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ABSTRACT
Modern technology involves increasingly more accurate measurements over much wider range of values and parameters; particularly this situation is true in the field of electrical measurements where new concepts have required accreditation bodies to modify and adapt their criteria accordingly.   This paper describes how criteria have been developed to make accreditation possible with instruments in which automation and software plays a vital part in the measurement process.

1
INTRODUCTION

The need for reliable and more accurate measurement systems has grown rapidly over the past thirty years. In the field of electrical measurement, instrument manufacturers have taken full advantage of the latest technology to improve their instrumentation from DC to microwave frequencies.   Possibly the largest impact has been made by the use of microprocessors and the standardisation by manufacturers on the IEEE 488 Bus Interface.   This has resulted in a large increase in the number of automated and flexible calibration systems, which are in use today.   Without these modern measurement systems laboratories could not cope with the increasing complexity of modern equipment requiring calibration, the demands for better accuracies and shorter turn‑round times.   The widespread application of computers, automation, digital electronics, software correction and solid state devices is essential to keep pace with the ever‑changing requirements.  These developments have, in turn, required accreditation bodies to adapt their assessment criteria to cope with modern technology.

2
AUTOMATED CALIBRATION SYSTEMS

Automated calibration systems have made it possible for laboratories to cope with the demands for more efficient calibration and the complexity of modern equipment.  The advantages of the automated calibration system over manual methods are many.   The speed of calibration is dramatically increased with automation of connect, read, adjust and record functions.  Calibration quality is improved, the calibrations are more consistent, and the testing of equipment is more comprehensive.   Reports can be generated directly from measured data with the minimum of operator interface being necessary.

The uncertainties of measurement of automated systems for DC/LF calibration can actually surpass those of manual methods by reducing random and drift contributions.   Automation has also made it possible to undertake verification of instrument interface control and measurements, which had not been possible previously, i.e. close-in phase noise and a more detailed characterisation of RF components. This has lead to an increasing demand for accreditation of automated systems.  Accreditation of automated calibration systems and associated system software is based on the following principles, which could become embodied in well-documented approved procedures within any accredited laboratory.

2.1
Accreditation Requirements

2.1.1
Software Management

Software is an essential component of an automated calibration system and tight control over its design, modification and release must be maintained and controlled by good laboratory management.   To ensure that regulations are in force to control the development and use of system software, it will require, as part of a laboratory’s application, a software management regulations guide that must be followed by laboratory staff. 

2.1.2 Staff

In addition to having knowledge of the measurements, which are to form part of the automated system, staff must have several levels of software writing expertise, from calibration procedure writing to system software editing/writing.   Knowledge of the system hardware for servicing and maintenance would also be useful.

2.1.3
Traceability

The traceability for automated systems must be provided by regular re-calibration, which would be based upon an approved procedure including details of how the system software controls the traceability.  A full re-calibration of equipment within the system may be performed under software control, against higher echelon standards.  

Traceability is defined in the BS Vocabulary of Metrology, PD 6461:Part 1: 1995, as: -

“Property of the result of a measurement or the value of a standard whereby it can be related to stated references, usually national or international standards through an unbroken chain of comparisons all having stated uncertainties”.

2.1.4
Equipment

The way in which the system software controls each item of equipment in the system must be clearly explained in addition to the specific requirements for “Traceability”.   Equipment must be dedicated to a particular system so that historical data are maintained.  Standby items having a known calibration history that will support the system capabilities must be available in case of equipment failure.

2.1.5
Environment

The automated system’s environment must be controlled and adequately monitored to ensure that the system is not used outside its operating conditions, as this could invalidate the system traceability.

2.1.6
Documentation

This is treated in the same way as any other calibration accreditation but does require additional documentation for the software management.   System printers must be of acceptable quality and their printouts must be durable.

2.1.7
Uncertainties of Measurement

All uncertainty contributions associated with the system must be fully assessed and evaluated.   Therefore a full description of how the software controls the system, within defined limits, must exist. 

2.1.8
Measurement Audits

Measurement audits are an essential part of an initial electrical calibration accreditation and subsequent continued validation of the accreditation, for all accredited measurements.   Audits are especially important for automated systems, since they verify that all aspects of a calibration system, including the software, are operating correctly.   Laboratories are required to carry out routine auditing of their systems by the use of in-house standards as well as participating in the organised audit measurement programmes. 

3
CONCLUSIONS

Calibration laboratories have met the various challenges posed over the past 30 years by utilising the very latest technology in measurement processes.   The calibration area has coped with the computer age as well as if not better than most engineering fields and has been a leader in developing many new systems.   Finally with the ever-increasing complexity of instruments requiring calibration, it will always be necessary to make use of the latest advances in technology to meet calibration demands.  Accreditation bodies must provide the answers for the accreditation of such modern systems of instrumentation.
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