N
5 K/} , ;/ ‘
Rock Art Session
Theory & Practice: Scandinavian Rock Art
Ashely Green

Research Engineer
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University of Gothenburg, Sweden

‘;;? ;



Outline

Contextualise rock art
* Rock art and deep learning
e Data sets

e Exercises:
* Training a model
* Prediction
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Scandinavian Rock Art i 7

e ca. 26000 rock art sites

* Paintings + Carvings
e Paintings date to Stone Age (5000
BCE+)

e Carvings date to the Bronze Age —
Iron Age (1700 BCE — OAD)

* Figurative + Non-Figurative motifs
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Scandinavian Rock Art




LEFT: RockCare 2004. Rubbing of
L7944:2485 - SHFA.
shfa.dh.gu.se/image/133392

MIDDLE: Rabitz Johansen, M. 2012.
Rubbing of L1970.8075 — SHFA.
shfa.dh.gu.se/image/133890

RIGHT: Toreld, A. and Lundenmark, H.
2020. Rubbing of L2020:8854 - SHFA.
shfa.dh.gu.se/image/137048




TOP: Burenhult, G. 1971. Graphic of L1991:1519 -
SHFA. shfa.dh.gu.se/image/133219

BOTTOM: Andersson, T. and Toreld, A. 2016. Tracing
(Plastic) of L1959.2876 - SHFA.
shfa.dh.gu.se/image/130494
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Funnen och dokumenterad 2016 av Tommy Andersson och Andreas Toreld, projekt hallristning.se




LEFT: Hogberg, T.1973. Slide of L1968:7557 - SHFA.
shfa.dh.gu.se/image/133964

MIDDLE: Andersson, T. and Toreld, A. 2021. Photo of
L1969:3260 - SHFA. shfa.dh.gu.se/image/137125

RIGHT: Green, A. 2025. Photo of L2003:1087 - SHFA.
shfa.dh.gu.se/image/137020




RIGHT: Potter, R. 2022. Overview photo of L1969:6090 -
SHFA. shfa.dh.gu.se/image/135574

LEFT: Potter, R. 2022. Overview photo of L1969:5867 - SHFA.
shfa.dh.gu.se/image/135586
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L1968:7697 - SHFA.

shfa.dh.gu.se/image/125697
L1970:8822 - SHFA.

shfa.dh.gu.se/image/125300
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Potter, R. 2026. Orthophoto (SIM) of [ 1963:6913 - SHFA. shfa.dh.gu.se/image/137135




So why don’t we use some of
these documentations for
training?



Colour
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Colour
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68.7559 - SHFA. shfa.dh.gu.se/image/135270 Visualisation of L1968:7559. Visualisation: A. Green, Model: R. Potter
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Potter, R. 2022. Orthophoto of L19



Annotation for supervised learning

Bertilsson, C. 2002. Photo of L1968.6295 - SHFA. Hogberg, T.1984. Slide of L1990.608 Moyano Di Carlo, J. 2022. Orthophoto of L1968.7305 - SHFA.
shfa.dh.gu.se/image/110376 - SHFA. shfa.dh.gu.se/image/136698 shfa.dh.gu.se/image/137230



Annotation for supervised learning




Annotation for supervised learning
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Georeferencing
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Sources: Esri, TomTom, Garmin, FAO, NOAA, USGS, © OpenStreetMap
contributors, and the GIS User Community, Sources: Esri, Vantor, Airbus DS,
USGS, NGA, NASA, CGIAR, N Robinson, NCEAS, NLS, OS, NMA,
Geodatastyrelsen, Rijkswaterstaat, GSA, Geoland, FEMA, Intermap, and the GIS
user community
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Isualisation

e Enhance shallow features in 3D data

* Developed for rock art in West
Sweden

 Planar surfaces Topography 5 .8,

Visualisation

: Toolbox
i 3 D m O d e | S + PO I nt C | O U d S Is to enhance small topographic »

ations in surface meshes

number of indit

e L ocal relief model (LRM

The progr

If you use e for your work se the information bel

rib

V | | {Topography Visualisation Toolbox (TVT)},
{v2.1.0},
{2025},

Download TVT Download TVT

(Windows) &, (Mac08) &, Publication 71

o Cutantiom | okt SHFA | Dept. of Historical Studies | GRIDH

Ashely Green |

- tvt.dh.gu.se



Visualisation

Input data (mesh
or point data)

