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Editorial 1 
 

AARG 2022 and 2023 

This year, two ‘mornings’ of talks were held virtually with good attendances.  Titles and 

abstracts are currently (10 October 2022) still on AARG’s website and may serve to jog 

memories or show what was missed.  I enjoyed talks which opened new lands – the Spanish 

Civil War, the large swathe of cross-border survey in northern Britannia, and underwater 

Istria (which  helped me make sense of photos from the one flight I made in that area) – but 

worried slightly that visual photography and Lidar rarely seem to mix.  Lidar obviously needs 

manipulation to produce results that can then be interpreted and then, surely, is the time for 

comparison with visual images if that is possible to produce a combined result.  I was slightly 

worried that the ‘pretty’ output that can be achieved from lidar manipulation may be thought 

to be an interpretation.  It is not interpretation until someone has drawn lines over it to show 

the rest of the world what they have seen.  End of rant for today but perhaps a topic for future 

meetings. 

 

There was no announcement about plans for 2023 other than the promise that it will be a live 

event which will please some members. 

 

Working in new lands 

Many of us who work with aerial images have gained a certain familiarity with the country in 

which we principally work.  With this comes a sense of scale based on the expected size of a 

field, width of tramlines and, on occasions, the size of the usual range of archaeological 

features.  Since we started AARG’s Ukraine Working Group some members have commented 

about the loss of their usual sense of scale.  Fields in the area we are examining are big, with a 

capital B.  To check this, I counted the number of fields that were cut by a 10km line.  The 

average in our patch of Ukraine is 9 which can be compared to the (previously) big fields in 

the Lincolnshire Fens in England where there is an average of 37 per 10km.  Not only that, 

but the familiar tramlines are also broader with widths between 25 and 35m being common.  

Even after a few months examining this new landscape a its new range of crops and their 

seasons we can be confused by its scale.  I mention this just as an oddity, something that was 

unexpected even to those among us who grew up among the large fields of Central Europe – 

Hungary and Poland for example.  If you need a break from your home territory, do what we 

sometimes do in Photo Reading sessions and give Google Earth a spin and try to make sense 

of somewhere completely different.   

 

Collective farms (see cover) 

Mindful of St Joseph’s comment to me that aerial photographs should document what might 

not be there tomorrow, I usually took a few frames as we passed a communal farm or other 

abandoned facilities when flying in Romania.  These non-archaeological photos were frowned 

on by Irina Oberländer-Târnoveanu who organised my visits to work with Carmen Miu but 

my defence was that one day someone may be interested in them.   

 

Collective farms have cropped up again as part of the Ukraine WG survey in which we can 

see them active in 1982 but abandoned (most of them) thirty years later on Google Earth.  

Martin Fowler shows these changes in his paper on HEXAGON in this issue.  In many ex-

Soviet countries, their recent decline can be seen on Google Earth which, for example, 
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displays more than 25 high-resolution images of the cover location taken between 2004 and 

2021. 

 

Their abandonment of collectives is understandable if they were seen as a sign of Soviet 

control – that had stolen private land, badly managed the farming of it and left people in debt 

– and the post-Soviet governments were slow to reform that system (Facts and Details 2016).  

Within the present-day system, someone suggested to me, those collective nodes may remain 

government property so locals are unable to do much more than liberate building materials 

from them.  From above they now show as areas of neglect with buildings crumbling or 

reduced to rubble-strewn hard standings that can provide a slightly romantic picture to those 

of us who did not live through that era. 

 

Teaching 

About two years ago, Chris Cox asked me to create a series of PowerPoint talks to ‘teach’ 

uses of aerial images to archaeologists.  I had fun writing my version of history but was 

unable to get much further without knowing who I would be teaching.  This blockage was 

probably because during the previous ten or so years all my teaching had been designed for 

specific groups ranging from first year students to young professionals working in a specific 

part of mainland Europe.  While it was possible to put together a history of uses of aerial 

images that would work in most situations, once I got much into the basics – such as 

differences in soil type and depth visibly affect crop growth – it seemed impossible to put 

together a talk until I knew to whom and in which location I would be aiming my teaching.  

Some of you may be able to do it, or make do with standard teaching material, but I couldn’t. 

 

I can extend this problem to ask whether the 20th century teaching and methods we used have 

much relevance in the 21st.  In the last century we were bombarded with oblique aerial 

photographs showing individual sites that may have included a lot  of detail – and the talk at 

AARG 2022 by Aleksandar Stamenkovic about his aerial survey in Western Srem this year 

showed that those methods may still have their uses.  I ask again whether we need those 

details or should rather be using aerial images to fill in maps of extents of land – much as was 

the original idea for the 1:10,000 scale National Mapping Programme as devised by RCHME 

(Bewley 1992; 1998, 9)?  And our teaching needs to reflect the ways we intend to use aerial 

images rather than dwelling on past methods that may no longer be relevant. 

 

Which leads to the main point of this ramble, which is that AARG may now have very few 

teachers with the freedom of mind to work effectively in places that are not local to them.  To 

the best of my knowledge, there has been no AARG-related teaching since the Arcland 

project came to an end.  The last school I was involved with was in 2013 and since that time, 

perhaps helped by two years of pandemic, there have been no AARG-run schools in Europe.  

Meanwhile some of us have been getting older and there has been a break in the continuity of 

teaching younger teachers.  In recent years – call them the remote sensing years if you like – 

teaching of our subject has also changed to become more like ‘this is how to press a few 

buttons and get a result’ which probably satisfies those who have to pay for their education 

but does not teach them to think.  And I would claim that there is no push-button way of 

extracting and understanding information from aerial images unless some thinking is 

involved. 

 

Can this lack of teachers be remedied, or does it even matter if you remember the confessions 

of muddling through the first school in Hungary that were in AARGnews 64?  We grew from 
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that and became capable of devising courses to suit students and their environments so it 

would be a backward step if any future schools were not able to maintain the teacher 

experience that can be adapted (after a chunk of preparatory work) to make our subject 

relevant to other environments.  Easily said, but not easily remedied until AARG (or anyone) 

gets back to running some international schools that will deal with uses of aerial images. 

 

When is a map not a map? 

What is a map?  I was brought up in the days when maps were paper and showed a schematic 

view – an interpretation – of somewhere.  They were designed to show specific things and 

could show these as themes – perhaps Roman Britain or modern infrastructure – for which 

their content was optimised to most effectively present that theme by eliminating irrelevant 

distractions.  Since the rise of droning their operators have introduced a new use of ‘map’ to 

mean the orthophoto that can be produced by combining multiple images.  Maybe 

‘orthophotos’ is too-long a word for these people, but their ‘maps’ are uninterpreted views of 

whatever had been droned.  Using those, viewers are left to imagine and understand the 

presented scenes in any ways they are able.  This may be a quick and easy way out for droners 

to show their results but it leaves we viewers with little idea of what they, the drone operator, 

think they had seen in the resulting image.  In which case there is nothing to discuss or argue 

about and these images make no contribution to scientific study.  In my view, these drone 

‘maps’ are similar to someone tweaking lidar images and claiming to have ‘done the lidar’.  

Well, you’ve changed its appearance, but what are you showing us?  Unless you draw over it, 

you show us nothing.  Enough… 

 

This issue 

Of the offerings that were received in time, I make no apology for grabbing quite a lot of 

space for publication of papers by AARG’s Ukraine WG (all except that by Darja who, she 

told me, doesn’t write in English).  Among these, I am grateful to have that Alex Kariaka who 

has translated and summarised past papers to provide an English version of his work with 

images in his country.  This group of papers will also be used to publicise the WG’s project in 

Ukraine.  There is also a note by Karl Ryavec, who some of you may remember from his 

contribution in AARGnews 30 (2005).  Karl continues to work in Tibet and has written about 

his newly-discovered Buddhist remains in in the Tarim Basin.  Many of us have attended 

workshops and may remember the heady mix of work and play that can arise from being in a 

confined space with others of similar mind.  This is shown in the report on the recent TRAIL 

workshop, held in Slovenia, that Agnes Schneider and others have written about. 

 

References 
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AARG notices 
 

AARG fund 

AARG will allocate funds each year to support projects that demonstrably advance 

knowledge and understanding within the field of aerial archaeology.  Guidelines were 

circulated with the 2021 AGM report and may soon be available on AARG’s web site.   

But until they are, please contact: aargtreasurer@gmail.com and/or aargchair@gmail.com  

 

AARG’s news and information in other formats 
 

Twitter account: @AerialArchRG  

Facebook page: https://www.facebook.com/aerialarchaeologyresearchgroup/  

AARG’s Google Group is here: https://groups.google.com/forum/#!forum/aarg-group.  This 

is for AARG members only and all requests to join will be approved (or not) by the 

administrator of the Google Group.  After having joined the group, you are free to start new 

topics about anything you want to ask or discuss with AARG members. 

 

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 is an application form at the link below 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.  

https://www.sheffield.ac.uk/archaeology/derrick-riley-fund 

 

ISAP Fund 
ISAP have 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 
AARGnews is published at six-monthly intervals.  Copy for AARGnews 66 (April 2023) needs 

to be with me no later than April 1, 2023.  Editorial policy (for want of a better word) tends to 

be that if I am sent interesting contributions they go in unless there’s a danger of an issue 

overflowing.  Instructions for contributors are available from the editor otherwise the latest 

issue may serve as a guide. 

Please do not use any ‘clever’ formatting, avoid footnotes, and include jpg illustrations as 

separate files. 

Address for contributions:  rog.palmer@ntlworld.com  

  

mailto:aargtreasurer@gmail.com
mailto:aargchair@gmail.com
https://www.facebook.com/aerialarchaeologyresearchgroup/
https://groups.google.com/forum/#!forum/aarg-group
https://www.sheffield.ac.uk/archaeology/derrick-riley-fund
http://www.archprospection.org/isap-fund
mailto:rog.palmer@ntlworld.com
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AARG’s working groups – October 2022 update 
 

Rog Palmer1 

 

AARG currently has three working groups that meet at approximately monthly intervals.  

Brief reports, in alphabetical order, follow and anybody interested in joining photo reading 

should contact the organiser. 

 

Photo reading working group 

The WG continued to meet at monthly intervals.  Two meetings were hijacked to start the 

Ukraine WG which includes several of the same members.  Otherwise our themes sometimes 

took us back to basics, included a demo that went from excavation through aerial photos to 

reconstruction and what would remain to be seen.  Changing knowledge through time was 

illustrated by comparing Allen’s 1938 map with that published by RCHME in 1993.  One 

meeting used mapping in the Milfield area that was done by Lidka Żuk and myself c.2012 and 

compared it with obliques and verticals from GE, CUCAP and HE. 

