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Chapter 5

SCINTILLATION CAMERA-COMPUTER SYSTEMS
(General principles of Quality Control)

R.D. Ganatra

Introduction

Scintillation camera-computer systems are designed to allow the collection, digital
analysis and display of the image data from a scintillation camera. The components of the
computer in such a system are essentially the same as those of a computer used in any other
application, i.e. a central processing unit (CPU), memory and magnetic storage. Additional
hardware items necessary for nuclear medicine applications are an analogue-to-digital
converter (ADC), which converts the analogue signals from the camera to digital numbers,
and an image display.

The analogue image information produced by the scintillation camera consists of three
signals - the X and Y signals representing the position of the photon interaction in the crystal,
and the Z signal, which indicates that the energy of the interaction falls within the
pulse-height analyzer (PHA) energy window set for the radionuclide in use. If the camera
is an all-digital one, the image data may be transferred to the computer through a direct
digital interface.

It is possible that the transfer of data from camera to computer degrades the information
to some extent. The computer can generate the image for display, but it also provides the
capability of manipulating the primary data to improve the display of the image. The first
function of conversion from analogue to digital mode is not within the control of the operator,
but the second type of manipulation is in the control of the operator. These type of
manipulations should be done carefully without sacrificing the integrity of the incoming
information.

Components of a Camera-computer System

Analogue-to-digital conversion

Special line driver circuits are commonly used to drive the low-power scintillation camera
signals to the computer. The line drivers may also alter the voltage levels of the signals so
that they are suitable for the computer interface. Failures in these circuits may produce
artefacts in the digital image, but usually will not affect the analogue operation of the camera.
If the analogue and digital images differ, these circuits should be considered as potential
sources of the problem. The X and Y position signals must be converted to digital numbers
to be processed by the computer.

Data processing

The data processor includes the CPU and the memory of the computer. The CPU in a
conventional computer is the section that controls the timing and operation of the overall
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system. It also includes the arithmetic processing unit which performs the calculations and
makes logical decisions.

The computer memory consists of a series of storage locations, or bins, into which data
can be placed as words for later retrieval and manipulation. Memory is characterized by the
number of storage locations and the size of the individual word. The number of locations
determines the amount of data and the size of programs that can be present at any given
moment. The size of the memory word determines the magnitude of the number, which can
be stored at a given location as a binary number. Some word sizes have been given special
names. The most common is the byte, which refers to a group of eight binary digits or bits.

In general, the size of the memory word determines the counts that can be collected in
a digital image. Some computers allow the user to select the size that will be used for image
collection. Use of an 8-bit storage element allows the collection of a count of 255 per image
element (or pixel). Use of a 16 bit storage element accommodates numbers of up to 65 535
or ± < 32 767 per pixel, depending on the particular computer.

The use of an 8-bit storage element for nuclear medicine imaging is a limitation and a
potential source of error. In imaging procedures in which the radiopharmaceutical is
concentrated in a small anatomical area, the pixels corresponding to this area quickly become
saturated. This may cause distortion of the quantitative data unless the system is capable of
performing a suitable correction. It is important for the user to understand the clinical
significance of such limitations and to choose the data collection mode appropriate to the
clinical study to be performed.

Image formation

The output from the ADC is used in one of two ways by the computer during data
acquisition - list mode and frame mode. In list mode, the digital data representing the
co-ordinates of photon interactions in the crystal are simply stored as lists in memory
analogous to those that a person would record as numbers on a sheet of paper. In frame, or
histogram mode, the digital data are used to identify the address of a specific memory
location corresponding to the location of the interaction. Frame-mode collection constructs
an image in memory buffers during collection, while list-mode only generates a list of
interaction co-ordinates. Dynamic flow studies can be performed in frame mode by
periodically writing the images to disk and restarting the collection in memory. A modified
form of frame mode, called ECG-gated acquisition, is often used for cardiological studies.
In this mode, the data acquisition is synchronized by the patient's electrocardiogram. In such
gated acquisition, a series of frames are generated, each one representing a small segment of
the cardiac cycle.

The number of pixels in the array or matrix, into which the digital image is divided
determines the ability of the computer to retain the spatial resolution provided by the
scintillation camera. A camera with a larger field-of-view requires a larger matrix to provide
the same spatial resolution in the final digital image. The choice of matrix size for a
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particular clinical study should be based on the analytic requirements of the study. A study
which is performed primarily to perceive fine detail in the final image requires a finer matrix
than one performed simply for the generation of time-activity curves from large
regions-of-interest. Aside from the question of spatial resolution, the choice of matrix size
has an impact of the expected count per pixel. For a given imaging situation, a change from
one matrix size to the next higher, e.g., from 64 x 64 to 128 x 128, reduces the count per
pixel by a factor of four, since the image is distributed over four times as many pixels. The
use of a finer matrix can thus sometimes be used to prevent pixel saturation.

