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Editorial !

It seems to have been a quiet six months since the last issue although things have been going
on in the background. In February, the committee met with our local organiser Arianna
Traviglia in Venice to assess the venue
and other organisation for AARG 2018
and planning is going well for that event
(see p 9). The room for your meeting is
one of those elaborately-decorated halls,
so there will be plenty to look at if any
presentations don’t fit your own interests.
(See also the first item in Cropmarks).

Committee discussion included plans to
increase AARG’s presence on social
media, for changes to AARGnews and the
perennial question of the relevance of
AARG in whatever year it is. Some of
this will be noted below and is open for
discussion at the AGM on September 12.

The world at work and the relevance of excavation

During this “quiet’ six months the outer world has seen some apparently surprising
discoveries resulting from ALS surveys (eg in Guatemala and South Africa — see Cropmarks
and Chairman’s Piece this issue). | say “apparently surprising’ because some of these
discoveries read as if the archaeologists involved did not know about ALS before their own
surveys and, gosh, it can see under trees. Without checking references, 1I’d guess that ALS
has been known to archaeologists for about 20 years and has demonstrated its uses and
potential through an evolving series of experiments and surveys since that date. Perhaps with
any newish technique there is an introductory period in which each user is trying to climb to
the top of the heap of recognition or believes they are the first person to do this or that.

It is slightly disturbing that the usual response to these new discoveries is the call to excavate
them. While I am not anti-excavation, | do believe that it should be done for a relevant reason
and not just to collect junk. Archaeologists as a species (but with some exceptions) consider
excavation to be their main way of being able to understand the workings of the past but may
often get bogged down in a precision of dates and details relevant to one micro-area. Yes,
those are not unimportant (if that’s not a muddle of positives and negatives) but there are
other equally valid questions and research directions. In places, aerial information has
recorded a density of past occupation and landuse during the last (say) 5000 years, so it is
valid to ask how detailed knowledge of one thoroughly-excavated ‘site’ can really help us
understand its role and relevance in its contemporary landscape. In other words, how
representative of the past are the results of excavation? Every excavation will give that
targeted site a biased importance because we have dates and junk from it. Publication may
relate that site to a dot distribution map of the ‘landscape’ or, if we are lucky, a plan of

! rog.palmer@ntlworld.com
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features based on aerial information and field walking. However, discussion often centres on
the excavated site and “its’ surroundings without knowing the importance, relationship and
relevance of other features in that vicinity.

My thoughts (re)developed in this way because of a case study I included in a lecture for
Cambridge students. | had chosen my case study as a site, currently under excavation, that
would be visited as part of the course. (This course, Archaeology in Action, is for Part |
students and is given by an assortment of teachers with little attempt at continuity. | was
trying to include some by my choice of case
study.)

The photograph on the right, taken in June
2017, shows a completed area of excavation
within the curve at the bottom centre.
Stripping, cleaning and the next stage of
excavation has moved to the right, which is the
part the students would see being worked in
October.

Despite the extent of the excavation, it is only
a keyhole peep into the known archaeological
landscape. The map, lower right, indicates this
landscape (sorry, it’s not one of my prettiest illustrations). This is part of a 1:50000 map |

use for local flying. In the northern part is scribbl Photo © Rog Palmer, 20170622_035
maps, in the western part are green dots that
show locations of features | have photographed
since 2010. The orange asterisk is the current
location of excavations by the Cambridge
Archaeological Unit in advance of development
to create the new town of Northstowe which
itself is outlined in black showing the area of an
AP assessment completed in 2002. CAU is one
of the most academic of our commercial units
and have excavated at a few other locations

they apply to discussion of the area. However,

I wonder how, or if, it is possible to use the
results of these excavations to consider past
interactions within this fairly-small landscape
(c.20x15 km) where, in many places, the aerial
evidence shows that past sites form a pattern

that is likely to have been as interlinked as the
present modern habitation. (Yes, most of these
scribbles and dots are not accurately dated but, on
plan form and interlinkability, most are likely to be IA-RB.) These are not necessarily new
thoughts, but worth throwing out every now and then so that we can appreciate what aerial
survey can contribute and try to think of ways that it can be more used to help inform the
thoughts of the digging fraternity.

Background map © Crown copyright.
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Ann Carter

Ann was a contributor to early AARG meetings and may be remembered by the oldies among
us. At the time, she worked for RCHME and undertook the extensive photogrammetric
mapping for their Bodmin Moor volume (Johnson and Rose 1994) which includes maps
produced by Ann and her note on the survey methods (8-10: see also Hampton 1989, 23 and
Johnson 1983). Later in her career, Ann worked in RCHME’s York office and was involved
with their aerial survey of Lincolnshire (Carter 1998). At about that time Ann was diagnosed
with Multiple Sclerosis and died at a care home in York on 8 March 2018 (pers. com. Damian
Grady).

Ann’s Bodmin Moor survey which, like most RCHME work was never well known, began in
the late 1970s and eventually produced 1:2500 photogrammetric mapping for 178 sq km of
moorland. It was a significant contribution to early archaeological survey from aerial
photographs and her note in the Bodmin volume describes the equipment used and problems
due to lack of control and abundant vegetation (Carter 1994).

This issue

Judging by the resounding silence, there were no complaints about the inclusion of a selection
of posters from AARG 2017 in the last issue. This is something the committee hope to
continue — posters, not silence.

Editorial laziness means that few specific contributions have been chased for this issue. One
chased inclusion is the paper by Dave Cowley, et al, from the new open access journal
Drones. Thoughts and comments in that seemed worth reissuing in AARGnews to help our
UAYV operators decide just what can be done using their imaging capabilities and how it may
usefully serve archaeology. It seems time to move on from making 3D models ‘because we
can’ and thoughts in this paper may guide us.

We include the second instalment in Geert’s aerial pixel corner (see AARGnews 55, 12), this
time about pixels. 1 don’t pretend to understand it well enough to pass an examination but it
describes the flow from real life to an on-screen image and indicates where information may
become blurred and how such loss of information may be countered. 1t’s all about knowing
our equipment and how best to use it and was paralleled in the days of film with discussions
and articles concerning cameras, lenses, filters, film types, exposures and developers (eg
Crawshaw, AARGnews issues 9, 10 and 21).

Those who field-walk for surface finds may take note of the use of ‘immediate’ satellite
images to help planning. This was trialled in the paper by Jesus Garcia Sdnchez and Cristina
Charro Lobato and seems such an obvious advantage, especially for anyone planning work in
a distant part of the world. If, as it seems, these satellite images are free to people who work
in approved organisations, they could also be used to help plan aerial surveys — ie, to use the
low resolution images to identify places where high resolution area cover (vertical APs or
satellite images) would record everything that was visible without the bother of trying to find
it from 2000 feet. See also ‘satellite tracking’ in Cropmarks.
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A future

When, as noted above, AARG increases its presence on social media (can we anticipate daily
Chairman’s Challenges or Rog Rants?), it will mean changes to AARGnews. Many of the
snippets that are usually slotted into Cropmarks and Books of interest? will be more relevant
if that information is circulated when it is received but, as with the call for papers for AARG,
we may decide to keep the content in AARGnews for ‘posterity’. One thing that we do hope
to wake up are the Conversations of which three have been published in AARGnews (Jim
Pickering, 9; John Hampton, 12 and 13; David Wilson, 17). The idea was revived when
Oscar Aldred was chairman and he recorded one conversation but got no further with it. Now
he has a job and a family so may be somewhat shackled. However, we do have a list of
people and there is perhaps some urgency to get to our more ancient members while there is
still time. 1 tried quite hard to persuade St Joseph to do such a conversation with me but he
used to say that I could do it when he was dead as he feared that otherwise the RAF may send
him a large bill for fuel appropriated for his aerial surveys after WW2. With hindsight, the
thing to have done was to record a Conversation while he was still alive and publish it when
he was not. We could offer to do the same for other people who may have a naughty past.
Any ideas for essential people to interview will be considered — and you may even like to
interview someone yourself.

Honorary members

The committee also wants to remind members that they can nominate new Hon Members on
the basis of (for example) their past work, teaching, promoting aerial studies and so on.
Suggestions should go to the current chairman for further consideration. Writing this, I recall
our first Hon muttering, “You do choose strange people to be honorary members.” when the
second was announced. So nobody too strange, please.
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Chairman’s piece

Steve Davis!

Aerial archaeology has made the international news a number of times in the last few months:
while National Geographic have reported on the Nazca Lines?, including some previously
described in academic literature, the majority of interest has focused on lidar data. Two stories
in particular have caught my eye: one a relatively brief story of work in North America, at
Montpelier, VA3 where the main thrust is how airborne lidar is an amazing new method in
archaeological survey, the other a much larger survey in Guatemala* which received a huge
amount of press coverage owing to its now classic King Solomon’s Mines-style *“lost cities’
narrative and fetching visuals. It is, of course, (almost) always nice to see aerial archaeology
in the news, | think these stories typify where lidar in particular is positioned within the
archaeological mainstream at present.

‘New’ technology?

At what stage can we agree that lidar is no longer new technology? The earliest studies of
archaeological lidar go back to the very early 2000s. Over the last couple of decades a series
of important studies have been published, often with a focus for iconic landscapes (Angkor,
Stonehenge and Brd na Boinne to name a very few) culminating in a couple of major lidar-
themed volumes, in particular the one edited by long-time AARG members Rachel Opitz and
Dave Cowley from 2012. Yet, in an Austin Powers-like way the mass media still seem keen
to introduce “lasers” as something entirely novel. To put this into context, some technologies
of a similar age (e.g. standalone mp3 players, invented at the end of the 1990s) are rapidly
approaching obsolescence having passed through acceptance and ubiquity. With the
increasing availability of open-source lidar data it is time that we as a community sought to
educate the public at large on lidar data and its use (and misuse), where available, within a
diverse range of landscape projects. Clearly this is something we have engaged with within
the aerial archaeological community already, especially within the ArcLand years; however,
for many new users to lidar it is not at all clear what the visualisation they are looking at
actually represents, what the data behind it look like and how they have been manipulated
before arriving as an easy to use ground-filtered and rasterized terrain model.

Tropical and exotic vs “homely’

The classic lidar story of the last few years is that of the ‘lost city’, for preference somewhere
exotic and ideally under dense tropical rainforests. How lost are most of these ‘lost’ cities?
Well, in general not quite so lost as all that, which, in the majority of cases is why expensive
lidar campaigns have been funded to survey them. In itself this is not necessarily problematic
and really just represents journalistic hyperbole; however, in some ways this emphasises one
advantage of the technology — the ability to ‘see through’ trees over another — the potential to
visualise extremely low-profile archaeological remains, even in what are essentially flat

1 stephen.davis@ucd.ie

2 https://news.nationalgeographic.com/2018/04/new-nasca-nazca-lines-discovery-peru-archaeology/

3 http://www.nbc29.com/story/37890379/montpelier-archaeologists-employ-new-technology-to-reveal-slave-
experience

4 https://www.npr.org/sections/thetwo-way/2018/02/02/582664327/game-changer-maya-cities-unearthed-in-
guatemala-forest-using-lasers
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fields. Perhaps this balance needs redressing? While the BBC or National Geographic are not
so interested in stories about nineteenth century ridge and furrow cultivation or early
medieval settlement in the west of Ireland, the approach is at least as relevant in the temperate
zone, on archaeology that is perhaps less glamorous but no less important to our
understanding of past societies.

What I did on my holidays...