 

In July, Aleksandar Stamenkovic gave a talk about his first flights in Serbia, initially under 

tuition from Darja Grosman but then in charge himself.  It’s a long time since we heard the 

enthusiasm that comes after first flights and Aleksandar’s had added interest because they 

were over an area he has been studying for some time and his results could be compared with 

what was previously known.  Of particular interest was the site ‘Solnok’, a Roman Caput 

Bassianense where he had recorded a lot more information than was previously known. 

 

That was followed by a talk about farming, mainly in the UK, to show how better equipment 

led to larger field sizes and to look at ground and aerial illustrations of some of the results of 

different types of cultivation. 

 

Sentinel 2 working group 

The active members of the WG, fewer than initially hoped, have completed their retrospective 

collection and processing of values for NDMI and NDVI for 2018.  These have been 

processed as a uniform set of graphs by Mathias Broch and should serve as a guide to 

interactive use of S2 data for 2022.  Past reports by Mathias and myself in AARGnews outline 

the scope of the WG.  Carmen Miu and Martin Fowler discovered an easier way of collecting 

that data from crop monitoring web sites and that is how we have proceeded for collection of 

2022 data.  The group is closed to new participants and we hope to be able to conclude it as a 

project, ready for publication, within a few months. 

 

AARG in Ukraine working group 

After making contact with three Ukrainian archaeologists who supported our project but 

didn’t want to participate, we found someone, Alex Kariaka, who had previously used Google 

Earth and published papers about roads, tracks and field systems based on that source.  He 

was happy to be recruited to the WG and, through his work at the National Academy of 

Sciences of Ukraine, Kyiv, has been able to provide us with maps and site information that we 

would wouldn’t have known about without his collaboration.  Alex is also able to answer 

some of our questions about unusual (recentish) features that others in the group have been 

recognizing on GE. 
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The WG has met at monthly(+/-) intervals to discuss progress and problems but the main 

interpretation work has been done in pairs who individually identify features in a 10x10 km 

square and then meet to amalgamate those in an agreed version which Martin Fowler then 

adds to the distribution map and database we are compiling in QGIS.  Martin has also been 

experimenting with the use of Access on that database to answer queries.  Early days yet. 

 

Martin has also obtained HEXAGON strips that cover our area (thanks to AARG for a grant 

to cover that expense).  We chose photographs taken on 18 May 1982 which were later than 

we hoped but were cloud free.  First looks suggest they are likely to have recorded a lot of 

archaeological information, some of which is far more detailed than from GE. 

 

Four contributions in this issue provide much more detail. 
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Newly documented rows of Stupa-like platforms and nearby Vihara-like 

monastery ruins in the ancient kingdom of Khotan Region in the Tarim 

Basin 
 

Dr. Karl E. Ryavec1 

 

A newly discerned group of the foundational remains of Buddhist Stupa-like platforms in the 

Tarim Basin north of Khotan in western China are presented in this article based on high-

resolution satellite imagery hosted by Google Earth (Map 1).  Approximately 24 mostly 

square foundations, each measuring approximately 8 meters wide, were built in two rows of 

what appears to be an equal number of 12 per row (Figure 1).  Also, the remains of ruined 

structures that possibly comprised a Buddhist Monastery are located half a kilometer to the 

northwest, on the lower part of a long east-west range of hills cutting across a large part of the 

Tarim.  This complex includes partial walls of a large hall 48 m by 12 m, and numerous small 

rooms across a courtyard each measuring about 6 m by 2 m (Figure 2).  In addition, a group 

of possible Burial Tumuli are also discernable north of the Stupa-like remains, and east of the 

monastery-like structure (Figure 3). 

 

 

 

 

 

  

  

 
1 kryavec@ucmerced.edu  

Map 1: The Khotan Region in the Tarim Basin of Western China 
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Figure 1: High resolution Google Earth imagery of two rows of Stupa-like foundations 

Figure 2: High resolution Google Earth imagery of Vihara-like Buddhist monastery ruins 
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These sites are located only about 2 km west of the well-known Mazar Tagh fort (Figure 3) 

first studied by Aurel Stein during his famous archaeological surveys along the Silk Road in 

the Tarim Basin (1906-1908).  Important early written documents in Tibetan, Chinese, 

Kharosthi and other languages were retrieved from ancient refuse layers below the fort, most 

dating from the period when the Tibetan Empire occupied the Tarim Basin and controlled 

forts such as Mazar Tagh, and Miran further east, during the 7th and 8th centuries.  The Burial 

Tumuli might date from this period of Tibetan occupation. 

The entire region was part of the Kingdom of Khotan from the Han to the Tang period, 

roughly the 1st thru 9th centuries, during which period Buddhism spread from India and 

Gandhara along the so-called Silk Roads into the Tarim Basin and on to China (in addition to 

also diffusing to China along the Maritime routes via Southeast Asia).  Numerous historical 

records attest to the flourishing of Buddhism in the Kingdom, and the large numbers of monks 

residing at many monasteries.  The fort of Mazar Tagh occupied a strategic position 

commanding the only practical route north from the kingdom following the Khotan river 

across the Taklamakan desert from the Khotan oasis on the southern branch of the Silk Road 

to the northern branch near Aksu and Kucha.  This route even became part of the main Silk 

Road by the 5th century due to climate change and increasingly dry and hot weather which 

caused rivers flowing north from the Kunlun Mountains along the Tibetan Plateau to stop 

reaching as far into the Taklamakan desert.  Key towns along the southern route east of 

Khotan, such as Karadong and Niya, were abandoned by the end of the 3rd century.  This 

change in travel is reflected in the famous account of Faxian (337-422), a Chinese monk who 

went on a pilgrimage to India and passed through the Tarim basin.  He first chose the northern 

route passing by Kucha, then spent approximately one month crossing the Taklamakan from 

Aqsu to arrive at Khotan (Legge 1886).  He would have passed below the Mazar Tagh fort, 

and may even have seen these rows of stupas and visited the nearby monastery, but if he did it 

is not recorded in his account.  From Khotan he took the southern route to reach India.   

 

Figure 3: Study area showing the sites in relation to the Khotan River and hill range. 
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The reason it is difficult to determine exactly what these two rows 

of square-like foundations used to be is that there are no 

discernable remains of the distinctive hemispherical dome-like 

shapes indicative of stupas.  Stupas functioned as sacred Buddhist 

sites, in early cases physical remains of the Buddha himself were 

interred in them, while later use varied widely from interring 

Buddhist saints to written mantras and dharanis as dharma relics.  

Documented surviving stupas with varying degrees of damage in 

this region were constructed of solid masonry from sun-dried 

bricks with a square lower base about 3 m to 10 m on a side.  

These foundational levels supported smaller square second level 

bases, then a circular drum, and all topped with a hemispherical 

dome.  Stein’s plan of the Niya stupa provides a good local 

example (Figure 4).  This style is believed to have spread from 

similar Swat stupas of the ancient Gandharan Buddhist 

civilization, but with a more pronounced hemispherical shape than 

these possibly representing a Central Asian variant (Rhie 

2007:256).  The lack of significant above ground remains here 

characteristic of stupas is puzzling, though the average size of 

these platforms at about 8 meters or 26 feet wide makes 

identifying them as ruined stupas the most logical choice in this 

area.  Most ancient stupas across Central Asia in farming areas 

abandoned over time due to climate change and lack of water are 

still relatively intact, however, despite having often been broken 

or dug into by looters along the sides looking for sacred objects 

that were often placed inside during construction.   

 

Interestingly, these two rows of structures narrow from east to 

west in the general northwest direction to the nearby monastery-

like ruins half a kilometer away.  The distance between the two opposite easternmost 

structures is approximately 90 m, and this distance narrows between the two opposite 

westernmost structures to 70 m.  Perhaps these two rows of stupas or other platforms of some 

sort defined the main route from the ancient Silk Road caravan route along the Khotan river 

below the Mazar Tagh fort to a Buddhist monastery.   In this case the two rows of structures 

may not have necessarily been stupas, they could have served a variety of other functions 

such as protective enclosers for sacred trees, or fires, etc.  Indeed, one historical source 

mentions “The Mounds of Rodents” 150 li (about 50 miles, though the Chinese li has varied 

considerably over time) west of Khotan’s capital where a Buddhist monastery was built 

commemorating the rats who helped a Khotanese king win a battle.  This particular monastery 

has so far not been identified, and while this ruined monastery-like site under study here is 

approximately 100 miles north of the ancient capital of the Kingdom of Khotan, it is not out 

of the question that 150 li to the west written sometime during the 4th to 8th centuries did not 

in fact refer to this site.   

 

The identification of these ruined structures with an ancient Buddhist Vihara-style monastery 

is tentatively based on the surviving layout with one large hall and many smaller cell-like 

rooms.  The dimensions of the hall (48 m by 12 m) is quite large and could have 

accommodated many monks for assemblies and worship.  While the approximately 30 smaller 

rooms, some measuring 6 m by 2 m, correspond to similar dimensions of surviving residential 

Figure 4: Niya Stupa plan, from Aurel Stein’s 

“Ancient Khotan” (1907), plan 24. 
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vihara rooms at ancient Buddhist monasteries in India such as the famous university of 

Nalanda (Rajani 2016).  The possibility that this was, instead, a fort is less likely considering 

a documented fort existed only 2 km away.  Given the surviving walls at this site indicated by 

the shadows cast, it is hoped a ground survey will be conducted (if not already accomplished 

perhaps by Chinese archaeologists) that should help to verify these questions.  It is possible 

some surviving beams, lintels, even murals and other objects exist and will help with a 

historical reconstruction of this likely important site.     

 

Bibliography: 
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AARG’s Ukraine Working Group 
 

Rog Palmer1 

 

Origins 

Putin’s invasion of Ukraine in February 2022 annoyed me.  From as far away as England I 

felt helpless and frustrated and tried to think of ways that I could help.  My old clothes were 

likely to be turned down by most refugees – but perhaps help could be offered to 

archaeologists?  What could we find out about Ukrainian archaeology?  How much did they 

use aerial information?  Maybe we could do a survey using open source images?   

 

I was already running two WGs for AARG: Sentinel 2, which was a research project, and 

Photo Reading, which was for educational fun.  Both had been going for about 18 months at 

the time and I used the invasion as a reason to add a Sentinel 2 location for 2018, tile 

T36UUV, in an area of Ukraine where soils seemed interesting (Fig 1).  The Photo Reading 

group, then with about 15 members, gave me a core of people who had been gaining 

experience using mages.  Some might like to try their skills in Ukraine. 

 

 
Fig 1.  Basic map of Ukraine with the original Sentinel 2 tile, T36UUV, and 10 x 10 km squares over which the 
new reduced project area is identified in purple.  The Davydiv Brid area discussed by Kariaka in the following 
contribution is shown by DB.   (Background data provided by Vasily Novikov.) 

