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Introduction

Automatic feature extraction has been initially developed for industrial applications.

In this case, the investigated element are characterized by :

« Easily » recognizable characteristics
Relatively high resolution data (3D pointcloud or image)



Introduction

A new domain for this application : the use of Airborne Laser Scanning (ALS) of
archaeological regions of interest allowing accurate topographic and micro
topographic description.

The obtained point clouds produce a huge
quantity of data. They are still generally
analyzed by a human operator. This process
Is time-consuming, subjective and may be
non-exhaustive.

It’s why a method of automatic detection My
and characterization of archaeological
structures, based on signal processing
algorithm has been developed.

"' Example of archaeological structure,

discovered with a LIDAR (Auvergne- France)




The automatic detection process is applied to former agricultural constructions, built from the
medieval to the modern period, and cold “Tras”

They can be found in very high densities in some places in Auvergne. These structures have been
chosen to test the process of automatic detection because they are particularly delicate to treat :
they are indeed very variable in forms, appearing sometimes isolated, sometimes in group.




Introduction

LIDAR for our application
From 3D point cloud to Local Relief Model
Automatic detection applied to archaeological structures

Conclusion




LIDAR for our application

View of the investigated zone located near the Puy de Déme volcano.
It is covered by a dense forest of deciduous trees.




LIDAR for our application

Digital Terrain Model (DTM) obtained from the LIDAR results.




Process used to calculate the DEM




Process used to calculate the DTM

Classification of ground points

General point cloud

Ground points Vegetation points



Example of classification problems

Ground points Elevation points
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« Refinements of ALS point cloud through the assessment of bare earth classification algorithms », Simon F-X et al




Process used to calculate the DEM

Classification of ground points




Process used to calculate the DEM

J

Classification of ground points




Presentation of the investigated zone

In our case, we will focus on a smaller zone, in order to test the automatic detection process.




Presentation of the investigated zone

* Not efficient for structure detection, because the elevation variation due to the archaeological
structures are very small compared to natural altitude variations in the studied area.

» Necessity to find another representation of the data.



A classical vizualization technique

»  The hillshade function is the most commonly used in GIS software. The position of an artificial illumination
source is arbitrary chosen by the operator, and the illumination values are calculated for each cell or the DEM.

» Archaeological structured shadows become then visible, but it introduces an error of position and the shape of
each structures is distorted.



The most appropriated vizualisation technique

Hillshade MDOW

SVF




Automatic detection and characteristic extraction

3D representation

The difficulty is to indentify structures with different typologies
(composed of a variable number of elements) and being more or
less eroded.
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Automatic detection and characteristic extraction

The difficulty is to indentify structures with different typologies
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Difficulties for automatic detection

The difficulty is to indentify structures with different typologies
(composed of a variable number of elements) and being more or
less eroded.



Difficulties for automatic detection

2 questions, before starting automatic detection :

What are the features of the item of interest ?

&

What is our strategy for automatic detection ?




What are the features of the item of interest

It is so easy to identify ! A black circle, surrounded by a white circle !

But is it so simple...



What are the features of the item of interest

Let’s look closer : Are the structure really circular, or square, or oval... ?
Are they always surrounded by a white part ?




What are the features of the item of interest

If we look much closer :
It becomes more and more difficult to define the structures boundary.
Worse yet, 2 « similar » structures seems now to be different




What about artifacts ?

An archaeological structure may be easy to differentiate from natural relief

But is it so simple...



What about artifacts ?




What about artefacts ?

At this scale, the difference between two archaeological structures is nearly of the
same order as the one between an archaeological structure and an artefact

It is at this scale that the automatic detection will process.
The human eye + brain have a filtering effect, that has to be replaced by objective
criteria for the automatic detection



So, what about the detection strategy ?

The detection must be a multi-criteria detection

& general aspect considerations
& morphometric considerations

Necessity to build a model of the structure

The strategy of detection must be chosen

1) A high similarity with the model is preferred :
benefit : there will be few artifacts
drawback : the eroded or unusual structures won’t be detected

2) A lower similarity with the model is preferred :
benefit : the eroded or unusual structures will be detected
drawback : there will be more artifacts



Automatic detection and characteristic extraction algorithm
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Automatic detection and characteristic extraction algorithm
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Automatic extraction of the item

Dimension, ratio L/l, morphology

main properties



Automatic detection and characteristic extraction algorithm

Automatic extraction of the item

main properties




Automatic detection and characteristic extraction algorithm
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Automatic extraction of the item
main properties




