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Introduction

Customers (and indeed some survey companies) are often confused by the plethora of claims
made by equipment manufacturers. This guide is intended to provide a little enlightenment
and to assist in decision making processes. The fact that a survey company owns a particular
a piece of equipment doesn't mean that it is ideally suited to your job.

Each project and situation may require a combination of several methods and there may be
more than one way of arriving at the required result. The survey criteria will be significantly
influenced by the customer's specification and it is of great importance that this is clear and
consistent. (For an example, refer to our Quickform Specification and accompanying notes.)

Decision criteria

Once a customer's request has been received the following factors form a major part of the
decisions on survey type, timescale and cost.

• size/area covered by the site
• topography and vegetation cover
• time scale required
• access arrangements/problems and safety considerations
• proposed survey accuracy
• proposed usage of the end product

The time of year and expected weather conditions might also significantly affect the costings.

Permanent Control

Most surveys will be followed by some form of construction activity. This means that there
must be a straightforward way for the builder to link his work to the survey. Reference points
left on the ground at the time of the original survey are the normal means of creating this link.
Methods of survey which do not provide for permanent ground marks may well create
difficulties at the construction stage, or require the contractor to employ the surveyor to
establish suitable ground points from which he can work. This might make for a cheaper
survey but it increases the overall cost of the project.

Traditional ground survey methods will normally leave reference points, as these form part of
the integral quality assurance methods.

Remote methods, by definition, have not involved physically visiting the site; hence no
ground points will have been left as a direct result of the method of observation. It is best
practice to install and observe specific ground markers as part of a remote survey, but the
spacing of these is likely to be far greater than is usable during construction. Additional
points are normally required to be fixed by ground survey methods.

The network formed by the ground marks may be a series of triangles (described as
triangulation if the points are principally fixed by measuring angles or trilateration if the
points are principally fixed by measuring distances) or may be a series of chains known as
traverses (where both angles and distances are measured for each segment).
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At a distance?

Surveys can be divided into two categories – those where the surveyor has inspected all the
points being recorded and those where all information is collected remotely, or automatically.
Each method has benefits.

Visiting all points of the survey at least ensures that the surveyor is aware of everything
measured and hopefully will have assessed any implications. Any hidden information may
also have been detected and recorded as a separate exercise. However, there is a time
overhead in this and also a risk that some areas may not be visited and recorded.

Remote collection of information is generally quicker on site. Much more information is
collected, but there is a greater risk that important items may be obscured and not recorded. It
has advantages when parts, or all, of the site cannot be physically accessed for some reason.
Not all the information collected by remote methods needs to be processed; some can be kept
in archive for future use if required.

Scanning, LiDAR and photogrammetry are remote measuring techniques.

Traditional methods of survey (taping, theodolite, total station) as well as satellite positioning
systems and inertial navigation units represent methods which require surveyed points to be
visited.

Some instruments, such as total stations with a laser measuring beam, can combine both
techniques with selected remote measuring being used as well as conventional survey
measuring to the visited points.

Methods in more detail

A brief, but slightly more technical description follows to explain the various survey
techniques commonly used. This is to assist customers in understanding possible limitations
of each method and how this might affect accuracies and timescales on site. Regardless of the
method used, the accuracy obtainable is largely determined by how well the detail being
surveyed can be identified, either from remotely sensed data or by the actual positioning of a
target on the point of detail. (A hedge, for instance, is never likely to be surveyed to better
than a few centimetres, regardless of the method used.)

Remote methods of survey initially provide data in raster format (an image rather than semi-
intelligent information) while methods which involve visiting each surveyed point directly
normally provide vector data (joined up lines which can have a ready meaning).

Traditional

The traditional survey, once carried out by measuring angles and distances using a theodolite
and a staff, now largely uses the electronic equivalent – the total station – which gathers
exactly the same data but in an electronic format. Accuracies are somewhat higher and the
speed of working is much faster, but the same underlying principles remain – the surveyor
takes a target rod to each point of detail to record the position.

A number of interlinked reference points are used, at each of which the instrument is set and
used to record all the detail visible from that location. The survey is built up from these sets
of data. Areas which cannot easily be seen might need to be measured up by taping.

The method has the advantage of the surveyor inspecting all parts of the site and gaining a
better appreciation of any possible problem areas. Clues indicting hidden objects may often
be found.

The principal disadvantage is that, in areas with many obstructions, a large number of
instrument set-ups may be necessary in order to see all the detail. Atmospheric variations
mean that there is a limit to the range at which good accuracies can be maintained. For high
accuracy work (within 5mm on height.), under 100 metres is a good guide; for lower
accuracy work 200-300 metres may be satisfactory.

Modern instruments can often operate using radio control; the surveyor working from the
target end and controlling the instrument using a keypad. This reduces labour costs, but
generally increases survey time since operations like installing reference stations and setting
up tripods have to be done consecutively, rather than concurrently as might happen with two
people in a team. There may also be a safety aspect when only one person is on site.
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Satellite positioning

Survey by satellite positioning, which includes GPS, is similar to traditional survey, except
that it is not necessary to have a network of intervisible reference points on the ground. (The
receiver position is fixed by 'seeing' a number of satellites spread around the sky). This
reduces the time needed for survey since ground points do not have to be set and fixed.
Conversely, this means that there are no, or few, points available for subsequent construction
work to use, which has a cost implication later in the project.