In the early days of lidar at AARG, young digital tyros were occasionally heard bemoaning
the “What I did on my holidays” papers - long slideshows of oblique aerial images where the
key element was the visual, not necessarily the archaeological narrative. Arguably in the last
decade lidar papers have often taken the same well-rutted path. Well-visualised lidar, like a
good oblique photograph has an immediacy and visual appeal that means that it is easy to be
seduced by the image and to focus on that most contentious of archaeological concepts, the
site. Often the lidar visualization (or perhaps in even more recent times a SketchFab model of
the 3D data) becomes the end product rather than part of the interpretive framework we use to
try and understand the archaeology. This is where we return to the ‘lost cities’ narrative. It is
not enough to find and visualise mislaid cities hidden beneath tropical forests: we need to be
clear that the lidar should be the starting point of our narrative, not the end point.

We have tried to draw out this aspiration for more theoretical and, for want of a better
description, archaeological engagement in the call for papers for AARG2018, where we
particularly stress these aspects.

To conclude...

| am aware that writing in this forum I am, to an extent, preaching to the choir. That said, we
are all seduced by the glamour of ‘the site’ from time to time. From my perspective, the days
when we could present a lidar visualization as a result should be behind us, unless we are
doing something especially remarkable with it. It represents part of the archaeological
process, often near the start of that process. With fantastic open-source GIS software and
excellent guides as to how to work with these data, we are rapidly approaching a time where
anyone who wants to work with lidar on a fairly superficial level can do so — arguably we are
already there. Automation too has to be thrown into the discussion here: increasingly we are
looking to a future where the specialist’s job is less and less about actually just spotting stuff
(and putting those dots on maps).

This sort of brings us full circle and returns us to the idea the role of the aerial archaeologist
as interpreter, for lidar just as for aerial photography (and geophysical survey for that matter),
and above all, the importance of archaeological context in our interpretations. In this lidar, no
matter how striking, is only part of the narrative.
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AARG 2018
12-14 September 2018, Venice, Italy

Www.unive.it/aarg2018

Organised by: AARG and Ca’ Foscari University of Venice
FB: @AargVenice2018; T: @Aarg_Venice2018

First call for papers

Oral Papers (20 minutes) and posters (A1l portrait) are invited on the themes of:

1. Local session: Aerial Archaeology in Italy — the last 15 years

This session features papers on aerial archaeology in Italy and is open to papers dealing with a critical,
retrospective view of the aerial archaeology in Italy during the last 15 years. Papers should consider
lessons learned, key issues, future challenges and opportunities for innovative approaches.

2. Between the land and the sea

Coastal zones have been foci of activity throughout the human past, for example as valuable areas for
resource acquisition (fishing; gathering of shellfish; harvesting of seaweed) and as settlement areas
controlling maritime trade. They offer particular challenges as regards airborne remote sensing given
that archaeologically they often include remains that are permanently or at least temporarily
submerged, and the degree of exposure of these remains may change with each tide. They are also ‘at
risk” environments, with coastal erosion regularly impacting upon archaeological heritage. This
session seeks papers dealing with the use of aerial methods in coastal, shallow and lagoon water
archaeological survey, for example surveys of intertidal zones, shallow water surveys or of coastal
sites under threat.

3. Drones in aerial archaeology (to drone or not to drone)

While there is no doubt that drones have democratized aerial archaeological survey, what next for the
drones/UAV in aerial archaeology? While site-based drone survey is now common practice in
excavation and structure-from-motion photogrammetry is regularly used to create detailed 3-D models
of sites and structures, what is the next step for surveys of this sort? As is sometimes the case with
lidar and terrestrial laser scanning, is there a risk that making a model has become the raison d'étre for
the use of drones in archaeology? To explore these ideas papers focusing on critical or theoretical
aspects of drone use are particularly welcome.

4. Managing the land

Traces of agriculture and land management are perhaps the most ubiquitous of all archaeological
remains visible from the air. These range from field systems and enclosures to evidence of ridge and
furrow cultivation to traces of olive groves and orchards. Despite their social significance such
features are often overlooked in favour of more ‘monumental’ remains. In this session, we invite
papers that focus on critical aspects of enclosure, past agricultural regimes and water management.

5. Monitoring change
Aerial survey is increasingly used to monitor changes at archaeological sites. This has become
especially important in recent times as regards tracking damage caused by looting/deliberate



AARGnews 56: April 2018

destruction of heritage (e.g. by ISIS in the Middle East), environmental degradation (e.g. erosion of
coastal sites) and encroachment of settlement/agricultural activity in archaeological landscapes. For
this session we seek papers focused on the use of aerial methods in such monitoring programmes,
particularly over medium to long time scales.

6. Aerial archaeology in collaboration

Increasingly, new methods and approaches come to aerial survey through collaboration with other
disciplines (e.g. computer science, medical imaging, human geography). In this session we seek to
explore these collaborations. Submissions can include papers on automation of feature detection, new
ways of visualizing data (both technical and in a social sciences sense) and novel prospection methods
which showcase the development of aerial archaeology ‘in collaboration’.

Please direct all conference paper and poster offers (max 800 characters) to:
Stephen Davis, UCD School of Archaeology, Dublin
by using this form [https://goo.gl/forms/44nWmevIRVSAhcBt1]
Closing date for all proposals with title and abstract is 15th May 2018

PROVISIONAL PROGRAMME

Wednesday, 12 September and Thursday, 13 September — Paper and Poster Sessions
« Debate/Discussion Session; Local Session (Invited Papers)
» Themed Sessions (Open Call for Papers)
* Poster Session (Open Call for Posters)

Friday, 15 September - Field Trips
* Guided tour in Venice (1/2 day), museum visit
* Venice lagoon and the islands

STUDENT/YOUNG RESEARCHERS SCHOLARSHIPS FOR AARG 2018.

These scholarships are intended to support bona fide students and young researchers who are
interested in aerial archaeology and wish to attend and present at the AARG conference.

There is no application form. Please provide the following information in an emailed headed with
“Student/Young Researcher Scholarship”: Your interests in archaeology and aerial archaeology, place
of study, the name and contact details of a supervisor or employer (email) who can provide a
reference, why you would benefit from attending the conference, and an estimate of travel costs to
attend.

You should be willing to provide a poster, or for exceptional work provide an abstract for a
paper under one of the conference session themes listed above.

Applications should be addressed to Stephen Davis at: aargchair@gmail.com

The closing date for applications for Scholarships is the 15 May 2018.

In addition, there will be a competition for the best student/young researcher poster or paper, judged
by the Chairman and Vice-Chairman. The prize will be a free 2019 conference package (registration
fee, dinner and field trip).

10
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AARG notices

The Derrick Riley Bursary

The Derrick Riley Bursary still exists. It is £500 a year, usually a single award, but
sometimes is split and given to two people.

There should be an application form on the Sheffield Archaeology Department website and a
Riley Bursary page on the Sheffield website where potential applicants will be able to find
information and download the application form.

Finding the relevant page represents the first challenge, but if you can’t please contact Bob
Johnston (r.johnston@sheffield.ac.uk ) who administers the bursary.

Please apply for this even though it is not used only for conference attendance.
AARG has limited funding and access to the Riley Bursary extends this amount
to something more useful. No whinging about lack of money if you don’t apply.

ISAP Fund

In August 2015, ISAP announced establishment of a fund to provide support of up to £1000
to assist with members’ projects [membership costs less per year than AARG does] that
“further the objectives of the Society’.

Guidelines and application form from the ISAP web site: http://www.archprospection.org/isap-fund

Information for AARGnews contributors

AARGnNews is published at six-monthly intervals. Copy for AARGnews 57 (October 2018)
needs to be with me no later than September 20, 2018. Editorial policy (for want of a better
word) tends to be that if | am sent interesting contributions they go in unless there’s a danger
of an issue overflowing. Instructions for contributors are no longer on the AARG website,
but this issue may serve as a guide or more information can be sent on request.

Please do not use any ‘clever’ formatting and avoid footnotes.
Good-quality jpegs are suitable for illustrations. Tiffs are for archives.
Address for contributions: rog.palmer@ntlworld.com

11
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Reprinted, with permission, from:

Bl drones

Article

UAVs in Context: Archaeological Airborne Recording
in a National Body of Survey and Record

David C. Cowley 1% (2 Charles Moriarty 2 George Geddes 1 Georgina L. Brown 1 Tom Wade 2
and Caroline J. Nichol 2

1 Historic Environment Scotland, John Sinclair House, 16 Bernard Terrace, Edinburgh EH9 9NX, UK;
george.geddes@hes.scot (G.G.); georgina.brown@hes.scot (G.L.B.)

School of GeoSciences, Crew Building, University of Edinburgh, Alexander Crum Brown Road,
Edinburgh EH9 3FF, UK; charlesdmoriarty@gmail.com (C.M.); tom.wade@ed.ac.uk (T.W.);
caroline.nichol@ed.ac.uk (C.J.N.)

*  Correspondence: dave.cowley@hes.scot; Tel.: +44-131-651-6746

Received: 30 November 2017; Accepted: 21 December 2017; Published: 23 December 2017

Abstract: Historic Environment Scotland (HES) is the lead public body which investigates, promotes
and cares for the historic environment in Scotland. It undertakes a range of archaeological
airborne work from detailed documentation of individual sites to extensive national programmes of
prospection. In undertaking this work HES draws on a variety of aerial platforms to collect imagery,
including light aircraft and unmanned aerial vehicles (UAV—used throughout this paper as an
umbrella term). In all cases, the archaeological questions at hand are the key driver for choice of
methodology and platforms, recognising that different types of survey and documentation demand
different responses. Differing strands of aerial work will be briefly described, followed by short case
studies that illustrate the range of our activities, concluding with thoughts on the context of UAV
work for archaeological applications.

Keywords: archaeology; ancient monuments; heritage documentation; airborne remote sensing;
aerial survey; image-based modelling; multispectral imaging; survey design

1. Introduction

Early in 2017, Historic Environment Scotland (HES) issued a tender to appoint a Service Provider
for the supply of aircraft to the HES aerial survey programme. This specified single- and twin-engine
aircraft, suitably maintained and insured for aerial reconnaissance and photographic work over the
whole of Scotland, including more remote areas involving a significant sea-crossing. Such aircraft
are required to progress a variety of aerial work, from detailed documentation of individual sites to
extensive prospection, all with a primary objective of enhancing the National Record of the Historic
Environment (NRHE [1]). The tender produced some responses to supply the required aircraft, but
the majority of enquiries arising from the tender were from UAV operators. In large part, this is
undoubtedly stimulated by business development, but many of the approaches were framed by asking
“if we had considered using UAVs in our work”. There was a sense that we should be using UAVs
routinely rather than other platforms, and that perhaps we were unaware of just how useful they
could be.

While these approaches stemmed partly from a lack of awareness of the HES aerial survey
programme, they also resonate with a sense that UAVs may increasingly be seen by some as a panacea
for airborne documentation in archaeology. While this paper is in no way intended to undermine
the burgeoning utility of UAVs in archaeological survey, it does aim to provide a commentary on
the context of UAV deployment in a wider framework of airborne recording by a national body of
survey and record. In doing this it aims to emphasise survey objectives, rather than the technology of

Drones 2018, 2, 2; doi:10.3390/drones2010002 www.mdpi.com/journal/drones
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“doing”, recognising that to do otherwise runs the risk of losing sight of the archaeological imperative
and focussing on a technique for the sake of it. This is important because new technologies are
often appealing due to perceptions of reduced cost and perceived added value, but their effective
assimilation in recording practice is not without challenges. Indeed, Campana begins his recent review
of the state-of-the-art and future perspectives for UAVs in archaeology [2] quoting Don Ihde that “all
technologies are non-neutral ... They are transformational in that they change the quality, field and
possibility range of human experience...” [3] (p. 33). This transformational quality can, of course,
have both positive and negative outcomes, an issue that can be recognised in the introduction of other
“new” technology to archaeology. For example, in the earlier stages of the archaeological applications
of Airborne Laser Scanning (ALS), there was a heavy emphasis on the technology, and showcasing
advantages and applications (see [4] (pp. 7-10) for a discussion of these issues in ALS), with a danger
of uncritical approaches that foregrounded the technology for the sake of the technology. This paper
is a contribution to critical reflection on how archaeological survey practice adopts methods and
technology, including avoiding the danger of technology driving survey practice at the expense of
competent survey design and archaeological questions. This is not to negate the necessity for periods
of research and development, but situates technology as part of an approach to understanding and
recording. In the context of a national body of survey and record, and following some case studies,
this paper will review issues of purpose, multi-scaled approaches to the landscape and impact on
survey workflows.

