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Editorial

Wel come from the group convenor

The launch of the RSS Archaeology SIG
on 26 February 1996 has at last opened the
opportunity for multidisciplinary
collaboration between remote sensing
scientists and field archaeologists. It is
long overdue as it appears that most of us
who work in archaeological,
electromagnetic remote sensing have been
striving in isolation for years (often the case
with rapidly developing new technologies
as  happened  with  archaeologica
geophysics during the formative years in
the 1950's).

It had been extremely encouraging to see
interest in the new SIG from such a wide
range of specialists - from space satellite
systems, through “conventional” aeria
applications, to traditional geophysics and
alongside these the integration of data sets
through GIS. New scientific technologies
have always been dow to evolve in
archaeology, mainly due to the lack of
capitdr  funding for research and
development, and it is al the more
important therefore that this SIG takes a
major initiative in providing a forum for the
interchange of new ideas and debate in
current research.

The past year has seen two meetings of the
SIG, at the British Geological Survey and
RSS 96 in Durham. The quality of the
papers given has been excellent and has
revealed a very diverse range of interests,
although al seeking a common goal in the
detection of new archaeological sites and
festures and the improvement of
interpretation  within  existing, known
anomalies. One of the most significant
topics raised at both meetings was the
availability of data to the archaeologica
community - and that means data of the
right quality and with a sufficiently high
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resolution. No doubt much future
discussion will centre on the improvement
of spatia resolution which is so crucia for
archaeological interpretation.

A smal seering committee has been
established to organise future meetings and
it is intended to hold at least one nationa
meeting annually. It is likely that the SIG
will seek to collaborate with other groups
and societies in holding technical meetings.
All ideas for future events and meetings are
welcome, and | look forward to meeting
you al at future SIG events. We hope that
you will enjoy reading this first edition of
the Newsletter. To receive further copies
(Spring and Autumn 1998) please complete
the enclosed form and return it to Anthony
Denniss with your subscription.

Dr Christopher J Brooke

Aimsof the SIG

At the first meeting of the Archaeology
SIG there was a general discussion of the
aims and role of the group amongst the 50
or so delegates from a range of
archaeological backgrounds.  The salient
points are summarised below.

1. Purpose of the specia interest group;

The group has been established as a response
to a perceived need to bring people working in
the field of remote sensing and archaeology
together, to learn from one another and to
encourage a coherent rather than disparate
approach to research work in this area.

What role can this group play?

David Greenbaum commented on the value for
the  community gained through the
establishment of  the Geologicd Remote
Sensing Group, particularly in encouraging the
use of new techniques.
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Do the interests of those attending focus on
techniques or targets? A dtraw poll
suggested that interest was divided 50/50
amongst those present therefore perhaps the
SIG should reflect this. Other groups exist
which have a more specific remit.

2. What does “remote sensing” include?

What areas should the SG cover - have any
been missed out of the programme for thisfirst
S G meeting?

The definition of “remote sensing” as put
forward by Sabins would not include
geophysical techniques yet these are well
established tools and raise similar issues to
those of concern to the remote sensors as
defined by Sabins - eg data processing
GPS, GIS.

Advances in geophysical techniques could
form atopic for a future meeting.

Aeria photography is included in remote
sensing.  Archaeological techniques which
are well established need to be used in
conjunction with newer techniques as no one
technique will give the full story..

3. What should the activities of the group
include? The following were suggested;

convening mestings for the SIG aone - a
least one per year.

encouraging members of the SIG to attend
other RSS mestings eg annual conference.
convening joint meetings between RSS and
other interested groups

An electronic discussion list could be set up
(Martijn van Leuson) but this would exclude
those with no access to the Internet.

A newdletter could be produced

4. Canthe SIG act as a pressure group?

To what extent could the group have a voice to
argue for the needs of the community? Eg
data acquisition for image and map data.

Initiatives are being set up, reducing the cost
of data for educational and research
purposes, including Ordnance Survey data
The RSS has strong links with industry and
all the data providers are members.
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RSS has negotiated the CHEST scheme.
Participating academic ingtitutions can
obtain software and images for much
reduced prices.

Images are and could be made available via
the Internet. Not likely to be suitable for
research purposes but could be a teaching
resource - possibly the SIG could provide
sample imagery to illustrate the use of
remote  sensng for  archaeologica
applications on a homepage as a teaching
resource.

5. Research Agenda;

What research topics have came out of this
meeting?  What other topics should be
considered?

Thermal imagery - what factors influence
the visibility of crop and soil marks? How
can we make best use of the available data?
Stereoscopic images - Could stereo images
be used to create DEM'’s for sites where
topography is subtle and OS DEM’s are
inadequate?

Links between different types of data; eg
parameters controlling geophysical data will
aso be of interest in relation to therma
data.

