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INTRODUCTION TO HARDWARE FOR NUCLEAR MEDICINE DATA SYSTEMS 

This is a discussion of the hardware included in a computer 
based data system for nuclear medicine imaging studies. It is 
written for the newcomer to computer collection and analysis. 
Emphasis is placed on the effect of the various portions of the 
system on the final application in the nuclear medicine clinic. 
While an attempt is made to familiarize the user with some of 
the terms he will come in contact with, no attempt is made to 
make him a computer expert. 
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INTRODUCTION TO HARDWARE FOR NUCLEAR MEDICINE DATA SYSTEMS 
Jon J. Erickson 

The purpose of this paper is to familiarize physicians 
with computer systems to the extent that they will have at 
least a minimal knowledge of the meaning of the terminology and 
will be able to ask some meaningful questions of the vendors. It 
is not the purpose of this paper to make the physician over 
into a "computernik of the first water" to quote Dennis Kirch. 
For this reason, I am not going to discuss the details of I/O bus 
operation, memory construction or such things as have no real 
bearing on the clinical applications of the systems. 

The block diagram of Figure 1 will serve as a basis for a 
discussion of the hardware components. We will attack each of 
the blocks in this diagram in turn and discuss the application 
and implications of each in the light of a Nuclear Medicine Data 

CENTRAL PROCESSING UNIT (CPU): 
This is the "brain" of the computer. It's here that all 

the decisions are made. This section of the computer is the 
part that performs all the arithmetic operations. The computer 
scientist types will argue that the main memory is not considered 
a part of the CPU. Strictly speaking this is true but fcr our 
applications the distinction is not important and I will lump it 
all into this one block. 

System. 

Figure 1 

Several things concern us in this section of our data 



gathering and processing system. In most cases, I would tell you 
as clinicians not to concern yourself with them as they only have 
a minimal direct effect on your system's operation. But they 
are used by many salesmen as indicators of system operation and 
capability and it behooves the buyer to know what they mean. 

Computer memories are defined by many parameters. The 
one most often mentioned first in any discussion is the number of 
words in the memory. This is simply the number of storage 
locations which are available to the user. It is not uncommon 
for machines to have 32,000 words or (32K) and some on the market 
today have as much as 128,000 (128K). It is interesting to note 
that in a field where great care is made to ensure precision in 
terminology that the term IK is actually 1024. So that a 32K 
machine really has 32,7 68 words. This sounds like a large number 
but one must remember that a 128 x 128 image requires 16,384 words 
of storage or half of the 32K words I 

The second parameter of interest is word size. This 
determines the magnitude of the number which can be stored in any 
given memory location. Word size is usually specified by the 
number of bits in the word. Rather than get into the problems of 
binary arithmetic and how computers compute suffice it to say 
that a computer word with n bits can store a number as large as 
2n-l. Thus, an 8 bit word can store any number up to 28-l or 255. 
There used to be a great deal of discussion about how many bits 
were sufficient for nuclear medicine studies. There were 18 
bit advocates, 16 bit advocates, and the 12 bit advocates. As 
with many philosophic discussions most of the very heated debates 
which took place were fruitless and the computer industry went 
ahead and did what they pleased anyway. Most of the machines now 
available are what are termed byte oriented. The byte is a word 
made up by IBM to describe a set of bits which to be treated as 
a unit. The most common use of byte is to describe a set of 8 
bits though it is sometimes used for other numbers of bits. The 
byte oriented computer in general does not have a fixed word 
length but can simulate any word length required by logically 
combining as many bytes as required. This makes for a very power-
ful machine when large numbers are required but also a very eco-
nomical machine when small numbers are used. 

Memory now is available in two varieties - core memory and 
solid state memory. The latter is becoming more and more popular 
and therefore cheaper. It requires less power to use and requires 
less space. It has one often claimed disadvantage in that it is 
a volitile memory which means that if the power turned off the 
memory contents are lost. I am personally not convinced that in 
nuclear medicine this is any problem. The core memory consists 
of many small ferrite rings whose magnetic polarity can be 
detected and reversed at will, thereby allowing the storage of 
ones and zeros. If properly implimented this memory will not 
loose its contents if power is lost. The price o£ this type of 
core is not likely to drop much more because the ferrite rings 
must still be strung by hand. The cycle time is the time it 
takes to get numbers out of or into the memory. This ranges from 
.3 to 2 microseconds. 