2. The HES Aerial Survey Programme

HES’ aerial survey programme was established in 1976 (originally by the Royal Commission
on the Ancient and Historical Monuments of Scotland (RCAHMS), which was merged with Historic
Scotland to form HES on 1 October 2015). This was built on a long history of aerial reconnaissance
in light aircraft and utilisation of aerial photography for archaeology in Scotland dating back to the
1930s [5,6]. Initially, the focus of aerial reconnaissance was on prospecting for cropmarked sites in
lowland areas, while other aerial photographs, such as those taken to inform map revision by the
Royal Air Force and Ordnance Survey, were consulted to inform field survey projects. However, the
value of the airborne perspective for recording and understanding all aspects of Scotland’s historic
environment was quickly recognised and the scope expanded to take in architectural subjects and
urban areas, though in this paper we focus on archaeological monuments and landscapes. The light
aircraft based aerial work that has been practiced for the last 40 years extends across the whole of
Scotland’s 80,077 km? land mass, in an average year undertaking over 100 flying hours (Figure 1).

This aerial survey programme has made two principal contributions to archaeological knowledge
in Scotland. Firstly, reconnaissance has placed many thousands of previously unknown monuments
on record for the first time, and secondly recording of known monuments provides additional
sources for analysis and understanding, informs assessment of monument condition, on which an
increasing emphasis is being placed, or provides illustrations [7]. For archaeological prospection,
while the early emphasis of reconnaissance was on recording cropmarking in lowland areas [8], this
expanded to exploring upland areas for earthwork remains [9] and the coast and shallow water for
marine features [10]. The importance of the traditional observer-directed reconnaissance and visible
spectrum photography cannot be understated, but critical review of diminishing returns from this
approach [11] and developments in other data sources has prompted a change in emphasis, coincident
with increasing availability of digital topographic data produced by airborne laser scanning [12]
or from aerial photographs, active exploration of multi- and hyperspectral imaging [13], and more
speculative investigation of synthetic aperture radar [14]. In all cases, the core objectives of this range
of technological research and development activity is to support our prime archaeological objectives
of:

e improving our knowledge base in the NHRE through the discovery of previously unknown sites
e improving our knowledge base through archaeological analysis of sites and landscape
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e understanding landscape changes

e  assessing the impact of climate and coastal changes on the historic environment
e informing understanding of the condition and management of sites

e improving the efficiency of survey methodology

Figure 1. An example of a 2 h 40 min long light aircraft sortie on Shetland, 25 August 2017, with
examples of the images captured. The GPS recorded line of the flight is indicated in orange against the
grey outline of the Shetland Islands. During this flight, some 560 images were taken of 119 monuments.
In an average year, between 4000 and 6500 aerial images are taken from a light aircraft platform,
documenting up to 2000 monuments, of which an average of 250 are new discoveries. DP260585,
DP260415, DP260512, DP260576, DP260772 © Historic Environment Scotland.

Until 2015, our aerial recording of archaeological remains in Scotland’s historic environment
was progressed almost entirely using Cessna 172 light aircraft. This included some experimentation
with image-based modelling and also made use of an extensive archive of historic aerial imagery
and orthophotographs. Since then we have developed an in-house UAV platform for photography,
worked with contractors to produce higher-end imagery to generate metrically accurate high-resolution
point clouds and derived products, and progressed our interest in multispectral imagery through a
UAV-based Masters dissertation project. These are discussed in case studies that follow a brief section
outlining aspects of our development of UAV capacity and applications.

3. The Development of Archaeological UAV-Based Capacity and Recording at HES

While architectural colleagues within HES had already acquired UAV capacity some years
ago, mainly to inform condition monitoring of buildings, the desire to expand this capability into
archaeological applications was an obvious development. In 2015, we had no in-house archaeological
UAV capability and only informal expertise of flying UAVs amongst staff. This prompted a review of
options to assess the range of survey functions that could use UAV recording, including seeking an
improved understanding of practicalities and issues such as operational and legal frameworks and
insurance requirements. For archaeological field survey, we recognised the desirability of collecting
low altitude aerial imagery to complement the more general views provided by light aircraft aerial
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photography, usually captured from 700 m altitude, and photography from the ground. A low
altitude platform would also allow us to experiment with video documentation, which is generally
unsatisfactory from a light aircraft where dramatic perspectives are hard to generate. Furthermore,
building on our interest in digital topographic data, this would support further exploration of the utility
of high resolution imagery (sub-metre to centimetre-scale) and image-based modelling to support the

generation of point clouds, orthophotographs and other derived products.

The review of options to address these archaeological imperatives highlighted the tremendous
range of UAV equipment and range of capabilities, and the consequent variation in complexity of
operation and costs (Table 1).

Table 1. Options review for Historic Environment Scotland archaeological unmanned aerial vehicles

(UAV) photographic applications.

Options Pros Cons
In house, readily available at CO.St§ of equipmen t, maintenance,
. training, developing competence,
short notice :
operations manual
Flexibility to use at short notice Must be used regularly to maintain
operator competence
Buy UAV o . .
Archaeologlcal imperatives drive Potential damage/total loss of equipment
image capture
HES liable for insurance and
public liability
Requires staff time (ideally 2 operators)
Rapidly developing field, legal
framework likely to change
Low cost Limited applications/poor results
Buy Cheap Allows experimentation Poor results may lead to disappointment
(e.g., <2000 GBP)  and development Y PP
Limited payload
Buy More versatile Greater liability for damage/loss
Expensive High quality imagery Increased maintenance issues
Risk free, if specification is clear Costs for individual jobs are high
Contractors should keep up to date with
developments and maintain Availability may not be “instant”
operator expertise
Contractor Different contractors for different jobs Intellectual Property Rights would

as appropriate

require clarification

H&S, insurance, liability, machine
maintenance on contractor

Limited in-house knowledge to direct
operations and develop programme, and
limited competencies to understand the

structure and quality of data

The review also highlighted the need for any operation to be fully compliant with aviation
regulations and health and safety provisions, to be covered by comprehensive insurance and aware
of privacy issues. We also consulted external organisations with more experience in using UAVs in
archaeological recording, and the consistent advice was that it would be risky to purchase an expensive
UAYV without first experimenting using contractors. The appraisal produced two recommendations,
balancing the desirability of having in-house capacity and the need to experiment with high-end
products. Firstly, we should start to develop in-house UAV capability in support of archaeological
fieldwork, whereby staff familiar with sites and landscapes could capture images that served their
objectives best (Case Study 1). Secondly, that we buy in services from specialist companies with
the required expertise and equipment when high end products or technical operations are sought
(Case Study 2). In a third strand that emerged subsequently, recognising the benefits of working
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with specialists, we have collaborated with the Airborne Geosciences Facility within the School of
GeoSciences at the University of Edinburgh on a project using a UAV-mounted multispectral sensor
(Case Study 3).

4. Case Study 1: UAV Documentation and Photography in Archaeological Field Survey

The most widespread application of UAVs in archaeology to date is in the routine capture of
digital still photographs and video, generally of sites, but also of discrete landscapes. This is certainly
the case within archaeological survey at HES, where UAV-based documentation is increasingly seen as
a standard, versatile and cost-effective element of the toolkit brought to bear during archaeological
field recording projects.

4.1. Developing HES Archaeological UAV Operations

Developing our UAV capacity required a series of issues to be addressed, including perceptions
that the processes of gaining adequate experience, training as a pilot, and obtaining the necessary
permissions and insurance are difficult. In practice, the skills of UAV piloting are achievable by
anyone with reasonable dexterity and eye/hand coordination, but they require practice in a variety of
terrains and weather conditions to achieve and maintain proficiency. While software and hardware are
becoming more sophisticated, there remains an imperative for the pilot to understand the fundamentals
of aviation, to be able to operate without the aid of the camera view, and in particular to be able to
respond to a variety of emergencies.

4.2. Legal and Operational Frameworks

All UAV flights undertaken by HES Survey and Recording are governed by an Operations Manual
detailing the framework within which we operate. Flights are undertaken for the sole purpose of
survey and recording of the built environment and are regarded as non-commercial. We operate
within the framework of the Air Navigation Order [15] published by the UK Civil Aviation Authority,
specifically within the terms for non-commercial work defined in CAP 722 [16] (p. 34) whereby “Flying
operations such as research or development flights conducted ‘in house” are not normally considered
as aerial work provided there is no valuable consideration given or promised in relation to each flight”.
The Operations Manual mandates that every pilot will be conversant with the current ANO, the Air
Navigation (General) Regulations and the Rules of the Air, and Air Traffic Control Regulations and
will at all times comply with their requirements. HES has also ensured appropriate insurance and
public liability cover is in place and takes a careful approach to the mitigation of risk. Beyond this
general framework HES operations apply the fundamental rules of UAV operation sensibly expressed
in the “Drone Code” [17], that the pilot should try to keep the UAV within sight, stay below 120 m in
height above the pilot and 150 m from people and property.

4.3. UAVs in HES Field Survey

As highlighted above, there has been a growing recognition of the value of UAV recording as an
element of routine archaeological survey, providing detailed, low altitude perspectives and video as
required. At the time of writing (November 2017) HES archaeological field survey uses a DJI Phantom
4 Pro + UAV which cost under £2000, and has a flight time of up to 30 min depending on payload and
a high degree of safety and automation in operation, benefits that have been balanced against the size
and quality of the captured images from the onboard camera. However, while it is anticipated that this
capacity will continue to be developed, at present this provides significant added value to the field
survey process. Perhaps the most obvious advantage that a UAV offers the field surveyor is access
to difficult to reach places. With a regulated limit of 400 m distance from the operator (which can
be extended in special circumstances), an expectation to maintain line of sight, and a height limit of
120 m, there is scope to fly over sea stacks and island sites, or to examine the upper floors of a ruinous
building—allowing inaccessible monuments to be documented and mitigating risk (Figure 2).
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Figure 2. The later prehistoric site at Dun Ban, Loch Hundair, North Uist [18] is 200 m from the shore
of a loch that lies some 3 km from the nearest road. Simple oblique imagery of the site such as this
captured from a UAV is relatively easy to acquire and provides information on the character and
condition of the monument. DP258284 © Historic Environment Scotland.

More generally, illustrative material has a fundamental role in the creation of information on
archaeological sites within the NRHE [2], aiding the identification of specific monuments and helping
to illustrate descriptive text. In this respect UAV imagery can be particularly powerful, falling as
it does between the range of the ground photographer and that of the traditional higher altitude
aerial photographer (Figure 3). Since field teams are often on site in remote areas for several days at a
time, they are in an ideal position to catch the best light conditions to enhance photographic output.
In addition to oblique imagery, video can further enhance site documentation, providing dramatic
perspectives and detail. Embedding UAV capacity in field teams provides a flexible aerial platform
which fieldworkers engaged in a landscape or site survey can use to capture imagery within minutes
of the lighting and weather conditions being appropriate and to document specific aspects of the
monument. In this context, the application of UAV documentation in HES archaeological survey has
significant benefits for the engagement of the archaeologist with a site or landscape, helping to address
interpretational challenges or illustrating particular conclusions. Here, the UAV is used to support the
engagement of a field archaeologist with a site and to create illustrative components of the site record.
This is counter to some statements that uncritically advocate use of UAV documentation to minimise
time on site [19].

