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Abstract - Current industry requirements are becoming more stringent on quality 
assurance records and documentation for calibration of instruments and dosimetry. A 
novel method is presented here that will allow a progressive automation scheme to be 
used in pursuit of that goal. This concept is based on computer-controlled irradiators 
that can act as stand-alone devices or be interfaced to other components via a 
computer local area network. In this way, complete systems can be built with 
modules to create a records management system to meet the needs of small 
laboratories or large multi-building calibration groups. Different database engines or 
formats can be used simply be replacing a module. Modules for temperature and 
pressure monitoring or shipping and receiving can be added, as well as equipment 
modules for direct IEEE-488 interface to electrometers and other instrumentation.

INTRODUCTION

In the past, irradiators and calibrators were simple machines that had manual controls for operating 
the system. This design worked well but required extensive operator interaction for all operations. 
All data had to be recorded by hand. Repetitive calibrations had to be enacted step by step by the 
operator (little if any time could be saved by performing multiple calibrations). These systems were 
not linked to other calibrators or equipment, and a tremendous amount of technician time was 
required for recordkeeping. Additionally, these were mundane tasks and, often, transcription errors 
occurred. Now in the information explosion, laboratories are being required to keep more quality 
assurance records with less staff and smaller budgets. Other automated systems were implemented at 
some large laboratories; however, these systems were expensive, used custom software, and were 
partially implemented on mini-computers. What makes this new approach innovative is the use of a 
local area network and distributed computing in all phases of the calibration process. Those with a
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very tight budget can buy a computer-controlled irradiator that at least does the exposure calculations, 
based on saved information, and has multiple irradiator configurations which may be used as 
shorthand methods of calibration for specific instances. Large calibration laboratories may elect to 
network several irradiators in combination with pressure, temperature, interlock, and database 
modules.

THE INTELLIGENT IRRADIATOR

The growth of the microcomputer industry and the advent of the inexpensive computer equipment has 
spawned a new era where the irradiator can be fully automated to streamline operations, reduce 
errors, and increase efficiency while still leaving fiill control with the operator. The new design 
paradigm joins the computer control and mechanical components to create a system that vastly 
improves overall performance as compared with older equipment. Just two or three years ago, 
programmable logic devices were used due to the high cost of microcomputers and software. By 
making routine operations more automated with preset configurations, the operator can focus on areas 
where his expertise is required and let the computer perform the redundant, mundane tasks. With a 
computer as an integral part of the calibrator, new functions can be integrated seamlessly into the 
system, such as source decay correction and network capability. The approach that Atlan-Tech has 
taken is to fully embrace new technology to help solve customers’ needs in the best way possible.
The basic component of these new systems is the "intelligent controller." Powered by a 80486 
microprocessor, the intelligent irradiator includes 4 mb of RAM, 2 serial and 1 parallel ports, a 
3.5" floppy disk, a large hard drive, high resolution color monitor, keyboard, and pointing device. A 
parallel port board for direct communication to solid-state relays controls all functions of the 
irradiator and displays system status on the monitor screen, acting as a control panel. The virtual 
interface is presented in Figure 1. It shows preset time, source selection, attenuator selection, and 
platform position.

Exposure time can range up to 10,000 minutes with an accuracy of +0.01 minutes and is entered via 
the keyboard or stored as a preset configuration. Source selection is made via the keyboard or using 
the mouse. Attenuators, which are also selected via the keyboard or using the mouse, can be selected 
in any combination. The selected attenuators are shown on the monitor. Distance, temperature, and 
barometric pressure are entered manually with the keyboard or modules can be installed to automate 
those functions. If any errors occur, an error message will be displayed on the monitor showing what 
error occurred. Two momentary switches are provided on the front panel of the controller and work 
as alternates to the computer virtual irradiator: an "Expose" pushbutton for sending the selected 
source to the exposed position, and a "Return" pushbutton for sending the source back to the storage 
position. During a preset timed irradiation, the irradiation can be temporarily stopped by pushing 
the "Return" switch. The irradiation can be restarted by pushing the "Expose" switch. The timer 
will stop when the "Return" switch is pushed and continue when the source reaches the exposed 
position after the "Expose" switch is activated. Indicator lights show source position at all times. 
Power to the system is controlled via a keyed power switch. When turned on, the controller will 
perform a complete system functional check, turn on all panel lamps for five seconds, and set default 
settings. Default settings are factory set for selecting the smallest source, all attenuators closed, and a 
pre-set time selected. These settings can be changed by the system manager if so desired. When a 
source is in the exposed position, it will return to storage whenever: 1) the "Emergency Off' 
pushbutton is pushed, 2) the "Return" pushbutton is pushed, 3) the timer times out, 4) power is lost,
5) the system is turned off, 6) the interlock circuit is opened, 7) an error occurs (including loss of air 
pressure and/or electronic error).
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THE MODULAR CONCEPT

