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A FAST COMPOUND SECTOR SCANNING SYSTEM

by J. Szilard and G. Scruton

| ntroductlon

In any type of acho sonography using the B-scan technique,
the scanning ultrasonic beam which has finite width is represented
by a narrow time-base )ine on the cathode-ray oscllloscope screen.
Thus an ulirasound beam whan scanning across a point ftarget results
In an elongated Image of the target on the screen. 1f the torget
Is larger, the two edges of It whll be elongated by the above said
procass.,

Prov{ous attempts to improve Iateral resulution have been
concentrated on trylng to represent tho narrow time-base Ilne on
the screen by a similarly narrow ultrasonic beam, These attempts
have inherent |Imltations.

Now let us reverse our train of thought and proceed in the
opposite direction, as explained below.

Principlas of Oparation

Let us pow Try to represent the ultrasonic beam by displaying
Its width and divergence to scals on the C.R.T. screen. |n other
words, we should reproduce an image of the ultrasonic wave froat,
as it propagates In the medium. Thus, uslng‘brlghfness modulation,
when the beam hits a target, an arc wlll be painted on the screen,
(Fig. 1), showing the position of the wave front at that moment.

If now we tast from much more than one position of the probe,
a number of different arcs are produced having a common Intersection
at the polnt reprasenting the target {Fig. I). What we have got
to do is To adjust the brightness level of the display, such that
the indlvidual arcs should remaln below a threshoid jeval and a
visible Imags be bullt up by superposition of a number of arcs at
the crossover point. Thus the image of a small target will appsar
as a3 small dot.

Instead of slowly scanning across the whole target area, to
achieve high speed of operation and because of economical aspects
we will restrict the number of probe positions.

Echo amplitudes do carry some Information but in this system
very little amplitude varlation can be tolerated. This can be
achieved by various methods of slgnal processing.

However, loslng the amplitude information is of no great
Importance, because the target characteristics will now be much
better resclved,



Let us now consider the problem of having more than one smali
target In the scanned area (Fig, 2). |In this case arcs will -
intersect at some polnts which do not correspond to the location of
any true target. However, the number of arcs crossing at any one
"faise target" point will be, in general, conslderably less than at
real ftarget polnts., With Increasing number of arcs on the screen
the probabliiity of multiple "talse" Intersections Increases, but It
would require an exceptional situation to produce a multiple false
Intersection nearly as bright as a real one,

Consequently If The brightness level of the individual arcs
Is set In accordance wlith the number of arcs expected to Intarsect
at a real target point, the false indlcations would not normally
appear at sll. As a further safeguard agalnst such false
indicatfons the wide angle beams can be split up Into narrower
sactions (Fig. 3}.

Larger targets wlll create a more difficult problem (Fig. 4).
The echoes will be prolonged to an extent depending on the ratlo of
ultrasenic wavelength/surface Irregularities, producing
correspondingly thicker arcs. In splte of thls it is seen in Flg.
4 that there Is little distortion In the displayed shapa of the
target. The problem will be overcome
to some extent by splitting the beams (Flg. 3). As with a
conventlonal system, Image thickness bears no relation to the axial
extent of the target.

Princlples of Construction

To make scanning faster, an electronically switched array of
probes wiil be used Instead of one moving probe. Acoustlc lenses
ware adopted to preoduce the requlred beam pattern and probes will
be mounted In triple units giving & beam pattern as shown in Fig. 3.

A dead zone for the array is defined by the distance over
which no Intersection of arcs Is possible, (Figs. 1, 2).
Cansequently lmmersion technique.ls necessary, or the use of some
other means of delay between probes and body, such as a liquld-
filled rubber bag or a suitable plastic construction.

The array may be straight or curved.

For reprasenting the ultrasonic wavefront on the screen a
raster (Fig., 5) is generated using waveforms as shown in Flg. 6,
which are combined perpendicularly.

Assuming a maximum depth range of 30 cm, which should be more
than enough, the round trip time of a pulse Is 0.4 ms. A suitable
p.r.f. is |500/sec., l.e., a parlod of 0.67 ms. It is Intended
that the array shall comprise |12 triplet probe units glving a total
scan time of 24 ms, which 1s approximately equivalent to 40 frames/
sec.

Results

At the moment the final system §s belng simulated by putting
a single probe sequentlally Into each of the positions corresponding
to those in the final array and photographing each resulting Image
on the same fllm. Some results wlll be shown during the course of
the falk.

Proposed Applications

Thls project 1s belng sponsored by the Meat and Livestock
Commlssion and the primary alm is to develop an instrument for
measuring cross-secticonal areas of muscle and fat In live animals,




However, It could alsc be used for varlous medical diagnostic
purpeses, where ultrasonography Is already a useful tool. The
virtual ly Instantaneous image at a rate of 40 frames/sec. wiil
anable observation even of moving objects, e.9., whan searching for
a torelgn body In the aye. |t should also be applicable in the
fleld of veterlnary sclence In which case 1t could be used without
tranquillIsing the 'patient’. The speed of the operation will
faciiitate quick examinatlon of a patient at a number of positions
until the best position for viewing is found. Thus there will be
a consfderable saving both In time and in the number of Polaroid
photographs faken.
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