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This was designed to improve averaging of possible vibrational

harmonics or near harmonics of f r in the system. Mechanical

vibrations were further reduced by the provision of more solid

mounting and clamping of the transducers and the fish.

The modified detector is shown in Fig. 6.1.

An area that remained somewhat of a problem was the

mUltiplexing circuitry at the detector output. These

circuits must accommodate both the high voltage transmitted

RF pulse (150 to 200 volts peak) and the received signals

which are in the millivolt range. For reasons of expediency

and cost, mercury wetted reed relays had been selected as

switching elements. The disadvantages inherent in this approach

are obvious and certainly their performance left much to be

desired. With recent progress in high voltage transistors,

however, several solid state designs have been developed

which would appear to be more suitable for a large scale system.

As in the original detector, a 5 bit (32 level) AID

converter was employed for the conversion of the range gated

signals, S6T' A quantized A-scan (without time varied gain)

from the AID buffer memory is shown in Fig. 6.2. Switching

transients from the relays, comparable in size to the main

reverberation echoes are visible at the beginning of the

A-scan. However, the transients are blocked by a gate,

Fig. 6.3, which passes only the first 15 to 30 usec of the

signal that is of interest following the onset of the

reverberation. An analogue gate and a lock-out circuit to

prevent faulty triggering have the advantage of not re­

quiring additional computer storage or programming but

accurate triggering of the gate presents a problem. The

triggering has to be extremely reliable and stable since a

single miss-trigger could result in a type error.·

• The usual definitions of type 1 and type 2 errors were
reversed in the paper by Freese (1969) and in the edited
version of this paper, Freese (1971). However no con­
fusion should arise since in each case the definitions
were expressly stated.
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6.2·

a)

b)

- 69 -

Analogue display of a quantized A-scan
(without TVG, w = 1 ~sec) from the AID
converter buffer memory; 51) switching
transients, 52) interface reverberation,
53) fish midline and first multiple
echoes, 54) echoes from opposite side of
fish; the tissue region which is gated
for inspection is situated between 52
and 53.

6. 3 a) RF narro~-band reverberation fro~ a
scaled fish; the large interface re­
verberation echo is clipped; f o =
5 MHz, 6 ~ 1.1 ~secJ Sz = 2.5 cm 2

,

b) Corresponding analogue gated video A­
scan at the AID converter input;
3 dB/em (one way) TVG; sweep = 2 ~sec/cm.
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Because the positioning of the transducers with respect to

the surface of the fish is variable. the gate must be

triggered by the scale reverberation which tends to result

in jitter noise in the first and last range gates of the

gated A-scans. and is also not always reliable. For this

reason it is preferable to perform the tissue gating within

the computer.

Detector Performance

With reverberation as the input signal. fa = 4.9 MHz.

~T 2 0.60 = 0.7 ~sec and averaging of 16 A-scans. a can­

cellation ratio of 30 to 34 dB was realized under normal

operation of the detector in the laboratory. Fig. 6.4a. The

mean of ~ 32 dB is in good agreement with the predicted

value of 33.8 dB. The equivalent system jitter was estimated

at roughly 50 to 60 nanosec. This value, being less than

the combined jitter of 70 nanosec that was assumed in the

given example. suggests that the actual noise level was

somewhat higher than the calculated level. In part this

may be due to deviations of the reverberation envelope from

the postulated Rayleigh distribution and the approximations

made in the derivation of the SIN.

The slightly higher noise may also indicate that some

of the other assorted 'minor' noise sources (primarily

sources of amplitude noise) that were neglected need to be

taken into account when the residual jitter is reduced to

the low level indicated. For example, a small amount of

additional quantization noise is introduced by the extra D/A

and AID conversion employed in transferring the data from

the fast AID converter buffer memory. Also as was pointed

out, the quantization noise becomes increasingly important

as the signal amplitude and the noise level at the input of

the AID converter are reduced.