Automatic detection and characteristic extraction algorithm

matic extraction of the item
main properties




Automatic detection and characteristic extraction algorithm

Coupled detection using both :
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Automatic detection and characteristic extraction algorithm




Automatic detection and characteristic extraction algorithm

Detection of all the elements

corresponding to a negative
altitude ( hollow + corridor)

It includes hollow parts and corridors

Corridor

Hollows




Automatic detection and characteristic extraction algorithm

Detection of all the elements

corresponding to a negative
altitude ( hollow + corridor)

It includes hollow parts and corridors

Corridor

Hollows




utomatic detection and characteristic extraction algorithm

Detection of all the elements
corresponding to a negative
altitude ( hollow + corridor)




Automatic detection and characteristic extraction algorithm

Detection of all the elements
corresponding to a negative

altitude ( hollow + corridor




Automatic detection and characteristic extraction algorithm




Automatic detection and characteristic extraction algorithm

Creation of a database with
all geometric characteristics
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Conclusion — Further research

Quantitative interpretation (only for the hollow part : elementary structure)
Expert detection : 225 structures (Results obtained by E. Roussel)

SUCCESSFUL DETECTIONS (N=204)  ERRONEOUS DETECTIONS (N=76) UNDETECTED (N=21)

TYPES OF ERRONEOUS DETECTIONS (N=76) TYPES OF UNDETECTED STRUCTURE (N=21)
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Conclusion

The efficiency of the automatic detection has been demonstrated.

Only 9.3 % of the structure have been undetected, and 76 % of them correspond to
eroded elements (some elements, very eroded and close to each other, have been
detected as just one element).

94.7 % of erroneous detections correspond to other archaeological or anthropological
features.

Further research

Improvement of the algorithm efficiency (less erroneous detection).
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Application for other archaeological structures (example of charcoal kiln, easier to
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Application for other archaeological structures
(example of charcoal kiln, Charente - France)

Graziella Rassat, Rémi Crouzevialle, Fabien Cerbelaud




Application for other archaeological structures
(example of charcoal kiln, Charente - France)

Graziella Rassat, Rémi Crouzevialle, Fabien Cerbelaud

Results of automatic detection LRM



Conclusion

The efficiency of the automatic detection has been demonstrated.

Only 9.3 % of the structure have been undetected, and 76 % of them correspond to
eroded elements (some elements, very eroded and close to each other, have been
detected as just one element).

94.7 % of erroneous detections correspond to other archaeological or anthropological
features.

Further research

Improvement of the algorithm efficiency (less erroneous detection).

Application for other archaeological structures (example of charcoal kiln, easier to
identify).

Development of automatic detection and morphologic extraction directly from the 3D
point cloud, and so with no modifications due to filtering and more precision.



Thank you very much for your attention !
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Vérification de la pertinence des données
Détection et comptage des structures
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Non détectées

COALESCENTS 7

Détections abusives

Détection experte : 225
Détection automatique : 285

Parmi les 225 structures identifiées par expertise, 204 sont
détectées automatiquement (Taux de succes : 91%)

Les non-détectées (21) correspondent a des formes trés
érodées (15) ou coalescentes (5)

Les détections abusives (76) sont identifiées comme :

* des formes annexes aux cellules (couloirs d’acceés : 34) ou
dérivées (dépressions périphériques : 6)

« d’autres structures anthropiques non caractérisées (16), des
troncons de chemin (15)

* des dépressions naturelles (4)

détectée




Utilisation des polygones de contour automatisé pour revenir aux données sources (nuage de
points LiDAR)

Sélection des points LiDAR a l'intérieur du polygone
(zone tampon de 2 m)

Superposition de la couche polygone automatisé sur
le nuage de points Lidar
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Archaeomorphological analysis has allowed us to establish different types of agro-pastoral structures that have then been verified by archaeological surveys.
2 main morphological types have been identified, based on different structural features that could be associated with different typologies, functionalities and / or

chronologies.
* TYPE “A”.

*TYPE “B".

Type “A” is characterized by the alignment of muitiple units comprising a Type “B” is characterized by structures with two rooms: one room of
rectangular or square room connected to a long and narrow access corridor. smaller dimensions which gives access to a second larger room across a
These structures are hollowed in the ground. The average measures of the short hallway or access space. These structures are mainly located in
rooms are 6'5/7 m (W) x 5'5/6'S m (L) and 1'S m (W) x 9 m (L) for the corridors. single format and rarely in groups. Measuring averages are: 6'S (W) x 5'5

(L) for the big room; 4'5/5'% (W) x 4 (L) for the small room; and 1'40 (W)
x 2 (L) for the hallway. These structures are also hollowed in the ground.
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