6. Points made in relation to the use of digita
data
Images on disc or on a CD are more
accessible for interpretative work compared
to boxes of hard copy images.
Interpretation from digital images can be fed
straight into GIS - immediate links with map
and other data bases.
PC based image processing packages are
now widely available (see Internet).
Image processing is seen as a specialised field.
Not many researchers will have accessto or be
ableto afford specialist workersto do this.
Poor processing could create false crop marks.
Many functions are available in the packages
on the market but which algorithms should be
applied to what data? A simple guide
suggesting techniques that can be applied in
archaeologica image work would be useful.
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ArchSIG NEWS

Do you have any news of products/services
or personnel that could be shared with the
rest of the community? Send in your items
to the Editor.

Martijn van Leuson

In September Martijn will be leaving the
shores of the UK for his native Netherlands
to take up a position at the Dept of
Archaeology (‘Groningen Ingtitute of
Archaeology) a the University of
Groningen. There he will be working on
the results of three regional research
projects that have taken place over the past
20 yearsin Italy. We would like to wish
him well in this new venture and look
forward to his continued association with
the SIG, abeit from across the Channel.

NERC

Did you know that NERC have a “pool”
of equipment which can be borrowed for
archaeological investigations?  Contact
NERC Scientific Services

Polaris Hs,

North Star Avenue,

Swindon,

SN2 1EU,

tel: 01793 411500

fax: 01793 411 610 GTN 1434.
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TRIBUTE TO
TONY CLARK

This first edition of newdletter of the
ArchSIG is tinged with sadness by the
recent death in June of this year of Anthony
Clark Ph.D., FRAS, FSA. Tony was one
of the great pioneers of archeologica
prospection, an early contemporary of
Richard Atkinson, and the first full-time
appointee as archaeological geophysicist to
the Ancient Monuments Laboratory, now
part of English Heritage. Despite Tony's
untimely death, he was to complete the
recent additions to his classic work "Seeing
Beneath The Soil" (Batsford) which has
recently appeared in its second edition and
which, since its first publication, has
become one of the standard and most
successful works on the subject.

To those of us who knew him, Tony was a
kind, generous and extremely
knowledgeable man. He was the friend and
mentor of many of us and inspired severa
now ‘famous names in their early years
within the discipline. The field of remote
sensing is greatly diminished by the loss of
his great knowledge and by the gentle good
humour that he brought to many
archaeological sites around the world. His
passing will be sorely missed by al who
were touched by both his work and by the
man himself.

Glynn Barratt
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LETTERSand EMAILS

o=

Your opportunity to express your views
and raise questions - write in to the editor
or send viaemail.

NET INTEREST

Do you have a favourite/lunfavourite web
site you would like to comment on? Send
in the address and your views to the Editor.
The following selected for mention in this
edition are;

Visit the RSS ArchSI G Web Site at:

http://www.ccc.nottingham.ac.uk/~tazsecjb/rssasig.html

If you have any material for incluson on
this page please contact Chris Brooke.

Archnet: The University of Conneticut
provides a list of resources on the internet
relating to archaeology and anthropology.
It is not an exhaustive list; if you know of
stes not listed in Archnet then there is a
facility for adding them.

Main menu, text only;
http://spirit.lib.uconn.edu/ArchNet/ArchNet.Nol mage.html

Information can be accessed by major
world regions, Eg Europe at
http://spirit.lib.uconn.edu/ArchNet/Regions/Europe.html

or by topics Eg Geoarchaeology at;
http://spirit.lib.uconn.edu/ArchNet/Topical/Geoar ch/Geoarch.h
tml
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I nternet Archaeology Home page
http://caxton.york.ac.uk/index.html

An international electronic journal for
archaeology.

University of Texas, basic notes on
what remote sensing is (not particularly
from an archaeologica viewpoint though)

which may be useful for undergraduates.
http://mmwwhost.cc.utexas.edu/ftp/pub/grg/geraft/notes/remote/c
ontents.html

Birmingham University Field
Archaeology Unit home page;

Find out al the latest news from the
Wroxeter Hinterland Project and other
work

http://immww.bham.ac.uk/BUF AU

MEETINGS REPORTS

Report of the first meeting of the
Remote Sensing Society
Archaeology Special | nterest
Group, held on the 26th February
1996 at the British Geological
Survey, Keyworth, Nottingham.

“Remote Sensing” is one of those terms
which tends to mean different things to
different people depending on their
background. To most members of the
Remote Sensing Society this phrase sparks
a mental picture of sensors of one type or
another mounted on satellites or
aeroplanes. To the archaeologist it tends to
be associated with ground based
geophysical techniques. Similar issues and
problems are often encountered whatever
the form of remote sensing, hence the value
of providing a forum for discussion within
the Remote Sensing Society for al workers
in this field. The Archaeology Special
Interest Group of the Remote Sensing
Society was launched in February of this
year with this meeting at the British
Geological Survey in Nottingham. There
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were sSiX presentations covering some of the
current work taking place in the UK in the
field of remote sensing and archaeology.
The meeting was attended by over 50
delegates, from a wide range of
backgrounds, representing academics, field
archaeol ogists and technical specialists.