 

Early in April 2022, I copied half a page of thoughts to Chris Cox, Darja Grosman and Martin 

Fowler about the idea of setting up group to examine systematically an area of the country 
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using Google Earth and HEXAGON to assess the potential of that type of survey for their 

archaeologists.  If nothing more, we could produce a distribution map of types identified and 

see if anything could be seen between their known sites.  We had some discussion, they 

responded favourably, and we were able to add structure to my original idea.  By mid-April, 

the AARG committee agreed that this could be one of their WGs and, after using a session to 

discuss Ukraine, half of the Photo Reading group were eager to participate in the survey. 

 

Meanwhile we (by this time, Darja Grosman, Martin Fowler and myself seemed to have 

become joint leaders, or just the older members, of the WG) were trying to find like-minded 

Ukrainian archaeologists and were given three names by Tetiana Shevchenko, from the 

editorial board of the journal Arheologia.  We checked their publications – medievalists – and 

wrote to them offering the chance to collaborate in our survey.  They replied that they 

supported our project but were too busy with their own to join in, but would we like to extend 

our area north by 10km to take in their area of interest and would we please share our results 

with them?  Darja and I kept sifting through publications, partly to get an idea of the 

archaeology of Ukraine and partly in the hope of finding a possible collaborator.  By 12 June 

we had contacted, and received an enthusiastic reply from, Ukrainian archaeologist Alex 

Kariaka who had published papers about his uses of aerial/satellite data to examine field 

systems and tracks (Boltryk and Karyaka 2021, Kariaka 2008; 2021).  Alex worked at the 

National Academy of Sciences in Kyiv and, as well as joining in to help our survey of the 

area, he was able to provide information that we would not have found without local  help. 

 

During this time, I hijacked the Photo Reading WG again to show some of the types of feature 

of all dates that were visible on Google Earth.  We tried to identify excavated sites but were 

handicapped by the absence of published maps showing the location of sites.  Despite that, 

these sessions helped us gain familiarity with farming practices and various forms of natural 

that may confuse the identity of archaeological information or were simply puzzling (Fig 2).   

 

Fig 2b.  In square G10 we saw these on this one date only 
and wondered what had caused them and if they were 
Ukrainian forms of fairy ring.  GE: 20110923. 

Fig 2a.  This feature, B02_026, was marked by us to show 
that we had seen it.  On some dates the watercourses  
here create an ‘enclosure’ but on others a stream can be 
seen to turn and continue south from the ‘enclosure’.  GE: 
20140314. 
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Getting on with it 

Our 120 x 110 km survey square, divided into 10 x 10 km units, was circulated as a KMZ file 

to WG members so that it could be overlain in Google Earth and, for a trial run, we agreed to 

examine squares A02 and B02 individually to see what each of us would find.  We also 

needed to decide on a suitable way of marking sites we found (Fig 3).  High-resolution cover 

Fig 3.  (Top) Squares A02 and B02 combining all sites identified on Google Earth by Mathias Broch, Martin 
Fowler, Carmen Miu, Simon Seyfried, Sonia Tomczak and the author.   
(Bottom) Those sites consolidated after reviewing all of the Google Earth images and added to the database. 
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in GE was uneven.  In some 10 x 10 km squares there may be more than 14 dates of capture 

between 2007 and 2021 but others, especially in the south, sometimes had only three or four 

dates, making it more difficult to confirm the reliability of an indistinct sighting.  Additional 

information may come from use of recently declassified HEXAGON photographs that were 

taken between 1971 and 1986 at resolutions that surpassed those of the earlier CORONA 

series (Fowler 2022).  Martin began the task of finding us suitable cloud-free cover from the 

500 or so HEXAGON strips which were on the USGS website and opted for those taken on 

18 May 1982 (see Fowler below).  The year was later than we hoped but they were cloud free, 

our area was towards the centre of each strip and would not suffer from too much distortion.  

Once we had bought the strips (for which we thank AARG for a grant) we soon discovered 

there was a lot of archaeological information visible, some spectacularly so, on that date.   

 

On 12 May, we agreed to work in pairs and continued to develop a method that would enable 

us to produce fairly standard output.  To help this, Martin produced a series of draft 

Guidelines that included agreed terms, types and colours of pins in GE, and a template for our 

database.  This background development continued through several versions until a ‘final’ 

Guidelines was issued in mid-July.  Martin had also begun to geolocate 20 x10 km tiles of 

Soviet 1:100,000 map which make a useful reference point back to the mid-1970s.  Similarly, 

early in August, the first HEXAGON strips were geolocated and cropped to 10 x 10 km tiles 

that could be opened as KMZ files and examined as a layer GE. 

 

Our survey pairs claimed 10x10 km squares within our greater area and we began to work 

from the bottom northwards at various rates of progress.  Pairs met as frequently as was 

needed, or as was possible between other commitments, while WG zoom meetings stayed at 

four-weekly intervals.  For example, Simon Seyfried and I were working together and initially 

hoped to maintain a rate of one square per week.  This was not always possible.  We would 

identify sites individually, exchange KMZ files and then meet one morning to discuss 

differences after which one of us would compile and exchange an agreed version.  These were 

also copied to Martin who was responsible for converting them to be read in QGIS (see 

below).  Among the WG we have been recording upwards of 70 sites per 10 x 10 km square.  

These figures are dominated by mounds but include a small number of enclosed sites, 

including what seem to be new mega-sites, concentrations of ash heaps2 indicating habitation, 

and more recent evidence remaining from communist era agricultural organisation and Cold 

War sites.  Some features can be roughly dated but others, such as the ash heaps, span from 

Neolithic to medieval.  To date, our finds have been ‘sites’ with very little evidence of 

anything such as field systems or communications/barriers between them.  Known field 

systems are well to the south and date from Greek and/or Roman times (as below by Alex 

Kariaka) but one or two possible small blocks have been suggested in or close to our area 

although they could have more recent origins. 

 

Feature types recognised by the Working Group 

Figures 4-8 on the following page show examples of some of the more obvious features 

identified by the WG during their systematic surveys and more wide-ranging ‘flights’ over the 

wider landscape (just to make a break from routine).  The first two were previously known as 

was the hillfort at Myznivka but the remainder are thought to be new from our survey. 

 
2 This phrase may have lost something in translation as they are caused by chemical action on the organic 

content of burnt houses or pits.  Examples can be seen in the NW illustration on the following page. 
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Fig 4.  Habitation at Sudivka (NE of our area) where former 
houses, possibly burnt after occupation, now remain as 
small light-coloured spots, also called ‘ash heaps’.  
 GE: 20140406. 

Fig 5.  One of the feature types that puzzled us when first 
encountered were ‘maidans’.  These are former saltpeter works 
that sometimes reused an earlier mound.  They take a range of 
forms with an annular recess and external embankments or 
wings.  This octopus-like example is in H11_076, north of 
Dorofiivka.   GE: 20190404. 

Fig 6.  Slight traces of earlier but undated fields East of 
Antonivka in square J10.  Field boundaries are overlain by 
modern ones and are regular forms about 260m square.   
GE: 20130818. 

Fig 7.  A GE ‘oblique’ showing the topographic location of 
the hillfort in E6 at Myznivka (background) and a possible 
enclosure located on a slope in the foreground.   
GE: 20110429. 
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Fig 8.  A rows of mounds west of Ploske in A02.  The row extends north to south along the crest of the high 
ground overlooking a small river that is now partly canalised.  The profile under the image is along the red 
line and the vertical line the profile cuts the mound south of the red line.  The mounds appear differently on 
different dates and this one has been chosen as a good average.  GE: 20170419. 
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How may our project help or encourage Ukrainian archaeologists? 

It is too early to go into details, especially as we have so far met only one archaeologist who 

embraces this way of working but the following points may be promoted on completion of the 

WG’s project: 

• The potential of the overhead views may be better appreciated; 

• We may extend interest from site orientated work towards context and landscape; 

• And so develop interests in what lies between sites.  To date, our survey has produced 

little information about field systems and tracks, which itself raises the question, why? 

• Our overview of site types, locations and their forms (eg rows of mounds, nodes of 

tracks) may encourage new directions in Ukrainian archaeologists’ thoughts; 

• What other source images may be available in Ukraine?  We were told that archive 

photographs exist as prints (and thus were thought to be unusable) but access at 

present is restricted, as it is with maps; 

• We do not know if other forms or RS (such as lidar) are available but easy access is 

unlikely at present; 

• There remains the possibility of running schools to encourage use of aerial 

information, or RS if you need to call it that, either virtually or on the ground when 

things calm down; 

• From which comes the prospect of adding more Ukrainian archaeologists to AARG’s 

community. 

 

Changes after AARG, 23 September 2022 

The small number of people in the Ukraine WG mix the idleness of retirement with the needs 

to fit our project with university studies, and the original intent to complete the systematic 

search and documentation of one square a week is not possible, perhaps never was possible.  

Consequently, soon after our presentation to AARG it was decided to reduce the size of our 

area by half to ensure it could be completed in a reasonable time.  Figure 1 shows the new 

area, now with 66 squares.  This ought to be completed in about two years, especially now 

that we have gained another two people. 
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Remains of ancient tracks in the Lower Dnipro region  

according to satellite imagery 
 

Oleksandr Kariaka1 
 

Ukraine has a rich and complex history, and its archaeological sites are numerous and 

diverse. Humanity appeared on the territory of the country back in Paleolithic times. It has 

survived all the epochs inherent in the history of mankind, which is clearly reflected in the 

relevant archaeological sites. The most striking among them should be considered the giant 

cities of Trypillia culture, ancient classical cities and their choras on the Black Sea coast – 

Pontic Olbia, Chersonessus, Panticapaeum, etc., Scythian hillforts and settlements. Medieval 

cities and Cossack antiquities should be considered a special page in the history of the state. 

Burial monuments also require special attention – mounds and their complexes, sometimes 

whole barrow necropolises that have been preserved on the territory of Ukraine since the 

Eneolithic era and were in use until relatively recent time. However, now we have to note a 

new surge of interest in archaeological sites – the discovery of new locations that can be seen 

from above thanks to satellite and aerial photography.  

 

In the Soviet period, any pictures of the Earth’s surface, whether from an airplane or 

satellite, were usually classified. KGB carefully monitored scientific publications, which led 

to a rather specific way of creating illustrations and maps for scientific publications. As a rule, 

the horizontal lines reflecting the topographic relief were completely removed from them, and 

the contours of the banks of rivers and reservoirs were given extremely schematically. The 

low quality of images of maps from the Soviet period is still quite a problem and they are not 

always suitable for analysis and refinement. 