It is necessary to provide supplementary storage other than that provided by the memory
of the computer. The nuclear medicine imaging procedures generate more data than what can
be contained in a reasonably sized computer memory and the data must be stored for later
retrieval and analysis. Magnetic storage is achieved by the use of two types of media:
magnetic disk and magnetic tape. Disks are used for rapid storage and retrieval, while tape
is more often used for long-term storage.

Data are recorded on disk by a read/write head which passes over the surface of the disk
in prescribed circular tracks and creates small magnetized zones on the disk. The disk
surface is logically divided into a number of storage blocks into which the image data and
programs are placed by the computer. The number and size of the data blocks are dependent
on the particular disk design. Small flexible disks, called floppy disks or diskettes, may have
a total capacity as low as 128 000 bytes, while large disk systems may have a total capacity
of more than 300 million bytes. Data transfer rates for disk systems can be as high as
250 000 bytes per second. Such high transfer rates may be required in high count rate studies
in which counts are written to disk during collection. It is important to understand that the
modern computer disk unit is a precision electromechanical device which must be properly
cared for. Without appropriate preventive maintenance and careful handling the disk unit will
soon be out of order.

Data transfer rates for tape systems are significantly lower than for disk systems.
Magnetic tape storage is used primarily for long-term storage of data. With appropriate
handling of the data, tape can be used for transferring data from one computer to another.
With disks this is possible only between similar computers.

Image display

The image display is presented to the user on a cathode-ray tube display, the intensity
or the colour at a point on the screen being related to the count of the corresponding pixel
in the array. Most displays allow to alter the contrast, brightness or grey scale of the display
without modifying the actual image data.

User interaction

User interaction with the display is achieved through a device such as a light pen,
joystick or mouse. A light pen is a light-sensitive pointer aimed directly by the user at the
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selected part of the image. A joystick is a small resistive device adjusted by the user. The
computer continually monitors the position of the joystick in both the X and the Y direction
and places a cursor on the display screen at a point having co-ordinates proportional to the
position indicated by the joystick. A mouse similarly places a cursor on the display screen
at a point under its control. These devices may be used to indicate regions-of-interest, single
points or anatomical landmarks.

Performance Characteristics

Only by proper testing can it be determined that a camera-computer system is operating
as it should. Those of concern in acceptance and routine testing are identified below, along
with the major design and operational factors that influence them.

(a) Energy resolution;

(b) flood-field uniformity;

(c) spatial linearity

These parameters are the same as those for a gamma camera.

Integral and differential ADC linearity

ADC linearity is a performance characteristic of an ADC that describe its ability to
convert accurately an analogue position signal to a digital address or location.

An ideal system should give a linear relationship between the location of an interaction
in the crystal and the corresponding address in the digital image. This should be true for both
the X and the Y direction. Poor integral linearity in an ADC causes the relationship between
distance on the camera face and distance on the digital image to vary across the image. It
is difficult to detect without precise quantitative measurements.

The major factors that degrade integral linearity in a camera-computer system are a
poorly calibrated analogue amplifier or a failure in the camera itself. Differential
non-linearity may be present in an ADC as a result of faulty power supply, which allow
transients to affect the conversion process. Another possible cause of differential
non-linearity is improper matching of circuits in the analogue part of the computer-camera
interface.

Spatial resolution

Spatial resolution is a performance characteristic of a camera-computer system that
describes its ability to resolve two separate point or line sources of radiation as separate
entities.
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The spatial resolution of a camera-computer system is conventionally quantified in the
same manner as for a camera alone, the full width at half-maximum (FWHM) being
determined from the digital image of a line source by linear interpolation between pixel
counts.

A major factor that changes spatial resolution in a camera-computer system is the
sampling of the image, i.e. the number of digital picture elements. Increasing the area of the
camera face corresponding to the digital image without a corresponding increase in the matrix
size degrades the spatial resolution. This is an operational characteristic of digital systems
and should not be considered as a system failure. Other than this, the spatial resolution of
a camera-computer system is subject to all the factors which affect the gamma camera
primarily.

