ANOMALY DETECTION IN
OPERATIONAL MUON
CARGO INSPECTION

Angel Bueno Rodriguez

Muographers 2026

Budapest, Hungary | m #
= T " DLR

Session: Muon Imaging for Safety, Security, and Health



Thanks to collaborators!

Angel Bueno Rodriguez Christina Hrytsiuk

Felix Sattler Kaarel Tark
Madis Kiis

Maximilian Perez-Prada
Jean Marco Alameddine
Maurice Stephan

Sarah Barnes



Simulation Real
~ Data Measurements

LN .
llhl‘i””ﬂ}l \E_';'i “Y‘\
| 3 AL | |
i Bl
"ll’ | HRten
&L lX ‘ ‘ IEII ::‘ i




-

Y

-
'
->
-

Simulation Real
Data Measurements

i'j &
.

Domain
gap

Simulation Real measurements
Data 2D slice Data 2D slice



Domain Real
gap Measurements

| . o
Simulation Real measurements
Data 2D slice : Data 2D slice

A : -~ P
B POy

Can we train an Al on synthetic data that
successfully detects anomalies In real
muon tomography measurements?




Anomaly detection for muon tomography

DLR

« We establish the sim2real pipeline, from early scenario definition to real measurement generalization
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Muon Simulation Sim2Real pipeline & generalization
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Target scenario 3D Modeling: B2G4 :

3D Mesh Library

Shipping Contraband
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Realistic Simulation Logic: different IBC container setups, liquids and fill levels




Muon Simulation

Muon Simulation
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Anomaly detection in SilentBorder: NN 4#7
DLR

Suspicious and contraband materials can take on many different forms and configurations,
making them very challenging to identify. Thus, we do not assume exact ground truth labels.
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Sim2Real pipeline & generalization
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Real-World Generalization 4#7

= Best performing model jointly trained with synthetic IBC1+IBC2 with AUROC (>0.75) and AUPRC (>0.84)

Svnthetic predictions Real Data
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Anomaly detection in SilentBorder: NN Attn. 4#7
DLR
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Real data with small anomaly: The attention maps within the network can already

highlight the main components of the scanned scene ... and something within the
IBC.
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Anomaly detection: Conclusions 4#7

We Dbridge the simulation-to-real gap: trained on
synthetic data, the pipeline detects anomalies on real
scans.

Input

Attention mechanisms can direct the focus of the network
to specific anomalies. The introduced attention
specializes in localizing anomalous homogeneous
regions at the slice level, without assuming prior
knowledge of the contraband.

Anomaly

Next, in SilentBorder2.0 (See Sarah’s Talk), we will
introduce larger datasets, more cases, and more realistic
samples to enhance the anomaly introduced here

Anomaly detection on an post-demo
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