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Where on Earth are We?

Surveying has always played a fundamental
role in the recording and analysis of
archaeological sites and landscapes. In
recent years, there have been a number
of significant technological developments
in surveying equipment. As a result, the
world of archaeology has had to embrace
and learn to translate a new language
developed by surveying equipment
manufacturers, surveyors and mapmakers
to describe their ever-developing products
and techniques. The most recent of these
developments is known as GPS (Global
Positioning System).

This paper is intended to provide guidance
to field archaeologists on the use and
application of GPS in archaeological
survey. Its principal aim is to simplify
complex surveying and technological
processes to enable archaeologists to
make informed decisions as to whether
this is a technique that should be used

for site-based surveys or for the mapping
of large landscapes. As well as providing

a number of case studies, it explains in
simple terms some of the background

and implications of using GPS that an
archaeologist cannot ignore if the
technology is to be used for surveying and
mapping purposes.

Introduction

Global Positioning System (GPS) is a term that is now probably familiar to most people,
particularly sailors, pilots, hikers, motorists and a multitude of professionals and
hobbyists who have a common requirement, to know their position in relation to a map
or chart. For these groups of people, small, portable GPS equipment exists that can
easily be carried in the hand or mounted on a vehicle dashboard. The variety and
availability of these ‘hand-held’ GPS sets in the high street stores is testament to how
this once secret military technology has entered our everyday lives. In the professional
world of surveying, GPS has also become an everyday tool. It is routinely used to make
maps, to set out roads, to record the locations of street lamps and to measure volumes
and levels in quarries, as well as a multitude of other tasks, including those undertaken
in the area of archaeological field survey.

It is impossible in a technical paper such as this to cover all aspects of archaeological
surveying with GPS. The intention of the paper is to provide sufficient background on
the subject to inform archaeologists as to whether this might be a suitable tool for them,
and to illustrate how GPS might be deployed. The Archaeological Investigation teams in
the former RCHME'" and English Heritage have many years of experience of using GPS
for earthwork and landscape recording, and it is hoped that, through this paper, some of
the experience and lessons learnt can be passed on to the wider archaeological
community. GPS has been deployed on numerous upland and rural landscape projects
and is now the bedrock of any survey task undertaken by the teams. It has been used on
a wide variety of projects with differing survey requirements, ranging from recording
vast tracts of surviving archaeological landscapes on moorlands at mapping scales, to
recording individual stones in large-scale surveys of prehistoric roundhouses.

To help archaeologists to understand GPS, this paper has four main sections:

® Global Navigation Satellite Systems — an outline of the satellite systems

® Understanding space and time — important background information that it is
necessary to understand before using GPS for surveying and mapping

® GPS equipment — practical information about types, choices and applications of
GPS equipment. The types of GPS equipment are broken down into three categories,
navigation-grade (low accuracy positioning and small-scales mapping), mapping-grade
(medium-scales mapping and GIS data recording), and survey-grade (high precision
survey control, large-scale site surveys and large-scales mapping).

® Surveying with GPS — the practical aspects of using this technology in the field. Five
case studies, illustrating the use of GPS in archaeological projects, are included as a
guide to the possible range of applications.

It should be remembered that GPS is purely a surveying tool that provides data that can
be turned into maps, plans and models. It does not provide any archaeological analysis
skills, which are the foundations for the interpretation and understanding of
archaeological sites and landscapes. These skills are still the province of the earthbound
archaeologist. However, a metrically accurate survey underpins the process of analysis
and it is important that its results can be relied upon. For many archaeological projects,
the survey process is the first stage towards recording and understanding, and there are
normally three main requirements of the survey data. The first is to know where any
point is on a site, usually in three dimensions; second is to know where each point is in
relation to each other point so that a plan can be made of the site; and third is to know
where the site is in relation to a map. So what is GPS and how can it help the
archaeological community fulfil these requirements?

!'Terms and acronyms #talicised at their first use are defined in the Glossary at the end of this publication.






























Making choices

For an archaeologist, making informed
decisions about surveying technology can
be a difficult task. Some might be more
fortunate than others in having access to a
university surveying department or have a
professionally trained surveyor on the
team. However, for many, surveying is still
viewed as a skill that can be picked up
along the way by one of the archaeological
team; after all, some would say, with
modern electronic kit, all you have to do
is press a button and the ‘black box’ will
do everything for you. Unfortunately, the
‘black box’ myth is frequently perpetuated
by equipment salesmen — their job is to
sell equipment and software, not skills —
and there has been much hype in recent
years in selling GPS as the ultimate in
‘stand here and press the button and an
accurate survey will emerge’ technology.
Nothing can be further from the truth.