Chris Brooke introduced the day,
explaining the reasons behind the
establishment of the Special Interest Group
and the purpose of the meeting. David
Greenbaum welcomed the delegates to the
British Geological Survey. He described
some of the work of the Survey and
commented on the opportunities offered by
a SIG such asthis, particularly stressing the
value of bringing people together from the
Remote Sensng and  Archaeology
communities.

The opening presentation was given by
James Lyall and Daniel Donoghue. They
reported on recent work carried out at
West Hedlerton, where a range of remote
sensing techniques have been applied to
archaeological problems through
integration within a GIS. The techniques
of aerial  photography,  airborne
multispectral scanning and magnetometry
have been compared in areas of known
feastures and over areas of different

geology.

Work was first initiated at West Heslerton
after the discovery, in 1977, of an Anglian
cemetery as a result of minera extraction
activities. This led to an initia rescue
excavation and later research excavations.
In 1980 the Hedlerton Parish Project was
established in order to set the work into a
wider landscape context. In 1992 NERC
collected 12 channel multispectral scanner
data and vertical air photography over the
Heslerton Parish Project area.

A comparison of the distribution of known

sites taken from the Ordnance Survey maps
and the County Sites and Monuments
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Record with the distribution indicated by
various airborne surveys suggests that the
Vale of Pickering is much more significant
in terms of archaeology than had previously
been redlised. Encouraging returns from
the multispectral data set, in particular the
thermal band, show that this technique has
great potentia.  The high resolution,
vertical, colour air photographs yielded a
high return of crop marks. A number of
problems remain including operationa
restrictions and the sensor specifications,
which are not necessarily ideal for detecting
archaeological targets. Despite these
problems the NERC facility has a number
of advantages for archaeological projects
including cost effectiveness (one day of
flying produces a high return) and the
digitd nature of the data, alowing
immediate use of computer processing and
GIS.

Experiences at West Heslerton suggest that
no single prospecting technique will pick
up al the archaeologica information
present in the landscape; we need to use a
combination of techniques. To apply the
techniques effectively an understanding of
the relationship between the characteristics
of the target and the return recorded by the
sensor is essential. To this end a number of
research topics were identified for
consideration.

In the second presentation Martijn van
Leusen described the use of remote sensing
in the Wroxeter Hinterland Project being
undertaken by the Birmingham University
Field Archaeology Unit. This is a
landscape archaeology project investigating
the environs of the Roman Settlement.
Data from a range of sources has been
gathered, including SPOT, Landsat TM and
NERC airborne data (ATM and CASI).
The NERC flight lines follow a number of
axes spreading out from the settlement to
the NE, NW and SW. Martijn discussed
the problems involved in creasting a DEM
and gave details of the error tolerances and
margins related to different types of data.
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Colin Shell described the application of
thermal infra-red linescan data for detecting
and investigating archaeological sites. A
number of locations were discussed to
illustrate the way the data can be used.
This can include;
Prospecting; for example, providing an
inventory of stes under threat by
modern developments in the valley of
the River Ouse in Bedfordshire.
The investigation of a known feature;
for example, the Roman breakwater on
Alderney.
Student training; for example images of
the training excavation site used by
Cambridge University to the south of
the city.

RAF therma linescan images with
archaeological content have recently been
made available to the RCHM (Royal
Commission of Historical Monuments) in
England, Wales and Scotland, and to local
authorities, to add to the County Sites and
Monuments Records.

Rog Palmer described aerial photography
and its interpretation, arguing the case for
continuing traditional methods of air photo
interpretation  alongside  the  digital
techniques. The number of air photographs
in various collections in the UK far exceeds
the number of workers available to analyse
them. Flm types, cameras and
interpretation tools were described and the
problems of rectification discussed. It was
aso pointed out that each survey
conducted should include a map detailing
coverage, so that future acquisition
programmes can be planned accordingly.

Martin Fowler discussed some satellite
imagery currently available, with reference
to an investigation of Stonehenge and its
environs. Thistest site was chosen because
of its large size and the extent of
knowledge already gathered which allowed
an evauation of the data  Imagery
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considered included Landsat TM
(resolution of 30m), SPOT panchromatic
(resolution of 10m), and Russian KVR
1000 photographs (resolution of 3 - 4m).
Neither Landsat nor SPOT data have an
adequate resolution for archaeological
purposes. The Russian photography is
more promising but there are data
distribution and data quality problems.
Russan MK-4 photography (resolution
between 6 - 8 m), which can include the
infracred region of the spectrum was
mentioned as a data source with potential
for archaeological investigations.

Chris Brooke presented a number of
ground based techniques for the
archaeological examination of historic
buildings. These may be threatened with
destruction and detailed records are
required. Details which are not visible to
the naked eye can be detected using the
ground based remote sensing methods
described. Geological differences in
building materials can reveal phases and
repairs in the structure. Mura paintings
hidden behind plaster become visible and
weathered inscriptions can be deciphered.
The techniques include multispectral
imaging, ultra-violet fluorescent recording,
contrast/contour  enhancing illumination
(CEl), laser contour profiling, laser surface
profiling (LASP), multiple angle surface
saturation and ultra high contrast
recording. Digital image enhancement of
the images obtained by these methods can
provide a further tool for extracting the
required information.