The results based on a limited number of tests carried

out prior to the project's termination generally confirmed the

predicted values of Pd and Pfa. Using a transducer with a
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b)

6.4 a) Display of quantized canceler output
(no TVG); the straight lines correspond
to a constant threshold of ±6.3% with
respect to the maximum signal dynamic
range; cancellation ratio ~ 30 dB
(with averaging of 8 scans).

b) Operation of the detector in the pre­
sence of a high noise level showing a
detected parasite signal at a depth
of 6 to 11 ~sec from the surface;
threshold !6.3\ as in a); cancellation
ratio ~ 26 dB (with averaging of
16 A-scans).
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smaller Sz (~ 1.8 cm 2
) so as to improve the SIN by 1.2 to

1.5 dB'<:Pd~was estimated to be about 37 to 40%. The

corresponding ('pd) was estimated at about 70 to 75% yielding

an overall theoretical detection efficiency of 39\. The

detection efficiency is defined as the percentage of in­

sonified, viable parasites times the average detection

probabili ty. ,Pd) .

Under optimum conditions--no significant mechanical

vibrations, degassed water. line voltage regulation. low RFI.

etc.--the converter quantization noise was the dominant source

of noise. Utilizing nearly the full dynamic range of the

converter. the cancellation ratio under these conditions was

estimated at approximately 36 dB. To achieve a further im­

provement of the maximum theoretical SIN will require a 6 bit

and preferably a 7 bit AID converter for the video A-scans.

A 6 bit converter capable of operating at a 10 to 20 MHz

bit rate would also permit an improvement in the range

resolution. Of course, a faster memory would be required.

However, along with a reduction of 6T from the present 2/36

to perhaps 6/2, a decrease in the dead-time per range gate

would be needed. Otherwise, the simultaneous decline of

the SIN with decreasing 6T (see 4.25) would result in no

significant improvement of <:P d:>. Improving the SIN by

further increasing the number of averaged scans or increasing

the canceler delay time appears impractical since this would

tend to reduce the 'thruput' rate of the detector.

A few trials were conducted with large threshold

settings in excess of 10\ of the average tissue reverberation

level. As predicted a small percentage of the parasites

were detected in spite of these high threshold values, see

Fig. 6.4b. To simulate the high noise operating conditions

for these tests, gas bubbles and turbulence were introduced

in the water coupling path. The degree of noise immunity

that the system exhibited under these conditions was impressive.
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It would thus appear that subject to the constraints expressed,

the automatic detection of Triaenophorus parasites in

whitefish by means of ultrasonic pulse echo AMTI detection

is technically and practically feasible.
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APPENDIX A

The Fresnel Near-Field Measurement Problem

Typical near-field spatial distributions for a

rectangular and a circular transducer were shown in Fig. 3.2.

Thus, depending on the transducer aperture dimensions, the

distance z from the transducer, the wavelength and the pulse

bandwidth, the actual incident field in the Fresnel region

differs greatly from the postulated plane wave incidence.

We will deal with this situation in an approximate manner

by treating the incident field as if it were a random

variable. This approach can be justified by the fact that

at a given tissue depth the parasites and hence the

equivalent SC are randomly distributed with respect to

the incident field.
The near field is essentially confined to the volume

bounded by the projection of the transducer aperture pro­

jected along the axis; generally the amplitude outside of

this region is negligible. The distribution is therefore

conveniently normalized with respect to the geometrical

beam cross-section S(z) to yield the normalized amplitude

distribution p(AI z) having an approximately 20 dB dynamics

range, see Fig. 2.2. The weighted average incident field

may be calculated from these distributions. The average

~ amplitude A(z) is thus

<A(z» sTzy J J A(x,y,z) dx dy (A.!)

[MAX p(AI z) A(z) dA (A.2)

P(A]Z) is the normalized conditional amplitude distribution

J

AMAX

o p(Alz) dA
(A.3)
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and may be treated in the manner of a probability d.d.

function.
A near-field pattern and its corresponding dis-

tribution peA Iz) were shown in Fig. 2.2. The mean peak

intensity may be obtained similarly

(A.4)

If the medium is loss less, the energy of the beam will be

constant or

(A'('» 5(,) = «A'('+l» 5(,+1)
(A.5)

The z dependence can be dropped if over the extent of

the region of interest (depth interval = t).

P (A I,) p(AI (,+1)
(A.6)

and

5(') = 5(Z+1) (A.7)

We note, moreover, if (A.7) is true then by (A.S),

<A 2 (Z) =(A2(z+R.). If neither condition holds, the

distributions must be appropriately integrated over the

interval 1, usually it will then be preferable to calculate

a separate detection probability for each range gate.

