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Since the early days of medical ultrasonics scanning

time—varied gain has been one of the elements of

successful systems. The need for its use has been

explained and discussed ingeneral terms by many workers.

In this paper I will describe our efforts to reach a

more specific ststsnent of the requirements in the

limited field of obstetrics using a prototype of the

Nuclear Enterprises Diasonogrsph at the Queen Mothers

Hospital in Glasgow.

“.‘he primary function of time-varied gain is to

compensate forties!“ absorbtion and thus reduce the

dynamic range of received signals from the transducer

so that they can be processed and displayed without

significant loss of information due to limiting. There

is, however, a secondary but inmortsnt function of

suppression arising from the reduction of gain before

the detector and display device thresholds. This is

particularly important in contact scanning when

considering near range performance where one is

contending with considerable reverberation artefscts.

We have for scan time used a single time-varied gsin,

tvg, function of the form shown in Fig. 1. This has been

reasonably successful in a large number of casesdiowever

it seemed reasonable to expect that substantial

improvements in the ultassnic pictures wouldbe possible

if the tins—varied gain function could be matched to the

patient. The variations in patients are considerable.

They range from the obese to the very slimand may appear

with any condition of pregnancy or non—pregnancy. We may
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be attempting to clearly resolve a fetal head a mere 1 to

2cm below the skin surface of a thin patient or looking

for retained products of conception in a very fat person.

With the objective of picture improvement we started an

investigation into the various parameters involved.

The first step was to construct an adjustable

calibrated waveform generator which provides a control

signal to the 3.1!. amplifier so that the gain can he

increased by up to 36GB during the echo reception time.

The waveform is defined by three parameters.

M from instant of transmission is adjustable in

1cm steps.

Wis adjustable in 1 or 2cm steps

Chgge of gain is adjustable in 2dB steps.

After generation the linear waveform is passed through
a non-linear function generator to produce a linear dB
versus voltage relationship.

In refering to the tvg values I have adopted the
convention of stating three numbers refering respectively
to delay, slope base length and gain change. For example
2/10/30 meaning 2cm delay, 103m slope hase lengthOdB
gain change. the rate. of compensateon in this case
would be. of course, EdB/cm.

There are other ways of selecting the control function
and one giving direct control of the slope in dB/cm is
probably more generally useful.

Most of our examinations are carried out at 2.5 M35
and the axial characteristics of the transducer used
are shown in Fig. 2. This was plotted using four
different targets, a ball of 2.5mm diameter, a rectang-
ular face 75cm area and circular flat faces of 0.250s
and 1cm. This is relevant when considering the various
targets in the body.

The effect of the slope in the far field can he
demonstrated using a simple wire target. Good images are
obtained, as would he expected, at slopes close to that
which compensates for the transducer. It is more diffic-
ult to obtain the ideal compensation in a patient. One
does not very often know exactly what the result should
be; the time that can be spent obtaining comparitive
results is limited and the targets do not remain for
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long in exactly the san position and orientation. II

have therefore tackled the problsl in tso ways. lirstly

to try various settings of twg in spite of the difficulht

ies,- and secondly to record distribution 0: echo ampli-

tude throughout the range or interest and then to use

the results to predict optimum control functions.

The first method of recording that we med use direct

photography of the 3.!- signaldhis is satisiaetory for

capturing the echoes along one particular axis but is

not very good for obtaining an estimate or the number or

echoes which cosm- “rearrange.-

Io overcome this problem when constructed the signll

processing systen shown Mammals echo charges the

peak detector and tires the pulse generator. The peak

detectorioutputsisnpplied an uprising“ ot...the oscillo-

scope endfthe delayed output orthe pulse generator is

applied to the Z modulation input to brighten up the

trace. The tins base is triggered by the tremedtterflhe

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. nesults obtained using this systea are shown tron

various. patients.

The average rates of decay of echo amplitude were

estimated by comparison wifll curves of known Well and

some typical results are presented in Fig.4. the initial

slopes are in the range 6 to mas/on between 0 and Sen

followed by amore gradual slope of about ldn/on. 'hen the

the result is considered in conjunction with the trans-

ducer ohsrsoterietecs we find that there is a very rapid

drop in echo strength, also“ 8 to 12 dB/cls, followed by

an apparent increase in reflectivity with the range in

the deeper regions. The explanation or this would appear

to be that the near range echo complex contains consid-

erable reverberations occuring between the uterine wall,

fetal skull the layers in the shdonrinal wall and the

transducer. These will decay at a rate determined by the

spacing and the reflectivity of the interface. Ihe deeper

regions contain week reflectors interspersed with low

absortion tissues with the somewhat more solid structures

especially the maternal spine. giving strongechoes
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which tend to raise the average. Using the eetinte of

the echo amplitude/range distribution Ive have applied

this to a nunher of cases where we were assuring EPD.

In these cases it ieieportent to obtain clear echoes

of the fetal skull and falx both on section seen. so that

the BPD ia easily and quickly located,.and on A seen so

that the mseurnnt can he nude quickly and confidently.

Ehe tvg was eat so' that the gain increased from tx time

to n: gain Just short of the range of the falx using a

slope of about Gan/om. This approach has produced some

ieprcvenut over our standard tvg eerill be shown with

slidee taken froa e nunher of patients.

Another important effect of tvg in making BED measure-

lnnte is that .it helps to keep the amplitudes of the

skull echoes approx. equal. With out tvg they canhe 20/

50dldifferent which results in significanterrors when

assuring growth rates.

In the exeeination “early-pregnancy we ere trying to

record weak echoes Jfroa smell ohiecte within the uterus

and one aould expect that the execteonpensation would

he possible and valuable. An example will be shown of a

case of twins. lhc picture Iith eero compensation in the

uterine region contains cosiderahle clutter. Slight

reduction of sensitivity and the application 1.5dB/os ‘

coewsneation yeilds a sore useful result.

the object of this investigation, which is by no

mane couplets, was to exanine one of the factors affect-

ing the. ultrasonic picture mite deternine what part

twg plays in easilyachieving clear reliable results. Is

have obtained some improvement inreeolwin‘ the fetal

ekullduring BPD mssurenents md shown that clarifica-

tion of gestation secs ierpossihle. We have etil l to

tackle the ieportant questions-of iuproa’ing the huge of

the placenta and defining settings which can be relied

on to produce correctly interpretable results. It scene

that we may reach the conclusion that tins varied gain

is not a critical factor but that good results can he

obtained if it is set in fairly broadlimits.

  



 
  
 
 
 

 
 
   

 
 

 
 

 
 

 
 
 
 
 