At the end of the afternoon, time was given
to a discussion, detailed earlier in the
newdetter and a steering committee was
established.

Meeting report submitted by Alison
Caldwell, University College London.

‘;

Autumn 1997



Report of the Second M eeting of
The Remote Sensing Society
Archaeology Special | nterest
Group held at Durham University
on Saturday 14th September 1996

The Archaeology Specia Interest Group of
the Remote Sensing Society was launched
in February of this year with a meeting at
the Geological Survey in Nottingham. On
the 14th September the SIG met for its
second event; a session within the Annual
RSS Conference programme held at
Collingwood Hall, the University of
Durham. This meeting was attended by 18
delegates, including academics, practising
field archaeologists and students. Four
speakers presented a range of topics,
effectively demonstrating the vaue of
remote sensing in archaeology. The
meeting was chaired by Dr Chris Brooke.
In most of the presentations the use of
computing was not the focus of the talk but
it was clear that without GIS, image
analysis and modelling software the work
discussed would not have been possible.
Two of the presentations of the morning
were  concerned  with  geophysica
techniques, these were included in the
programme in response to comments made
at the first meeting of the group requesting
input relating to this form of remote
sensing.

The first speaker, Dominic Powlesland of
the Hedlerton Parish Project discussed the
application of air and space-borne imagery
to the monitoring of World Heritage Sites.

These are sites of cultural or natural
sgnificance, considered  worthy  of
preservation and protection, and include
places such as Stonehenge and the Grand
Canyon. Heritage sites are under threat
both from natural processes and the action
of man. This fact together with the remote
nature of many sites mean that automatic
monitoring from space would be highly
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desirable. The World Heritage Committee,
NASA and the Getty Foundation set up a
joint programme to test this idea using the
ste of Pueblo Bonito, a spectacular
communa masonry dwelling, occupied by
the Anasazi people between the 9th to 12th
centuries AD, located at the Chaco Canyon
National Monument, New Mexico. Data
used in the study included; Landsat TM and
SPOT imagery, aeria infrared photographs,
Russian KFA satellite photographs, CAMS
and an ATLAS data set. A detailed DEM
was produced. The spatial resolution
and/or the quality of the satellite data
proved to be inadequate for revealing the
required detail. However orthophotos did
show up human intervention which was not
visible on the ground, such as old roads and
parking areas. Airborne systems give much
higher spatial resolution but require a
gpecial mission. Other problems are that
the current satellite systems do not provide
adequate repeatability for the automatic
monitoring of sites and the large file size
makes image registration difficult. The
high cost of satellite data is a major
obstacle to their use in less developed
countries of the world where many World
Heritage sites are found. Radar with its all
weather capability was not included in the
study, but has potential.

Even though automatic monitoring of
World Heritage Sites from space does not
seem to be possible the potential of
multispectral data, especially when used in
conjunction with other data sets, must not
be overlooked. It can be used both as a
research tool and as an aid to the day to
day running of areas such as the Chaco
Canyon National Park.  The continuous
cover and the spectral information provided
by a multispectral data set are significant.
One study exploiting the spectral
information has investigated using the data
to classify images in order to identify pixels
containing pottery with a distinct spectra
response. Another possible use of the
satellite data used in conjunction with the
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DEM could be to monitoring the impact of
runoff from the park into overgrazed
regions lying beyond the park boundary. A
Data Management System, designed to
combine different data sets for the day to
day running of the park is currently being
devel oped.

In summary, the project discussed here has
identified a number of problems which
appear to preclude the use of satellite data
for the automatic monitoring of sites at the
present time. Satellite technology however,
does have great potential both for research
and for the daily management of sites. The
future generation of sensors, due to be in
place within the next 812 months will
provide high resolution data (1 or 2 metre
pixel resolution) and this will impact
significantly on the potentia of the data for
the monitoring of World Heritage Sites.

John Gater described the role of
geophysical techniques in archaeological
prospecting, explaining their principles of
operation, advantages and disadvantages,
and illustrating how the techniques have
developed over time. The use of
geophysical techniques has become much
more prevalent in recent years. Thisis due
largely to the guidelines and standards laid
down by the Government's PPG 16
document which puts the onus firmly on
developers to determine the location of any
archaeology present in the area to be
developed and to pay for the necessary
field work.

Geophysical techniques can be employed at
three levels of archaeological investigation;

prospecting; locating the presence of
stes

assessment or evaluation of sites
detailed investigation of features

The main techniques include resistivity,

magnetometry, radar and seismic methods.
These ae used in other disciplines,
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especialy geology, but in archaeology a
smaller area is surveyed, greater detall is
required and the differences being detected
are often very dight, therefore the
instruments have to be very sensitive.

