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Abstract: A complex system based on the point re-
flector principle has been developed to analyze the
Point Spread Function (PSF) and in this way meas-
ure a number of significant image quality parame-
ters at any point in the area being imaged. Our sys-
tem uses digital image analysis for accurate and ob-
jective measurement. To date we have been able to
plot the Lateral Resolution (LR) characteristics
over the scanning plane. This can differentiate sepa-
rate scanning lines and even multiple focal areas for
dynamic focusing systems. Our measuring system
can detect malfunctions in dynamic focusing, size of
aperture, time gain compensation function and/or
transducer element failure.

Introduction

Problems related to the safety of ultrasound appli-
cation have predominated the more than 50 years of
ultrasound use in medicine. The direct effects of ultra-
sound energy on living tissue have been the main focus
for a considerable time. On the other hand, the danger
inherent in the possibility of incorrect treatment result-
ing from erroneous diagnosis based on misinterpreta-
tion of the sonogram has only been taken into consid-
eration in the last decade. Misinterpretation is possible
owing to artefacts. These may affect ultrasound diag-
nosis and treatment where wrong treatment based on
faulty interpretation of the image may cause patient
harm. When evaluating the risks of such artefacts, it is
necessary to differentiate objective and subjective fac-
tors.

a) Objective risk factors include:

Imaging physical artefacts, inadequate quality of
equipment imaging caused by low technical standards,
poor maintenance or age of equipment.

b) Subjective factors relate to the skills of the ex-
aminer. These include:

Unfamiliarity with the physical mechanisms of ul-
trasound image creation, lack of skills in operating the
equipment and hence inability to set the optimal work-
ing parameters, lack of knowledge of the topographic
anatomy necessary for correct image interpretation, in-
born characteristics of the observer such as spatial
imagination and the ability to abstract what is seen.

Physical artefacts are based on the physical proper-
ties of ultrasound waves and the environment in which

they are propagated. As such they are unequivocally
definable according to physical laws and to eliminate
them, it is necessary to apply appropriate procedures
and imaging methods. If these do not exist, the physi-
cal laws must be accepted and taken into consideration.
In this case eliminating the risks is totally dependent on
the experience of the examiner and the above men-
tioned subjective characteristics.

On the other hand, the sonograph imaging quality is
a factor completely dependent on the technical parame-
ters of the equipment. In order to increase the imaging
quality or eliminate imaging defects and thus reduce
the risks mentioned, it is necessary to create a system
for determining and objectively evaluating the relevant
qualitative parameters [1].

This is very difficult and requires definition of the
parameters of sonographic imaging quality, develop-
ment of suitable measuring methods, procedures for
their evaluation and the creation of a graded system of
sonograph quality criteria.

Some international standards and recommendations
have been introduced over the last decade and com-
mercial testing objects for B-mode imaging are being
produced. These contain defined non-homogeneities
and the image is analyzed subjectively. To fulfill all
important physical criteria for correct mimicking of the
tissue [2], the construction has to be rather sophisti-
cated. The testing method is fast and relatively inex-
pensive, but it is, however, burdened with a large error
resulting from subjective assessment of image quality,
even with the use of computer technology.

Another very interesting method [3] utilizes spatial
analysis of the signal/noise ratio in a three-dimensional
image of a special testing object to create the image
characterization for signals with small amplitude. This
method is suitable for fast orientation measurement and
is substantially more objective than the ones mentioned
earlier. Its only disadvantage is that it shows an integral
parameter which is dependent on depth and cannot
therefore determine the lateral details of the image de-
fect. Also, analysis of spatial image distortion and
characterization of the system for high amplitude re-
flected signals is not possible. These methods are pri-
marily suitable for in situ screening studies. They are
not time consuming which is important where there is
heavy equipment workload. They do not, however,
produce detailed objective information.
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Another type of measurement that can be used for
analyzing sonograph qualitative parameters is meas-
urement of characteristics of the radiated ultrasound
field. This however, does not evaluate the image qual-
ity. It only determines the parameters of the actuating
ultrasound signal and is suitable mainly for controlling
the radiated ultrasound intensity, or, possibly, its space
and time stagger, which is significant for maintaining
allowed limits and for assessment of the effects of ul-
trasound energy at various types of tissue borderlines.
Additionally, there are mathematical models of the ul-
trasound field radiated by certain types of probes [4]
and its heat effects.

It is obvious that quantitative and accurate evalua-
tion of the imaging quality is very difficult and, inter-
nationally, there are few institutes that deal with the
problems using the methods mentioned above.

The aim of our research was the development and
evaluation of an objective measuring method for ultra-
sonograph imaging quality assessment with the capa-
bility of providing numerical measurement results and
localising spatial image defects. This complicated
problemmatique was solved using Point Spread Func-
tion (PSF) analysis of the received signal from which a
numerical value is derived. This expresses a parameter
of the Lateral Resolution (LR), judged to be of para-
mount importance for image quality description. .

We constructed our own original measuring system
for this purpose.

Materials and methods

The Point Spread Function is defined as a function
which describes the shape of the image produced on
the detector by a delta function 6(x) (point) source [5].