Count-rate performance

The count-rate performance of a camera-computer system describes the relationship
between the observed count rate and the number of incident photons.

The complexity of the camera-computer system and its response to changing count rate
make it impossible to describe the count-rate response by a single parameter. The usual
method of quantifying system count-rate response is to produce a curve of observed count rate
versus input count rate over the range of count rates expected in clinical operation. This
curve can be generated in a scatter-free configuration corresponding to manufacturer's
specifications or it can be generated under conditions more closely simulating the scatter
characteristics of a patient. The former method may be used for acceptance testing, but the
latter provides results that are clinically relevant.

The major factors that degrade count-rate response in a camera-computer system are
extended ADC conversion time, maladjusted sample-and-hold circuits, poor scintillation
camera performance and delays due to other data-processing which the computer may be
performing at the time of data collection. In systems which are able to perform simultaneous
analysis and collection or simultaneous collection from two cameras, the possibility of
degraded count-rate response due to delays originating in software, especially at high count
rates or high frame rates, must be seriously considered by the user.

Timing accuracy of data collection

Timing accuracy of data collection of a camera-computer system describes the ability of
the system to partition accurately data into the desired temporal segments or frames.

Timing accuracy may be quantified by performing a simulated clinical study and
comparing the apparent frame time, as deduced from the count in each frame, with the
requested frame time and by comparing the apparent collection time, as deduced from the
sum of the apparent frame times, individual frame durations with the requested collection
time. Another timing consideration is the ability of the system to perform properly a gated
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study and to divide accurately the cardiac cycle into the desired number of segments without
undesired delays or variations in collection times.

The major factors degrading accuracy in gated studies are uncertainties in timing of
signals generated by the electrocardiograph and delays between generation of the gate signal
and its receipt by the computer, due to intervening electronics.

Operational Considerations

General operating conditions

It is important that the computer in a camera-computer system be used in an optimum
environment. Power failures, as well as poorly conditioned power supplies, may not only
render clinical results useless, but may also physically damage the equipment, which should
be properly protected against such hazards. Suitable isolating transformers and drop-out
relays (DORs) are essential in localities where electrical power has a tendency to be erratic.
Although not all manufacturers agree, it is usually best to switch off a computer at night or
when it is not in use, though not the associated scintillation camera.

The temperature and humidity ranges within which a computer will operate are very
limited and care must be taken that these are not exceeded. High temperature and humidity
can result in expensive failures.

Documentation

The complexity and versatility of a camera-computer system make it imperative that
adequate documentation be obtained at the time of installation. Documentation for both the
hardware and the software should be provided. It is strongly recommended that the buyer
obtain sufficient documentation about the hardware to allow repairs to be made by a
competent electronics technician.

Preventive maintenance

The room in which a camera-computer system is installed should be kept scrupulously
clean. Although protected by air filters, disks can be destroyed by high levels of dust and
smoke. The filters should be cleaned at regular intervals. Where appropriate, manufacturers
also specify regular cleaning of disk packs, disk heads and magnetic tape heads. Such
cleaning, although advisable, should be carried out only by properly trained staff. Improper
cleaning of disks can be much more damaging than no cleaning at all. More specialized
computer maintenance should be performed by a qualified service engineer at regular
intervals.

34



SCINTILLATION CAMERA-COMPUTER SYSTEMS

Software

The software does not come installed in the computer, but normally accompanies it on
magnetic media. These distribution media should never be used for routine operation of the
computer. They should always be copied and the originals stored in a safe location away
from the computer itself. The importance of this policy cannot be over emphasized. If the
contents of the distribution media are accidentally destroyed in the absence of back-up copies,
the entire system is useless until new copies are obtained from the manufacturer. This may
entail significant expense in both time and money.

Record keeping

It is essential that a log book be kept with the system at all times. Unexpected events
tend to happen and they should be recorded in the log book in as much detail as possible.
The user should also try to find out why the unexpected event occurred. Examination of
small, seemingly inconsequential, failures may allow the prevention of major failures at some
later time. It is also useful to find out where similar systems are in use (preferably before
the system is purchased) so that when problems arise other users can be contacted and advice
obtained.

Test conditions

The following specific test conditions are assumed to hold during all testing procedures
on a camera-computer system.

(a) No electrical or mechanical modifications to the system
should be made prior to testing.

(b) The PHA should be adjusted before any tests are carried out,
so that the specified window is used, centred on the
appropriate photopeak.

(c) Background radiation levels should be reduced to a minimum
by removing extraneous radiation sources, including patients
to whom radiopharmaceuticals have been administered.