Resistivity relies on the detection of
differences in the resistance to the flow of
electricity between two probes over
archaeological features compared to the
surrounding soil.  The technique was first
used in the form of a “mega-earth tester”
by Professor Atkinson. Over time
resistivity meters have become smaller and
able to store more results. The French
have recently developed a neat device
which has probes at 10 centimetre intervals.
This is placed on a trolley that can be
dragged over the ground to obtain a large
number of recordings and it is therefore
faster and requires less effort than is
normally associated with resistivity. The
technique is rather weather dependent
because the moisture content of the
substrate serioudly influences the results.
Magnetometry relies on the detection of
minor distortions in the earth’s magnetic
field, which may be the result of material
having been fired in a kiln (producing so-
caled thermo-remnants), or due to an
unusually high occurrence of iron oxides in
the soil. One commonly used instrument is
the Geoscan Fluxgate Gradiometer. Thisis
capable of measuring very small variations
in the vertical component of the earth’'s
magnetic field and can store 20 000
readings.

Radar was first used at the famous Sutton
Hoo site in Suffolk. Theideais to transmit
electromagnetic energy into the ground and
record the backscatter or reflected signal
thus detecting interfaces between different
materials  with  different  electrica
properties. This may reveal the presence of
buried structures or features. This
technique is not very effective on clay rich
soils because the presence of water tends to
attenuate the signal. It is very useful for
detecting voids in structures however. A
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major problem for most archaeologists
interested in using this technique is the
cost, as many radar instruments are
between £20 - 40 000.

Seismic techniques have greetly improved
in recent years and are now becoming more
widespread in archaeology. Shock waves
are generated by hitting the ground with a
large hammer and the return from these is
recorded.

Of the techniques described, magnetometry
is the most widely used; accounting for
something like 75% of geophysical
surveys, with resistivity taking 20%, radar
5% and seismic methods |ess than 1%.
John illustrated the effectiveness and some
potential problems of the methods by
reference to a number of examples.
Resistivity has been used successfully at
Spon Chapel, Athelney Abbey Somerset
and at Guiting Power Ringworks. Both
resistivity and magnetometry were used at
Tockenham Roman Villa which illustrated
the way the techniques can compliment
each other, revedling details in different
situations. At Yarnbury Castle Hillfort in
Wiltshire magnetometry revedled an
enclosure which was not detectable on
aerial photography. Magnetometry can be
difficult to use in certain circumstances
where the local geology interferes with the
signa. For example, if an igneous dyke
cuts through the area then the signal is
dominated by this and any small differences
due to archaeology are obliterated.

The Wroxeter Hinterland Project,
investigating the relationship of Wroxeter
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Roman Town with its surroundings has
made great use of geophysics. The area
was chosen for this landscape investigation
because there has been rdatively little
disturbance of the Wroxeter hinterland by
Medieval or modern developments. In this
study geophysical techniques have been
employed as part of a mgjor data-gathering

EXercise, exploiting NUMerous
archaeologica methods ranging from
geophysics to  geochemistry  and

environmental testing. The geophysics was
used for two purposes, to test the
performance of the techniques themselves
and to acquire resistivity and magnetometry
data for a 60 hectare area. One experiment
compared the return from resstivity
surveys using a multiprobe meter and using
it with the probes at different distances
apart. Using these different configurations
means that a 3-D picture can be built up as
the probes can pick up information at
different depths. The best returns seemed
to be gained when the probes were at 0.5 m
apart, which is reassuring because this is
the arrangement most commonly used in
these types of surveys. Geophysical datain
digita form is particularly useful. The
potential for information extraction is
greatly enhanced compared to traditional
analogue techniques because of the image
processing and filtering methods that can
be peformed on the data Many
techniques have been used at Wroxeter.
The integration of the different forms of
data into a GIS is a major aspect of the
work.
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James Lyall spoke on the use of high
resolution geophysical imaging as an aid to
formulating an excavation strategy. West
Hederton is a large site in the Vale of
Pickering, North  Yorkshire  where
geophysical techniques have been used
extensvely and effectively.  Excavation
yields the maximum return in terms of
information regarding form, age and
stratigraphic relationships of features but it
is time and labour intensive and expensive.
Geophysical surveys such as magnetometry
surveys carried out by the Ancient
Monuments Laboratory are normaly
undertaken using a resolution of 0.25 x 1.0
metre. It was demonstrated in this
presentation that high resolution surveys
can give a clearer indication of the type of
features, therefore alowing a sensible
strategy for excavation in terms of
allocating labour and resources. At West
Heslerton 1.44 hectares of the total areato
be excavated were treated to a 0.25 x 0.25
metre resolution survey, which took place
after the top soil had been removed. This
has the advantages that “noise” normally
associated with magnetic surveys (due to
modern metal objects in the topsoil) is
removed and the target is much closer to
the recorder. This method gives a much
clearer picture of the archaeology
compared to traditional magnetometry.
Although the AML surveys had indicated
the presence of features, with the high
resolution data it was possible to suggest
what these features were. For example a
number of Grubenhauser (typical part of
early Anglian settlement) were identified.
Previous excavations at the site had shown
these to be extremely rich in artefacts; large
guantities up to 5000 in a sngle
Grubenhauser and the detailed level of
recording at West Hederton is such that
the work associated with one of these
features is very labour intensive. Resources
could be allocated to the excavation of
these features prior to the arrival of the
volunteer force.
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The high resolution data also proved useful
for interpretation of the stratigraphic, three-
dimensional relationships of features from
different periods, (due to the quality of the
data and previous knowledge of the site),
something which is not usually feasible with
geophysical surveys.  This would be
particularly helpful in tackling the problem
of interpreting transitional phases (eg Late
Roman to Anglo-Saxon and Anglian to
Mid-Saxon). Trangitional phases are
notoriously  difficult  to  interpret.
Traditional methods for unravelling the
sequence of phases, such as the type of
pottery contained in the features may be
inadequate because the dating cannot be
pin-pointed to a sufficiently specific period.