Indeed, in this context field surveyors are aware of the dangers that incorporating a UAV in field
survey might distract from field investigation and observation of the material remains, as the pilot is
inevitably taken up with the UAV operation. Thus, there is the potential to leave a site with beautiful
images but to move no further forward in archaeological interpretation. This takes us back to the
primary imperatives of the work being undertaken, to advance archaeological understanding, rather
than simply producing pretty pictures, which would be documentation for the sake of documentation
rather than in support of understanding. This is a point that will be returned to below with reference to
the collection of photographs for image-based modelling, where there is a danger of the archaeologist’s
engagement with the site or landscape being limited to the task of photo collection, without further
engagement with the landscape or surface remains. That said, a well-composed image has a major role
to play in conveying context and setting (Figure 4).
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Figure 3. The medieval church at Eilean Fhianain [20] is shown here in a nested approach of
photographic documentation that formed one aspect of the site record. The oblique image taken
from 1000 m above the site (left) shows the wider context; the UAV image capturing an oblique
view of the church (top right); and the ground photograph (bottom right) illustrating some of the
surviving medieval fabric within the much-restored ruin. DP110068, DP249987, DP262795 © Historic
Environment Scotland.

e

Figure 4. Brough of Birsay, Orkney [21]. The fundamental rules of photography also apply to the UAV
and no amount of technical wizardry can account for poor weather and light, or poor composition.
The technical quality of imagery is also open to major variations, and in general terms there is a balance
here between the cost of the equipment and its ease of use on the one hand, and the quality of the data
captured on the other. DP214555 © Historic Environment Scotland.

5. Case Study 2: Generating Topographic Outputs

HES had already undertaken limited experimentation producing digital topographic outputs
and orthophotographs using image-based modelling (Agisoft PhotoScan) with images taken from a
light aircraft. However, with an increasing interest in high resolution and positionally accurate 3D
data sets, our review of potential UAV applications included a recommendation that requirements for
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high quality UAV imagery for use in image-based modelling outputs to inform detailed site analysis
should be progressed through an experienced specialist contractor. While it was recognised that the
contractor approach to imagery collection was not as flexible as an in-house solution, nor did it embed
the development of capacity and expertise in the organisation, it provided a cost-effective way to
explore the potential of this approach to produce high resolution topographic outputs and orthophotos,
since there was no outlay for equipment, nor any issues with developing competence in handling it.

In developing this work, we issued a tender for two recording projects in late 2015, specifying
a requirement for a CAA certificated operator to capture a grid of high quality overlapping vertical
photographs, and for oblique imagery and videos to be taken to accompany this data. Furthermore,
the contractor was required to provide accurate GPS-mapped ground control points. Following open
competition, the package of work was put out to Cyberhawk, a company based in Central Scotland
with easy access to project sites, which meant that they were able to respond quickly to appropriate
weather conditions. The two-person Cyberhawk team, both of whom were trained in the use of the
equipment and operated it full time, used a UAV system which cost approximately £25,000 (November
2015) in a contract that was worth a little over £4000. This offered a stable platform for the work,
reasonable flight times and pre-programmed flight paths, and the capacity to deploy a Sony A7 digital
camera for image capture (CMOS Sensor, effective megapixels 24.3).

At both sites chosen for this exercise there was a central archaeological imperative to explore
how high-resolution digital topographic data would support the archaeological understanding of the
remains, which are explored here through the example at Hume Castle, Scottish Borders (Figure 5).
This comprised an area of 500 m by 380 m within which there are the earthworks of a deserted
medieval village and cultivation remains set around a rocky knoll on which the fragmentary remains
of a medieval castle are built over by a stone walled “castle” folly. There are a small number of
large trees on the site, which is situated beside a few houses along a single track road. At Hume, a
ground sampling distance (GSD) of 3 cm was specified. In both cases, the photographic outputs were
excellent, supporting the production of dense point clouds and a high-resolution orthphotograph, and
derivatives that supported further archaeological analysis.

The Hume Survey

The site at Hume has been worked on in an iterative survey methodology combining desk and
field-based work to support an intensive engagement with the archaeological remains. The workflow
following the UAV imaging of the site in March 2015, when vegetation was low, is straightforward.
The imagery was processed using Agisoft Photscan software and accurately-mapped ground control
points to produce a dense point cloud and an orthophotograph. DSMs on a 10 cm and 25 cm grid
were produced and these were visualised using the Relief Visualisation Toolbox software [22] to
create visualisations, including slope, hill shades and Sky View Factor (SVF). Following desk-based
assessment of the models and visualisations, Multi Directional Hillshade and SVF visualisations
derived from the 25 cm grid were printed out at a scale of 1:1000 and taken into the field. A field team
of three then explored the site using the visualisations and the printouts in an iterative way, returning
from the field with annotated printouts. The field outputs were digitised and refined in the office,
here with the benefit of examining a wider range of visualisations to explore some of the finer detail.
Additional features identified in the desk-based stage were examined on a subsequent visit.
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Figure 5. UAV aerial photographs were processed through Agisoft Photoscan software (top left) to
provide the basis for visualisations of the derived DSM (top right), which were used in an iterative
process involving desk-based and field observation, with an interpretative archaeological plan as the
primary output (bottom). SC1539983, SC1574488 © Historic Environment Scotland.

At the time, we did not have a pen computer capable of supporting visualisations in the field, and
clearly that would have been a benefit. However, we do not believe that this benefit is uncomplicated,
as the simplicity of the printouts helped avoid the distraction from field observation caused by trying
to articulate too much data in the field. However, even the two printed visualisations were very useful
in the field, especially for subtle features on the ground, when working in flat light conditions, and also
after the vegetation started growing. More generally, the multi-scalar character of the digital data was
important in combining detail and context in tracing slight, often discontinuous features. Both field
observation and observation of the visualisations provided the lead, depending on circumstances.
For example, a section of tower footing from the earlier castle, situated at the top of a virtually
inaccessible rock outcrop, was spotted on site and subsequently the extent of the whole feature was
mapped from the model, also making use of the oblique aerial photographs. In contrast, an early phase
of ridge and furrow overlain by later ridging stood out very clearly on the visualisations but remained
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impossible to spot on the ground. In this way, the digital topographic outputs and field observation
were managed in concert to explore the site and maximise our understanding. In practice, while the
workflow varied from a traditional field survey approach, the amount of time spent on the project
overall was probably broadly similar. The digital approach has, however, also provided a record of the
site that can be assessed in future in considerable detail, for example to quantify changing condition.

Amongst the lessons learned from the Hume exercise is that with the high cost of the equipment
needed to produce the photographs at the time, the contractor route was cost-effective and provided a
benchmark against which future work could be judged. However, recognising that the technology
is changing rapidly and that our requirements for such outputs may increase, there is an ongoing
cost-benefit that will need regular review. The project has also focused our minds on the data storage
implications of such projects, and the need for a rationale behind what is kept and what is not. For
example, while the point cloud, orthophotographs and DSMs are being kept for the archive, there
has been some debate about whether the source photographs and the derived visualisations should
be archived. The Hume project folders contain 150 GB of data for just one site, and as this approach
becomes more routine the implications for storage budgets will multiply rapidly.

6. Case Study 3: Multispectral Imaging Research Project

The diminishing returns from traditional cropmark reconnaissance using visible spectrum
imaging have been commented on above. This situation has prompted a programme of research and
development to explore the potential of hyper- and multispectral imaging, recognising the potential of
this data to provide new information [23,24]. This has included purchasing satellite imagery, but this
is expensive, and crucially it is difficult to specify the appropriate conditions under which the best
archaeological returns can be expected. For this reason, in 2017, a UAV-based multispectral imaging
project [25] was undertaken in collaboration with the University of Edinburgh’s School of GeoSciences.
The central objective of this project was to collect multispectral data over an archaeological site at
regular intervals to gain an understanding of when it is best to detect buried archaeological remains
through its impact on the crop above it. Using a well-known set of archaeological features in a field
in central Fife, that had been documented as visible spectrum cropmarking over many years, the
project aimed to collect multi-temporal imaging throughout one growing season using a UAV platform
carrying a lightweight, low-cost Parrot Sequoia sensor (Figure 6).

Figure 6. The flexible and cost-effective Tarot 680 Pro hexacopter on a landing pad, with Parrot Sequoia
mounted on the underside (left); and example of the black and white GCP targets utilised in the field
(right). © C Moriarty.

The Parrot Sequoia [26] is a four-band multispectral sensor designed to capture high-resolution
images across vegetation-sensitive wavelength bands (Table 2), and was deployed on a series of
UAV-mounted observations at the test site between April and July 2017. During the same period, the
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field was documented from a light aircraft using a Nikon D80OE digital camera. From the two image
sets, the project aimed to identify the capabilities and timing for detecting crop stress from Parrot
Sequoia imagery in comparison to RGB photography, with implications for the wider adoption of
multispectral imaging in efficient archaeological reconnaissance and documentation.

Table 2. Specifications for the Parrot Sequoia and the Sunshine sensor.

. ) Dimensions 59 mm X 41 mm X 28 mm
Main Unit Weight 72
Camera Resolution 16 MP
RGB Image size 4608 x 3456 pixels
Camera Shutter release Rolling Shutter
Focal length 4.88 mm
Camera Resolution 1.2 MP
Image size 1280 x 960 pixels
Shutter release Global Shutter
Multispectral Focal length 3.98 mm
Camera Green 550 nm (40 nm width)
Wavelengths Red 660 nm (40 nm width)
Red-edge 735 nm (10 nm width)
Near Infrared 790 nm (40 nm width)
Additional features Internal Motion Unit (IMU), magnetometer
Dimensions 47 mm x 39.6 mm x 18.5 mm
Sunshine Weight 35¢g
Sensor Spectral Sensors Green, Red, Red-edge, Near Infrared
Additional features Global Positioning System (GPS), IMU, magnetometer

6.1. Ravenshall, Fife: Data, Collection and Processing

The test site at Ravenshall [27] is an arable field 5.5 ha in extent, where there are well-documented
features including a possible henge monument and land-use remains that have been documented
over many years as cropmarking. The field was set to winter wheat (Triticum aestivum), and, while
it had been hoped to conduct a larger number of UAV data collections, technical and weather issues
meant that only three surveys were conducted—on 17 April, 5 May and 12 July. Surveys were flown
using the open-source Mission Planner autopilot software [28] at an altitude of 60 m, velocity of
4 ms~! and calculated image overlap of 70%. This allowed the field extent to be covered in two
flights with an average GSD of approximately 6.00 cm/pixel for the multispectral images. Illumination
conditions at the time of flight were recorded by a separate “Sunshine” sensor attached to the top
of the UAV, and encoded within the multispectral camera image files for radiometric calibration.
Calibrated MicaSense reflectance panels were photographed before and after each flight to further
support radiometric correction during processing. A series of fixed checkerboard ground control
points (GCPs), constructed from vinyl tiles (Figure 6), were installed around the perimeter of the field
and measured to 0.5-3.5 cm accuracy using a Trimble differential global navigation satellite system
(GNSS) kit.

The georeferenced .tiff Sequoia files were processed using Pix4Dmapper Pro (Version 3.1.23.0),
which has native support for the Sequoia sensor, to build Digital Surface Models (DSMs) and
orthomosaics. Pix4D was also used for radiometric calibration of the Sequoia data, using the Sunshine
sensor data and calibration panel images to normalise images and attempt to correct for atmospheric
effects [29].

6.2. Processing and Analysis

The orthomosaics created for each multispectral band were combined in several different ways to
test the ability to distinguish cropmarking within the data, including stacked multiband images
that allowed for false colour composite visualisation, principal component transforms and the
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calculation of sixteen vegetation index (VI) maps. From historic reference photographs and pre-existing
interpreted mapping undertaken by HES, two sample regions were defined: “object”, across areas of
archaeological interest and “field”, across adjacent regions of the surrounding field and equivalent
in area. Values found for these regions in the different band combinations were tested for histogram
separability, which gave an indication of the ability to distinguish the two samples across each
visualisation method over time. This allowed examination of when the two samples began to change
relative to one another.