The modular approach to modem calibration laboratory automation is the key to effective solutions 
for individual quality assurance records requirements. For a small facility not looking to be 
secondary accredited, they may choose to only buy an irradiator. This will still provide better quality 
assurance records since records of the system calibration and the irradiator use are kept in the 
irradiator. Additionally, the decay correction can be applied automatically and subsequent 
documentation is automated. Larger, more complex, calibration laboratories may elect to buy one or 
several of the irradiators which are all network aware and can transfer data on a peer-to-peer or 
ethemet network. In this way, they can add other modules for specific tasks. Traditionally, 
computers are being used extensively at most facilities; however, they are generally used for one 
isolated job. Networking seldom is used, and where it is present, the network is not used to tie the 
parts into a fully integrated system. The modular approach lets laboratories customize a system to 
meet their needs without the high cost of custom software. This broad, systems approach results in 
better, more consistent calibrations with iron-clad recordkeeping to assure the quality of the 
calibration. Aspects of this system include:

1. Network - A system-wide network that could link all computers, instruments, and calibration 
devices.

2. . Database - A database system capable of storing instrument calibration records,
thermoluminescent dosimeter (TLD) records, device calibration records, and other salient 
information.

3. Automation - The system automates as many functions as possible including: operator input, 
data entry, calibration work, report generation, and recordkeeping.

4. Flexibility - The system allows individual calibration laboratories to customize the system to 
match their unique set of requirements.

5. Consistent graphical user interface - Each workstation utilizes Microsoft Windows for a 
consistent interface to make the system easy to learn and operate.

6 Security - Password protection and security are integral to the system to protect data and 
prevent unauthorized access. The security system allows the system manager to set up 
security levels as required to meet the facility requirements.

7. Safety - The system integrates radiation monitoring equipment and provides a network-wide 
alarm for evacuation.

8. Integration - The software allows for new equipment and existing equipment (after 
modification) to be integrated into the system.

The basic component required for a beginning system is the intelligent irradiator. Available add-on 
modules consist of:

Instrument Database Module - A database for all radiation instruments to be calibrated can be added 
to the system. Information recorded in the database includes as a minimum: ED number, make and
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model number, scale ranges, historical calibration data, repair history, error bands, and a comment 
section. The database is designed to accept a wide range of instruments. When special data 
requirements are needed, they can be added to the database. Remember that the irradiator use 
database is an integral part of the intelligent irradiator.

TLD & Dosimeter Database Module - The TLD and dosimeter database, while similar to the 
instrument database in function, records a different set of data. Both actual exposure and verification 
of deliver dose would be included in the database for all classes of exposure.

Calibration Source Database Module - This database is designed to record National Institute of 
Standards and Technology (NIST) traceable data for all calibration devices and radioactive calibration 
sources in the facility. Calibration data can be recorded over a wide range of distances and 
attenuators as required for each device. Exposure rate curves will be generated automatically for each 
source and attenuator combination. Historical data will be kept to assure a complete quality assurance 
(QA) audit trail. Decay correction is built into the database. In addition, records on the source 
status, location, and ultimate disposition are included in the database.

Scheduling & Tracking Module - This module provides several standard forms of scheduling. In 
addition, custom schedules can be defined by the system administrator. Additionally the software 
monitors where in the repair and calibration process an instrument resides. It can provide monthly 
reports for field locations (or as scheduled by the system administrator) to all field offices providing 
notification of which instruments need to be sent for calibration. Based on incoming instruments, 
estimated times for calibrations, and personnel work loads, schedules can be generated for internal 
work at the calibration facility. Schedules can be prepared for individual staff members as well as by 
calibration device or calibration task. For equipment that needs periodic calibration, schedules could 
be prepared that would integrate these calibrations into the work schedule in the least disruptive 
manner.