•fhe design of the central processor (CPU) which, as we 
sai^ above, is the brain of the computer can affect the use of 



the machine in many ways but we are primarily concerned here 
with speed. The basic computer CPU with no frills can only add 
numbers - the other arithmetic operations of subtraction, 
multiplication, and division must be simulated in software. 
Since this can be a very slow procedure most manufacturers have 
hardware available, at least as options, which can perform these 
functions quickly. These are the hardware multiply and divide 
and the floating point hardware which the brochures proclaim. 
The absence of such hardware functions is no reason to reject a 
system which is satisfactory in other ways but they certainly 
are nice to have. 

The variables discussed in connection with the computer 
itself are important and should be considered in the selection 
of a system. It should however be pointed out that the actual 
operation of the computer depends very heavily on the abilities 
of the programmers involved. A clumsy programmer can successfully 
overcome every advantage supplied by the manufacturer and produce 
a software package that is so difficult to use and slow to operate 
that it nearly defies the imagination. On the other hand a 
sophisticated software person can produce a useable package with 
the barest hardware necessities. 

DATA INPUT: 
The primary use of computer based systems in nuclear 

medicine is the analysis of data obtained from scintillation 
type cameras and isotope scanners. The scintillation camera, no 
matter what options are present, supplies us with only 3 signals 
of interest to the data systems. These are the two analog signals 
representing the X and Y coordinates of the radiation interaction 
in the detector and the pulse which indicates that a valid inter-
action has occurred. In order for this information to be of any 
use to a digital computer the analog signals must be converted to 
digital information in some form. This is done with an analog 
to digital converter (ADC). There are any number of different 
kinds of ADCs but the most commonly used in nuclear medicine is 
one called the Wilkinson type. In this device, a high frequency 
counter is started at beginning of the conversion. At the same 
time a reference signal with ever increasing magnitude is 
generated and constantly compared to the input analog signal. At 
the point where the reference and input signals are equal all 
activity is halted and the counter contains a digital number 
which is related in a known manner to the input analog signal. 
The time it takes to perform the complete operation is obviously 
called the conversion time. The two things which determine the 
magnitude of the conversion time are the precision or number of 
bits required and the frequency of the clock running the counter. 
The other type of converter used is the successive approximation 
converter. This device makes a guess at the desired digital 
number, converts this guess back to an analog signal and compares 
it to the input signal. The guess is then adjusted in the 
appropriate direction and compared again. This process continues 
with ever decreasing adjustments until the digital number is 
accurate to within the desired precision. As complicated as this 
conversion method sounds it is in fact extremely fast and is 
becoming more popular. 

Table 1 shows the resolution and conversion times of some 
systems on the market today. This table shows the popularity of 



information is recorded as short bursts of complete magnetic 
saturation. The digital tape is written using several heads at 
one time so that a complete byte of information can be written 
at once. 

PAPER 
TAPE 

MAGNETIC 
TAPE 

MAGNETIC 
DISK 

FLOPPY 
RISK 

TIME/FRAME 100 sec 0.1 sec .061 sec .5 sec 

COST/UNIT 5 2-3k $10k $10k $5k 

COST/MEDIA $1.5/k 
ft 

$10-20 $100 $15 

CAPACITY 2000 frm SOOfrm 40frm 

PORTABLE YES YES MAYBE YES 

TABLE 2 
The most common number of tracks is 8 with 800 bytes per 

inch of tape. The speed with which the tape moves varies with 
different instruments from 24 to 75 inches per second. This 
combination of density and speed provides data transfer rates 
from 19,200 to 70,000 bytes per second. If the tape is written 
in what is called "industry compatible format- which involves 
such obscure concepts as parity and cyclic redundencyetc. it is 
a very excellent media for transferring data from computer to 
computer. Not all tapes used in data collection systems are 
industry compatible. It is a good idea to insist on this 
capability if a second computer is to be used for analysis or 
research. 

Another popular media is the disc. This comes in several 
varieties but the concept is the same throughout. A magnetic 
media in the shape of a flat disc is rotated and concentric 
tracks of the same type as found on tape are recorded on the 
surface. Disc types are the fixed disc, the removeable cartridge 
disc and the floppy disc. The fixed (or non removable) disc is 
usually capable of the fastest data rates since mechanical design 
problems can be solved because the disc is permanently Installed 
in the system. Transfer rates of 300,000 bytes per second 
(150,000 x-v image points/sec) with a total capacity of up to 
30 million bytes are possible. The fixed disc cannot be used for 
permanent storage of data since it will eventually fill up. 
It also can cause some problems and inconviences when more than 
one user is involved. To overcome these disadvantages the systems 
designers turned to a removable cartridge disk system. In 
this system the disc platter is inside a carrying case which can 
be removed and replaced at will. These removable systems have 
transfer rates and capacities comparable to the fixed disc 
systems but have the advantages of being replaceable and 
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Wilkinson ADC but higher speed of succcssive approximation. 
Though no study presently performed generates average count-
rates of 250,000 counts per second (i.e., 4 micro seconds per 
count) the random nature or radioactive decay requires the 
lowest dead time possible so the fewest counts are lost. 