This method has the advantage that considerable distances can be measured with fair
accuracy, at a far higher speed than traditional instrument survey. Higher accuracies (better
than 2cm. on shorter distances) are much more difficult to obtain. Note that these are
measuring accuracies – any inaccuracies due to holding a target on the detail point will be the
same for all forms of survey.

The better accuracies within a detail survey are normally obtained by using two receivers, one
at a fixed point (effectively monitoring errors caused by atmospheric conditions – it isn't
moving, so when the data apparently says that it is then this provides the corrections to apply)
and another which is visiting the detail points.

Lower accuracies and costs can be achieved using a single receiver with a continuous mobile
telephone link to correction signals which are broadcast. These provide a calculated
correction based on the nearest Ordnance Survey reference stations to the site. Typical
accuracies are better than 6cm. but heights can be poor in some situations.

Surveyed points must have a clear view of much of the sky if accuracies are not to be poor:
trees and buildings may cause large errors. In congested areas it is often necessary to place
ground reference points and then carry out traditional survey from these to fill in areas where
the GPS cannot obtain reliable signals.

Non-contact

Some total stations can switch to a higher power measuring beam which does not need a
reflective target at the measuring point. This enables measurements to be taken to points
which may otherwise be inaccessible (rock faces, roofs). The height information obtained
refers to the position of the point measured, so if this method is used within buildings instead
of traditional methods then only limited floor level information would be obtained. With a
single reflectorless reading there is no check on the accuracy and it is possible for the signal
to reflect on some other object close to the sighting line.

The benefit of this technique is that it provides good positional data to points which otherwise
would be difficult to survey quickly. Most of the survey would be undertaken with the
instrument in conventional mode, changing to reflectorless for the difficult points.

Non-contact measurement is also possible using conventional instruments, by intersecting the
detail points from two different positions. This is significantly slower, but does provide a
check on the result, since the height of any point, calculated from each set-up in turn, should
be the same.

Both methods are commonplace for surveying reference points on building elevations, to be
used in conjunction with photographic methods to provide elevation drawings.

Accuracies achievable by non-contact measurement depend in part on the texture and colour
of the surface to which measurements are taken and in part on the instrument model. As a rule
short range instruments give higher accuracies (1-5mm). than longer range types (1-5cm).

Scanning

Scanning is a logical progression from non-contact survey. Automating the reflectorless
process enables a large (huge) amount of data to be recorded, but this in turn generates an
equivalent amount of processing to sort and validate the data obtained. The instrument works
by continually changing the direction of the measuring beam by small, incremental steps, thus
rapidly gathering a large number of uniformly spaced measurements over the whole of the
selected area.

Because the whole procedure is automated, there is a probability that parts of significant
features will be missed (especially vertically aligned objects such as building corners,
window frames) and the position of these has to be interpreted at the data processing stage.
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The result of scanning is a mass of points (normally referred to as a point cloud) each of
which represents one hit by the scanning beam. The result is like a join-the-dots puzzle – set
the spacing close enough and the scene can be visualised by the eye without further
enhancement. However, the data size quickly runs into millions of points which can give rise
to handling problems.

The method is quick on site time, but has no ability to record hidden areas, which must be
identified by the operator. In congested areas it relies heavily on the obscured objects being
uniform, so that the hidden surfaces can be predicted by the software at processing stage
(ideal for scans of industrial pipework, poor where the surface of interest is irregular).

The time gained in the field by the very fast operation can often be lost subsequently due to
the large amount of processing needed to extract accurate vector models. The principal
advantage of scanning is when site time is severely limited.

LiDAR

 LiDAR (Light Detection and Ranging) is usually used as the term to describe aerial mounted
scanners. These are normally tuned to record more than one reading on each of the
measurements; a first return and a last return point. These typically will indicate the top of
any foliage and the hard surface beneath. Thus the shape of both ground and vegetation is
recorded at the same time. It is normal to record high quality video at the same time, to assist
in identifying objects. As with terrestrial scanning the initial product is a point cloud, which
then needs extensive processing to provide an end product.

Airborne LiDAR and other similar scanning systems usually rely on a combination of GPS
positioning and inertial recorders to provide a control position for the data recorded.

Typical uses of LiDAR are the large area collection of generalised groundform data, such as
may be required for flood modelling or utility route planning, or to create digital terrain
models as part of a visualisation project. High quality aerial photography can then be
manipulated and added to the data to form a realistic 3D model for visualisations.

The use of aircraft creates a high mobilisation cost and timescales for starting the work are
dependent upon availability and weather. LiDAR is therefore best suited to large projects
planned well in advance. Short lead times can be prohibitively expensive.

Photogrammetry

Stereo pair photography, taken either from the air or from the ground, has long been used as a
method of recording large amounts of data in an image format. Viewed within a stereo plotter
the photography can then be used to provide accurate plots and 3D data of the scene. High
accuracy survey normally requires an element of traditional ground control to be carried out;
lower levels of accuracy may be obtained using continuous GPS fixing. Photogrammetry
enables large amounts of data to be captured very quickly and this data is immediately
recognisable to the eye.

Air survey has the same cost limitations as LiDAR. Ground based (or terrestrial)
photogrammetry has now largely been displaced by scanning, although photogrammetry has
the advantage that ALL information in the scene is recorded and not just the information
located under the pattern of scan dots. (High quality photography may provide millimetre
resolution in the image; to achieve this with scanning requires 1 million points per square
metre - this soon becomes unmanageable, unless the point spacing is set to a considerably
higher value.)
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