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Any activity involving the exchange, storage and analysis of
information is likely to be strongly affected by the development of
microprocessor technology. In the field of radiation protection we
are concerned with information in the form of medical records, dose
records, approved schemes of work and lists of classified workers.
We are also concerned with the collection and examination of infor-
mation from a wide range of radiation monitoring instruments. We are
even concerned to an increasing extent with information being ex-
changed from one machine to another with only the most casual human
interference. Further development of microprocessors, is occurring and
it seems possible that quite intelligent machines may be available in
the next decade for such major tasks as the complete automation of
nuclear waste management and perhaps also to assist in the eventual
dismantlement of the present generation of nuclear power reactors as
they come to the end of their useful life. In this paper a descrip-
tion is given of three straightforward applications of current micro-
processor technology. These applications are characterised by the
use of the microprocessor to impart a degree of intelligence to what
would otherwise be conventional radiation detection techniques.

GEIGER COUNTER

We are all very well aware thac the output from a geiger counter
consists of a series of identical pulses. Furthermore, considerable
background information with regard to the type of radiation sources
involved is necessary to infer a value for the exposure dose rate from
the observed counting rate. In the hands of an unskilled person a
serious error can occur in estimating the radiation exposure. The
arrangement described here turns over to the micro computer the task
of computing the radiation dose from the observed counting rate.

Slide 1 is a schematic diagram of the system. Two identical
geiger tubes are employed but in front of one of the tubes an absor-
ber is placed which has the effect of causing the ratio of the count-
ing rates on the two tubes to depend significantly on the effective
gamma ray energy in the incident radiation. Each output pulse from
either tube causes an "interrupt" to the main program on the micro
computer which promptly postpones its main program and operates an
auxiliary program which "services" the interrupt. The micro computer
is programmed to keep a record of the number of pulses from each of
the two geiger tubes and to form a ratio of these two numbers. The
observed ratio in a particular situation is compared with stored data
and in this way the incident gamma ray energy is estimated. The
program then continues using additional stored data on the sensitivity
of the geiger tube as a function of gamma energy to correct the count-
ing rate (on the tube with no absorber) and thus obtain the required



dose rate. The dose rate thus obtained is then printed out in a
convenient form together with auxiliary information which includes
the maximum permissible exposure level, any special precautions which
are relevant and the results of a check made by the micro computer
into whether the entire system is functioning correctly.

SCINTILLATION COUNTER

The spectrum of pulses from a scintillation counter contains
information concerning individual gamma energies. However, the cost
of conventional multi channel pulse height analysers can be consider-
ably more than the cost of the scintillation counter itself. It is
possible to use a micro computer not only to carry out the function of
obtaining the pulse height distribution but also to go a stage further
and employ a pattern recognition program to identify the incident
gamma ray energies and thus the radioisotope or isotopes involved.

Slide 2 is a schematic diagram of a typical arrangement. As
each pulse emerges from the counter it is held for a period at its
peak height and during this period an analogue to digital converter
produces a binary code number proportional to the pulse height.
This binary number is then latched on to an input port of the micro
computer. At the same time the converter produces a control pulse
which operates the interrupt request line on the micro computer.
This interrupt causes the main program to stop temporarily and a
service program comes into action. This service program reads the
binary number at the input port and compares its value with a list
of all possible values (channel numbers). When the matching stored
value is found the content of a linked memory location is incremen-
ted by one. The interrupt terminates and the micro computer returns
to the main program where it is ready for a further pulse. The con-
tents of the linked memory locations form a conventional pulse height
distribution. The period of counting is controlled by a timer in
the micro computer. At the end of the counting period the micro com-
puter changes to a program which is essentially a pattern recognition
search using stored data on the pulse height distribution observed
for different gamma ray energies. There are fairly strict limits on
pattern recognition programs before the problem of identifying the
gamma rays simply becomes too complex. However, in radiation protec-
tion situations it is usually the case that a limited number of radio-
isotopes are likely to be involved. For example, the laboratory con-
cerned may use Cobalt-60, Caesium-137 and Iodine-125. Pattern recog-
nition programs to identify these radioisotopes are quite straight-
forward.

The systam described here can '••-:• left to itself to operate as a
long-term monitor so arranged that it will generate, from within the
micro computer, audible and visual warnings in a hazard situation.
Thus, for example, it is possible to set the system to give priority
to the detection of the radiation from Iodine-125 with its wellknown
associated thyroid hazard. .

MONITOR CALIBRATION BENCH

The calibration of radiation monitors is an important part of
a radiation protection service. However, it is rather time consuming
when carried out rigorously and there is a certain risk of radiation
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exposure particularly in the calibration of monitors intended to
measure high dose radiation. These practical difficulties are such
that many radiation protection laboratories make only the most
casual check on whether the monitor is performing satisfactorily.

The new legislation emerging in the European Community follow-
ing the Euratom Directive and the response to the Directive from
national governments emphasises the need for rigorous calibration of
radiation monitors.

Slide 3 shows in schematic form an arrangement for monitor cal-
ibration based on micro computer control which is currently under con-
struction in the authors laboratory. The arrangement is simple and
straightforward. A large number of standardised radiation sources
are mounted on a slim rod which passés between two heavily absorbing
rods which have a small gap between them. The arrangement is such
that only one source can be exposed at any one time within the gap.
The radiation monitor to be calibrated is carried forward through a
series of halt positions. At each halt the monitor output is read
and stored together with a record of the monitor halt location and
the source involved. After measurements have been made at each halt
the source is changed by moving the rod and the set of measurements
repeated. This procedure is continued until the output of the moni-
tor has been recorded (for a group of sources relevant to that
monitor) at ali halt locations. The entire procedure is controlled
by the micro computer which also stores the data and prints out the
results in a very convenient form. Initially all of the sources are
shielded by one of the thick absorbers so that the operator is not
significantly exposed when placing the monitor to be tested in posi-
tion. The procedure once started is fully automatic under the
control of the micro computer which also provides an audible and
visual warning while calibration is in progress.

A very important point is that since the procedure is under
software control by a program stored in the micro computer it is
quite easy to arrange to store a number of programs one for each type
of monitor brought to the system for calibration. It is this flexi-
bility coupled with the convenient facilities of the micro computer
which renders it much more suitable than any other technique for this
type of control. It is also the case that the cost of micro computer
electronics is extremely low. The micro computer employed in all
three applications described here cost only a few hundred dollars.
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