Interpolate
points to
gridded image

Generate
blended image

Mesh pre-
processed
according to
user selection

Plot depth,
normal, and
texture maps

Save RGB and
greyscale
images

Mesh vertices
extracted

Subtract
smoothed depth
map from
original

Cleaning,
rotation, scaling

Enhance topo
map with CLAHE



Visualisation

* Uses Digital Elevation Model (DEM)

e | RM method
&

T

Workspace Ma...

arcq /1LPEGN3 . e

Horn, C., Pitman, D., Potter, R., 2019. An evaluation of the visualisation and interpretive potential of applying GIS data processing techniques to 3D rock art data. Journal of Archaeological Science:
Reports 27, 101971.

l- StandardDev...



https://doi.org/10.1016/j.jasrep.2019.101971

Complexities of Rock Art

* Small objects

e Superimpositions (Overlapping motifs)
* Updated moitifs

* Eroded motifs

* Inclusion of natural rock features

e Similar shapes

* Variability within classes

* Overrepresentation of some classes




Dataset — Current State

* Full dataset of 418 3D models (laser
scan and SfM)

* Use enhanced greyscale visualisations

e 2 interns annotated a sample of 375
visualisations in ArcGIS/QGIS

* Label hierarchy based on keywords in
the SHFA database
e Label (/5) > Subcategory (26) > Category (9)

*Dataset contains 3D data from SHFA, Lansstyrelsen Vastra
Gotaland, and Dept of Historical Studies (GU)
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Dataset Export

1. Tile images with script in ArcGIS Pro
e Similar plugins for QGIS (not tested!)

2. Polygons are clipped to the tile extent

3. Extract the vertices of each polygon and calculate their
coordinates relative to the new image size

4. Create a text file with the class id and coordinates for each
polygon in an image



Dataset Export
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Annotation Demo

Optional: Try annotating a few visualisations of varying difficulty using
Label Studio
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https://labelling.dh.gu.se/projects/9/data?tab=12&task=5198
https://labelling.dh.gu.se/projects/9/data?tab=12&task=5198
https://tinyurl.com/labelling-ra
https://tinyurl.com/labelling-ra
https://tinyurl.com/labelling-ra
https://tinyurl.com/labelling-ra

Exercise

* Instance segmentation model for cupmarks (using a limited dataset)
* Focus on small object detection

* Export predictions with real-world coordinates

*

Why cupmarks?

The minimum estimate of cupmarks in Fennoscandia is 500,000 — making them the most
common motif

* Regularly occur in other rock art traditions
 Form patterns that are difficult to research further without vectorised data

Little variation and high frequency can skew models that include cupmarks with other
classes



Exercise



https://colab.research.google.com/drive/1jMxgBcO6QY1RwuNIcQuHPjuiqpEwMx78?usp=sharing
https://colab.research.google.com/drive/1jMxgBcO6QY1RwuNIcQuHPjuiqpEwMx78?usp=sharing
https://colab.research.google.com/drive/1jMxgBcO6QY1RwuNIcQuHPjuiqpEwMx78?usp=sharing
https://colab.research.google.com/drive/1jMxgBcO6QY1RwuNIcQuHPjuiqpEwMx78?usp=sharing
https://tinyurl.com/ra-demo
https://tinyurl.com/ra-demo
https://tinyurl.com/ra-demo
https://tinyurl.com/ra-demo
https://tinyurl.com/ra-demo
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