High resolution surveys have many
advantages but are not a panacea. Not all
the features excavated were actually
indicated on the high resolution survey,
suggesting that only excavation can yield
full information. It was aso pointed out
that they are very time-consuming; it would
take many years of work to obtain the full
picture of a site using this method. More
research is needed to assess the relationship
between the information content and the
resolution of the data. The West Heslerton
data set could be used to test the effect of
degrading the high resolution data and
evaluate the degree of information loss.
For example the data set could be degraded
from a 0.25 x 0.25 metre resolution to a
0.25 x 0.50 metre resolution.

This presentation high-lighted the great
potential of high resolution geophysical
data, both as a tool for the planning of an
excavation strategy and as one method
within the gamut of techniques now
available, which can give complimentary
information regarding a site.

In the final presentation of the morning
Vanessa Blake explained the use of
computer simulation in  underwater
archaeological prospecting. This is
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described in the second of the occasional
papers included in the newsdl etter.

Three Poster Papers were presented to
accompany the morning session.

Chris Brooke described the role of ground
based remote sensing techniques for the
archaeological examination of historic
buildings. The targets are varied, including
glass, wal paintings, lettering on
stonework or wooden carvings and
structural walls. Hidden details, multiple
phases and alterations can be identified
usng a variety of methods such as

multispectral imaging, ultraviolet
fluorescence  recording and  laser
techniques.

Alison Caldwell described the effectiveness
of various imagery produced from a
multispectral data set and vertica air
photographs for detecting crop marks at
West Hedlerton, North Yorkshire. Areas
of differing crop type and soil type were
considered. Detectability depends on the
detailed nature of the location and the type
of imagery used. The multispectral data set
can be used to reveal crop marks not visible
on the ar photographs. The thermal
waveband of the multispectral data set
gives encouraging results in  many
circumstances, suggesting that this is a
potentialy powerful tool.

Smon Garrod presented a poster on forest
and settlement evolution in  Southern
Madagascar using multi-temporal Landsat
TM and archaeological survey data. This
study involves a number of people at
Sheffield, including Chris Clarke, Mike
Parker Pearson and Steve Wise. The
images have been used to distinguish
between primary and secondary forests. A
classification  procedure  successfully
separates three main groups of forest areas,
primary forest, mature secondary forest and
recently regenerating forest in the Androy
region of Southern Madagascar, with
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further subdivisons in each group.
Regeneration of the forest is linked to the
pattern of human use of the area where
settlements and agricultural activity date
back to the 10th Century. Input of the data
into a GIS has indicated potential for
archaeological  research, including the
investigation of settlement zones and
sacred forests.

Meeting report submitted by Alison Caldwell,
University College London.
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OCCASIONAL
PAPERS

Radar, scattering mechanisms and

the ancient landscape of Angkor.
Elizabeth Moore, (SOAS), Anthony
Freeman (JPL/NASA)

The city of Angkor exploited waters
flowing down from the Kulen, a Khmer
expertise which grew out of a earlier
tradition of water management: control in
periods of flood and conservation during
the dry season. Vestiges of this tradition
are detectable on images generated from
the NASA/JPL SIR-C data, acquired on
September 30, 1994 during the 15th orbit
of the space shuttle Endeavour.

Radar data from two water-related
scattering  mechanisms form curvilinear
patterns which are described for eeven
mound sites in the Angkor region. The sites
average 200 metres in diameter and are
located at an elevation between 11 and 23
metres above sea level. The curvilinear
patterns do not necessarily enclose the
mound but are in sectors, which may relate
to slope and drainage. It is suggested that
these patterns represent manmade
structures, remnants of pre-Angkorean
(pre-9th c. AD) Khmer water management.
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Archaeological applications of  the
NASA/JPL radar have principaly been
conducted in arid regions. These have
detected earlier manmade linear features
(eg roads at Ubar and along the Silk Road)
, or climatic changes affecting habitation
(eg desiccated subsurface water channels
in the present day SafSaf Egyptian desert).
Subsurface detection relies on an absence
of ground level moisture and vegetation,
allowing shorter and longer wavelengths
(both C-band [6cm] and L-band [23cm]) to
sense variations in the soil's dielectric
constant which may be characteristic of
former river beds. At Angkor, stratigraphic
interpretation is not completely precluded,

as the radar Dbackscatter presents
hydrological  patterns  of  different
chronological periods. However, the

greatest potentia is the discrimination of
surface variations resulting from the radar’s
sensitivity to moisture and vegetation.

