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INTRODUCTION

CONCLUSIONS
• UMAD is a large real-world dataset suitable for both 

anomaly detection and change detection tasks.
• The robotic system we proposed provides an excellent 

data collection solution for scene change detection.
• The adaptive warping method we proposed can be 

extended to other scenarios, providing paired images for 
tasks such as style transfer. Dataset and Code

Refer to our paper for 
more details！

Motivation
Generally, anomaly detection can be categorized into reference-based anomaly 
detection and anomaly detection without reference.
For anomaly detection without reference problem:
• It is closely related to out-of-distribution (OoD) object detection, and the OoD

are challenging to apply in real-world scenarios.
• The definition of anomalous objects is not clear in OoD-based anomaly 

detection (like the picture below).
For reference-based anomaly detection:
• There is a lack of datasets and benchmarks for reference-based anomaly 

detection methods.
• It is closely related to change detection, and high-precision change detection 

relies on high-precision image alignment.

Contributions
• We propose a large comprehensive reference-based anomaly detection 

dataset for robotic patrol applications under different lighting conditions.
• We propose an adaptive image warping method that approximately 

achieves pixel-wise alignment between the reference and query images to 
facilitate anomaly detection via change detection in the aligned reference 
and query images.

• We conduct experiments based on the baseline models for anomaly 
detection on the UMAD dataset and reveal future feasible directions of 
anomaly detection research based on analyzing their performance.

Flowchart of Adaptive Warping

DATA COLLECTION AND PRE-PROCESSING

The entire data collection and data pre-processing system of UMAD.

Examples of anomalous objects Flowchart of Adaptive Warping

Comparison of our scores and COLMAP scores under different quantities and distributions 
of inliers in the image for L = 4

UMAD DATASET OVERVIEW

UMAD is a large-scale reference-based anomaly detection dataset capturing real-world scenarios. It contains 6 distinct scenes, 120 sequences, 26k image pairs, 
and a comprehensive set of 140k object annotation labels. Featuring high-precision alignment and fine-grained annotation of images captured under diverse 
lighting conditions, UMAD establishes a large and comprehensive benchmark for the challenging task of reference-based anomaly detection.

EXPERIMENT
Additionally, we introduce UMAD-
homo-eva, a small-scale 
evaluation dataset designed to 
validate our warping method for 
image alignment  under different 
illumination. 

Qualitative comparison results of binary and multi-class anomaly detection with reference. 

Results of different scene change detection methods on 
the UMAD dataset.

The point matching errors of our 
method and all comparison 
methods on our UMAD-homo-
eva dataset
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