETC is a need to display the impulse response of a system in
a manner that allows easy identification of significant phenomena, both high and Iow level, and
their times of occurrence. The ETC is usually plotted on a wide-dynamic-range logarithmic vertical
axis versus time, so that low-level features can be seen as well as high-level features.

Duncan [6l points out that the ETC is inherently noncausal because the imaginary part of the
analytic impulse excitation signal is derived using the Hilbert transform, which is itself noncausal
because of very slow dropoff both before and after t = 0. In a real-world situation, however,
measurements are always causal and appropriate steps are taken to minimise the noncausal
behavior of the ETC such as windowing and appropriate delays. It works out that the ETC is most
acausal for wide-bandwidth impulse responses. For narrow-band responses such as octave or one-
third-octave reverberation decay measurements in auditoriums or concert halls, the noncausal
nature of the ETC is minimal.

In this paper, I will show that the acausal nature of the ETC is closely akin to the acausalness
of a zero-phase FIR filter. This type of filter needs to be delayed to make its response causal.
Different processing and display methods for the impulse response will be illustrated, which leads
to the need for the ETC. It will be shown that a time-derivative-based complex signal will not work
for wide-band impulse response envelope extraction. Application of the ETC to a mechanical mass-
spring-damper system will show that the ETC does not exactly predict energy decay, but does a
good job in approximating the decay.

A mostly non-mathematical somewhat-tutorial treatment of these topics will be accomplished
that depends heavily on simulation examples.