Crop stress influenced by the presence of archaeological features was successfully detected
utilising the Parrot multispectral imagery at equivalent timings to the RGB imagery. The 17 April
and 5 May data showed little separation across individual bands and band combinations in the
two sample regions during the early stages of crop growth. However, on 12 July, these regions
had changed at different rates, showing greater histogram separability across several different band
combinations. Archaeological cropmarking was detected in the RGB aerial photographs visually from
14 June onwards, with an increase in separability found following the period of highest regional soil
moisture deficits for the 40 km square in which the test site is located (Figure 7). The multispectral
orthomosaics from the Parrot Sequoia had similar resolutions and accuracies to those created from
the higher altitude digital camera photographs (6-7 cm/pixel; 0.1-0.2 m mean RMS x-y-z error), yet
the narrow and calibrated spectral bands of the Sequoia resulted in images with finer detail of subtle
changes across the crops, which has positive implications for being able to detect a potentially wider
range of features using the sensor (Figure 8).

6.3. Lessons Learned and Next Steps

As had originally been planned, comparison with other sensor types such as a hyperspectral
sensor offering finer spectral resolution would be beneficial in determining the comparative efficiency
of the Sequoia. Use of the Sequoia for larger-area survey is constrained by the battery life of the UAV,
weather conditions, availability of accurately measured GCPs, and the constraints on pilot to UAV
distance. However, as a flexible and cost-effective means of collecting multi-temporal data on test sites,
notwithstanding the technical and weather issues encountered, it has proven valuable.

Separabality of Archasologeal Foalure Regions Over Time m RGH Imeagery

Figure 7. Separability of archaeological objects over time, measured using Jeffries—Matusita distance
for RGB imagery and histogram separability (M-Statistic) for greyscale conversions, with soil moisture
deficits for a 40 km regional grid within which the test site is located shown below (data from Met
Office). © C Moriarty.

23



AARGnews 56 (April 2018)

Drones 2018, 2, 2 13 of 16

Figure 8. Comparison of image detail in multispectral index map (12 July 2017 Simple Ratio, (left)) to
RGB photograph (17 July 2017 greyscale conversion, (right)). © C Moriarty.

7. Discussion

The case studies presented above are examples of the deployment of UAV platforms within a
national programme of archaeological survey. Although the deployment of the new Parrot Sequoia
sensor, in this case for archaeological purpose, is to our knowledge a first, the case studies foreground
the archaeological imperatives for HES Survey and Recording. Specifically, the UAV platform is used
to support deeper understandings of the past, land-use change, and issues such as changing condition
and climate.

This paper began by acknowledging that new technology has a transformative power, and
that this can carry both negative and positive connotations. In this context, we have noted that the
enthusiasm for UAV deployment in archaeology has produced some applications with little obvious
archaeological outputs—that place documentation for the sake of documentation above understanding
and interpretation. Indeed, outputs such as 3D models embedded in PDFs and perspective views or
surface models with no associated archaeological interpretation are common, creating an impression
that the model, or the surface model, is a sufficient primary output. These approaches also often
gloss over the errors associated with the 3D modelling process, which may skew archaeological
interpretation of the outputs. While the proliferation of UAVs is undoubtedly democratising access to
3D data, this is actually a broader issue in archaeological engagement with topographic data, including
ALS, rather than a specifically UAV issue.

There are also implications for workflows, and deployment of UAVs in archaeological
documentation is sometimes presented as a means of speeding up the recording process—with
consequent implications for spending less time engaging with the material remains. For HES, field
survey has taken a flexible approach to UAV deployment, for example (Case Study 1) using such
imagery as part of the toolkit in site and landscape survey, all the time maintaining an archaeological
imperative. In Case Study 2 we discussed how the UAV photography and image-based modelling was
used in support of an intensive engagement with the material remains in the field, in an iterative process
combining data processing, visualisations, desk-based analysis and field observation to improve
archaeological knowledge about the site or landscape. While image-based processing and derivatives
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of the outputs may provide very powerful perspectives that inform different engagements with the
remains, and may provide time efficiencies in survey, we are wary of a position that uncritically
promotes “time saved in the field” as a benefit of UAV deployment. This is because the question
of how different approaches to knowledge-creation should be deployed, whether from desk-based
analysis or field observation or combinations of methods, depends on the archaeological questions
being asked, and these should not be primarily driven by a technological or methodological preference.
The key question is how our survey methodology or source data improves our understanding of
specific research questions, not how a technological development may effect a change in working
practice (though that should happen).

This also relates to scale of survey, and the potential problems of “landscapes” being defined
essentially by line of sight when UAV imaging is the primary source of aerial documentation. That
is why our “national” programme of aerial reconnaissance and photography remains an important
element of our airborne capacity. A three-hour flight in a light aircraft may cover a large area,
or document 70 monuments, with imagery that has a 5 cm to 10 cm GSD depending on camera
characteristics (Figure 1). Creating equivalent coverage using a UAV would require a single set up per
site, taking many days or weeks of work, and UAVs at 120 m above ground level are simply not capable
of capturing imagery of certain sites and landscapes, nor of providing a wide context. This is not a
competitive statement, but identifies that there are multiple ways to approach airborne documentation
depending on the task at hand, and that uncritical attachment to a particular “flavour of the month”
is unwise because it foregrounds technology over purpose at hand. Thus, while UAV deployment
has been promoted as a means of removing the observer bias inherent in observer-directed aerial
reconnaissance, this is in fact not an issue of UAV use, but of survey design that demands area coverage
rather than observer-directed image collection, and this can be achieved using UAVs or light aircraft.
Having said that, and as demonstrated in Case Study 3 on multispectral data collection, the flexibility
and cost-effectiveness of a UAV platform in choosing intervals and timing of data collection is a huge
advantage over a light aircraft solution, although changeable weather is a continuing challenge.

8. Conclusions

The points raised above are intended to sound a cautionary note in response to some uncritical
enthusiasm for UAVs in archaeology (e.g., [19]). While HES applications of UAVs in archaeological
survey have been slow in coming, we have sought to embed this capacity in an approach that
has archaeological interpretation and understanding at its core. In doing this, we seek to avoid
documentation for the sake of documentation alone, and to maintain an approach to airborne recording
for archaeological survey that extends from the national to the local, and from the broad brush to
the particular.
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Pixels — So basic but so confusing

Geert Verhoeven

In the very first part of this series, we concisely explored the nature of electromagnetic radiation and
explained why and how the reflection of its optical part governs the creation of most remote sensing
products. A perfect and prevalent example of the latter is the acquisition of a digital photograph. Any
photograph, whether airborne, spaceborne or terrestrial, records how an object or a scene interacts
with all kinds of radiant energy (amongst many other interactions such as those taking place in the
atmosphere and inside the camera). Even though that might seem obvious, the constant increase of
digital cameras in all forms and shapes makes us too often unaware of the complex events that take
place under the hood of a camera. All these events make up the imaging chain or imaging pipeline.

To cover all aspects of the whole imaging pipeline comprehensively is impossible in just a few pages.
Let us, therefore, mainly focus on the output of such an imaging pipeline: a digital photograph (or
more generally a digital image). Starting from the fundamentals of an imaging sensor, this article will
provide some insights into the basic building blocks of any image: pixels. The concepts that are
introduced here and in the first entry will prove essential for most of the future entries in this series.

1 Digital imaging sensors

Analogue signals are continuous and exist in nature as functions of space and time. Digital signals are
found inside computers and merely a collection of discrete states. Once an analogue signal is
digitised, perfect clones become possible. The digital product is, however, always an approximation
of the analogue reality because this numerical translation is accomplished by the processes sampling
and quantisation (both explained below). The analogue signal that is digitally captured by
photography or any other form of optical imaging is the continuously varying electromagnetic
radiation (denoted spectral radiance L(A) in the previous article) that is reflected or emitted by the
scene/object under study. A digital ultraviolet, visible or infrared image is generated by converting
that particular type of radiant energy into an electrical output signal which is then digitised.

All cameras comprise optical elements such as lenses and filters that gather electromagnetic
radiation and focus it onto its imaging sensor. For many applications such as conventional
photography, these imaging sensors consist of a two-dimensional array of individual photon sensing
sites or photosites (Figure 1). The key component of such a photosite is the photodetector, which
collects the electromagnetic radiation during the exposure time. Depending on the sensor design,
the individual photosites may contain more or less circuitry, and the photon-receiving surface area of
the photodetector may be smaller or larger. Throughout the years, academia and industry proposed
diverse photosite arrangements and photodetector designs to achieve specific performances (e.g.
increase the image’s spatial resolution or optimise the spectral sensitivity of the imaging sensor).

Most photo cameras feature an imaging sensor in which one photodetector contributes one effective
pixel in the final image. For instance, a 24-megapixel digital camera has an imaging sensor built-up by
at least 24 million photosites/photodetectors that are equally distributed in rows and columns (for
instance: 6000 columns x 4000 rows). “At least” is essential here, since additional photosites take
care of tasks like white balancing and dark signal correction. The distance from the centre of one
photosite to the centre of an adjacent element is denoted the photosite/detector pitch or the inter-
detector spacing (Figure 1), a metric which will be vital when talking about spatial resolving power.
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1.2 Spectral bands

Every imaging sensor will detect the incoming electromagnetic radiance in specific spectral regions.
Conventional photo and video cameras acquire visible electromagnetic radiation (i.e. light) in three
100-nm-wide spectral bands, being the blue waveband (with wavelengths from 400 nm to 500 nm),
the green (500 nm-600 nm) and red (600 nm-700 nm) spectrum (Figure 1). Since every pixel of a
conventional photograph holds one digital number for the Red, one for the Green and one for the
Blue spectral band, they are often called RGB images. The reasons as to why precisely these bands

are captured go beyond this entry.
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Figure 1 The relative spectral response curves and image sensor layout of a typical off-the-shelf digital photo camera.

To achieve RGB images, off-the-shelf digital photo and video cameras feature an imaging sensor with
a filter on top that blocks non-visible electromagnetic radiation (the so-called hot mirror; Figure 1).
Without this filter, the sensor would also detect near-ultraviolet and near-infrared radiation, which
would make it impossible to render the scene colours as humans perceive them. As depicted in
Figure 1, none of the photosites captures all three visible bands. A mosaic of thin coloured filters
ensures that only one particular part of the incident radiant energy is captured per photosite. Digital
cameras mainly use a so-called Bayer pattern which features twice as many green filters as blue or
red ones. Since every pixel of an RGB image must feature three values per pixel, the two missing

components are interpolated from the neighbouring photosites.

Most remote sensing instruments can image invisible radiation because particular object properties
might only (or better) be discernible in these parts of the electromagnetic spectrum (e.g. detecting
water in the near-infrared band). Moreover, many sensors also capture incoming radiant energy in
more than three spectral bands. The amount of spectral bands is one of the distinguishing factors
that denote an imaging system as “multi” or “hyper”. A multi-spectral device acquires
electromagnetic radiation in four to circa ten adjacent spectral bands that are about 100 nm wide
and often feature a small spectral gap in between them (e.g. [730 nm—850 nm] or [1050 nm-1200
nm]). Hyper-spectral imaging extends this multi-spectral concept by capturing spectral data in at
least ten (nearly) contiguous (i.e. adjacent and not overlapping) narrow spectral channels.
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2 Pixels: quantised samples that need reconstruction

Whatever the type of imaging sensor, they all create a digital image. The fundamental building blocks
of any digital image are called pixels or pels, coined terms for picture elements. In contrast to
popular belief, pixels do not occupy any area. They are neither rectangular, square or round (for
more info, see the seminal paper of Smith referenced below). Pixels are merely dimensionless,
quantised samples that digitally represent an analogous electromagnetic signal. After the acquisition
of those pixels, people want to view them on a screen. This means that those pixels — which digitally
represent the original analogue signal — are used to reconstruct that initial analogous signal. The next
sections focus on these three stages of digital imaging: sampling, quantisation and reconstruction.