In the previous sections, it has been
highlighted that the potential
archaeological user has first to understand
some underlying principles before
venturing anywhere near the hardware.
Once the principles have been grasped,
judgements have to be made as to whether
the final product is one that will lend itself
to or benefit from GPS data capture, and
also, the suitability of GPS to the terrain
and task has to be assessed.

A technical paper such as this cannot aim
to cover all possibilities related to GPS
and decision making in archaeological
survey, but Table 3 provides a summary of
some of the basic considerations to be

taken into account when making choices
about using GPS for an archaeological
project. The best policy to adopt is to
think backwards, that is, define the end
product first and then determine the
appropriate survey strategy to achieve this.

Other factors to consider are:

® Do the archaeological unit staff have the
correct level of training to use the
equipment?

® Does the unit have sufficient computer
power to process the voluminous
amounts of data that GPS produces?

® Has the unit got high-quality printers
and plotters to produce plans or will data
have to be sent to a bureau for printing?

® Might it be more cost efficient to hire
GPS rather than to buy it?

® Should the work be contracted out to
a GPS surveying company (of which
there are many) to do the positioning
part of the work and then do the rest
with EDM?

® What quality control mechanisms will
be applied?

® Is redundancy of equipment and
replacement built into the costs?
(Batteries, cables and other peripherals
can wear out and are costly to replace.
Repairs can be very expensive.)

® Does the unit have software to make
full use of GPS data, such as feature
coding, CAD and GIS?

® Can the GPS data be easily exported
into CAD and GIS software?

® Can the data-loggers be upgraded to
accommodate changes to the software?
(The GPS equipment development is

Table 3 Criteria for making a choice of what equipment to use

end product

locations to be identified c 10m
by a grid reference

and plotted on a
[:10000 base map
objects and monuments clIm
to be plotted against an
Ordnance Survey [:2500
map, or production of
plan of a similar scale
accurate, measured c 0.10m
survey plan at |:1 000 and

larger scales, and three-

dimensional data

map accuracy required

solution

navigation-grade GPS (hand-held)

approximate cost in 2003: £100-£300

mapping-grade GPS; accuracy can be
improved for free-standing surveys by
differential survey technique and by
post-processing

approximate cost in 2003: £1,000—£8,000

survey-grade GPS; data available in real-
time or post-processed; ¢ 0.0Im relative
accuracy can be achieved for free-standing
surveys using differential survey techniques
approximate cost in 2003: £15,000-£22,000

driven by the surveying and engineering
profession, and upgrades are frequently
made to satisfy this market, sometimes
at the expense of lesser users.)

® Can the data be easily integrated with
traditional data from EDM and other
forms of survey?

® Ask the salesmen to provide a list of users
of their equipment so that you can contact
them. (Because the GPS equipment
market is so competitive, choosing one
manufacturer instead of another is
difficult. The most honest appraisals of
equipment, support, benefits and
problems come from those who are using
it in an environment similar to yours.)

Many such questions need to be asked
before deciding that GPS is the way
forward and saying yes to the salesman.
As with computers, the technology of
GPS is developing at a fast pace. New
equipment and facilities appear on the
market almost daily. This might be a
sound reason for only purchasing very
expensive survey-grade GPS if it is to be
used regularly over a long period of
time. If the requirement for high-quality
survey is infrequent and limited, then
hiring the equipment or commissioning a
survey company to do the work might be
more cost effective. However, the relative
low cost of mapping-grade and
navigation-grade GPS is probably more
easily justified for lower-accuracy survey.

For example, take a survey of a
hypothetical, isolated archaeological
monument on moorland. The end product
might require a detailed survey at 1:500
scale (relative accuracy), and an eight-
figure National Grid reference for a record
system. This could be done with
traditional EDM, and tape measures. If
only the centre-point of location is needed
to be located on the Ordnance Survey
basic scale mapping (1:10000 for
moorlands) then a hand-held GPS will
fulfil that need for map accuracy, as at
that scale a point can only be plotted to ¢
10m anyway. However, if the project is
more complex and will result in a number
of other ‘products’, such as:

® 3 detailed 1:100 scale survey of a
monument,

® 3 1:2500 scale survey of its
contemporary and historical landscape
(which has be to fitted into the
context of a wider landscape of other
monuments, and which will all be
surveyed to similar specifications
over a number of years),







