ADC COMPARISONS 
NUM. OP PRECISION CONVERSION TYPE 
UNITS TIME 

4 7-8 BITS 3-4USEC WILKINSON 

3 6-8 BITS .7S-4uSEC UNKNOWN 

1 8 BITS 1 uSEC SUCC. APROX 

TABLE 1 
Once the digital number is available it can be used in 

one of two ways by the computer. First it can be used to point 
to a location in memory which corresponds to the position of 
the interaction in the detector. Then the number stored in 
this location is then increased by one count. This method pro-
duces a digital representation of the analog count distribution 
directly in the memory of the computer and is called the 
histogram or frame mode. This is simple and requires no software 
tor image construction but can be very consumptive of core for 
a high resolution image e.g.. a 256 x 256 image requires 6S(536 
core locations. The temperal relationship between individual 
counts is also lost so that the finest temperal measurement which 
can be made at any later time is equal to the time over which the 
individual images were collected. 

The second method of using the digital number is by simply 
sticking it in a list for later use. This method is called 
list mode. By putting clock markers in the list one can maintain 
very fine temper*1 resolutions. Alternatively one can put 
physiological indicators such as a QRS pulse in the list so that 
count distributions can be correlated with physiological phenomena 
as well as with time itself. This method requires only a 
minimal amount of memory and is a good method for research since 
it leaves the data in as near to its orginal form as possible. 

STORAGE: 
Because of the large volume of data collected in modern 

nuclear medicine studies the medium on which it is sorted is 
fundamental to the success of the system. Table 2 lists and com-
pares the various storage media available at present. 

Magnetic tape is probably a media familiar to most people. 
The tape used for digital data storage is the same as that used 
for any other type of recording except that instead of recording 
the information as varying degrees of magnetic signal the digital 



transferable. The cartridge costs on the order of $100 and so 
is pretty expensive for permanent archival storage but is 
excellent for teaching situations. 

The floppy disc is a small flexible disc of magnetic 
material carried in a light weight cardboard envelope. It 
spins relatively slowly and has a data transfer rate of the 
order of only 5,000 bytes/second with a total capacity of about 
250,000 events. Its advantage over a small magnetic tape is the 
low price, the short access time and the small size of the unit 
itself. The disc itself costs about $10 and is an excellent 
teaching file media with only one or two patients per floppy disc. 
It cannot be considered as a transfer media except between 
similar systems since there is still not a universally accepted 
format. 

Systems which have discs for data storage also maintain 
their programs on these devices and as such usually have a 
section reserved f>z this. This will reduce the space for data 
but not by a significant amount. 

Paper tape is not commonly used for image data storage 
but is more often used for sample counting data from automatic 
sample counters. It is a slow, non reusable media but is an 
inexpensive and reliable method of reading sample counting data 
into the computer for data reduction. 

DISPLAY: 
This is one section of a data analysis system which can 

make or break the system. A system without a means of displaying 
the results of its calculations can calculate forever and not 
be of any use. Nuclear medicine computations produce either 
a grey scale image or simply numbers and flow curves. The lat-
ter information is the simplest to handle since they can be print-
ed on a hard copy device such as the users input terminal as 
discussed below. Few of the basic data systems on the market 
include a line printer since there is only a minimal need. If 
one is going to do large amount of software development or print 
large amounts of numerical data the high speed printer is an 
excellent investment. 

In spite of the increase in the number of nuclear 
medicine studies which produce a simple numerical result the 
field remains primarily a pictozial one. By this I mean that 
the study results are based are based on a human being's impres-
sions of an intensity modulated pictorial display. For a long 
time the need for good image production from computed results 
was not widely appreciated. Recently, however, the manufacturers 
have addressed themselves to this problem with the result that 
there are now some excellent display systems on the market. If 
an image is displayed simply as a rectilinear array of intensity 
modulated points on a basis of one display point for one 
digital array point the discreteness and the separation of the 
spots is very distracting. To overcome this distraction most 
displays now use an interpolated display in which the space 
between the real data points is filled with points whose intensity 
is calculated from the real data around it. While this obviously 
does not increase the amount of data present it does make 
the display more pleasing to the eye and much easier to interpret. 