The classfication, decomposition and
moddlling of polarimetric SAR data has
received much attention in recent literature.
The model used in this paper classifies
polarimetric SAR observations in relation
to three scattering mechanisms. These are
even or double-bounce scatter from a pair
of orthogonal surfaces with different
dielectric constants, volume (canopy)
scatter from a cloud of randomly oriented
dipoles, and Bragg scatter from a
moderately rough surface. In the L-band
and C-band images generated using this
model these mechanisms were displayed in
the red, green and blue channels
respectively. While the model has had
various applications, including tropical rain
forest areas, it has not been applied in
Southeast Asia, and not in relation to
archaeological investigation of the terrain.

Puok-Mokak mounds

In the study of early water management in
the region of Angkor, the richest
distribution of sites is found to the west of
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the historical urban area, north of the
present town of Puok. These extend
further north, some twenty-five kilometres
to, and past the town of Mokak. The Puok
and Mokak mound sites are located aong
the limits of an dluvial fan spreading
southwest from the Kulen massif. Within
what appears to be an ancient river bed
forming the Puok-Mokak corridor, these
dightly raised mounds - now just off the
edge of the dluvial fan - were isolated
through a combination of processes. These
included gradua erosion and downcutting
of water aong the edge of the alluvia fan
(north to south and northeast to
southwest), continued deposition  of
sediment, and aeolian action.

Angkor: village to city

The succession of roya structures in the
urban area of Angkor are often presented
as the height of Khmer culture and
innovation. However, in the earlier
transition from village to city change was
equally if not more radical. The formation
of mounds, diversion of river courses; the
siting of temples, moats, dikes, and barays
al contributed to the present vegetation
and hydrology of Angkor.

It has not been possible, however, to
generate a developmental or conceptual
paradigm to explain fundamental aspects of
Angkor such as the conservation and
control of water. There is no generaly
accepted geographical and hydrological
history of the city, despite years of
excellent scholarship investigating the
urban zone and its remans. Yet it is
commonly agreed that there exists an
intimate relationship between those remains
and elements such as vegetation and
moisture.  The quantity and range of
Angkor's surface features fully exploit the
sengitivity of polarimetric SAR radar, not
only to surface and subsurface moisture
but all contributors to the biomass. Analysis
of the dite requires a repertoire of
techniques which thrive on rather than shy
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away from the immense quantity of data
obtained by SIR-C.

At the same time, when faced with the huge
volume of datafrom SIR-C, it is difficult to
know which variations will provide the
most useful insights. Even when single
attribute variations are incorporated into
correlations, and those into a matrix of
correlations, the variables reman too
numerous to provide a simple interpretation
of their relationship. Another approach to
the data is through modelling, such as the
example employed here, which fits three
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scattering mechanisms to polarimetric SAR
observations. The focus is on water
management features of the prehistoric
landscape where images processed from the
SAR data depart unequivocaly from
optical images.

' Freeman, A. and Durden. S., A three-
component scattering model to describe
polarimetric SAR Data. SPIE vol. 1748
Radar Polarimetry. 1992: 213-224.

Also Norikane, L. and Freeman, A User's
Guide to MacSigma. 1993
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SIMULATION IN UNDERWATER
ARCHAEOLOGICAL PROSPECTION

Vanessa S Blake

Department of Chemical Engineering
University of Cambridge
Pembroke Street, Cambridge CB2 3RA,
UK

Abstr act

On land, a number of tools are available to
ad in archaeologica  prospection.
Underwater, there are also various devices,
including sonar. The output from these
devices may be streams of numbers or
images and the interpretation of results is
often dependent upon the experience of a
trained operator. Above or below water,
anyone searching for a specific site would
benefit from being able to mode the
expected target so that they know what the
results should look like. A series of
computer experiments predicting the
various manifestations of a given target can
save a great deal of time, and therefore
money, in the field.

This paper discusses the problems of
interpretation and the benefits of
smulation. It describes a system for
smulating the results of an underwater
search where the techniques of ray tracing
from computer graphics are applied to the
smulation of side scan sonar images. This
is one example of an established technique
from one field being applied successfully to
an unrelated subject. There are many
examples of principles developed in other

ArchS G Newdetter |ssue Number 1

19

disciplines being of use to archaeologists
and the paper briefly discusses some other
simulation methods and the potential of
sharing idess.

INTRODUCTION

On land, a number of tools are available to
ad in archaeological prospection. These
include magnetometry, resigtivity and
Ground Penetrating Radar (GPR).
Underwater, there are also various devices.
Magnetometers may be used underwater
and GPR can be used through fresh water,
but the most widely used device for
underwater search and survey is sonar.

