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The basic idea of time of flight measurement of signals, that are
not changing their form, but only the time of arrival

The above drawing is showing schematically the idea of the
measurement. It is valid in the case of signals, that are not changing their
form, but are only delayed. The delay can be small or large, the drawing is
showing a simple case of a small delay.

The signal is shown as an inclined line. The points, showing timing
marks of the clock of A/D sampling mechanism are treated as fixed (in
reality there must be some jitter, normally very small).

To achieve precise measurement it is necessary to measure at the
steepest slope and to include the fact, that signal is normally not a
straight line. And it is good to measure at more than one point and to use
the averaged value.

The most important thing here is (in the case of absolute
time of flight) the synchronization of the pulse send with the clock
of sampling unit. If this is not a case, the whole measurement is
as good as the jitter between the start of the pulse and the
sampling clock. In the case of the measurement of distance
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between two signals in one shot only the jitter of sampling points
is important.

To measure the difference in time of flight it is necessary to measure
the amplitude change at one or more time marks. It is easy to see, that
with the 25MHz signal, the amplitude will change from 0 to max, if the
time of flight will change 10ns. If the A/D converter with 10 bits is used
(as in our OPCARD) it means, that the measurement of time delay is
better as 10ps (10ns/1024). With averaging (at least 12 bits are normally
achievable) the accuracy can be better.

It is easy to see, that the real limit is the jitter of the sampling clock,
but it is normally very small – this is typically not to find in data sheets
and must be significantly smaller than 10ps. Sampling rate is important
only as far as it should be better than necessary from the point of view of
Nyquist theorem. Higher sampling rate do not bring anything in this case,
only unnecessary data. It is easy to see, that with signals with lower
frequency the accuracy is falling, since the same change of signal
amplitude happens during longer time.

We have developed special software, that uses this method with our
OPCARD or OPBOX with the highest possible accuracy. The same
mechanism is used in correlation functions.

If the signal is very noisy, the accuracy is naturally limited, but it
increases with a moderate noise - it improves the accuracy if the
averaging is used (it is working as the improvement of accuracy of ADC).

In the case, if the signal is changing the form, for example due to
attenuation, that is normally not damping all frequencies in the same way,
another methods are necessary. We have described one of such methods
in the paper, published here:
http://www.optel.pl/manual/english/material.htm. It is to assume, that
also in this case the same rules are valid (only synchronization or jitter
are important).

The method could be treated as similar to so called coherent
sampling, but it can be treated as naturally given in the case of ultrasonic
signals.
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