 

The first information about inspections of certain archaeological sites from the air is 

almost a hundred years old. It is known, for example, that in the 20s and 30s of the XX 

century the Russian archaeologist Mykola Repnikov photographed the cave city of Eski-

Kermen in Crimea, as well as the medieval settlement of Tepsen near Koktebel (Shyshkin 

1964, p. 199). However, information about these studies is extremely limited. It is known that 

M. Repnikov did not contribute a single scientific publication during his lifetime, and his 

works are limited only to field documentation. 

 

A special page in the history of the study of archaeological monuments of Ukraine 

should be considered the works of Kostiantyn Shyshkin, who worked intensively for 8 years 

and published the results of his research in the 1960s – 1980s. It was rather a phenomenon for 

that time. He is deservedly considered one of the pioneers of the Trypillia megasites in 

Ukraine. 

 

Even then, he indicated the emergence of a fundamentally new approach to the 

discovery of new archaeological monuments. The volume of materials of his works is 

impressive. Already in his 1973 article, he claims to have studied aerial photographs of 

100,000 square kilometres and “all of southern Ukraine” (Shyshkin 1973, p. 32). On the basis 

of the collected data Kostiantyn Shyshkin identified and substantiated the suitability for 

research of such types of monuments as burial mounds, ground necropolises, settlements, 

 
1 akarjaka@ukr.net Institute of Archaeology of the NASU, Kyiv, Ukraine. 
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hillforts, land divisions, and the track network, which was clearly visible on the vast expanses 

of the Ukrainian steppe. He gave a brief description and characteristic of them, named the 

region of the Perekop Fortress on the Crimean Isthmus as one of their main clusters. He saw a 

clear connection between the remains of the tracks and the steppe mounds as the main spatial 

landmarks. It is interesting that in order to date the discovered remains of tracks, he proposed 

to develop a new method of dating the soil using “isotope methods” and other accompanying 

material (Shyshkin 1964, p. 203-204). 

 

Returning to the problem of ancient land communications in the steppe regions of the 

Lower Dnieper prompted me to discover on one of the satellite images two long parallel light 

bands that extended from the Scythian Oguz mound to the east (azimuth 105°). Their length 

was more than 800 m, and the direction most likely pointed to the entrance pit of the Central 

King’s burial structure (Boltryk, Kariaka 2021, fig. 2a). The purpose of these two lines is now 

associated by Scythologists with the existence of a ceremonial route. But the main thing in 

this investigation was a very tempting attempt to connect these strips with the remains of 

numerous tracks and other mounds, which were clearly visible in the surrounding areas. 

 

As a result, it was possible to identify and map a significant number of track remains. 

Some of them were isolated areas in the steppe, at the same time, separate places of radial 

clusters of typical remnants of tracks around mounds or other spatial landmarks were 

discovered (Fig. 1). Conventionally, these clusters can be called “stars” and the paths, 

diverging from them, “rays”. 

 

 

Fig. 1.  Track remains in the vicinity of King Mound, Ohuz, including some radial clusters. 
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The vast majority of stars are not associated with large mounds, but rather with small 

individual mounds or groups. In a number of cases, it was not possible to detect the remains 

of topographic landmarks at all – it is quite likely that they simply disappeared under the 

influence of subsequent anthropogenic and natural factors. On the other hand, they could be 

places of traditional watering holes, necessary for caravan trade, equipped with a well or 

spring.  

 

Most of the stars were at a relatively short distance from each other (about 8-10 km) 

and were clearly intervisible in good weather. It should be noted that considerable clusters of 

rays are not a large number of individual tracks, but rather general directions of movement 

across the steppe. 

 

The work carried out on the left bank of the Dnieper deep in the steppe covered a 

significant area of the Dnipro-Molochansky interfluve with the dimensions of 105 (N-S) x 

75 (W-E) km. It was possible to mark about 200 points of mounds and almost 400 associated 

track remains in it. Their analysis made it possible to identify and describe 19 individual stars, 

among which Ostapenko became the largest. Here it was possible to trace the remains of 14 

tracks, but most had a smaller number – within 5-8 rays (Boltryk, Kariaka 2021, p. 202-211, 

fig. 3-7).  

 

The biggest multi-rays star intersection (Fig. 2) is located 2.9 km west of the center of 

the village Ostapenko (Kakhovsky district, Kherson region), on the right side of the small 

steppe river Chitynchy (west of Ahaimansky pod). Topographic maps give a point of 

elevation of about 1.5 m. However, on Schubert’s “three versts” map of the XIX c. in this 

place, a cluster of several wells, which were the source of water for the caravans, is marked. 

 

 

Fig. 2.  The multi-rays star intersection west of Ostapenko (Kakhovsky district, Kherson region). 

 

The rays of this star diverge in almost all directions, most of them continue for 1.5-

2 km. Seven paths run in the north, east and south-east directions and go to the crossing of the 
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river Chitynchy. In terms of length, the path of the north-west - south-east direction is 

particularly distinguished and can be traced for 7.15 km, in the western part it had a branch to 

the north. Probably the same path continued in the southeast direction (with a slight bend to 

the north), it is fixed at 11.76 km through the mound group south of the village Novoukrainka 

and further east to the western edge of the Ahaimansky pod. The total length of the revealed 

part of this path is 19.74 km. 

 

But the most interesting for us seems to be the general system of directions of 

communication of this region based on the remains of tracks and their key branches in the 

stars that we discovered (Fig. 3). We consider the discovery of the remains of the famous 

Muravskii Path (Milky Way), the steppe part of which was often lost on historical maps, to be 

one of the most significant. The part we discovered with a partial reconstruction was traced 

for a total distance of about 80 km and went from the Velyka Bilozerka area to the southwest 

to the Crimean Isthmus. 

 

 

Fig. 3.  Overview of the Dnipro-Molochna interfluve showing the Muravskii Path, ancient tracks and 
their main directions. 
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In addition to the well-known directions from this region to the south to the region of 

Prysyvashshia, Perekop and Arabatskaya Strilka, based on the examined remains of tracks, 

we also managed to identify two separate paths in the northwest direction to the Dnipro 

valley. The northern one of them approached the modern villages of Mala Lepetykha and 

Pervomaivka, and the southern one approached Lyubymivka and Vasylivka of the Kherson 

region. Both these are spatially tied with well known Scythian settlements Pervomaivka and 

Liubymivka which were excavated during many years. 

 

The discovery of the remnants of tracks on the left bank of the Dnieper forced similar 

work to be carried out on its opposite side in the western direction to the Ingulets river. 

This area is about 70 km width and turned out to be more saturated with mounds and 

steppe tracks. The specificity of this region and the significant saturation of the remains of 

monuments forced to change the priorities of the research. More attention was paid to the 

main transport routes and at the same time “stars” were used to find out the points of 

attraction of tracks and key locations. At the moment, we have recorded in the area between 

Ingulets and the Dnieper rivers 993 kurgans (more precisely, spatial orientation points) and 

562 fragments of tracks that are connected with them in one way or another (Kariaka, 2021, 

p. 169). 

 

The archaeological map of the Dnipro-Ingulets region allows us to identify the area 

with the maximum concentration of remains of ancient tracks. The area to the south of the 

modern village of Davydiv Brid (Beryslavskyi district, Kherson region) clearly corresponds to 

it. This region has been little explored in archaeological terms. Among the earliest is the 

Sarmatian burial of the I century BC – I AD (Kostiuk 1975), however, there was undoubtedly 

a population here from earlier eras. 

 

 

Fig. 4.  The area south of Davydiv Brid which includes three typical stars and other tracks. 
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In this region three typical stars can be distinguished (Fig. 4), which were located in a 

chain along the channel of Ingulets for a total distance of about 9 km and were limited by the 

ravine Baidakov Ovrag on the North-East and by the ravine Dovga in the western outskirt of 

the village Bilohirka on the South-West. The specified stars were clearly visible at a 

considerable distance. At the moment, the horizon of visibility of these mounds is about 9-10 

km, but it is obvious that in ancient times it was significantly more because mounds became 

lower under the influence of natural factors and were also partially ploughed. 

 

The most important mound in this region, and the largest in this group, is at Baidak-

Mohyla (Kariaka, 2021, p. 170).  It is now about 8 m high with a visible horizon of 10.7 km 

(Fig. 5). Here we can count 7 mounds , stretched over a distance of about 0.8 km in the 

latitudinal direction. However, due to the high saturation of this region with burial 

monuments, many of them can be observed at a greater distance – about 1.3-2 km. The main 

mound is located 2.3 km to the southwest from the centre of the modern village Davydiv Brid 

on the highest point of the cape on the left bank of the Ingulets River – at a distance of 2-3 km 

from its channel, between the streams of Davydiv Ovrag and Shurzhyn. Now we can count 13 

rays – 3 through pairs and 7 separate radial ones, most of which have a southeast direction. 

The rays were mostly 1.1-8.7 km in length, however, some of them can be traced to a much 

greater distance when they are directed relative to other, more distant mounds. 

 

 

Fig 5.  Mound and track relationships centred on the ‘star’ at Bajdak-Mohyla. 

 

Most of the rays of Baidak-Mohyla had a southeast direction. At present, we have 

recorded 6, but we assume that there were more of them, since this was the main direction of 
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movement from this mound group. Their length was from 1 to 3.7 km. However, among 

them, two tracks have been preserved much better. Of those, the eastern one with partial 

reconstruction can be traced for a total length of more than 27 km – to a large mound group 

located 4.9 km northwest of the village Urozhaine (Beryslav district, Kherson region). 

 

The other two stars of this region, Shurzhyna and Bilohirka, had many features in 

common with the first one and had 15 and 9 rays, respectively. Only Shurzhyna made a 

certain difference, since it was built from a compact group of 4 mounds. However, in our 

opinion, they rather had an auxiliary function, since the vast majority of the rays emanating 

from them had the same direction. 

 

Following the traces of the tracks, three main directions of connection of this region 

were identified (Fig. 6): 1) the most powerful south-eastern one – to the region of the modern 

city of Beryslav. The majority of rays provided different options for tracks from the crossing 

through Ingulets to the southeast to the Dnipro. In total, they made up a strip with a total 

width of about 9 km. The total length of this direction was about 45-50 km; 2) eastern – to the 

region modern villages Dudchany of the right bank of Dnieper river.  The total length of this 

direction was also about 45-50 km; 3) a path along the valley of the Ingulets river along the 

edge of the steppe plateau. Its partially reconstructed length is about 48 km. 