Near-Field Effects
Consider a particular point scattered of cross-section

0i located at random area coordinate at depth z in the near field

of the transducer. The backscattered energy by our definition

(2.1) i 5

E .
51 f

iE. (t) I'dt
51

(A.8)
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where 6 is the width of the incident pulse Et(t) = A u(t).

The expectation value<:Es:>foT a single SC will be

f.
6a

IAI' u(t)' dt da dA

= Fpea) da rP(A/,) IAI' dA rU(t)' dt

=(a» <A'.> ru(t)' dt (A.9)

where as before u(t) is pulse shape function.

The contributions from the various SC may now be

summed, but this will result in an error because the coherent

portion of the reverberation due to overlapping of the various

SC contributions is then neglected.

Representing the contribution from a single scatterer

Ai e jwt + j'i where Ai is positive real and $i is random

variable uniformly distributed over the interval 0 to 2n.

the resultant process XCt) due to n scatterers is given by

X(t)
(A.10)

and

IX(t)I' = XX· =[ ~
1

,
A.

1

n
E

i~h

(A.ll)

where X· is the complex conjugate of XCt). n 2

The coherent term will be small in comparison to L Ai

if there is little overlap of the individual SC contri­

butions. (Except in the forward direction, this will also be
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true if there is a large degree of overlap assuming that

multiple scattering effects can be neglected.)

Thus we obtain the well-known result for first order scattering

(n) is the average number of scattering centers;

are assumed to be independent random variables.

If we now put

(OE> =(n><o>
and substitute (A.13) into (A.I2) we get

(ES> =<OE><A'>[ u(t)' dt

Rearranging (A.14) yields

(A? f: u(t)' dt

nand cr

(A.12)

(A.13)

(A.14)

(A.15)

Thus as we might have anticipated l we can take the near

field into account by employing the average incident pulse

energy in the denominator of (2.1).

A problem that may arise in practice is that of pulse

distortions. These are a direct consequence of operating in

the near field and are attributable to interference effects,

the various component wavelengths of the pulse interfering

by differing amounts as the observation point is shifted in the

near field. However, one should also remember that for the

same reasons the sharp nulls and otherwise extreme amplitude

fluctuations, so characteristic of the CW near-field, are

not observed in the near field of transducers excited over

a wide bandwidth. (In this context it is pointed out that

the narrow bandwidth condition is not satisfied for the trans­

ducer apertures employed).
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APPENDIX

Cross-Section Calibration

The backs atter cross-section of a rigid sphere as

a function of incident wavelength oscillates appreciably

for 2na < 20 ~ ; for an elastic sphere the variations are

even more extreme and they are not attenuated with increasing

frequency [Hickling (1962)). Thus a steel sphere would be

useless as a calibration target in CW work. Aside from

simple weight considerations this is the chief reason why

a Dirichlet type target is normally employed in sonar

calibration. The absence of oscillations in the cross­

section of the Dirichlet or 'pressure release' sphere

beyond about ka = 5 is explained by the fact that the

circumferential or creeping waves are more rapidly attenuated

than in the case of the rigid sphere.

However, if the bandwidth of the incident pulse is

sufficiently wide, then as Hickling's results show, these

variations are smoothed out and the specular pulse return

may be used for calibration purposes; only a small correction

is necessary to compensate for the finite impedance of the

sphere. The specular return, it should be noted, is not

contaminated by any creeping wave contribution. (Rheinstein

(1968) investigating the composition of the back-scattered

pulses from a sphere by means of Fourier analysis of their

time domain components, showed that the specular cross-section

of the equivalent rigid sphere varies smoothly as a function

of ka. Thus for values of ka <40 this should be borne in

mind.]

The reason for preferring a rigid sphere for calibration

is the easy availability and low cost of stainless steel ball

bearings while at the same time providing excellent precision.

In contrast, an accurate and reproducible Dirichlet spherical
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target with a low cross-section is difficult to realize

at high frequencies. One would be more or less forced

to use a planar reflector, which has the disadvantages of

being aspect dependent and causing pulse distortion because

of the gain dependence on wavelength.