Sampling is an elementary process that must be performed when measuring a property of the
physical world since no digital instrument can measure a signal with infinite resolving power.
However, the nature of this sampling should largely be determined by the spatial or spatio-temporal
characteristics of the sampled property. To create a digital image, a digital imager measures the
continuous but varying electromagnetic radiation — which emanates from individual adjacent scene
points — by collecting incoming photons over the finite area of every photosite and in some pre-
defined spectral wavebands. This process lasts as long as the exposure lasts (e.g. 1/250 s). All the
absorbed photons generate a charge in every photodetector that is linearly proportional to the
amount of incoming radiation. After the exposure, the charge of every single detector is read out and
represents a sample of the electromagnetic energy originating from the imaged scene (see Figure 2).

In other words, photographic pixels are created by sampling the scene in the space, spectral and time
dimensions. A digital photograph is thus never a very accurate reproduction (in absolute terms),
since its pixels represent averages in time, in spectral range and in space.
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Figure 2 Digitising an analogue, spatially varying signal into a collection of 3-bit point samples or pixels.

A pixel is often thought of as a square for several reasons. One of them is rooted in this sampling
process. To obtain sufficient radiation, the samples created by imaging sensors are averaged photon
counts over the finite area of the photosite. Since the latter is usually square (but it can also be
rectangular or even octagonal shaped), a pixel is thought of as square, whereas in fact, the more or
less square area is the contribution to the pixel’s value. A pixel thus remains a point sample, but the
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contribution to it is the photon arrival integrated over a particular area. (Note that although the
latter is square, the photon contribution is somewhat Gaussian; the reason for this falls, again,
outside the scope of this article).
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Figure 3 The complete imaging chain: a digital camera digitises an analogous real-world scene which gets reconstructed on
a monitor. The lower part of the illustration depicts the overall pipeline (from left to right), including the pixel creation
stage. On top, the imaging chain is broken down into its radiometric components. For convenience, also the corresponding
photometric quantities and units are given since these apply when imaging visible radiation.

2.2  Quantisation

In the context of imaging, sampling refers to the process of transforming the continuous analogue
signal into a discrete signal. Afterwards, these sample values (remember, the charges) have to be
mapped onto a discrete set of values by a process called quantisation. The final image pixels are thus
created by quantising every sample to a discrete digital/data number (DN) by the analogue-to-
digital converter (ADC). The total range of different tones or quantisation values an ADC can create is
termed the tonal range. The ADC’s bit depth entirely determines the tonal range of the image:
quantisation with N bits rounds all possible charges to these 2" values. For example, the 3-bit ADC in
Figure 2 can discriminate 23 tones, and every pixel will get one of those eight possible discrete DNs.

Pixels are thus sampled and quantised versions of a continuous analogue signal. These samples are
determined by a pair of pixel coordinates (r, c indicating row and column) and a specific value (the
DN) or grouping of values that contains data about the measured physical quantity. An array of these
pixels is called a digital image, mathematically represented as an M x N matrix of numbers, M and N
indicating the image dimensions in pixels. Consider Figure 2 for a 1 x 15 series of pixels, while the
matrix in Figure 3 shows an image of 8 x 16 pixels.

Just as a pixel of a standard colour photograph contains three DNs at the same location to represent
the radiation captured in three spectral bands, a greyscale image consists of one DN per pixel. Digital
images can thus be represented by O matrices of M x N elements, in which O equals the number of
spectral bands (for display purposes, Figure 3 shows the matrix with pixels of one band only).
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3 Reconstruction for image display

Any digital photograph is a sampled (spatially, spectrally and temporally) and quantised (defined by
the number of bits) representations of a continuous real-world scene, defined by a multidimensional
matrix of numbers. Using these samples, the original scene can be reconstructed on the display
device (such as a computer monitor, camera display or television). It is in this displaying step that
originates the main reason for the square pixel misconception, since magnifying an image on any
display often gives birth to the appearance of tiny squares. The more zoom is applied, the more
prominent these squares seem to become and the more the pixel is apparently magnified. The
appearing squares can, however, be explained by the algorithm used during this reconstruction step.

Only when every pixel lines up with one triad of the display (one triad is needed to show one pixel),
all image data are shown. In most cases, the image’s pixel count (i.e. all image pixels) is much larger
than the monitor’s triad count. For example, 24 megapixels are very common these days, whereas
most monitors can only display about 2-megapixels (a full HD monitor with 1920 by 1080 triads) or
slightly over 8-megapixels (a 4K monitor featuring 3840 by 2160 triads). In both cases, many image
pixels are left out when displaying the complete image. When zooming in, a point is achieved at
which there are more triads in the display than there are pixels in the portion of the image that is
looked at. To remedy this and still display a continuous representation of the scene, new pixel values
are computed to fill in the gaps between the other pixels. This operation, known as interpolation, is
performed every time the monitor triads do not line up exactly with the image pixels.

A reconstruction filter executes the reconstruction (or recovery) of the continuous scene
representation by interpolating between the discrete samples. Various reconstruction filters exist, all
with their pros and cons, but the most common is the box filter (Figure 4). This reconstruction filter —
whose kernel is also displayed in Figure 4 — applies a nearest neighbour interpolation by merely
duplicating the original pixel value (i.e. at sample number 0) between the location of the original
pixel and its nearest neighbouring locations that need a value to be assigned to them (i.e. from -0.5
to 0.5). Since the same procedure happens with all image pixels, sample number 1 will replicate its
value in the zone [0.5, 1.5]. The area between the original pixels 0 and 1 is, therefore, nicely divided
in two. After applying this operation in both width and height and looking at the filter kernel from
above, one would see that the footprint of this box filter is square. Since its application simply
repeats the pixel value of the nearest pixel, zooming in creates an individual square raster cell around
each sample location. As such, it became a well-established misconception that this cell equals the
dimension of that pixel (as pixels are dimensionless).

In the last few decades, this idea was reinforced by the increasing use of spatial data. In the case of a
box reconstruction filter, the reconstruction generates an output that resembles the raster files
typically known from a Geographical Information System (GIS). Regular GIS raster layers also consist
of raster cells with one specific value per cell. In the case of nearest neighbour interpolation, the
reconstructed image also seems to feature those cells that have one value identical to the pixel’s DN.
However, this cell is just a pixel reconstruction artefact and has nothing to do with the size of the
pixel itself. Since a nearest neighbour reconstruction is fast, it is by default implemented in any image
viewing software. However, it offers the lowest quality reconstruction of the original signal.

Much better are bilinear and bicubic interpolations, executed by the tent-filter and a bicubic spline.
Both filters do not have a square footprint and will thus interpolate an average pixel value based on
the pixel’s neighbours. The result is a less blocky reconstruction with much smoother transitions
between the samples. In other words: all little squares are gone and together with it the erroneous
concept of pixel size (Figure 4). Bicubic interpolation is the more accurate reconstruction filter but
comes at the cost of higher computational complexity, thereby leading to slower response times.

32



AARGnNews 56: April 2018

Nearest Neighbour Bilinear Bicubic
[box filter] [tent filter] [cubic spline]

Lo

= J \
K 14 0 2090 0 1.0‘"';[1*

ﬁn.—npl.- Sample Samphe

Figure 4 Different interpolators used in image reconstruction. The pixels on which these reconstructions are based are
indicated in the left image.

More advanced image viewing and GIS software often offer bilinear and bicubic reconstruction filters
to get rid of the square appearance when zooming in. A good example is the trendy image-based
modelling package Agisoft PhotoScan, which enables the user to set the interpolation mode when
looking at individual photographs. Put it first on nearest neighbour and afterwards on bicubic. With
the last setting active, try to find square pixels!
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Sentinel-2 tools to improve field survey planning:
Methods and first experiences.

JesUs Garcia Sanchez! and Cristina Charro Lobato?

Abstract

This paper presents an innovative use of Sentinel-2 datasets to manage and organize
archaeological surveys. Knowledge of the territory is customary for the process of organizing
and carrying out fieldwalking surveys with excellent results. Good datasets will help to
answer archaeological and historical questions present at the roots of any research project.

This method was tested in different survey projects carried out in three different countries
(Italy, Portugal and Spain)during the late-winter and early spring of 2017 and 2018, a period
in which cereal crops are in a crucial stage of its cycle and still differences in growth can be
detected by means of examining the spectral footprint. This paper introduces some of the
basic methodological questions while an in-depth study of results and its relationship with
broader questions of visibility and survey is in preparation.

The method proposed is based on locating, prior to the fieldwork, the field plots that show a
lower presence of vegetation cover, or preferably bare soil areas, in a straightforward way. In
order to do so, we used multispectral images of the Sentinel-2 mission, whose temporal and
spatial resolution, together with its free distribution, make it a good tool not only for the
identification of archaeological elements, but also for the organization of field surveys.

Keywords

Sentinel-2, Remote sensing, Archaeological survey, Landscape Archaeology, Methodology,
QGiIS.

1. Introduction

This paper is focused on the territory of Urbel river valley (Burgos, Spain), an area subjected
to a case-oriented survey implemented to understand the late Roman settlement pattern in this
area of the Northern Plateau of the Iberian Peninsula (Figure 1). Landscape approaches are of
major relevance to understand the occupation of larger areas of the countryside from the 3
century AD onwards by aristocratic estates and their relations to urban centres and other
possible farmsteads. Similar research has been applied elsewhere in the same region (Odra
valley) combining non-invasive methods, landscape studies and intra-site oriented surveys.
Other relevant sites in the areas have been excavated in the recent present as La Olmeda, La
Tejada (Palencia), Bafos de VValdearados, Quintanaduefias (Burgos), etc., showing an
unprecedented richness in commodities and in the extensive use of the countryside for both
productive and otium purposes. The main scope of the survey projects implemented is to
tackle issues such as appropriation of the countryside, the evolution of private property and its
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Leiden University. Faculty of Archaeology. Einsteinweg 2, 2333 CC Leiden (The Netherlands)
Zcristina.charro@iam.csic.es

Meérida Institute of Archaeology (CSIC-Junta de Extremadura), Plaza de Espafia 15, 06800 — Mérida (Spain)
SLandscapes of Early Roman Colonization survey in Venosa (Basilicata, Italy), Fronteira Landscape Project
(Alentejo, Portugal) and Vegas Negras survey (Burgos, Spain).

34



AARGnews 56: April 2018

reflection in the settlement pattern, and the final stage of these large residencies and their
occupation by new Visigoth populations.

Remote sensing approaches are rather new in this research agenda. We have introduced this
experimental programme in order to contribute to the development of survey methodology
and to the broader framework of Landscape Archaeology in the region.

Figure 1. Area covered in the Urbel river valley case-study within the Iberian Peninsula (Burgos province,
Castilla y Ledn region, Spain).

Our aim was to use Sentinel-2 to acquire a quick understanding of crop evolution and thus
maximize our survey results. This approach has not been explored in Archaeology until now
due to the lack of open access satellite imagery with an appropriate temporal and spatial
resolution. This paper will illustrate an approach in the recent Vegas Negras survey project,
Burgos (Figure 1).

2. The use of satellite imagery in planning regional fieldwork

Although there is no record of the use of satellite imagery as a tool to improve the planning of
regional fieldwalking activities in methodological publications, in this regard its main
usefulness is aimed at the definition and analysis of landscape units and the subsequent
creation of priority maps that serve to guide the survey campaigns (Vicent, Chapa, Uriarte&
Rodriguez, 1998). Thanks to these maps, it is possible to better plan the field campaigns with
the exclusion, for example, of areas of high erosion and disappearance of soil horizons from
the areas to visit, or the inclusion of areas of higher humidity in arid regions.