 

 

Fig. 6.  Indicating the main directions of connections suggested by multiple tracks between the rivers Ingulets 
and Dnipro in the Davydiv Brid region. 
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As a result of mapping of the remains of ancient tracks and mounds in a large area 

between the Dnieper and the lower reaches of the Ingulets rivers, a complex system of land 

communications was discovered that connected different regions of both rivers. Based on the 

considered routes, it was found that the crossing near the village Davydiv Brid connected the 

communications of a large area of the right bank of the Lower Dnieper from the Ingulets 

mouth about 120 km to the north (Kariaka, 2021, p. 174).  

 

The two main directions of movement from the Davidov Brod region clearly mark 

convenient places for traditional river crossings and lead to places where human settlements 

existed long ago (Fig. 7). Near Davydov Brod itself, this crossing has been known since 

Cossack times, included in the Kyzykermensky route (Yavornytskyi 1990, p. 36, 37), which 

then went on to the ”Crimean route”. The South-eastern direction leads to the region of 

modern Zmiivka and Beryslav.  Here was the Turkish fortress Kyzikermen, built in the 14th 

century and a series of Late-Scythian hillforts Konsulivske, Biziukove (Chervonyi Maiak), 

Staroshvedske and Scythian settlements Novokairska Balka and Zmiivka. The eastern 

direction is to the region of the cluster of Late-Scythian hillforts Havrylivske, Annivske and 

Sablukivske, and Scythian settlements Myhailivka and Havrylivska Balka.  

 

 

Fig. 7.  Traditional ancient crossings of the Lower Dnipro with associated tracks, settlements and mounds. 

 

In general, in the further continuation, these two directions correspond to the two 

opposite directions of the paths on the opposite left bank of the Dnieper, which connected 

these territories with the Muravskii path, and two branches headed to Perekop and the 

Arabatska Strilka and the Prysyvashshia region with numerous salt mines.  

 

Investigation of old tracks with the help of remote sensing is a new direction for the 

Ukrainian archaeology. The results of this article were obtained through a careful analysis of 

satellite images, the designation of relevant sites and comparison with old maps, as well as the 
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information we have about the archaeological monuments of the region described. In part, the 

results were verified by field studies. At the same time, we consider it necessary to emphasize 

that further reading of satellite images of this region covering a larger area will make it 

possible to identify new relationships and communication routes, and connections with 

individual monuments can help in dating the track system we have identified. 
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Taming the unknown: Combining different data sources in AARG’s 

Ukraine Project 
 

Martin J. F. Fowler1 

 

Introduction 

As described in an earlier article (Palmer, 2022), the aim of the AARG Ukraine project is to 

make a rapid survey of archaeological features within a 110x120km area, later reduced to 60 

x 110 km because of resource constraints, covering parts of the Kyiv and Cherkasy oblasts of 

Ukraine. The survey is being conducted by around 8 members of the AARG Ukraine 

Working Group (WG) using readily available satellite imagery, mapping, and low-cost tools. 

In this article, I describe how we successfully combined (i.e., tamed) the different data 

sources and tools into a consistent workflow of data recording for the project. 

 

Taming the people 

First, since we were working virtually across two continents and 7 countries, we needed to 

identify suitable free/low-cost tools for collaborating effectively. These included email and 

Slack for messaging, Dropbox and Google Drive for data storage and transfer, and Zoom for 

videoconferencing. Working in pairs to exploit our individual expertise and experience, we 

identify and map archaeological features visible on Google Earth (GE) imagery, meeting up at 

monthly Zoom meetings with the whole WG to provide updates on progress and to discuss 

features that we were having difficulty identifying. As described later, we had to quickly 

evolve written guidance to ensure a consistency of data recording to enable the flow of data 

from GE to a database of features. 

 

Taming the data 

The workflow developed for the project is based principally on open access or low-cost 

software and data sources. Google Earth Pro is the main tool for identifying and mapping 

features as it is freely available and enables features to be pinned and saved as KMZ files. 

Microsoft Excel and Access are used for data processing and databasing. QGIS and ArcGIS 

Earth are used for image processing and georeferencing, and, together with ArcGIS Online, 

for database visualisation and analysis. 

 

Data sources. Initially, our source of imagery for interpretation were the satellite images 

available through GE that date from the early 2000s to 2020. Whilst providing high-resolution 

cover across the whole of the study area, the temporal coverage varies with some squares 

being covered by images spanning a wider date range than others. 

 

As the project progressed, further data sources were integrated into the workflow including 

digitised Soviet maps dating from the late 1970s and Declassified Intelligence Satellite 

Photographs, mainly from a HEXAGON mission dating from 1982.. 

 

 
1 danebury216@hotmail.co.uk  
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Figure 1. Georeferenced Soviet 1:100,000 scale map (A) and HEXAGON (B) snippets for project square D09. The 
diagonal line running across the HEXAGON image is an artefact from the merging of two scanned photograph 
frames. Image courtesy of the US Geological Survey. Entity ID: D3C1217-100073F026. 

 

Soviet maps. Digital scans of Soviet maps were purchased from mapstor.com at a total cost 

of €20 for the whole of the study area. Dating from the 1970s, the 1:100,000 scale maps 

provide a wealth of information for image interpretation including the locations of extant 

mounds, field boundaries, watercourses etc. Whilst a rudimentary understanding of the 

Russian alphabet is required to understand the symbology, thankfully a US Army manual (US 

Dept of Army, 1958) describes most of the topographic symbols that are used. Georeferenced 

snippets from the maps covering map squares were converted into KMZ overlays using 

ArcGIS Earth for display in GE (Figure 1A). 

 

HEXAGON photographs. As described in the next article (Fowler, 2022), a workflow was 

developed to produce relatively small KMZ files of snippets of high-resolution HEXAGON 

satellite photographs covering the study area. Like the Soviet map snippets, the HEXAGON 

KMZs can be readily displayed in GE and complement the more recent GE imagery with 

overhead photography from the 1980s (Figure 1B). 

 

Other data. In the absence of access to a Sites and Monuments Register, data from a few 

papers in English language academic journals and other sources are being transcribed into 

Excel tables for visualisation alongside the results of the GE mapping. Features relating to the 

Cold War were similarly identified from declassified photographic interpretation reports and 

other documents.2 

 

And now for the tricky bit … 

To move the information from placemarks mapped with GE to a database and GIS for 

analysis and visualisation, we needed to develop a unified system for the description of the 

features identified on the GE images, Soviet maps, and HEXAGON satellite photographs. 

 
2 Available from the CIA Freedom of Information Electronic Reading Room: 
https://www.cia.gov/readingroom/home  

https://mapstor.com/map-sets/country-maps/ukraine.html
https://www.cia.gov/readingroom/home
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Over the first couple of months of the study, we evolved written guidelines for the use of GE 

placemarks to ensure consistency of data collection. This document provides detailed 

instructions, such as the naming convention of the placemarks and the various fields to be 

included in the placemark description, along with examples of the various features that have 

been identified. 

 

Placemarks. GE allows placemarks to be saved as pins, polygons (including circles) and 

lines, each of which has their own merits. After much lively discussion amongst the WG 

members, it was agreed that all features would be recorded as pins, as they are easier to 

incorporate into a database. However, polygons and lines could still be used to mark features 

that cover larger areas or are linear on the understanding that they must have an associated 

pin. The colours and types of pins, polygons and lines reflect the nature of the feature with 

yellow pins and polygons used for archaeological features, red lines for linear archaeological 

features, and white pins and polygons for non-archaeological features including natural 

features that could be possibly confused as archaeological. 

 

GE placemarks have limited opportunities to record data for transfer to a database/GIS: 

• Placemark name – free text. 

• Latitude and longitude – populated by GE. 

• Description – free text. 

 

To ensure that each placemark has a unique name, a standard nomenclature is used based on a 

combination of square number and the number of the feature in the square: e.g., K11_001 is 

the first recorded feature in square K11; K11_002 is the second feature, etc. 

 

Within the placemark description, 11 formatted data fields preceded by a hash (#) character 

are included (Table 1). These fields essentially cover the ‘what’ and ‘when’ of the feature and 

complement the ‘where’ provided by the latitude and longitude of the placemark. All the field 

entries are free text after the mandated #field= title of the field. As seen later, the use of the # 

character is key to transferring the free text in the placemark description into columns of 

specific fields within a database table. 

 

Feature types. As we were all new to the area, defining a consistent set of feature types for 

the population of the #feature_type= field was challenging. Indeed, initially all we saw on the 

GE images were mounds, both extant and plough levelled. However, as we better understood 

the landscape, more types became apparent and at the time of writing, around 30 different 

feature types had been identified, although the list is still somewhat tenuous. Examples of 

each type were collected and included in the written guidance on how features are to be 

recorded. This part of the document continues to be updated as we better understand the 

archaeology of the project area. 
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Field Description 

#Description= A free-text description of the feature observed at the location of the placemark. 

#Feature_type= The main type of feature at the location taken from a list that is being developed 
as the project progresses. 

#Certainty= An indication of the degree of certainty of the archaeological nature of the 
feature (certain, probable, possible, doubtful) 

#Condition= The condition of the site as observed on recent GE images (extant, levelled, 
destroyed). 

#GE_image_date= The date(s) of GE images on which the feature(s) can be seen. 

#Soviet_map= Is the feature present on Soviet maps (Yes. No)? 

#DISP= Is the feature visible on Declassified Intelligence Satellite Photographs (DISP)? 

#Period= Period to which the feature relates (if known). 

#Authors= Initials of the ‘authors’ identifying the features separated by a space. 

#Completion_date= The date (YYYYMMDD) when the GE images were reviewed. 

#Comments= Any further comments on the observation in free-text format. 

Table 1. Fields included in the description box of a GE placemark. 

 

FROGLET. Having defined the fields to be included in the GE placemark pins, a semi-

automated pipeline, FROGLET3, was developed using Microsoft Excel for the extraction of 

the field data into a database table for use with Microsoft Access. Whilst a package written in 

Python or R may have been a more elegant and automated solution, a rapid prototyping 

approach using an Excel workbook4 was considered more appropriate given the specific and 

relatively short-term nature of the project. The pipeline is probably sufficiently generic for 

wider use and can be easily changed. 

 

The pipeline comprises two Excel worksheets and a .txt intermediate file to process the GE 

pins (Figure 2). It starts with the KMZ file of a square containing the placemarks of features 

recorded primarily as pins, but also polygons and lines. The KMZ is loaded into GE and all 

the pins in the square are saved in a separate KML file5.Likewise, if present the polygons and 

lines are saved as KML files for later use. The KML pin file is then parsed into Excel and the 

relevant columns containing the pin name, description, pin type and latitude and longitude 

coordinates are copied and pasted into the first FROGLET worksheet. Within this worksheet, 

lots of ‘Excel magic’ is done to format the text into an intermediate file for processing in the 

second FROGLET worksheet. Specifically, the worksheet: 

 

• Converts any commas in the description fields into underscores so they do not 

interfere with the later output of CSV files from the database. 