The output from all these devices may be
streams of numbers or images and the
interpretation of results is often dependent
upon the experience (the "eye") of atrained
operator. Figure 1 shows an example of a
Ground Penetrating Radar image. GPR has
become more familiar to the genera public
recently through its use in finding murder
victims, but it must be remembered that
while GPR can indicate the presence of an
object, it cannot identify that object. Figure
1 is the trace produced by one track across
a crannog in Loch Tay (Blake, 1994). It is
presented here as an illustration of the
difficulty of interpretation. It will be
explained later in the paper.

It is possble for remote sensing
interpretations to be embarrassingly wrong.
GPR surveys have been known to miss
sizeable objects like mine shafts. Apparent
targets on a sonar trace may turn out to be
natural features.
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Figure 1 Ground Penetrating Radar trace

Using simulations to educate and train the
users of remote sensing equipment can help
to avoid mistakes like that. Goodman
(1994) summarises the benefits of
simulations and states that a simulation
system may be used:
(a) as alearning tool to avoid pitfalls
in interpretation
(b) to understand the signatures of
different targets
(o to predict the responses of
different targets.

Gluckman (1985) states that, "underwater
archaeologists are very much aware that
remote sensing offers the best possibility of
quickly and economicaly locating Sites. ..
What we do not know is what the various
kinds of underwater archaeological sites
will look like on a given remote sensing
print-out. That is, we know almost nothing
about site signatures.”

Although that statement was written eleven

years ago, the situation has changed little
and there is no central database of site
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signatures. With the many different types of

equipment  working under  varying
conditions looking for the full range of
targets, the number of possble

combinations of variables is astronomical,
SO a database is perhaps not even practical.
With a simulation system, it is possible to
model the expected target under the
expected conditions.

THE SIMULATION OF SIDE SCAN
SONAR IMAGES

Side scan sonar is a widely used device in
underwater searches for sunken vessels and
inundated land sites in archaeology. It is
also used in other fields such as the defence
and oil industries (Urick, 1983). A smple
sonar (SOund Navigation And Ranging),
echo sounder or fathometer will give the
depth of water from the time taken for a
pulse to travel from the transducer to the
sea floor and back again. As it is looking
directly downwards, very narrow bands are
covered as the ship tracks back and forth.
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Figure 2 Boat towing sonar fish

For marine archaeological purposes, side
scan sonar is more useful. Transducers are
then towed behind the boat in a "fish" as
shown in Figure 2, with beams of sound
directed out to each side. In this way,
larger areas can be covered each side of the
ship's track. Results would normally be
shown on a plotter or computer screen on
the boat and may be recorded for later
processing.

Sonar techniques effectively use sound to
'see’ through water which would rapidly
attenuate light, but whereas we are used to
interpreting what we see with our eyes, the
meaning of sonar images is often less
immediately apparent.

There are picture books of sonar images
which a student can consult to get afeel for
what a certain seabed scene should ook
like (for example, Edgerton, 1986,
Belderson et al, 1972, Mazdl, 1985), but it
is rarely possible to take the water away
and photograph a scene for comparison.
The simulation system has the ability to
present a sonar image together with a light
image representing how the seabed scene

might look if the water were removed. This
would be of great value as a teaching tool
and simulated images are necessary in the
testing of agorithms for, for example,
distortion correction.

The computer graphics method of ray
tracing, as introduced by Whitted (1980), is
mathematically very simple. Light rays are
traced backwards from the eye, through a
pixel (picture element) in a viewing plane,
until they reach an object. The interaction
of light with that object is then calculated
and the appropriate colours added to the
pixel. Light rays may be followed on
through reflections and refractions. The
method is described in more detail in Blake
(1995) and various text books such as
Watt(1990).

Initidly, the smulated sonar images were
produced by applying the computer
graphics model directly to sound. If the
sonar transducer is thought of as a camera,
itisasif the camera takes a picture through
a narrow dlit, then moves forward and
takes another picture and so on. Each
picture is a narrow strip, or one line of



pixels, and represents a strip of seabed. The
final image is created by sticking all the
strips together. The position of a pixel is
related to time elapsed since the sound
pulse was transmitted and the intensity of
that pixel is proportional to the sound
returned after that time.

The model uses the basic principles of
geometric optics which are valid for short
range high frequency sonar in shallow
water. Even in this simple form the model
produces simulated images which compare
favourably with their real counterparts.

Initial experiments modelled simple shapes
such as spheres and cylinders. Later, a
height field was used to suggest a sand
ripple seabed. A number of geometric
objects combined together gives the
impression of a sunken ship on the seabed
shown in Figure 3. The images on the |eft
show how the ship might look if the water
were removed. The images on the right
show the corresponding simulated side scan
sonar image, assuming that the fish was
flown paradlel to the long axis of the ship
on atrack above and to the left of it.

Figure 3 Smulated side scan sonar images
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