(d) The count rate in any test, unless otherwise specified, should
not exceed 10 000 c/s in cameras manufactured before 1978
and 20 000 c/s in newer cameras.

(e) The radionuclide, source configuration, collimator,
instrument settings, imaging parameters and test results
should be recorded in the instrument log book, accompanied
by the images whenever possible.
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(f) At acceptance testing, a representative of the manufacturer
should be present.

(g) Rotation of the analogue image by use of the scintillation
camera orientation switches should cause a corresponding
rotation of the digital image.

(h) The camera-computer interface should be adjusted so that the
useful field-of-view of the camera without zoom, i.e. the
field-of-view defined by the collimator, is entirely contained
in the digital image.

(i) Any zoom and image displacement switches on the
scintillation camera should be switched off.

Tests to be carried out

Many of the tests for a camera-computer system are similar to those for a scintillation
camera alone. Most deal with the ability of the computer to reproduce faithfully the
information provided by the camera. Such systems being still in evolution, additional or
alternative tests may be required in the future. The tests described in the next chapter
provide a basic evaluation of the system relevant to nuclear medicine applications. They do
not represent a complete and exhaustive test of the computer. It is assumed that the computer
will have been subjected to, and passed, all the routine tests provided by the manufacturer
for evaluation of the proper operation of its hardware. Further, the distinction between
cameras and computers as separate pieces of equipment is becoming less clearly defined as
scintillation cameras become more sophisticated and incorporate more digital electronics.
Most systems, whether integrated or not, can be tested using the procedures presented in the
subsequent chapter.

The tests described may be considered in three categories:

(a) Static tests of the camera-computer system.

(b) Dynamic (timing) tests of the camera-computer system.

(c) Tests of the software for data collection and processing.

COMMENTS ON QUALITY CONTROL OF SOFTWARE

The software of a camera-computer system is as much a part of the overall system as is
the hardware and it must be properly monitored to ensure correct operation. This monitoring
must include acceptance and routine testing.
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Since the software available with such systems changes rapidly, it is not possible to
define a set of protocols to enable users to test their own software. The potential of a system
to produce errors is almost unlimited, and care must be taken at all times to ensure that the
results are reasonable. The following guidelines may be helpful in limiting operator errors,
and checking a system to see that it is reasonably well-behaved.

If the basic checks of the system produce satisfactory results, and the tests of computer
timing in dynamic - and ECG-gated - acquisition are satisfactory, the next set of tests to be
performed should check arithmetic data manipulation.

In general there are three useful types of data which serve to validate computer programs
for camera-computer systems:

(a) validated clinical data,

(b) data generated from physical phantoms, and

(c) data from mathematical simulations.

With each, data are provided so that the values determined by any analytical procedure
can be checked against the expected results. This type of test is especially useful when a
software upgrade has occurred allowing values determined previously to be checked against
values with the new software.

Validated clinical data in this context are data from a patient, which have been processed
by a number of reputable institutions and are accompanied by the numerical values found by
these institutions, which serve as expected values when the data are analyzed. Confirmatory
clinical information obtained from other sources should be available to verify these expected
values. Suitable data may also be generated from carefully designed physical phantoms to
simulate certain aspects of patient studies.

It is recommended that sets of reference clinical data be obtained for each clinical
procedure in regular use. These may be either validated clinical data provided by other
laboratories or the results of clinical studies performed in the institution itself which serve for
reference purposes. Whenever the software is modified in a significant manner, the new
software can then be tested on these reference data. There should be at least one normal and
one abnormal case for each procedure.

Data from mathematical simulations are data of known form and statistical noise
distribution generated by a computer. More complex simulations can be based on
physiological models and can be helpful, for example, in testing cardiac software. It is
strongly recommended that a program for generating simulated tomographic acquisitions be
used for testing tomographic software.
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The analysis protocol for each clinical procedure likely to be used should be tested. It
is often helpful if a knowledgeable representative of the manufacturer is present during the
tests. Any discrepancy in the documentation should be noted. If a set of validated clinical
data exists, the programs should be tested using these data and the results examined; if
differences are noted, reasons should be sought.

Complete software evaluation is not possible unless software documentation is available.
It is important to ensure that a complete set of documentation exists for software in use, and
that this is updated as necessary. Errors, including errors of documentation, should be noted
in the log book as they are found.

The above material is based on the IAEA-TECDOC-317, which is undergoing
revision at present. The actual Quality control procedures are described in a subsequent
chapter in this book.
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