• Removes any extraneous carriage returns and extracts the latitude and longitude 

coordinate information into separate text fields. 

• Includes a relatively high degree of error checking to diagnose any anomalies in the 

recording of the data. 

• Produces a formatted intermediate output for the second FROGLET worksheet. 

 
3 A somewhat contrived forced acronym for ‘Fields extRactor frOm GoogLe EarTh pins’ produced using the 
ACRONYM (Acronym CReatiON for You and Me) Python programme (Cook, 2019).  
4 Available at: https://github.com/MJFFowler/FROGLET  
5 KML (Keyhole Markup Language) is the unzipped version of KMZ. 

https://github.com/MJFFowler/FROGLET
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Figure 2. Summary of the workflow using the semi-automated FROGLET pipeline to convert features mapped as 
placemarks in GE to a database and on to visualisation in a GIS. 
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The formatted output from the first worksheet is then copied and saved as a text file and 

imported into a new blank Excel spreadsheet as a #-delimited input to give columns 

corresponding to the various fields. These are then copied and pasted into the second 

FROGLET worksheet which: 

 

• Removes the field names from each record to leave the recorded data. 

• Converts the latitude and longitude coordinate information from text into numerical 

values. 

• Adds additional fields such as the square number, the date when the KMZ was 

processed, and the name of the KMZ file that was processed. 

• Uses a lookup table to convert the various synonyms for features recorded by the pins 

into an agreed feature type (e.g., features recorded as ‘mound’, ‘Mound’, ‘mounds’ 

are all given the feature name of ‘mound’). 

• Identifies archaeological and non-archaeological sites based on the feature type 

lookup table. 

• Includes further error checking of field names. 

• Produces a formatted output for export to a database table. 

 

Finally, the output from the second worksheet is copied and pasted into an Excel database 

table, which is linked to an Access database as an external data source. The Excel database 

can be queried to produce outputs as Comma-Separated Values (CSV) files for display and 

analysis in QGIS and ArcGIS Earth / Online, and produce various text reports such as a 

detailed gazetteer of mapped features, lists of feature types, features per square, etc. 

 

But what about the polygons and lines? 

As mentioned earlier, features can also be mapped as polygons and lines but because they 

include multiple geographical coordinates, they are not compatible with the ‘flat’ Excel 

database table produced by FROGLET. However, they can be displayed in a GIS but are 

otherwise relatively ‘dumb’ and cannot be directly searched for. Nevertheless, since each 

polygon or line placemark has their own associated pin with the same unique name, they can 

be linked to the features in the database. 

 

Visualising the results 

Besides analysing and displaying the database of features in QGIS and ArcGIS Earth, a 

prototype web app has been developed using ArcGIS Online. This allows a geospatial 

visualisation of the database that can be delivered over the internet (Figure 3). Currently, it 

includes layers of archaeological and non-archaeological features, together with a gazetteer of 

published Neolithic mega-sites (from Hofmann et al., 2019) and Cold War sites. Whilst very 

much a ‘work in progress’, the app will be refined as squares are mapped and processed 

through FROGLET, and has the potential to be a longer-term, freely accessible, repository for 

the project results. 
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Figure 3. Screenshot of prototype web app showing identified archaeological features in project square F11. To 
view the interactive version, go to https://arcg.is/1D1L8r.  

 

Summary 

The data (and people) have been successfully tamed! GE imagery, Soviet maps and 

declassified HEXAGON satellite photographs have been combined in a single tool for 

interpretation and mapping. Features mapped as pins on GE can be processed through the 

FROGLET pipeline and stored in a database for subsequent analysis and visualisation GIS 

applications. A prototype web-based application has been developed that enables a geospatial 

visualisation of the database that can be delivered over the internet and has the potential to be 

a longer-term repository for the project results.  
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Through the Keyhole: Exploiting HEXAGON spy satellite photographs in 

AARG’s Ukraine Project 
 

Martin J. F. Fowler1 

 

Introduction 

The AARG Ukraine project aims to make a rapid survey of archaeological features within a 

110 x120km area of Ukraine, later reduced to 60 x 110 km because of resource constraints, 

using readily available satellite imagery provided by Google Earth Pro (GE) (Palmer 2022). 

One limitation of the GE imagery is the temporal coverage which varies across the study area 

and is limited to images dating from the early 2000s to 2020. Complementing GE are 

digitised Soviet maps dating from the late 1970s and declassified photographs from a 

HEXAGON spy satellite mission flown in 1982, all of which are combined in a consistent 

workflow as described in the previous article (Fowler, 2022). 

 

In this article, the HEXAGON KH-9 satellite system is briefly described together with some 

of the trials, tribulations and achievements of working with HEXAGON photographs in what 

is essentially a new study area for the AARG Ukraine Working Group (WG). 

 

HEXAGON 

HEXAGON was the follow-on satellite programme to the US first generation photo-

reconnaissance satellite system, CORONA, and provided worldwide broad-area search and 

surveillance support to US strategic intelligence requirements (NRO 1992). Colloquially 

known in the media as ‘Big Bird’ on account of its size, the HEXAGON satellites were 

operational between 1971 and 1986 with nineteen missions being successfully flown. 

Originally highly classified and protected by the TALENT-KEYHOLE control system used 

for CORONA (CIA 1964)2, the photographs taken by HEXAGON were declassified in 2013. 

However, it would take a further 7 years before the ~670,000 photographs in the declassified 

archive became readily accessible through the US Geological Survey’s (USGS) 

EarthExplorer website.3 

 

The KH-9 camera system carried by the HEXAGON satellites was developed by the Perkin-

Elmer Corporation and comprised two 60-inch (1.8m) focal length panoramic cameras 

looking forward and aft of the flight track (Pressel 2013). Each camera had a stock of 31.7 km 

of film which was returned to Earth by four film recovery ‘buckets’ periodically throughout 

the mission. The ground footprint of each camera frame was up to 580 x ~24 km, depending 

on the satellite altitude and mode of operation of the cameras. 

 

KH-9 photograph frames are huge; typically, 8ft (2.4m) long and 6.6 inches (17 cm) wide. 

With a 70 cm design specification, the spatial resolution of the original negatives is broadly 

like current generation satellite sensors, albeit mainly limited to black and white tones. 

 
1 danebury216@hotmail.co.uk  
2 Hence the KH-9 designation of the HEXAGON camera system and the title of this article. 
3 https://earthexplorer.usgs.gov/  

mailto:danebury216@hotmail.co.uk
https://earthexplorer.usgs.gov/


AARGnews 65: October 2022 

 

 

 

37 

HEXAGON for Ukraine 

CORONA satellite photographs have been used in many archaeological studies since their 

declassification in 1995 (Fowler 2013; Casana 2020). Since the quality of HEXAGON 

photographs is better than those taken by CORONA, it is not surprising that they can indicate 

archaeological features, both upstanding and plough-levelled, as seen in Southern England 

(Fowler 2021) and the Near East (Hammer, FitzPatrick and Ur, 2022; Fowler, 2022). 

HEXAGON was thus considered a potentially useful source of overhead photography to 

complement the GE images for the Ukraine project. 

 

To support the project, the original requirement was for complete cloud-free coverage of the 

110x120km study area. Searching the USGS EarthExplorer website showed that 23 

HEXAGON frames were available for download, but they provided only partial cover. Thus, 

further frames were required to be scanned by the USGS at a cost of $30 per frame. 

 

Reviewing the coverage footprints of all available HEXAGON frames showed that 

approximately 500 frames from the forward-looking KH-9 camera impinge on the study 

area.4 Of these, 165 frames cover the full width of the area and 48 appear to be cloud-free 

based on the low-resolution browse images of the frames. A sequence of 8 consecutive cloud-

free frames from Mission 1217-1 taken on 18 May 1982 was identified for scanning by the 

USGS (Figure 1). The total cost of scanning these frames ($245 (£214, €240) including 

administration charges) was covered by a grant from the AARG Fund. 

 

 

Figure 1. Approximate coverage footprints of frames 21-28 acquired on 18 May 1982 by the forward-looking 
KH-9 panoramic camera of HEXAGON mission 1217-1. In reality, the panoramic distortion of the photographs 
results in bow tie shaped ground footprints rather than the trapezoid shapes depicted on the USGS 
EarthExplorer website. The original 120 x 110 km project area, split into 10 km squares, is shown in red. 

 
4 A similar number of frames from the aft-looking cameras impinged the area, but since we are not interested in 

stereoscopic cover these were not considered. 
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Figure 2 Workflow for preparing KMZ overlays from HEXAGON sub-frames for display on Google Earth. 

 

And now the fun starts … 

Each frame was scanned by the USGS at a resolution of 7μm (=3,600 dpi) and was provided 

as 10 x 882 Mbyte TIFF files (‘sub-frames’). This gave 8.8 Gbytes of data per frame and ~70 

Gbytes for the 8 frames that were paid for. Downloading the 80 sub-frame files over a 

domestic broadband connection took ~7 hours and was the fastest when ‘America was 

asleep’. Having been scanned, the frames are now available for anyone to download free from 

the EarthExplorer website. 

 

To be useful in the project, extracts from the HEXAGON photographs had to be small enough 

to be readily distributed to team members for viewing in GE. Since georeferenced TIFF 

images cannot be displayed directly in GE, a workflow was developed to produce small-sized 

(<10 Mbytes) KMZ overlays for each square of the study area. 

 

HEXAGON workflow 

The HEXAGON workflow uses freely available packages (QGIS, paint.net and ArcGIS 

Earth) to produce KMZ overlays for GE (Figure 2). A sub-frame is georeferenced in QGIS 

using ~25 control points uniformly randomly scattered across the image using a perspective 

transformation and a cubic resampling method. The georeferenced image is saved as a 

GEOTIFF image in the EPSG 3395 (WGS 84/World Mercator) coordinate reference system. 

Initially, Soviet 1:100,000 scale maps were used for the georeferencing map coordinates, but 

later Google Earth imagery displayed in QGIS as an ‘XYZ layer’ was used. This significantly 

improved the georeferencing accuracy of the sub-frames.5 An area corresponding to a 10 x 10 

km project square is then cut out and saved as a GEOTIFF file. For ‘difficult’ squares that are 

 
5 The root mean square error (RMSE) of a sample of 50 reference points in square E10 was of the order of 27.4m 

when the sub-frame is georeferenced to the 1:100,000 Soviet maps. Georeferencing to GE imagery reduced the 

RMSE error by over 50% to 12.5m for the same sample of reference points. 



AARGnews 65: October 2022 

 

 

 

39 

covered by parts of two or more HEXAGON sub-frames, the respective portions of the sub-

frames are clipped, merged and saved as a TIFF file. 