The most common display density is 256 x 256 and is accomplished 
in one of two ways. The intensity value for each display point 
can be calculated and placed in a special purpose display memory 
from which the image is generated. Alternatively the hardware 
can be designed to perform the interpolation as the original 
data is read from memory. Excellent images can be produced by 
either method with the first providing more versatility with 
higher software overhead while the second reduces the 
software load but at the expense of versatility. With some 
limited exceptions the displays now available are video or TV 
type systems using high quality but generally available television 
monitors. Besides the advantage of a high quality display at a 
reasonable price this type of display can operate remote monitors 
for viewers at some point away from the. computer. 

Color displays are becoming more popular and in some 
cases have distinct advantages. Since there is no inherent 
color in the radioisotope image a pseudo color is generated by 
simply assigning color values to specified sections of the 
count rate range in the image. The use of color serves tivo 
purposes. The first is to display the count distributions and 
the second is to serve as an automatic contouring or quantifica-
tion method, color is not universally excepted as a useful tool 
and is seldom used without a comparison black and white display. 
One application where color does provide an advantage is in the 
display of temperal relationships in changing distributions. 
In this use the various temperal regions of. the studv are display-
ed in different colors, in this case, regions which have activity 
at different rimes in the study will show a color representing a 
summation of the separate colors. 

The displays used for talking to the user make use of a 
system called a storage scope display. This type of display 
does not have to be continually operated by the computer but 
maintains the spots on the face of the tube once they have been 
written. This storage display system is not able to display 
varying intensities so that grey scale images must be produced 
by using pseudo grey scale techniques. This technique makes use 
of the fact that high doc density looks brighter than lower dot 
density so that grey scale is simulated by adjusting the display 
dot density. 
USER INPUT: 

The classic method for communicating with computers has 
been the teletype. This is a product of the Teletype Corporation 
and is about the size of a large electric typewriter and looks 
to uninitiated as though it were constructed from hairpins and 
used plastic spoons. Various models are available but by in 
large they are the same. They print at 10 or 15 characters a 
second on ordinary paper and are inexpensive ($900-1500). They 
are relatively noisy but in general are reliable. 

A newer device called the DEC writer is becoming very 
popular as a teletype replacement. This is slightly larger 
than the teletype, faster (30 character/sec) and relatively 
quiet and only slightly more expensive (approximately $2000). 
It prints on plain paper of the sort used in line printers and 
has proven to be very reliable. 



The third printing terminal is one manufactured by Texas 
Instruments called the Silent 700. This is considerably smaller 
than either the teletype or the DEC writer. It is, as its 
name suggests, silent. It is a thermal printer and as such 
requires special paper. The paper costs 5C - 15C a page. This 
device is becoming very popular because of its size and lack of 
noise in the clinical environment. Many data systems use 
cathode ray tube (CRT) teminals. These are simply keyboards with 
a TV type dispaly on which text is displayed. These are faster 
(up to 1000 characters/second), absolutely silent and requires no 
paper supply. They do not produce a hard copy record of the user-
computer transaction which can be very useful in follow up of 
problems. But on the other hand, they don't produce reams of 
scrap paper as do the printing terminals. By use of pseudo-grey 
scale image production these terminals can also be used to provide 
the user with monitor images. 

Conclusion: 
Buying a computer based data aquisition and analysis system 

is a nerve racking experience at best. For a naive in the field 
it can be absolutely bewildering. However, if one ignors the fact 
that it is a computer along with all the mystique that this term 
envokes and simply approaches the purchase from the stand point 
of buying a tool to do a job much of the trauma disappears. It 
is first the clinician's task to define the studies he wants 
performed by the respective system. He must determine the 
expected count rates and study loads. Whether the studies are 
to be archived or not is also an important consideration. I 
must emphasize that these estimates and determinations must 
be realistic. 

When the system specifications are known one can approach 
the vendors. It is not unusual to hear people ask "What can your 
system do?" This is not unlike asking a pianist "What can your 
pisno play?" It is much more informative*and helpful to have 
specific things in mind when approaching the acquisiton of a 
sophisticated data collection and analysis system. If one 
approaches the problem with specific aims and goals combined with 
some knowledge of the various parts of the desired system -
either in your own experience or in the form of a paid consultant 
you are much more likely to end up with a workable and useful 
system. And it isn't really all that mysterious if one makes 
some effort to understand what is happening in the hardware. 
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