The application principle of the definition is as fol-
lows: the measured sonograph scans a small metallic
ball target that moves in a water bath on a specified tra-
jectory. The bath is filled with degassed water mixed
with ethyl alcohol and the walls are fitted with absor-
bent material. The positioning system has a ball target
holder, designed according to IEC standard [6]. The
ball target consists of a small steel sphere, a laser
welded to a tiny platinum-iridium 90%/10% wire
which is fixed in the holder. The shape of the wire en-
sures that the sphere is oriented in front of the trans-
ducer in the scanned plane with the welding point in
the distal position. The wire is hard enough to elimi-
nate any movement of the ball target during replace-
ment in the water bath due to hydrodynamic forces. 3D
positioning adjustable from 0.0lmm is arranged by
three stepper motors actuating support screws. The
motors are driven by a computer controlled power unit.
The video signal from the test US scanner is driven to a
Frame Grabber NI PCI-1411 (National Instruments),
10 bits digitalized and the Region Of Interest (ROI) is
stored after on-line evaluation. The system selects the
video frame containing the peak amplitude for each

measurement point in the scanning plane to derive the
PSF function in a lateral direction centred in the pixel
with the maximum amplitude. The PSF in the axial di-
rection is obtained by the same procedure. A different
method is used to record the transverse resolution. The
distribution of maximum echo pixels in ROI during
vertical movement of the reflection ball is recorded
from each frame.

To calculate the Lateral Resolution we analyse the
PSF in the lateral direction. As LR we take the width of
the amplitude peak in one half of the amplitude (-6dB
level) and recalibrate for the actual amplitude level (see
Figure 1).

Values Air (1 ) and A1y (1.) are found for the fol-
lowing conditions:

l.>0 and 1.<0

Aure =AMAX—;AM’N [%56] ()

We can then express the LR corrected for differ-
ence between measured maximal amplitude Ayax and
maximal possible amplitude 255 digitalisation units

255
LR=(,~1_)* [mm] 2)
MAX
Anmax is a peak amplitude in PSF
Amin is minimal signal amplitude level in

PSF (background noise level).
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Figure 1: Principal scheme of the LR calculation
from PSF

Results

To date we have been able to plot the LR character-
istic over the scanning plane. This can differentiate
separate scanning lines and even multiple focal areas
for dynamic focussing systems.
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More than 100 measurements of different scanners
and transducers were carried out to assess the reliabil-
ity and accuracy of the method. Even if we use only
the LR and echo-amplitude as parameters for the focal
zone and uniformity of scanning property characterisa-
tion, the information acquired is still accurate and com-
prehensive .

Samples of different characteristics and correspond-
ing comments on the findings as follow.

Figure 2 shows the typical shape of LR characteris-
tic measured with a linear transducer directed to one
focal point using dynamic focussing. The evaluated
area was 40 mm wide and 150 mm deep. The position
of the focal point F2 (minimum value of the LR) and
slight non-uniformity of the LR between scanning lines
are distinctive.

\Reaipesy

Figure 2: A LR profile of a linear transducer
3,5 MHz in a scanned area 40 mm wide. The im-
provement of LR in focal area F2 is remarkable

The same transducer’s LR characteristic in Figure 3
shows the effect of dynamic focussing. In this case the
focal point F1 positioned close to the transducer was
switched on. This fact significantly improved LR close
to the transducer, while far area persevered unchanged.

AR

Figure 3: The same transducer as in Figure 2. The
scanned area 60 x 120 mm Dramatic improove-
ment of LR in near field is caused by the second
focus F1 application

The transducer has been in use for more than ten
years in daily practice, its working frequency is
3.5 MHz, scanning area width 107 mm and depth 186
mm. The system enables two points dynamic focusing
only.

The echo-amplitude characteristics of the mechani-
cal sector transducer 5 MHz are plotted in Figures 4
and 5. This set shows the excellent possibility of visu-
alising scanning lines by the measuring method. The
low line density scanning mode (128 lines per whole
scan) in Figure 5 enables plotting of separate ultra-
sound beams profiles. The lines space given by high
line density mode (256 lines per whole scan) is not de-
tectable by the measuring system — see Figure 4.

Figure 4: An echo-amplitude characteristic meas-
ured over narrow scan area 15 mm of mechanical
sector transducer 5 MHz scanning in high line
density mode

Figure 5: The identical transducer as in Figure 4
scanning in low line density mode. Profiles of scan-
ning lines are visible

The last set of figures introduces application of the
measuring method for transducer malfunction detec-
tion. A linear 5 MHz intracavitary transducer with
defect in the outer side of the acoustic lens was exam-
ined over a scanning area 80 mm depth and 30 mm
wide. The scanning system used two of four possible
dynamic focal points whose position is evident from
Figure 6. A malformation of both the echo-amplitude
characteristics and the LR due to the transducer defect
is manifested in Figures 5 and 6 respectively.
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Figure 6: A linear transducer 5 MHz with defec-
tive acoustic lens at scanning width 0 — 12 mm. The
arrow marks the area where drop in sensitivity is es-
sential. Two focal points are used — see Figure 7

AR,

Figure 7: The same transducer as in Figure 6. Ei-
ther LR is affected by the defect (circle marked
area). Positions of both focal points F1 and F2 are
marked by arrows

Discussion

We are utilising the data collected by this method to
date, to continue work on this project. Combined with
other ultrasound scanner quality checking methods our
system adds another complementary parameter for
complex assessment. Promising are a number of other
parameters which may be derived using the PSF analy-
sis e.g. transversal profile and side lobes level spatial
distribution mapping and/or dynamic focusing mal-
functions, crystal dropouts and time gain compensa-
tion function failures.

The method is not suitable for low level contrast
resolution estimation or scattering noise level determi-
nation or other methods of soft tissue resolution meas-
urements. The point reflector used is a high reflective
target which is mostly suitable for technical measure-
ment.

This method is not as easy or as quick to use as tis-
sue mimicking phantoms or 3D signal to noise ratio
evaluation methods. However it provides accurate and
objective numeric parameters corresponding to the
quality of imaging at any specified point over the
whole scanning area.

The method referred to may serve as complemen-
tary to the complete set of test procedures which
should be used for effective and reliable ultrasound
scanner quality assessment urgently needed by health
service systems.
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