 

Since a GEOTIFF file covering a single square is of the order of 95 Mbytes in size, paint.net 

is used to sub-sample the image, contrast enhance as required, and save the image as a JPG 

compressed file. Using a sub-sampling of every other pixel (i.e., a 50% reduction in the 

number of image rows and columns), the resulting JPG is of the order of 9.5 Mbytes yet is 

still of good enough quality to indicate features for interpretation (Figure 3). 

 

Finally, the JPG image of a square is visually georeferenced back to the original rectified sub-

frame as an overlay in ArcGIS Earth and saved as a KMZ file for display in GE. Using this 

approach, the 132 KMZ files required to cover the whole of the original study area equate to 

~1.3 Gbytes of data compared to ~30 Gbytes for the 32 georeferenced sub-frame images, a 

reduction of ~95% in storage requirements. 

 

 

Figure 3. Extract showing several plough-levelled mounds on a HEXAGON snippet covering square J11 to 
illustrate image quality and final JPG file size for 3 different pixel sub-samplings. Visually, a sub-sampling of 
every other pixel (i.e., 0.5 x) is considered the best trade-off and gives a final image size for a project square of 
the order of 9.5 Mbytes. Image courtesy of the US Geological Survey. Entity ID: D3C1217-100073F027 

 
Scratches, fluff and other film anomalies 

The original HEXAGON camera products were photographic negatives and thus can suffer 

from various anomalies including those from the cameras themselves, as well as those 

introduced during the original film processing, duplication and handling, and most recently 

scanning to produce the final digital product for the USGS archive. The cameras introduced 

panoramic distortions across the film negatives with the resulting ground footprints being bow 



AARGnews 65: October 2022 

 

 

 

40 

tie shaped rather than the trapezoids shown on the EarthExplorer website (Fowler 2021). This 

type of distortion can be largely removed during georeferencing of sub-frames by using at 

least 25 control points and/or a smaller extract from the sub-frame, although it may ultimately 

limit the accuracy the georeferenced images. 

 

Physical artefacts such as scratches and ‘fluff’ introduced during the processing and 

duplication of the negatives can be easily identified and are not so much of a problem (Figure 

4A-C). Of greater concern are Newton’s rings (Figure 4D) created by the reflection of light 

between two surfaces, possibly during the duplication or scanning of the films, and which are 

apparent on the photographs in light-toned areas where they have the potential to be 

misidentified as archaeological features. Their presence reinforces the importance of 

comparing the HEXAGON photographs with GE images to support, or negate, possible 

feature identifications. 

 

 

Figure 4. Examples of scratches (A and B), fluff (C), and Newton’s rings (D) on HEXAGON satellite photographs. 
Image courtesy of the US Geological Survey. Entity ID: D3C1217-100073F027. 

 

Contribution to the project 

The scanned HEXAGON photographs from Mission 1217-1 provide high-resolution images 

dating from 1982, thus extending the temporal cover of the project area by over 20 years. 

They complement the GE images in the identification of features of interest, particularly in 

those project squares where there are only a few GE images and have the potential to show 

features that have since been destroyed. 
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Although it is still early days in the project's life, many of the archaeological features 

identified from the GE image can be seen on the HEXAGON photographs. Since they 

contribute over 75% of the features that have so far been mapped in the study area, it is not 

surprising that both extant and plough levelled mounds can be seen all over the place on the 

HEXAGON photographs (see examples in Figure 3).  

 

At least one mega-site, the Neolithic settlement sit at Maidanets’ke can be seen on the 

HEXAGON photograph of square D10. Extending over ~200ha, a magnetometry survey 

shows it comprises over 2000 houses (Hofmann et al. 2019), many of which can be traced on 

the HEXAGON photograph (Figure 5).  

 

 

 

Figure 5. Comparison of the magnetometer survey (A) of the Neolithic settlement mega-site at Maidanets’ke 
(square D10) and the corresponding HEXAGON satellite photograph (B) taken by Mission 1217-1 on 18 May 
1982. Many of the 2,000 houses visible on the magnetometer survey can be traced on the HEXAGON 
photograph. The magnetometer survey © Hofmann et al. (2019) is reproduced under the terms of the 
illustration’s Creative Commons Attribution 4.0 International (CC BY 4.0) licence. HEXAGON image courtesy of 
the US Geological Survey. Entity ID: D3C1217-100073F027. 

https://creativecommons.org/licenses/by/4.0/
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Figure 6. SA-2 GUIDELINE (S-75) medium range SAM site near Uman (project square A11). (A) Mission 1217-1 
HEXAGON photograph (B and C) and Google Earth imagery. Image courtesy of the US Geological Survey. Entity 
ID: D3C1217-100073F028. 

 
Originally taken to support US strategic intelligence requirements, HEXAGON photographs 

are ideally suited to the study of Cold War material culture. The sites so far identified are 

located towards the western edge of the project area and include two medium-range ballistic 

missile launch sites, four surface-to-air missile (SAM) launch sites, and an ammunition depot. 

Indeed, the standardised layouts of the sites make them readily identifiable on the 

photographs, as well as on GE imagery, even though all but the ammunition depot are no 

longer in use.  

 

An example of a SA-2 GUIDELINE (S-75) medium range SAM site near Uman (project 

square A11) is shown in Figure 6. The characteristic hexagon-with-circle deployment pattern 

of the launch site (Zaloga 2007) is clear on the 1982 HEXAGON photograph and on the GE 

image some 26 years later, by which time the site was out of service. By 2020, apart from the 

rectangular perimeter, the site is no longer identifiable as an SA-2 launch site. One of the 

ubiquitous burial mounds found in the project area can also be seen in the upper left-hand 

corner of all three images.  

 

Also dating from the 20th century, the remains of large building are seen to be scattered across 

the project area on the GE images (Figure 7). Initially they were suspected as being Cold War 

barracks but the extant sites on HEXAGON photographs showed no obvious perimeter wall 

or fence, no large numbers of vehicles or vehicle hardstandings, and no sports tracks which 

are generally a signature of Soviet-era military barracks. Later inspection of the Soviet maps 

showed they coincided with symbols for farms and, therefore, are likely to represent 

collective farms that have since gone out of use.  

 

Finally, there are the ‘Unidentifieds’, those features that are a challenge to understand 

(Brugioni 1969). The well-defined banks and ditches shown in Figure 8 may be associated 

with some aspect of water management, but in the absence of any collateral information this 

cannot be confirmed, and they remain ‘unidentified’. However, as our understanding of the 

landscape improves it is hoped that many of these mysterious features will be identified and 

added to the known features in the project database. 
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Figure 7. Collective farm in project square K11 shown on (A) Mission 1217-1 HEXAGON photograph, (B and C) 
Google Earth imagery, and (D) Soviet map. The designation MTФ on the Soviet map identifies the site as a dairy 
products farm. Image courtesy of the US Geological Survey. Entity ID: D3C1217-100073F027. 

 

Summary 

A workflow has been developed to produce small georeferenced KMZ files of scanned high-

resolution HEXAGON satellite photographs of the project area that reduce the image storage 

requirements by ~95% compared with the original scanned images. The KMZ overlays are 

bite-sized chunks that can be readily distributed and overlain on GE and complement the GE 

imagery by extending the cover back to 1982. By using a similar approach, scanned 

CORONA photographs can extend the cover back to the 1970s, although the quality of the 

images will not be as good as those of HEXAGON. 
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Figure 8. Mission 1217-1 HEXAGON photograph of one of the ‘Unidentifieds’. Well-defined banks and ditches 
possibly associated with some aspect of water management found in project square J11. Image courtesy of the 
US Geological Survey. Entity ID: D3C1217-100073F027. 

 

Many of the archaeological features identified from the GE images can be seen on the 

HEXAGON photographs, including numerous extant and plough levelled mounds and the 

Neolithic mega-site at Maidanets’ke. Other features include missile launch sites dating from 

the Cold War, collective farms, as well as several ‘Unidentifieds’ that are presently a 

challenge to understand. At a total cost of €240, the scanned HEXAGON photographs 

represent a highly cost-effective source of high-resolution historical satellite photography of 

the 13,200 km2 project area, and in the words of one of the WG members: “HEXAGON 

images are bl**dy good!” 
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Meeting in a meeting: AARG meeting disguised as TRAIL meeting 
 

Agnes Schneider1 (Technical University Berlin/Leiden University), Simon Seyfried 

(University of Marburg), Antonio Jesús Ortíz Villarejo (University of Jaén) and Erica Wynter 

(University of South Africa) 

 

Introduction 

Workshops always offer more than the skills you learn while attending. TRAIL 2022 

(Training and Research in the Archaeological Interpretation of Lidar) did not disappoint. The 

opportunity to meet and discuss ideas with leading researchers in the field of archaeological 

remote sensing was invaluable. We gained deeper insight into where research in utilising, 

interpreting and analysing Lidar is heading and glimpsed thought processes that are rarely if 

ever put in a journal for you to read about. This exposure is especially important and 

stimulating for ECR researchers or for those who are just getting started with using remote 

sensing data and especially Lidar. 

 

As members of the AARG photo reading group we finally had the opportunity to cement the 

bonds of friendship we had tentatively started to make online during the pandemic and we 

also expanded our family with new friends. 

 

Participants at TRAIL 2022.  Photo: © 2022 Ziga Kokalj, ZRC SAZU 

 

The training at TRAIL 2022 

The training at the TRAIL meeting was divided into two main parts: on the first day, after the 

tone setting workshop and an introduction, keynote lectures and lectures were given by 

specialists. The lectures  built cognitively upon each other starting with the processing, 

analysis and use of archaeological lidar data. Between the keynote lectures and the lectures it 

was possible to present your own research during the poster session. 

 

The onset 

The training started with workshop 0, “Introduction in the archaeological interpretation of 

airborne lidar derived data” by Benjamin Štular and Edisa Lozić (Research Centre of the 

Slovenian Academy of Sciences and Arts/ZRC SAZU). This workshop provided an in-depth 

insight to the processing of Lidar data. Participants were guided step-by-step through the 

basic workflow for using Lidar data  using the Open Lidar Toolbox (OLI, Štular et al., 2021). 

 
1
 euboia@gmail.com  

mailto:euboia@gmail.com
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This is an open source QGIS plugin which compliments the Relief Visualisation Toolbox 

(Kokalj, et al. 2022). The plugin provides visualisation techniques for analysing 

archaeological landscapes building on Lidar point cloud analysis: OLI allows the direct 

processing of lidar point clouds using automatic classification, DFM (Digital Feature Model) 

and confidence map generation. Subsequently derivatives or visualisations can be  generated, 

using the functionalities of RVT, which is also incorporated in the one-step-processing 

alternative. 