3. The use of Sentinel-2 images in the survey

The proportion of works where Sentinel-2 images are used in Archaeology are necessarily
scarce due to its recent launch (Sentinel-2A in 2015 and Sentinel-2B in 2017). In our work,
we applied the classification of the Sentinel-2A images to the organization of the
archaeological field survey, as a methodological contribution. It is especially useful when
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research teams are restricted in the execution of campaigns due to factors such as limited time
and distance to the area of interest. In this case, a map of priorities of survey areas has been
created according to the nature of the terrain, avoiding known problems in field practice
determined by limiting factors such as visibility and accessibility to the terrain (Schiffer,
Sullivan& Klinger, 1978). In forthcoming works we will explore how a Sentinel-2
classification could improve the usual mapping of ground visibility as well as provides better
grasp in small changes in ground coverage which bias the documentation of pottery scatters.

4. Description of the area for Sentinel-2 classification and survey

As stated previously we focused the 2018 survey on a case-oriented survey in Burgos
province, in the Urbel valley. At the time of survey (early April) the area was covered by
cereal crops (wheat and barley). Different field plots have crops planted on different dates of
the previous winter due to heavy rain and snow, several were planted very recently. In some
cases, the talweg of a former river-bed is visible in earlier aerial pictures and on the ground
because of the pebble soil-matrix, this is also visible in Near Infrared Images in appropriate
periods of the year (i.e. PNOA NIR from 2009). Former field plot boundaries are also visible
in occasions, as these existed in the whole region of Castilla'y Ledn until the 1960s, when a
large programme of agricultural modernization and reorganization of the countryside was
established by the authorities. A good insight into the pre-existing countryside organization
can be seen in 1956 USAF flight over the Spanish territory (Pérez, Bascon&Charro,2014).

5. Methods

For the present study, we chose a Sentinel-2 image pre-dating the beginning of the field
survey, so as to produce a regional overview of which fields were available for surveying, and
which ones would rather present visibility bias, and therefore would be better to avoid.

In order to work with the selected image®, we used the Semi-Automatic Classification Plugin
for QGIS 3.0, which is equipped with a set of tools for opening and managing bands and
produce classifications and results in a systematic way. We also apply our belief in the use of
open source tools for research and education.

5.1. Sentinel-2

In this work we decided to use Sentinel-2 images for several reasons. First, because they have
been freely distributed through the ESA (European Space Agency) website (Koetzet al., 2017,
Woulder & Coop, 2014) since its launch in June 2015. Images are downloaded geometrically
corrected and with an assigned spatial reference system. In addition, in this portal they
provide the user with all the information related to the mission, together with various image
processing tools.

Secondly, there is its temporal resolution. Every 10 days —how every 5 days or even less if
our area of interest coincides with the area of a complete contiguous image, taken at an earlier
or later date - we can get a complete picture of the study area.

4 Sentinel 2 image 1D: S2A_MSIL2A_20180328T110741_N0207_R137_T30TVN_20180328T183040
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In addition, there is the spatial resolution of its 13 bands: 10 m for the most used bands
(visible and Near Infrared colors = bands 2, 3, 4 and 8), and 20 m for the bands incorporated
in this sensor (within the NIR wavelength = bands 5, 6, 7 and 8a).

In order to get as accurate a classification as possible, it is necessary to have an image taken

very close to the survey date. Springtime is a tricky season due to the atmospheric variability
so, although we reviewed the images in advance, we did not get a good one with a low cloud
coverage until April 4" with the survey starting on April 7. In that sense we were fortunate

in terms of the date of the image as the survey area was luckily clear, considering the 63%of
cloud coverage of the image.

5.2. Classification

One of the pursued objectives was to make the classification process as simple as possible.
After several tests with unsupervised classifications in different software (PCI and ENVI), we
chose to perform the classification with a satellite image processing plugin in QGIS, the
Semi-Automatic Classification Plugin (SCP) (Congedo, 2016). This tool facilitates the work
of classifying satellite images for non-specialists, since it can be applied from the download
of the images and their prior processing (clipping and performing atmospheric corrections,
among other possibilities) to the supervised classification of the images and other tools (e.g.
raster calculator).

Our classification process involves a maximum of 2 working hours for an area of circa 20
square kilometers, including pre-processing of the images (atmospheric correction DOS 1,
clipping of each band to adjust it to the work area), selection of training areas, review of
separability between classes and different tests and adjustments. This time can be reduced if
we do not apply corrections to check for the presence or absence of vegetation - and its degree
of growth - in the various survey area plots, because they are not necessary for the objective
of this classification.

We used additional information to the Sentinel-2 images, in particular several aerial images
from different sources -Bing Aerial, Google Earth, and especially the PNOA
orthophotography (Plan Nacional de Ortofotografia Aérea). General information on landuse
was provided by CORINE LandCover, which despite having a small scale of detail is helpful
in estimating different coverages and types of crops. Finally, the Normalized Difference
Vegetation Index (NDVI) was the most meaningful (D'Odorico et al. 2013).

This information, together with the analysis of different band composites (Figure 2), helped
us in selecting the classes used and the samples chosen for each one. We divided the set into
10 classes (C) or types, grouped into 5 functional macro classes (MC), a division according to
the potential suitability for survey of each class represented (Table 1).

37



AARGnews 56: April 2018

Figure 2. Cropped Sentinel-2 image of 3 x 5 km with some RGB color composites used, from left to right: 4-3-2
or Natural Color, 8-4-3 or False Color Infrared and 11-8-2. Background: PNOA 2017.

Table 1. Functional Classes and Macroclasses used in the classification of Sentinel-2 images.

Macroclasses (MC)

Classes (C)

Observations regarding visibility and
accessibility

0- Unclassified

Bounding box

1- Non-surveyable

1-Bush in shadows

2-Bush

Non-surveyable — Rough conditions and
low visibility (if any)

10-Olive grove

2- Vegetation 3-Healthy grown Low. Check visibility before discarding
4-Healthy growing | Medium. Prioritize
5-Healthy starting Good

3- BUA 6-Metal roof Non-surveyable — Mask applied
7-Tiled roof

4- Bare soil 8-Bare soil High
9-Eroded soil

Hence the areas that interested us are Macroclasses 2 and 4, which correspond to areas
covered with vegetation and bare soil. Within Macroclass 2 we divided the coverages
according to vegetation growth, establishing three stages: fully grown vegetation, growing
vegetation, and initial growth. Thus, we can organize the fieldwork prioritizing the plots with
average growth, and then initially discard those with fully grown vegetation. Macroclass 4
(bare soil) includes three subtypes: class 8 bare soil, 9 eroded soil and 10 olive groves.
Obviously, inside an olive grove there are olive trees, but the intermediate space is bare
ground and therefore surveyable, so it has been included within Macroclass 4 Bare soil. In the
case of bare soil, recently sown fields may be included, but the vegetation has not yet begun

to grow.
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Figure 3. 2 x 2 km Images of the samples (ROIs) taken for classes 3 and 8 (right), and their appearance in
Natural Color (left) and False Color Infrared (center) composites.

Figure 3 shows some example images of the samples taken (ROI or Regions of Interest) for
each class, namely class 3 (vigorous vegetation) and class 8 (bare soil), where the NDVI was
on average 0.9 for the first and 0.2 for the second. In addition, we can see their spectral
signatures, which show a clear difference in reflectivity (Figure 4). We can note the different
spectral responses of eroded soil, more pronounced in SWIR band 11, indicating areas of
higher erosion, corresponding to these sample images of a plot extracted from the 11-8-2
composite (Figure 5).
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Figure 4. Spectral signature of the defined classes: class 3 Healthy grown vegetation (MC2 Vegetation), class 8
Bare soil (MC4 Bare soil) and class 9 Eroded soil (MC4).

Figure 5 Images showing a plot with eroded soil. From left to right: 4-3-2 and 11-8-2 composites, and the same
plot in an orthophoto (Bing Aerial 2017).

As a result, we obtained a map of landuse and coverages (as per Del Bosque et al., 2005)
from the classifications of each area, one for classes and another for macroclasses, with an
estimation of the area covered by each class and macroclass, which is helpful in estimating
the time needed to survey each area.
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6. Fieldwork observations

Since the project’s objective is to understand the ancient landscape and settlement pattern
dynamics during the Late Antiquity the team aims to survey all the fields in any visibility
conditions. However, those fields classified as Bushes (Classes 1 and 2) were nearly
impossible to access as the ground was not visible at all. The rest of the area has an overall
good visibility despite the differences in the state of the crops, whereas some fields had no
crop at all (Bare soils) others had a Healthy growing or a Healthy starting crop, especially in
the river valley. Some fields on top or closer to the limestone moorlands/ limestone Paramo
Plateau have no crops, and in some cases erosion and thin shallow soils are visible. Some
fields were prioritized for surveying before the visibility conditions turned much worse. In
these cases, the usefulness of this approach is the effective characterization of the landscape
before the field survey itself. Moreover, it is possible to gain extra information about small
particularities of ground visibility (Figure 6).

Classification

I Undlassified

I8 Bush in shadows

[0 Bush

[0 Healthy grown
Healthy growing
Healthy starting

I Bare soil

' Eroded soils

1000 m

Figure 6. Upper: differences of ground cover classification at the Urbel river area (Burgos, Spain), where cereal
crops predominate; background PNOA 2017. Bottom: Examples of differential ground coverage.
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Although the Sentinel-2 classification mostly focused on vegetation conditions, it also served
to characterize geopedological information relating to crop growth and therefore to surface
visibility.

Erosion is again a very acute factor where large areas on the edges of the limestone Paramo
plateau calcareus barrens have suffered heavy erosion. In such cases soil had almost totally
disappeared.

7. Conclusions

Despite the relatively low complexity of our Sentinel-2 datasets, it should be acknowledged
that critical use of satellite imagery will also improve the most basic aspects of an
archaeological survey, such as its plan and time and team management.

Monitoring crop health and soil erosion by means of satellite imagery can potentially become
relevant aspect to other survey projects, not only in Mediterranean surveys, but also in any
part of the globe covered by the Sentinel-2 programme.
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Cropmarks

Harvested by Rog Palmer!

(web links were accessed on various dates between October 2017 and mid-April 2018)

Taking photos in Venice?

Any of you going to AARG with mobile phones may like to spend $7 on an app that will
show you the best places to take photos in Venice. So this app will help you take the same
pics as everyone else (but is there anything new to photograph in Venice, | wonder?).

https://snappguides.co/portfolio-posts/venice/

Historic photographer of the year
Any of you who use a camera may like to have a bash at winning this. A rapid flick through
the gallery of entries for the 2017 competition showed the need for more aerial photos.

https://photographer.triphistoric.com/

Digital Coast data (USA)
Any of you working in coastal locations in USA (maybe other places, | haven’t checked in
detail) may find useful data, images and ALS at this site. From their blurb:

The Digital Coast was developed to meet the unique needs of the coastal management community.
The website provides not only coastal data, but also the tools, training, and information needed to
make these data truly useful. Content comes from many sources, all of which are vetted by NOAA.

Data sets range from economic data to satellite imagery. The site contains visualization tools,
predictive tools, and tools that make data easier to find and use. Training courses are available online
or can be brought to the user’s location. Information is also organized by focus area or topic.

https://coast.noaa.gov/digitalcoast/data’home.html

Maya ‘megalopolis’ in Guatemala...

