
➢ The proposed automated pipeline demonstrates promising performance, with model’s inferences showing good agreement with manual visual inspection by archaeologists;
➢ The results of a transferability test in Iran show the need for regional fine-tuning;
➢ Improving the detection performance using high resolution SAR data (e.g., COSMO-SkyMed Imagery) and data fusion with optical data. Fine tuning of foundation models for EO.
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GROUND TRUTH

PREDICTIONS

3-Channel 
Composite

F1- score
Average
Precision 

@50
IoU-score

Sentinel-2 
R-G-B

0.241 ± 0.012 0.160 ± 0.009 0.116 ± 0.009

Sentinel-1 
VV-VH-VV

0.242 ± 0.008 0.159 ± 0.016 0.160 ± 0.009

COP-30 DEM’s
Derivatives

0.504 ± 0.010 0.459 ± 0.014 0.363 ± 0.051

Our Composite
Sentinel-1 + COP-30 DEM

0.541 ± 0.015 0.508 ± 0.017 0.352 ± 0.068

Performance Metrics over the Test Area 
for Different Remote Sensing Data

Transferability test over Iran: The model shows a
moderate transferability over a test area in Iran, with an
F1-score of 0.354 ± 0.027, an average precision of 0.293 ±
0.029 and an IoU-score of 0.098 ± 0.026.

COP-30 DEM

SENTINEL-1 
(VV-VH bands) 

ARCHAEOLOGICAL 
DATA

PRE-PROCESSING

Our Composite
Ch1: mean ascVV
Ch2: mean ascVH
Ch3: Topographic 

Position Index 

(r = 240 m)

Southern Mesopotamian Floodplain (Iraq)
Size:⁓ 57000 km2

Land Cover: Primarily covered by croplands
(41.14%) and bare and sparse vegetation
(37.89%)

Remote Sensing Data
• Multitemporal Sentinel-1 IW GRD

amplitude images. Acquisition date: 2021-
2023. Spatial resolution: 10 meters;

• Copernicus Global 30-m DEM (COP-30 DEM)
from the TanDEM-X mission. Acquisition
date: 2011-2014. Spatial resolution: 30
meters.

3574 tell sites after filtering for ML application.
Archaeological data from Casini et al.[1] and
Pedersen[2] plus our integration.
Elevation mostly ranging from 1.4 to 3.3
meters, and maximum diameter from 139 to
310 meters.

Tell sites are Neolithic and Bronze Age settlement mounds peculiar of the Near
and Middle Eastern landscapes. Elliptical in shape and located along or close to
ancient rivers’ banks. Identifiable through their topographical and microwave
backscatter signature.

Proposing a novel supervised Machine Learning (ML) pipeline:

➢ Rapid and accurate large scale tell site mapping on satellite Synthetic Aperture
Radar (SAR) products;

➢ Transferability to other study areas with similar archaeological landscapes;
➢ Establishes a baseline for future deep learning research utilizing SAR data in 

Archaeology.

Output: distribution maps of potential tell sites.

YOLOv8-Seg

Accuracy
Assessment

(Average Precision, 
F1-Score, IoU)

IMAGES + 
LABELS

x

✓✓

YOLOv8-Seg: State-of-the-art model for 
instance segmentation.
Bounding boxes with model’s confidence level 
in detection plus segmentation masks

• Study area split in training (90%) and test 
areas (10%);

• Training conducted on the IIT High-
Performing Computing (HPC) Cluster 
“Franklin” using 4 NVIDIA Tesla V100 
GPUs;

• k-fold grid based cross-validation 
strategy for hyperparameters’ tuning: 
image size (128, 256, 512), batch size 
(16, 32, 64) and percentage of empty 
tiles (1%, 10%, 20%).

DEEP LEARNING-BASED APPROACH RESULTS

CONCLUSIONS & FUTURE STEPS
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