 

The QGIS plugin OLI is a very important step towards archaeologists taking control over the 

processing of Lidar data . OLI is an easy-to-use tool (a one-step solution or being able to 

create a detailed processing chain) that will enable more archaeologists to participate in what 

is a generally opaque field of study reserved for specialists and making the black box more 

accessible. 

  

This workshop 0 set the tone for the training program and was followed by the introduction 

where the participants could discuss their own experience with lidar and what they expected 

from the meeting. The workshops following the lectures were organised in two shifts, 

participants were divided into two groups, blending the different experience levels. This 

enabled less experienced users to learn from each other during the workshops, by pairing up 

with those more experienced. This was also a great team building exercise, and enabled the 

participants to not only learn from each other but to learn about the background and methods 

of each other.   

 

Keynote lectures 

The first keynote lecture “Airborne lidar data processing and contemporary landscape 

archaeology” was given by Benjamin Štular and Edisa Lozić. They emphasised the fact that 

lidar data was expected to bring a paradigm shift in landscape archaeology because it 

increases the archaeological knowledge by 5 to10 fold and can shed new light on old topics 

and point into new research directions. The limited availability of lidar data in many countries 

and continents and the fact, that lidar derived derivatives are often seen as “pretty pictures”, 

because the knowledge of lidar processing is basically a black box and thus lidar-derived data 

is often misunderstood, misinterpreted and underappreciated, slowed this shift down 

exponentially. They propose to move on to lidar 2.0: by broadening the reach of the non-

specialists and making the black box more transparent with the right tools, such as the OLI 

QGIS plugin, which was developed by the presenters, landscape archaeologists to do exactly 

this: to process, understand and disseminate their own data. 

 

Žiga Kokalj (ZRC SAZU) gave the second keynote lecture “Deep learning, airborne laser 

scanning and archaeology” giving us insight to the automated analysis of lidar data and 

useful tools. He stressed that archaeology can learn from methods used in Earth Observation, 

e.g. using Convolutional Neural Networks (CNNs), which are great for classifying images. By 

giving an introduction to deep learning he introduced the different types of automated 

detection approaches (image classification, object detection, semantic and instance 

segmentation) and how they work. Using the automated detection of Maya archaeology as 

case study he demonstrated a complete workflow with recommendations for each step. He 

emphasised that it is difficult to select one best performing approach a priori and that 

combining models can enhance performance. Last but not least, Žiga mentioned FAIR 

(findable, accessible, interoperable reusable) software solutions, such as the Relief 
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Visualisation Toolbox (RVT) and the AiTLAS Toolbox which are written in Python v3 and 

can be used in Conda, as plugin (RVT in QGIS) or a standalone configurable app (AiTLAS).  

 

The third keynote lecture “A global overview of technical, ethical and other issues in the 

acquisition and use of lidar data'' presented by Damien Evans (French Institute of Asian 

Studies, Paris) highlighted the persistent problem of inequality of data collection and the 

limited availability of lidar data on a global scale, which remains an issue for landscape 

archaeology. [From the AARG attendees present, this is true for Hungary and South Africa. 

In the case of Spain and Germany the situation is more complex: lidar data exists but often the 

quality is poor.] Alongside these other challenges and tensions were discussed which are often 

overlooked by the research purpose and are a lot subtler, such as the interest and ownership of 

indigeneous groups over the 3D facsimiles of their cultural heritage.  

 

Lectures 

Laure Nuninger (Université de Franche-Comté, Besançon & CNRS), Philipp Verhagen (Vrije 

Universiteit Amsterdam) & Catherine Fruchart (Université de Franche-Comté) in their lecture 

“Linking theories, past practices, and archaeological remains of movement through 

ontological reasoning” invited the audience to think about how to draw on the rich lidar 

datasets available to draw together evidence of past movements and linking it to human 

habits/behaviour. They suggest a computational-ontological approach using FAIR principles.  

lidar records data indiscriminately and is therefore able to provide us with traces of past 

movement if we know how to look for it.  By breaking down and describing these links into 

basic entities and their relationships, these movement practices can be reconstructed, analysed 

and compared. 

 

Rachel Opitz (University of Glasgow) in her lecture “Re-thinking the landscape through 

the lens of archaeological ALS” encouraged us to reorientate how we think about 

archaeology, the landscape, and lidar data: to see our métier as a tool to disseminate research 

to the public and include the public in research (citizen science) and cultural heritage 

management (community archaeology). She also makes an important point by emphasising 

the importance of seeing archaeology as a resource to learn about the past, how past 

communities dealt with the landscape and how they adapted to changes, so that we can shape 

our Anthropocene better and tap into the power of resilience and sustainability. She also 

stressed that at the same time it is also important to rethink what is valuable in a landscape, 

which we can do by using lidar data. To derive the most benefit out of it we need to update 

our toolbox to be able to handle this, in an archaeological sense, big data set. Along these 

lines archaeology also has to work with and hopefully develop new sustainable land use 

strategies as well.  

 

Cinzia Bettineschi (Universität Augsburg) and Luigi Magnini (Università di Sassari) in their 

talk “Fly now, shovel later. An analytical perspective for UAV prospection in 

archaeology” gave insight on the use of UAVs, with particular emphasis on the great 

flexibility offered by this method. Examples were given for archaeological landscape 

monitoring under spatial-temporal aspects using different data sensors as well as the products 

that can be generated. A comparison and special emphasis of the potential of UAV-based data 

compared to traditional survey methods such as satellite or aircraft remote sensing was given. 

Furthermore, the potential was illustrated by means of various case studies. 
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Workshops  

The rest of the workshops were spread over two days. Two of the workshops were aimed at 

the automated analysis and interpretation of lidar data using state-of-the-art methods. The 

fourth workshop was focussing on the acquisition of lidar data by UAV.   

 

Mindful creation of learning sets 

This workshop - run by Rachel Opitz and Laure Nuninger - concentrated on the challenges of 

creating learning datasets for the automated detection and classification of archaeological 

objects. All results are only as good as the input learning data sets: they are the key point and 

impact the accuracy of the predictions.  

 

The construction of a mindful dataset was elaborated, starting with the most important 

question: what are you trying to detect? What errors are you going to tolerate? How accurate 

are you in your manual interpretation? Do you want general or specific classes? The 

Glenesslin Survey data was used to point out important points like the consistency of the 

appearance of a site, the accuracy of the survey data, availability of different data sources and 

enough information on the objects one tries to detect. In addition and most of all: the 

robustness and interpretability of the input dataset is needed.  

 

Machine learning in general and more specifically Deep Learning is seen as a black box. 

Lately different methods exist which can shed light on what happens inside a machine 

learning algorithm. The workshop introduced gradCAMs amongst others and hands-on 

exercises to explore which part of the image is meaningful to the CNN.   

 

Deep Learning: Workflow 

Wouter Verschoof van-der Vaart (Leiden University) and Lucy Killoran (University of 

Glasgow) built their workshop on top of the  on the “Mindful creation of learning sets” 

workshop and introduced a complete workflow for automated archaeological object detection 

using Deep Learning, concentrating specifically on CNNs, which deliver great results in 

classifying images. Besides the general elements of a workflow also the challenges (small and 

scarce objects and objects of confusion) were discussed.  

 

The workflow was presented as a hands-on exercise on the example of hollow-road detection 

in lidar data from the Veluwe, Netherlands using CarcassonNet (Verschoof-van der Vaart & 

Landauer, 2021). The workshop was a perfect practical hands-on tutorial for the participants 

by walking through every step of the workflow. The manual archaeological quality check 

followed as the last step.  

 

The workshop served as a brief introduction for the majority of attendants, due to the learning 

curve that AI poses for non-specialists. It demonstrated the powerful capacity of Deep 

Learning.  

 

Archaeological applications of UAV-borne lidar 

The UAV workshop was held by Elise Fovet (Université Clermont Auvergne), Carine 

Calastrenc (CNRS) and Cinzia Bettineschi. A wide range of topics were covered: from 

technical and legal flight preparations, flight execution, data acquisition and comparative data 

analysis of lidar point clouds. It was particularly interesting that the data was collected and 

analysed for archaeological purposes. The workshop compared the quality of two different 

data sets taken from the same site but at different times. Using open source software 
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CloudCompare, the course analysed the data quality and discussed the reasons for the 

differences. 

 

All workshops were designed to complement and build upon each other, establishing a useful 

base to continue working with lidar data in a reliable manner and showing the prospective 

future of lidar data analysis. 

 

The workshop was closed by a retrospective and conclusive presentation by Philippe 

Verhagen (Vrije Universiteit Amsterdam), who summarised the topics addressed during the 

meeting: transforming lidar from data to knowledge. He posed the important question if lidar 

is FAIR/ER and how it can become like that through reproducibility. Philippe concluded that 

new technology such as Grad-CAMs, CarcassonNet, helps the user to turn machine learning 

to knowledge, thereby helping us to understand it (at least statistically) better. But we have to 

use it wisely, because if garbage goes in, then garbage also comes out. 

 

Conclusion 

Two social highlights characterise the TRAIL meeting: the wine tasting on the first evening in 

the poster session room and the international dinner on the second/last evening. During the 

wine tasting a chance is given to taste wine from Slovenia and chat about and discuss your 

research under more relaxed circumstances. The international dinner is “the” most anticipated 

social event, a real pot-luck! Every participant brings food and drink from their own country. 

Being about 35 participants plus the instructors and the organising team, the international 

dinner was comparable to Luculls’ banquet. The conversations from the previous evening 

continued and acquaintances turned to friendships over international food and drinks at the 

end of the night, which the authors of this report can only affirm. 
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If you are inspired to learn, delve deeper into a topic, or to explore new unchartered 

territories, then this meeting has achieved its goal. TRAIL 2022 certainly delivered on this 

and we encourage anyone interested in archaeological interpretation of lidar to keep a look 

out for information on TRAIL 2024, we certainly will be. 

 

We would all like to say a special thank you 

to Darja Grossman for inviting us to dinner 

for our last night in Ljubljana (right). 

Meeting you and having the opportunity to 

have a celebratory dinner with you was 

incredibly special. Slovenia was an exquisite 

setting; the workshop organisers and 

attendants were wonderful, the food was 

great and the scenery exceeded expectations. 

The Slovenian people were friendly and 

welcoming.  

 

Link to the workshop website: 

https://trail.zrc-sazu.si 
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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. https://a-a-r-g.eu/  
 

Membership/subscription rates:  Individual  £15.00  17.00 Euro   

     Students  £10.00  12.00 Euro  

     Institutional £25.00  29.00 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). 

https://a-a-r-g.eu/
mailto:aarg.secretary@googlemail.com
mailto:aargchair@gmail.com