Report Generation Module - Results can be reported with a calibration serial number that relates the 
calibration data in the software database to the calibration report for excellent QA records.

Various Input Device Modules - Modules for these devices would include thermometers, barometers, 
radiation monitors, electrometers (or other IEEE-488 interface components), door interlocks, or bar
code scanners.

Linear Positioner Control Module - This module can interface to existing positioner systems row an 
Atlan-Tech created system. It provides control to let the software automate position, based on 
current calibration data or empirically derived exposure versus distance curves.

Shipping & Receiving Module - Logs in instruments via manual or, if present, a bar-code scanner. 
Prepares paperwork for shipping out completed jobs including 49 RX requirements for check sources.

Calibration Procedure Module - This module would be custom for each client and would codify the 
existing facility procedures to generate a computer-based procedure for each instrument or calibration 
process. These computer procedures can be generated by Atlan-Tech; or a flowchart-type method is 
used by the system administrator to input the procedures. The intelligent irradiator can then access 
those procedures to step a technician through a process using the available equipment to effect a 
proper and well-documented calibration.
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Statistical Analysis Module - With the large amount of data accumulated in the different databases, 
analyses can be performed on a routine basis that would otherwise be very difficult to do on data 
collected manually. The software has incorporated several features that enhance the ability to monitor 
and track trends on a statistical basis. As part of the monitoring program, set points can be set to 
notify the operator of unusual data points and instrument readings. Automatic routines can be set up 
to periodically review data to analyze different characteristics and provide reports on trend analysis, 
drift versus time, etc.

THEORY OF OPERATION

A typical calibration might execute in the following way: The instrument enters the facility for 
calibration and is logged in using the Shipping & Receiving and Scheduling & Tracking modules. If 
bar-code scanners are present, then that module would supply information to the other modules for 
direct input to the form. The screen forms are exact replicas of the printed forms. Based on the 
information present in the Calibration Procedures module, then the calibration process for that 
instrument is set. Also, note that if this instrument has been calibrated by this laboratory before they 
can be notified and look at historical information in the Instrument Database module. The "as found" 
check can be accomplished at some later date as well as the calibration. The software tracks what 
steps of the calibration procedure have been executed and what is left to do.

During the calibration the intelligent irradiator uses the calibration procedure to dictate the method for 
calibration. The irradiator uses the calibration protocol to set distance with the linear positioner 
module, get the temperature and barometric pressure from an input device module, and set the 
exposure time and attenuation. The technician then executes the irradiation and inputs the instrument 
reading, or the reading can be obtained from an input device module. If required, a verification 
chamber can then be polled via an input device module so that the actual field used can be 
documented. When the calibration is complete, the set of data is presented for review by the 
operator. If everything is acceptable, then he would enter a password which applies his initials to the 
calibration. The report can then be generated with the report generation module, and the statistical 
analysis module can print out the calibration history for that instrument with a trend analysis. The 
Shipping & Receiving module is then used to generate a shipping manifest and packing list and the 
instrument is sent back to the client. On a periodic basis the lab supervisor can then generate a series 
of statistical reports as part of the quality assurance program. These reports can demonstrate the 
historical performance for a certain percentage of calibrations performed and provide documentation 
of quality.

CONCLUSION

This type of software system is expandable and affordable, yet can provide documentation of some 
aspects of the calibration process not readily available before. The quality of calibrations can be 
assured to a greater degree for a client or auditor because of the linking of records in the database 
system. Everything from the source calibration data and chamber calibration factors to the 
parameters used and the verification exposure are documented. Individual instrument history and 
calibration factors are documented. What would have taken an army of administrative clerks to file 
and maintain are all automated and documented in a consistent, high-integrity fashion. Atlan-Tech 
has taken the advice of many people throughout the calibration community and combined it with our 
own experience to produce software that we believe will greatly enhance the productivity, efficiency,
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and accuracy of radiation calibration laboratories, while meeting the demanding quality assurance 
requirements in this enlightened era of total quality management.
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Figure 1 - Main control Screen fo r a Typical GC60 Beam Calibrator
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