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Since the early days of medicel ultrasonice scemning
tipe-varied galn hap been ¢ne of the elements of
suocessful systems., The need for its use has been
axplained and disocussed in general terms by many wWorkeras.
In thip paper I will desecribe our efforts to reach a
more specific statement of the requirements in the
limited field of obstetrics using a prototype of the
Huclear Enterpriases Diasonograph at the Queen Mothers
Hospital in Glasgow.

The primary function of time-varied gain is to
compenante .for. tissue abeorbiion snd thus reduce the
dynamic rangs of received signals from the tranaducer
80 thet they can be processed and displayed without
aignificant loss of information due t0 limiting. There
is, however, a secondary but impertant function of
suppression arising from the reduction of gein before
the detector and diepley davice thresholds. This ia
particuwlarly important in contact scanning when
oconsidering near range performance where one is
contending with considerable reverberation artefacts.

We have for some time used a slngle time~varied gain,
tvg, functicn ¢f the form shown in Fig. 1. This has been
Treasonably successful in a large number of cases.However
it geemed reasonsble to expect that substantial
improvemente in the ultasonic pilotures would be posaible
if the time-varied gain funotiom ocould be matched to the
patient. The varlaticns in patients are conasiderable.
They range from the obese toc the very elim and may appear
with eany ocondition of pregnancy or non-pregnancy. We may
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be attempting to cleerly resolve a fetal head a mere 1 to
2cm below the akin surface of & thin patient or looking
for retained producte of conception in a very fat person.
¥ith the objlective of picture improvement we etarted an
investigation into the various parametere involved.

The firet step was to comstruct an adjustable
calibrated waveform generator which provides & comtrol
8lgnal to the R.P. amplifier sc that the galn can be
inoreased by up to 36dB during the echo reception time.
The waveform is defined by three parameters.

Delay from instant of transmiseion is adjustable in
lcm steps.

Slope base length is sdjustable in 1 or Zcm atape

Change of gzain is adjustable in 2dB eteps.

After generaticn the linear waveform is passed thrbugh

a4 nen-linesr function generator toc produce & linear 4B
versus voltage relationship.

In refering to the tvg values I have adopted the
convention of atating three numbers refering respectively
to delay, slope base length and gain change. For example
2/10/30 meaning 2cm delay, 10om slope base lengtk,30dB
gain change. The rate of compensatben in this case
would be, of gourse, 3dE/cm.

There are other ways of aelecting the control funetion
and one giving direct control of the slope in dB/em is
Probably more generally useful,

Moot of cur examinations are carried out mt 2.5 Miz
and the axial cheracteristics of the traneducer used
are shown in Fig. 2. This was plotted uging four
different targeta, & ball of 2.5mm diameter, a rectang-
ular face 75cm area and .circular flat faces of 0.250m
and lem. This 1s relevant when conaldering the varioms
targets in the body.

The effect of the slope in the far field can be
demonstrated uaing a simple wire target. Good images are
Obtained, as would be expectead, at slopes close to thet
which compensates for the transducer. It is more diffic-
ult to obtain the ideal compensation in a patient. One
does not very often know exactiy what the result should
be; the time that can be spent obtaining comparitivs
resulis is limited and the targets do not remain for
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long in exactly the same poeition and orientation. We
bhave therefore tackled the problem in two ways. Firstly
to try varioms settings of tvg in spite of the diffioult-
iea, and secondly to record distributions of echo ampli-
tude throughout the range of intarest and them to use
the results to prediot optimum control fumctions.

The firat method of recording that we tried was direcd
photography of the R.¥P. eignal.This 12 saiisfsotory for
capturing the echoes selong one particular axis but ia
not very good for obtaining an estimate of the number of
echoes whioh osour at éafh range.

To overcoms this problem ws. have oonstructed the aignajl
prooessing eystem shown in M gi®aisin eohe charges the
peak detector and fires the pulse generator. The peak
deteotor output 1is. applied 40 t3wrisimgmt of the oseillo-
doope and ‘the delayod cutput of the pulse generator is
applied to the Z modulation input to brighten up the
trace. The time base is triggered by the transmitter.fhe
result is that a dot is displayed indicating the range
and amplitude of the echo. The end of the Z modulation
pulse discharges the peak detector ready for the next
echo. Besults obtained ueing this syatem ares shown from
varioua' patients.

The average ratee of decay of scho amplitude were
eotimated by conmparison with ourvea of known 4B/om end
some typical results are presented in Fig.4. The initial
plopea are in the range 6 to 10dB/om between O and Gem
followed by & mere gradual slope of about 1dB/om. When the
the result ie oongidered in conjunction with the trans-
ducer charsgteristece we find that there is & very rapid
drop in echo strength, about 8 to 12 dB/om, followed by
an apparent increase in refleativity with the range in
the despar regions. Tha explanation of this would appear
to be that the near range echo complex containe consid-
erable reverberations occuring between the uterine wall,
fetal skull the layers in the abdominal wall and the
tranaducer. These will decay at a rate determined by the
specing and the reflectivity of the interface. The despexr
reglong contain week reflectors interspesrsed with low
abeortion tissues with the somewhat more solid structures
eppecially the matermal 8pine, giving strong echoes
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whish tend to raiss the average. Using the sstimate of
the echo amplitude/rangd distribution we have applied
thie to & number of cases where we wers meamauring EFD.
In thesae cases it is .important to obialn olear echoes
of the fetal skull and falx both on section scan, ac that
the BFD is eanily and quickly located,. and on A scan so
that the weasurcent can be made quickly and confidentily.
The tvg was set sc that the gain incressed from tx time
to max gain just short of the range of the falx using &
glope of about 6dB/om. This approach has produced soms
improvement over our atandard tvg as will be ahown with
slidess tsken from a nuabsr of patients.

Another important effect of tvg In making EPD measure-
ments ip that it helpas to keep the amplitudes of the
akull schoss approx. equal. With out tvg they can be 20/
304B.dlfferent which results in slgnificant errors when
moasuring growth rates. '

In the examination of early pregnanocy we .are -trylng to
regord weak schoes ‘from amall objects within the uterus
and one would expeat that the exacteompensation would
be possible and valuable. An example will be shown of a
pase of twinas. The pleture with 5eTO ocompensation in the
uterins region contains coslderable olutter. Slight
redusticn of sensitivity and the application 1.53B/qm
conpenaation yeilds a more useful regult.

The objeot of this investigation, whieh ie. by no
means complete, was to examine one of the factors affect-
ing the ultrasoniec .pleture and.to determine what part.
tvg plays in essily achieving clear reliable results. We
have cbtalned some improvement inregsolving the fetal
skull dering BFD measurcemenis and shown that clarifice-
tiom of geatation sacs 13 posaible. We bave stil 1 to
tackle the important questions.of improwing the image of
the placenta and defining settings which cun be relied
on to produce aomctly‘interpretable results. It peems
that we may roach the comoclueion that time varied gain
ia not a oritical factor but that good results can be
obtained if it is set in fairly broad limitas.







