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The following is a hypothetical account of a panel discussion on "Smart Instruments."
It enumerates topics that are likely to be covered in the actual discussion. The
members of the panel are:

Joseph Bellian, Bicron Corporation, Newbury OH
Richard Terry, Dosimeter Corporation of America, Cincinnatti, OH
Morgan Cox, Eberline Instrument Company.Santa Fe, NM
Dwane Stevens, Ludlum Measurements, Inc., Sweetwater, TX
Art Lucas, Victoreen , Solon, OH
Sudhakar Pandey, Nuclear Research Corporation, Warrington, PA

What is a smart instrument? A smart instrument may be defined as one that
performs smart functions or as one that contains a computer of some sort.
Neither definition is perfect.

Smart functions might include, but are not limited to:
Automated data logging (reading, location, time)
Transfer (downloading) logged data to outside computer
Computer assisted, remote calibration
Linearity and dead time correction
Performance trending
Self diagnosis of faults
Detector probe recognition -
Automated beta factor application
Automatic range selection

An instrument having one or two of the functions at the end of this list would not
generally be regarded as smart. An instrument having many of these functions,
or any of the first or two, would generally be regarded as smart.

It would be possible to avoid ambiguity by defining a smart instrument as one
that contains a microprocessor or computer. However, this definition fails if the
computer is used inappropriately to perform functions that could more easily be
performed without it.

Having failed to explicitly define a smart instrument, let us proceed to discuss
the smart functions listed above.

Automated data logging and the capability for direct transfer of the data to an
outside computer are the characteristics most health physicists think of when
smart instruments are mentioned. These functions could reduce dose by
reducing time spent in radiation areas, could reduce costs by saving time in
many steps of data storage, processing and retrieval and could improve the
accuracy of dose survey records. For each survey point, three pieces of
information must be recorded:

Instrument reading(s) (eg. cpm or mR/hr)
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Time
Location

Recording reading and time, storing reading, time and location and transferring
this information to a computer are all easy with present technology. The
problem comes with determining the location.

An obvious method that is easy with present technology is entering a
description via a keypad attached to the instrument. This method has two
severe limitations. The time required in the radiation area for data entry
probably exceeds that for conventional data entry on a paper map. Even
though time may be saved overall, dose would be increased. Most important,
locations entered via a keypad are difficult to verify later as accurate unless the
location code is extended with redundant information, again increasing time in
the radiation area. It would be difficulty 10 years after a survey to prove that a
location entered as 267 was not actually 237.

Present technology would permit identifying each location to be surveyed with a
bar code. This would reduce time in the radiation area and improve verification
of the location record. In order to be able to record results for locations not
already marked with a bar code, a conventional paper survey may still be
required although it could be marked in the field with a stick-on bar code.

From the users point of view, the best method of identifying each location would
be a navigation device (lightweight, of course) that would always know its
location anywhere within the volume being surveyed. The instrument could
then record reading(s), time and location at the push cf a button. While this
ideal navigation device may be theoretically possible, it does not seem to be
practical with current technology.

With computer assisted, remote calibration, a cable connects the instrument
inside a known radiation field with a computer or terminal outside the field.
Ideally, the dead time calculation and the correction for the dead time could be
automated. Also ideally, the technician would be able to expose the instrument
to several known radiation fields on each range, each time telling the instrument
(or computer) the true dose rate. After information input is complete, the
instrument (or the outside computer) would compute the calibration factors for
each range. Linearity correction could be included in an equation like:

D = A+Bx+Cx2

where D=dose rate, x=detector response and A, B, and C are the calibration constants
to be calculated for each range. A non-linear calibration equation would be
particularly useful on the highest range of many ion chamber instruments to allow for
recombination losses. A brilliant instrument would also demand a performance check
following calibration and periodically thereafter. Automated performance trending on
an outside computer would improve quality assurance.
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Obviously, remote, automated calibration would save time. Accuracy would be
improved by correcting nonlinearities, improving quality assurance and by
bypassing the technician's tendency to accept residual error. If the procedure
specifies error limits of 10%, the technician is likely to decide that an error of 9%
is not worth one or two more rounds of tweaking. If an open calibration range is
used, remote calibration could also reduce dose..

Self diagnosis of faults could range from very limited to extensive. At one
extreme, a computer is required to perform basic functions like checking high
voltage and batteries. At the other extreme, it seems impossible for an
instrument, no matter how smart, to detect every possible fault within itself,
including faults with the fault detection system. Furthermore, as instruments
become more able to detect most of their own faults, users are likely to become
less alert for instrument faults. Given that some degree of self diagnostic
capability is desirable and that full self diagnostic capability is impossible, the
best selection of self diagnostic capabilities is not obvious.

For instruments with interchangeable detectors, detector probe recognition
would prevent gross response errors and possible equipment damage.
Requiring the user to identify the detector with a switch or keyboard entry is
error prone. Even if no damage occurs, how can it be proved years later that a

5 cm2 detector was not used with the calibration factors for a 100 cm2 detector?
A bar code on the probe would be error resistant but would not be fool proof. A
fully automated method in which the detector is identified by its capacitance,
resistance or by interrogation of a microchip on the detector and in which the
detector identification is displayed on the instrument would offer the greatest
assurance of accuracy.

Automated beta correction factor application would be a desirable function for a
smart ion chamber instrument. At present, total skin dose rate is calculated as:

S=F(O-C)+C
where S=skin dose rate, F=beta response factor (typically about 4), O=window
open reading and C=window closed reading. While this calculation is straight-
forward, it is cumbersome in the field. Also, accuracy is sacrificed by using a
rounded value for F.

Automatic range selection does not require a smart instrument but is easy with a
smart instrument. On a smart instrument, eliminating the range switch might
actually save money. Automatic range switching could save dose by reducing
the time spent in radiation areas. However, since users often "know" what dose
rates to expect, the instrument must be designed to make it very difficult to
confuse 50 mR/hr with 50 R/hr. The instrument should also be smart enough to
avoid switching back and forth between ranges due to small changes in dose
rate.
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Except for navigation and full diagnostic capability, all of the functions
discussed above, and many others, are feasible now or will be in the near
future. The challenge for users is to determine what smart functions will actually
contribute to faster, more accurate and better documented radiation
measurements and how best to implement these functions. Effective
implementation of smart function into portable instruments will depend on
effective communications between users and designers.

The interface between an instrument and the workers who use, calibrate or
maintain it is critical. Early smart instrument have tended to have a confusing
array of controls which must be used in ways that are not self explanatory. The
many people who can't set a cheap multifunctional digital watch find such smart
instruments less useful than traditional ones.

Smart instruments should be designed to minimize the probability of human
errors and to mitigate their consequences when practical. At the same time,
they should facilitate human intervention when the instrument is malfunctioning
or is being used outside of its design capabilities. Use of a G-M tube for pulsed
fields would be an example.

Smart instruments are not fundamentally different from traditional ones. The
same considerations of capabilities, cost, reliability and user friendliness apply
to both. However, when compared with traditional instruments, smart ones offer
much more opportunity to improve these characteristics or to make them worse.

117


