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1. INTRODUCTION

Modern image intensified television fluoroscopy systems are capable of
excellent performance, judged by the standards of even just 10 years ago. A
new caesium~iodide intensifier system is capable of distinguishing low
contrasts of close to 2%, and resolving higher contrast objects as small as
0.25 mm, while operating at input face dose rates of 20-30 UGy min~1,
However, while these performances may be demonstrated in the factory or
laboratory, and even on installation, the image quality of the equipment in
use is often less satisfactory. Inevitably in time the equipment becomes
poorly adjusted or faulty and requires maintenance. Eventually it will
become worn out, obsolete, or both, and require replacement.

As image intensifiers are expensive items, decisions regarding repair
and replacement have to be made with care and be based on objective
criteria, Clinical judgements may be suspect, because degradation in
performance is often gradual and imperceptible, and because patients do not
provide a standardised yardstick for comparing performance over periods of
time.

What is required then is a set of tests and test equipment which would
enable the users of image intensifier (I.I.) systems to monitor performance,
so that optimum image quality with minimum dose rate is assured during the
serviceable life of the equipment, and that replacement may be recommended
on an objective basis.

This problem has been addressed, both locally and internationally, by a
number of investigators. Phantoms, which generally include objects of
varying size and contrast, have been in use in radiology for many vears, an
early example being the Burger phantom. 1) Perhaps the most significant
work has been undertaken by a group at Leeds,(z) resulting in a set of test
objects known as the Leeds test objects. These have been adopted by the UK
Hospital Physicists' Association 3) in their protocol for measurement of
performance characteristics of image intensifier television systems.

Similar test objects have been constructed at the National Radiation
Laboratory (NRL), based on published specifications, and have been tested on
many image intensifier systems throughout New Zealand.

The following sections describe the theory, design and construction of
the test objects, give a typical protocol for assessment of I.I. performance
and detail the results obtained so far.

The purpose of this report is to provide a guide for medical physicists

and others, who will use the test objects for testing of I.I. systems. It
will also prove of interest to those who use these I.I. systems.

2. THEORY, DESIGN AND COMSTRUCTION OF THE TEST OBJECTS

2.1 Theory of radiologic image detection

This section presents a simplified general description of the processes
involved in the detection of objects in a "noisy” image, based on that of
Rose.(4)  More rlgorous and comgrehensive derivations have been presented by
Schade(s), Shannon, (6) Wagner Chesters and Hay,<8) and E‘aham.l(J
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Rose (4) gives a formula for ideal noise-limited systems:
nd?2 ¢2 = k2, (1)

where n is the total number of photons per unit area required to detect
objects of dimension, d, contrast, C, with a signal-to-noise ratio of k.
The system is ideal in that no other factors, such as geometric unsharpness
(focal spots), movement blurring, or the observer, limit the system; the
only limitation being the number of x-ray photons available.

Consider the simplified imaging problem illustrated in figure 1. A
point source of monoenergetic x~rays irradiates an ideal image receptor of
area Dz, on which is placed a small object. The x~ray absorption of the
object is such that the number of photons per unit area is reduced by An.
The contrast of the object is then defined as € = An/n. (The object is
sufficiently small that scatter may be neglected.)

Small object of 0.9 transmission,

0.1 contrast and area 1 cn12

Ideal image receptor,

area 100 cm2

Figure 1. Idealised imaging situation, with a monochromatic x-ray point
source irradiating an object of one pixel dimension.
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To be able to detect this object in the image, a specific number of
photons is needed. Consider the image to be divided up into small regions
(pixels) each of dimension d, and area d2. In one of these pixels, the flux
of photons is reduced by the object to n - An. The minimum number of
incident photons required to display this contrast is n/An, i.e., 1/C, in
each pixel. As there are N = p2/d2 pixels, the total number of photons
emitted by the source must be

nob = N x % (2)

Taking a numerical example, suppose the x-ray transmission is 90% (so
that the contrast is 10%), the image receptor is 10 cm x 10 cm, and the
object is 1 cmx 1 cm. Then € = 0.10, N = D2/d2 = 100, and
ng = 1000. Thus there will be 100 pixels, 99 of them with 10 photons in
each, and one, representing the image of the object, with 9 photons.

Unfortunately in reality photons are emitted in a random manner, so
that although an average number n may arrive in each pixel per unit time,
the actual number arriving in any one pixel per unit time will follow a
Poisson distribution with mean n and standard deviation va.(7) A histogram
of the number of photons expected in each of 100 pixels is given in figure
2. The probabilities from the Poigson distribution are

i
p(1) = e (&)

where n is the average value, and p(i) is the probability of i photons in a
given pixel.

Applying this to the above example we find that we wish to represent
the image with 9 photons in one of the pixels while, due to the random
nature of the photons, most of the pixels have between 5 and 15 photons.

The standard deviation is vn = V10 = 3.16. In this situation the ratio
n/vn is 3.16.

The only way to improve this is to increase n, making the ratio of n/v/n
sufficiently large that a contrast difference of 10% is unlikely to occur by
chance. With 100 photons per pixel (an increase in the number of photons by
1/¢), the ratio n/vn is increased to 10. We now have the contrast level
equal to the noise level but even this ensures only that an observed
contrast of 10% is equally likely to be "real” or due to chance. Rose 4)
demonstrates that a further increase by a factor of 4~5 is required to
reduce the possibility of "false positives” to an acceptable level. This
factor represents the ratio of the size of the signal to the size of the
noise, and is termed the signal—-to~noise ratio (SNR).

Since the ratio of n/vn varies as /h, to improve this ratio by k we
must increase n, by a factor of k2, Thus our formula (2) must be multiplied
by 1/C to account for the random nature of photons, and by k2 to minimize
the probability of false positives, giving

x k2 = =2 (3)
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