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Limitations Of Current IRSTD Evaluation

 Metric Design: Existing methods rely on fragmented pixel- and target-level specific metrics, which fails to 
provide a comprehensive view of model capabilities.

 Error Analysis: An excessive emphasis on overall performance scores obscures crucial error analysis, which 
is vital for identifying failure modes and improving real-world system performance.

 Dataset-specific: The field predominantly adopts dataset-specific training-testing paradigms, hindering 
the understanding of model robustness and generalization across diverse infrared scenarios. 
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 Expose limitations in current IRSTD evaluation protocols and propose a hierarchical analysis  framework.
 Introduce a hybrid-level metric capturing IRSTD performance across target and pixel levels.
 Reveal limited cross-dataset generalization of IRSTD algorithms through detailed evaluation.
 First to systematically analyze errors in IRSTD by quantifying model limitations under our metric.
 Develop a universal and comprehensive evaluation toolkit to advance IRSTD research.

Our Contributions



Hierarchical Intersection over Union (hIoU)

 Evaluation practices in current IRSTD studies typically focus on either isolated pixel-level or target-level similarity 
measurements between predictions and GTs.

 We propose a new hybrid-level metric, i.e., hierarchical Intersection over Union (hIoU), which hierarchically 
combines both global target-level localization and local pixel-level segmentation performance:
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Overlap Priority with Distance Compensation
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 Conventional IRSTD evaluation methods 
depend on strict distance-only matching, 
which often misjudges offset or 
fragmented predictions.

 The proposed OPDC (Overlap Priority 
with Distance Compensation) strategy 
first prioritizes overlap-based matching to 
ensure shape coherence, then applies 
distance compensation to handle small or 
low-overlap cases.

 This hierarchical design achieves more 
intuitive and robust target-level matching 
by combining morphological alignment 
with spatial proximity.



Systematic Error Analysis

Error types for three predicted and three GT targets. Blue contours denote predictions and red 
contours denote GT. Under our OPDC strategy, only the middle prediction is matched to a GT 
and all others remain unmatched. We categorize prediction errors into two levels:

1. target-level localization error
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2. pixel-level segmentation error
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Cross-dataset Performance Comparison

Rethinking Evaluation of Infrared Small Target Detection, Youwei Pang, Xiaoqi Zhao, Lihe Zhang, Huchuan Lu, Georges El Fakhri, Xiaofeng Liu, Shijian Lu, 2025

We benchmark 14 recent IRSTD methods using both conventional metrics and our hierarchical framework. 
Results reveal inconsistencies: models like MSHNet achieve top scores in standard metrics but underperform 
in holistic performance (hIoU), while DNANet ranks higher overall due to more balanced segmentation and 
localization. Incorporating the OPDC strategy further improves recall by addressing overly strict distance-
only matching, demonstrating the value of shape- and distance-aware evaluation.



Cross-dataset Error Ratio Analysis
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Our fine-grained error decomposition exposes specific weaknesses that conventional metrics obscure. The analysis 
highlights specific localization and segmentation errors (ITF & PCP) as major contributors, emphasizing the importance 
of detailed error breakdowns for understanding model limitations and guiding robust algorithm development.



Synthetic Data Experiment
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We introduce IRSTD1k𝑇𝐸
𝐴𝑈𝐺, a synthetic dataset built from IRSTD1k using copy-paste augmentation to increase target 

density and diversity while preserving scene coherence. It provides challenging, high-density test cases. Results show 
that existing models degrade significantly on this dataset, exposing their weaknesses in complex scenarios.
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