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Introduction

The terms accuracy and precision often get used interchangeably, but they mean very
different things – you can be precisely wrong; in other words the conclusion you arrive at is
exactly the opposite, in all respects, of the real facts.

The difference between the two is probably best demonstrated by the following diagrams.

Precision is a measure of the closeness of a set of results to each other; in many cases this
will also be a measure of the repeatability over a period of time. However, the results may not
be accurate, hence precision always needs to be taken in context. Where the results are
accurate then a high precision means that fewer repeat readings are needed to ensure that the
average value gives the right result.

Accuracy is the ability to get the right result. A spread of readings (low precision) can still
give an accurate answer when the mean value is taken, but more readings will be needed to
achieve certainty.

Perhaps there needs to be one qualification to the above:right is defined as the
mathematically correct result – this is not always the same as theresult I would like solution.
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Precision

The precision of a piece of survey equipment is fundamentally determined by how it has been
designed and made. Two aspects of this affect the usage of the equipment. Firstly, the
smallest reading unit: this will generally determine the accuracy to which the instrument can
be used in normal service. For instance, an instrument which can only display angles to the
nearest 10 seconds of arc will not normally be suitable for situations where the results need to
be measured to a smaller unit. Secondly, an instrument of moderate precision may be
manufactured to less exacting tolerances to reduce costs, hence the lower precision: this
might be because there is greater 'slop' within the mechanical side of the equipment.

Sometimes the only significant difference between different versions of equipment is the
tolerance level which was passed during the manufacturing checks. The only simple way to
improve on the design precision of the instrument is to use special techniques to eliminate or
reduce the inbuilt sources of error.

Using a precise instrument for work of a lower order is not always cost effective. In some
cases the instrument will be significantly slower, if the built-in operations to ensure high
precision cannot be circumvented.

Accuracy

The accuracy is also determined by the same factors, but in addition can be affected by other
influences. In particular, the accuracy can drift as the instrument gradually (or suddenly if, for
instance, it is dropped) goes out of adjustment. This may not show in the precision. The
accuracy can also be affected by the ancillary equipment being used. It is not uncommon, for
instance, to find a levelling stave or a target rod with a badly worn end, which may give rise
to height errors of a centimetre or more. Mixing different manufacturers' ancillary equipment
is one of the most common causes of measurement error.

Adjustment

Adjustments have only limited affect on an instrument's precision. Generally all that can be
done is to ensure everything is correctly fitted and tightened, so the system works smoothly.

Accuracy can sometimes be improved by implementing certain test routines, which enable
adjustments or provide error constants which can be set in the instrument and then applied to
subsequent results. Routine checking of equipment should be part of any survey system.

Calibration

Calibration is not checking! Calibration involves determining correction factors which can
then be applied to the results obtained in normal use to improve their accuracy.

You check things which can be adjusted to give the correct reading: you calibrate things
which cannot be directly changed but which can have the readings corrected.

Thus you can check change in a steel tape, but since its length cannot realistically be altered,
then to get the correct readings it must be calibrated. You cannot practically change each
individual reading of a level to get the right answer, so you do not calibrate a level, you check
and adjust it.
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