Just in case anyone missed the over-excited announcement of the results of an ALS survey of
2100 sq km of the Maya Biosphere Reserve in the Petén region of Guatemala. The site was
well known to looters before it was “discovered’ by archaeologists, reminding us that it is
always useful to talk to locals when undertaking survey of any kind. Academic paper is the
second link.

https://news.nationalgeographic.com/2018/02/maya-laser-lidar-guatemala-pacunam/?beta=true

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0191619

...and another ‘city’ near Johannesburg

ALS provides details of stone-walled structures, including houses and kraals, of a “city’
known to have been occupied between the 15" century AD and the later 1800s.
https://www.heritagedaily.com/2018/03/how-we-recreated-a-lost-african-city-with-laser-

technology/118650?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+HeritageDaily+%28Heritage+Daily+-
+Archaeology+%26+Heritage+News%29

1 rog.palmer@ntlworld.com
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Principles of Remote Sensing and Mapping Using Drones

This is a short note in the Aerial Services Inc web site that describes seven principles that
affect the positional accuracy of surveys taken from drone-acquired images. It seems fairly-
basic stuff to me but may be of interest to drone users who don’t come from a mapping
background.

https://aerialservicesinc.com/principles-remote-sensing-mapping-using-drones/

Aerial survey: aircraft or drones?
An article that compares ‘normal’ aerial survey with that done using drones and takes account
of survey area, weather, image collection, image processing, mapmaking, time and cost.

https://www.pobonline.com/articles/100909-what-do-drones-lidar-mean-for-aerial-surveying-mapping

Ramsey Island, Pembrokeshire

Two versions of the same news item giving an update on the CHERISH project that AARG
members will know from posters at AARG 2017 and AARGnews 55. This example being an
ALS survey of the island followed by field investigation.

https://rcahmw.gov.uk/a-hidden-landscape-revealed-new-archaeological-discoveries-made-on-rspb-ramsey-island-pembrokeshire/
https://www.walesonline.co.uk/news/wales-news/ancient-fort-chapel-farms-island-14445942

Oblique views from satellites

Planet Labs who, as you will remember from Davide Danelli’s contribution to AARGnews 54,
took over TerraBella in 2017, have discovered the joys of oblique views taken from their
SkySat constellation. Nice pics, and presumably more comprehensible to the masses.

Planet home: https://www.planet.com/
Obliques: https://medium.com/planet-stories/earths-wonders-like-you-ve-never-seen-them-before-ac9e2f39aa56

Satellite Tracking

A useful tracker that currently (14 April 2018) shows routes and locations of 19008 satellites
including those that capture images. This may be a useful guide if there is ever a time when
someone buying new images can say ‘today’ if the weather is good when their chosen satellite
is going over. Things are getting better!

http://www.n2yo.com (thanks to Lidka Zuk for getting diverted from Fred — again)

High-resolution video from space

A prototype satellite (soon — 2019 — hoped to be one of the Vivid-i constellation) captures
near- and real-time videos at a resolution of about 1m. These, and their currently-active
imaging constellations, are good for monitoring change and may be used for assessing crop
development in advance of higher-resolution image capture (see also use of Sentinel-2 in the
paper (above) by Sanchez and Lobato).

http://earthi.space/

http://www.bbc.co.uk/news/science-environment-43775440
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Books and papers of interest?

Rog Palmer?

Benedikt Grammer, Erich Draganits, Martin Gretscher and Ulrike Muss, 2017. LIiDAR-
guided Archaeological Survey of a Mediterranean Landscape: Lessons from the Ancient
Greek Polis of Kolophon (lonia, Western Anatolia). Archaeological Prospection 24, 311—
333. DOI: 10.1002/arp.1572

Henry Webber, Volker Heyd, Mark Horton, Martin Bell, Wendy Matthews and Amanda
Chadburn, 2017. Precision farming and archaeology. Archaeol Anthropol Sci (open access).
https://doi.org/10.1007/s12520-017-0564-8

geosciences (http://www.mdpi.com/journal/geosciences), aN Open-access journal whose authors pay to
publish, has several papers with archaeological content in its issue for December 2017. Titles
and minimal descriptions follow:

The first two papers show different methods of documenting sites and noting damage and
disturbance to them. Results raise the question of whether projects like this should record
‘all” archaeological sites, or concentrate only on identifying those that are currently damaged
or endangered.

Michael Danti, Scott Branting and Susan Penacho, 2017. The American Schools of Oriental
Research Cultural Heritage Initiatives: Monitoring Cultural Heritage in Syria and Northern
Iraq by Geospatial Imagery. Geosciences 2017, 7, 95. doi:10.3390/geosciences7040095

The problem of using lots of images and observing 13,000+ sites has been managed by
crowdsourcing. After one month of training, students’ success rate at identifying specific
forms of damage went from 7% to 39% accuracy [p 6]. The project is also considering the
possibilities of using auto detection [p7].

Louise Rayne, Jennie Bradbury, David Mattingly, Graham Philip, Robert Bewley and
Andrew Wilson, 2017. From Above and on the Ground: Geospatial Methods for Recording
Endangered Archaeology in the Middle East and North Africa. Geosciences 2017, 7, 100.
doi:10.3390/geosciences7040100

Images first examined by trained analysts to create database in GIS [p5]. Auto detection ‘is
not appropriate to our aims’ but semi-auto methods are used to identify landuse and hence
threats or destruction to archaeological sites [p7]. Results suggest that most damage has been
caused by agriculture and modern development. Looting is a fair way down the list but this
may reflect the broad area sample studied. Two detailed case studies follow — Cyrene from
images and the Homs area that includes field data gathered between 2007 and 2010 — and a

1 rog.palmer@ntlworld.com
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detailed note on validation from fieldwork. This paper could usefully have been edited, in
places it reads like a training manual.

Athos Agapiou, Vasiliki Lysandrou and Diofantos G. Hadjimitsis, 2017. Optical Remote
Sensing Potentials for Looting Detection. Geosciences 2017, 7, 98.
doi:10.3390/geosciences7040098

Susanne Rutishauser, Stefan Erasmi, Ralph Rosenbauer and Ralf Buchbach, 2017.
SARchaeology—Detecting Palaeochannels Based on High Resolution Radar Data and Their
Impact of Changes in the Settlement Pattern in Cilicia (Turkey). Geosciences 2017, 7, 109.
doi:10.3390/geosciences7040109

Martin Gade, Jorn Kohlus and Cornelia Kost, 2017. SAR Imaging of Archaeological Sites on
Intertidal Flats in the German Wadden Sea. Geosciences 2017, 7, 105;
doi:10.3390/geosciences7040105

Douglas C. Comer, Bruce D. Chapman and Jacob A. Comer, 2017. Detecting Landscape
Disturbance at the Nasca Lines Using SAR Data Collected from Airborne and Satellite
Platforms. Geosciences 2017, 7, 106; doi:10.3390/geosciences7040106

Till F. Sonnemann, Douglas C. Comer, Jesse L. Patsolic, William P. Megarry, Eduardo
Herrera Malatesta and Corinne L. Hofman, 2017. Semi-Automatic Detection of Indigenous
Settlement Features on Hispaniola through Remote Sensing Data. Geosciences 2017, 7, 127.
doi:10.3390/geosciences7040127

Arianna Traviglia and Andrea Torsello, 2017. Landscape Pattern Detection in Archaeological
Remote Sensing. Geosciences 2017, 7, 128; doi:10.3390/geosciences7040128

Sarah Parcak, Gregory Mumford and Chase Childs, 2017. Using Open Access Satellite Data
Alongside Ground Based Remote Sensing: An Assessment, with Case Studies from Egypt’s
Delta. Geosciences 2017, 7, 94; doi:10.3390/geosciences7040094.

Julia M. Chyla, 2017. How Can Remote Sensing Help in Detecting the Threats to
Archaeological Sites in Upper Egypt? Geosciences 2017, 7, 97;
doi:10.3390/geosciences7040097

O.G.S. Crawford and A. Keiller, 1928. Wessex from the Air. Oxford.

If any of you would like a digital copy of this, there is a poor-quality scan available via the
Digital Library of India. Edges of pages are sliced off and the aerial photographs are terrible
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copies. However, as | keep saying, this isn’t a book about aerial photos, but simply uses them
to illustrate some analytical field survey.

(Thanks to Lidka Zuk for getting sufficiently distracted from finishing her PhD to find this.)

https://archive.org/details/in.ernet.dli.2015.282493

Massimiliano David, Gian Piero Milani, Roberto Cassanelli, 2017. Aerial Ostia. Before and
After E42. Archeomatica International 8: Issue 3 Special Supplement, 30-35. (can be read
freely at: https://www.yumpu.com/en/document/view/59846561/archeomatica-international-2017 )

This paper analyses the development of aerial photography in Ostia, with a focus on the
importance of such material for the study of the evolution of the archaeological area and its
landscape.

...and more open access work from Remote Sensing in 2018:

Guyot, A., Hubert-Moy, L. and Lorho, T. Detecting Neolithic Burial Mounds from LiDAR-
Derived Elevation Data Using a Multi-Scale Approach and Machine Learning Techniques.
Remote Sens. 2018, 10, 225. d0i:10.3390/rs10020225

Bini, M., Isola, I., Zanchetta, G., Ribolini, A., Ciampalini, A., Baneschi, I., Mele, D. and
D’Agata, A.L. Identification of Leveled Archeological Mounds (Hoyuk) in the Alluvial Plain
of the Ceyhan River (Southern Turkey) by Satellite Remote-Sensing Analyses. Remote Sens.
2018, 10, 241. doi:10.3390/rs10020241

Thompson, V.D., DePratter, C.B., Lulewicz, J., Lulewicz, I.H., Roberts Thompson, A.D.,
Cramb, J., Ritchison, B.T. and Colvin, M.H. The Archaeology and Remote Sensing of Santa
Elena’s Four Millennia of Occupation. Remote Sens. 2018, 10, 248.
doi:10.3390/rs10020248

Nicol6 Degiorgis (ed.), Audrey Solomon (ed.), Joan Fontcuberta (essay), 2017. Julius
Neubronner & his pigeons [or The Pigeon Photographer]. Rorhof: Bolzano. ISBN: 978-88-
94881-07-3. €35 + P&P

For those of you who think that aerial history ought to include pigeons. The book appears to
contain and essay about Neubronner plus details of his photographic equipment,
contemporary press coverage and some aerial photos. Previews (with pics) at:

https://www.newyorker.com/culture/photo-booth/the-turn-of-the-century-pigeons-that-photographed-earth-from-above

http://www.rorhof.com/books/the-pigeon-photographer
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The Aerial Archaeology Research Group

AARG sees the aerial perspective as integral to the pursuit of key questions in archaeology
and heritage, including landscape character, long term landscape change, human
ecodynamics, and the experience of place. We are a community of heritage professionals,
researchers, students and independent scholars dedicated to education, research and outreach
initiatives involving the acquisition and application of data from airborne platforms. AARG
provides opportunities for networking, mentorship, and exchanges of ideas on theories,
methods and technologies related to aerial archaeology. The organization supports an annual
conference, workshops, training schools, and publications.

Membership is open to all who have an interest or practical involvement in aerial archaeology,
remote sensing and landscape studies.

AARG is a registered charity: number SC 023162.

AARG homepage. http://aarg.univie.ac.at/

Membership/subscription rates: Individual £15.00 20.00 Euro

Students £10.00 14.00 Euro
Institutional ~ £25.00 35.00 Euro

Subscription reminders may be sent out on January 1

Methods of payment:

Standing Order mandate /Electronic funds transfer

PayPal

Sterling or Euro bank notes

Bank details are available on request for direct payment from overseas.
Please contact the Secretary: aarg.secretary@googlemail.com

Copyright. Copyright © in AARGnews rests with the individual authors.

Student scholarships. AARG has a limited number of student scholarships for attendance at its
annual meeting. These are aimed at supporting bona fide students and young researchers who are
interested in aerial topics and may wish to attend.

Anyone wishing to apply should write to AARG’s Chairman (aargchair@gmail.com) with
information about their interests in archaeology and aerial archaeology, as well as their place of
study. The annual closing date for applications to the annual AARG conference is mid-May.
Other meetings for which scholarships may be available will be advertised on an ad hoc basis.
Support for conference attendance may also come from the Riley Fund (see elsewhere, this issue).
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