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ABSTRACT

An electronic design disclosure of a system which establishes the time of
arrival of a rectangular acoustic pulse at a hydrophone is presented. The system
attempts to minimize the error in the measurement of the time of arrival, as well
as to provide a technique to make this measurement independent of the amplitude
of the received pulse. To improve the signal-to-noise ratio, a matched filter
approximation is used. To make the arrival time measurement when the signal-to-
noise ratio is maximum, an over-the-peak d;tector is used. Since the measure-~
ment uses a characteristic of the signal equivalent to a slope change, the ampli-
tude does not affect the measurement as 1t currently does on the present threshold
system employed on the Mizar. A major consideration in the design was that the

proposed system be compatible with the present Mizar system




INTRODUCTION

The need for accurate measurement of the time delay between the arrival of an
acoustic signal for a short base navigation system has been established by F. Andrews
(1). Several techniques for performing this measurement were discussed by E. Magrab
(2). The system presently employed on the U.S.N.S. Mizar is described by H. Van Ness,
R. Mills and K. Stewart (3), although some minor changes have taken place since their
report.

In an attempt to use all the energy contained in a rectangular acoustic pulse,

a matched filter can be used to optimize the peak signal to RMS noise ratio. After
the signal emerges from the matched filter a specific point on the waveform must be
used to establish the time of arrival of the pulse. The logical point on the output
waveform to use for this purpose is the peak.

There follows a description of an electronic system which accomplishes this
function using two approximations. One approximation is the use of an active filter
(equivalent to a resonant "tank' circuit) which is used in place of a true matched
filter. When the Q of this circuit is properly matched to the width, this approxi-
mation produces an output signal-to-noise ratio only one db worse than the true
matched filter (4,5). The second approximation involves the choice of the point
on the waveform out of the matched filter that will be used to establish the time of
arrival of the pulse-ideally the peak. However, only after a delay can one say that
the peak has occurred. In this system the delay is one cycle of the carrier fre-
quency which introduces insignificant error since it occurs so close to the peak.

The time of arrival is thus defined by determining when the output of the matched
filter goes over-the-peak, and hence, this system is called an "Over-the-Peak De-

tection System'.




SYSTEM DESCRIPTION

Fig. 1 1s the block diagram of the system and Fig. 2 is a representation of the
voltage waveforms at the points indicated on the block diagram. The timing of these
waveforms 1s to scale, the amplitude is not. Point A is the input of a rectangular

puise of sine wave of frequency f, = w,/2n Hz, and of duration T seconds. The in-

put signal is given by

Ra=Em Sin wot c_u(‘t‘)- U&-T)j

Taking the Laplace transform of the above gives

e S, Lo eT]

provided T = n2M/w, , where n is an integer (this is not a necessity but the ex-
pression is less cumbersome if it holds)

This signal passes through an inverting preamplifier and then through an active
filter with a transfer function

() = —-gtj Wwe 8
H© o WS > WS

where W, 1s made the wo of the signal, H = a AO(A° is the gain at mo) and a~é = ég
o
where Aw is the -3db bandwidth). In order for this filter to closely approximate

a matched filter (to get the largest signal to noise ratio) it is necessary that (4)

T = -——5:—‘2-0"{:

Eight cycles of the carrier are used in Fig. 2. If this is the case, and if £, =

10 kHz,
¢ Ih- ofelE . .5
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This is a pulse of duration T = 8/f, = 0.8 ms. Although this pulse is very short,
the fact that 2 low Q circuit may be used makes the matching of three active filters
for the three channels relatively easy (since the measurement is essentially that of
a phase angle, high Q circuits would have to be matched very closely). Also roll and
pitch errors will be smaller. In addition, it can be shown (4) for matched filter
detection, with high input signal-to-noise ratios, the standard deviation in the

time of occurrence of the peak is given by

'
UT;, ? .~ . s "‘ - - -
27T AY Y2 6.; KZ,
the quantity 'f is the effective bandwidth of the signal (not the 3db bandwidth (6))
and in the case of a rectangular pulsed carrier is equal to 2/T. The quantity ZEJNO
is the peak signal to RMS noise power ratio out of the matched filter (£ is signal

energy and N /2 1is the noise power spectral density), in this case:

(S/N)"‘Fpk = -&Nf_ = Ea

o]

Thus,
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Hence, the standard deviation of the arrival time varies directly as YT and in-
versely with the voltage amplitude of the sine wave. If the energy were able to be
held constant, the standard deviation would vary directly with T. It is difficult
to hold the energy of the pulse constant as the pulse length is decreased. But even
if the the energy cannot be held constant, one is still better off with a shorter

pulse (provided the input signal-to-noise ratio is high).
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The expression for the standard deviation may also be written in terms of the

input signal-to-noise ratio:

. = £ 53
ST/

In the case demonstrated, if a 20 db input signal-to-noise ratio is assumed (this

may be difficult with such a narrow pulse, but it is possible), then:

-3
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It should be noted that the active filter built as a prototype at The Catholic
University of America, has a Q of 50, thus requiring T = 2 ms or 20 cycles of a
10 kHz . signal. Then, if (S/N);  is 20 db, G.’.’r- 8 ys.

Referring again to Figs. 1 and 2, the output of the filter, point B, is the
input to three circuits. One of these circuits clips the signal and differentiates 1
it forming an output signal consisting of negative spikes, point C, provided the
input exceeds a threshold. These spikes trigger a one shot multivibrator producing
output pulses at point D. The negative going transition of these pulses triggers a
second one shot whose output appears at point E.

The output of the filter also goes to two inverting peak detectors. One peak
detector holds the peak value of each of the positive half cycles of its input, being
"updated" every time a new peak is greater than the preceeding peak. When the "peak-
peak" is reached (the last positive peak prior to time T), this peak detector holds
this value since succeeding peaks are lower in amplitude. This output is point F.

The other peak-detector also holds the peak value of each of the positive half

cycles except that its output is reset to zero by the pulses at E. This output is

-8 -




is point G.

The signals at F and G are compared in a comparator circuit whose output ap-
pears at H. Note that when the voltage at F is greater than the voltage at G, the
comparator output is a logical "one".

The comparator output, H, is "ANDed" with the pulses at D producing the final
output at I. Note that this output consists of positive pulses which begin exactly
1 1/4 cycles after the occurrence of the largest positive half cycle out of the

matched filter.

DESCRIPTION OF SYSTEM BLOCKS
Preamplifier

The preamplifier circuit, shown in Fig. 3, consists of a standard inverting
amplifier using the National LM20l1 monolithic operational amplifier. The gain is
adjustable from zero to 20. The input impedence is 10 kohms and the output im-
pedence is 150 ohms. The current drain is about l.5ma from the power supply.
Matched Filter Approximation

The filter, shown in Fig. 4, is the ideal current-inversion negative-immittance
converter (INIC) type of active band pass filter described by Burr-Brown (7). The
filter must be driven from a low impedence source if it is not to be affected by the
source impedence. The center frequency and bandwidth are established by setting the
pots shown in the figure. The Q of the circuit was adjusted to 50 giving a gain at
10 kHz of 1000. The use of potentiometers. in the positions shown will allow three
filters to be precisely matched. The current drain is about l.5ma. The transfer
function has been given previously. It should be noted that the output was taken
from pin b on the LM201 (marked "output #1") rather than at the point called for by

Burr-Brown (7). This provided higher gain and a lower output impedence.

il




Clipper-Differentiator

This circuit, shown in Fig. 5, amplifies and clips the input and then differ-
entiates the resulting square wave. The negative pulses are present at the output.
These negative pulses will occur whenever the input waveform crosses from plus to
minus. Note that following the clipper is a unit gain amplifier. This is neces-
sary to invert the phase of the signal out of the clipper stage so that the result-
ing signal is in phase with the input. The total current drain is about 3ma. The
pot at the input adjusts the minimum threshold level.

Timing Circuit

The two one-shot multivibrators, which comprise the timing circuit shown in

Fig. 6, each produce an output pulse that is about 5 microseconds long. The out-

put of the first one-shot goes from O to 5 volts and occurs upon the arrival of

the negative spike from the clipper-differentator. This pulse is buffered in an
emitter follower whose output goes to the logic input. The negative transition

of the pulse from the first one-shot is used to trigger the second one-shoi. The
output from the second one-shot is taken from the side which goes from 12 to 0
volts. This pulse is used to reset one of the peak detectors. This circuit draws
about 20ma from the supply.

Peak Detector

The two peak detectors are identical except for a different feedback capa-
citor and resistance as noted on Fig. 7. The circuit uses the operational ampli-
fier to make the diode (IN251) look like an ideal diode and uses the FET to allow
vary long storage times (8). This long storage time was not needed for this appli-
cation so that a resistor was added in parallel to the holding capacitor to allow
it to discharge faster. The 2N964 is used to completely discharge the capacitor

vhen a reset pulse comes in. The circuit draws about 2ma from the supplies.

«' Y -




Comparator
The Fairchild/q710 is used to compare the outputs of the two peak detectors.
This integrated comparator is shown in Fig. 8. It draws about 8ma from each supply.

¥ il C3 3
LODLC L1iT¥CuUul

The logic, Fig. 9, is a Signetics SE113K dual NAND gate. The outputs of the

n

irst one-shot and the comparator are first ''NANDed" and this output is inverted for
an overall effect of an AND gate. The circuit draws about 12ma from the supply.

2ower Conditioner

A well regulated t 15Vdc power supply (Hewlet Packard Model 60155¢) provides
power for the system. Several other voltages are required with very low current
requirements. Fig. 10 shows how these voltages are derived from the * 15V supply

using simple zener regulators.

CONCLUSION

The system as described was tested with white noise added to the signal. The
fesults seem to indicate that the system gives .the correct answer at least 90% of
the time with a signal-to-noise ratio of 20db.. Two identical systems will be built
by the Naval Research Laboratory in November of 1969 and more extensive measurements

will be made.
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