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Problems: Solution:

Within-Database and Cross-Database Experiment

Estimation of Finger Knuckle Uniqueness Experiment

2). Consolidate Match Evidence 1). Poor Cross-Pose Performance
Explainable and Unprecedented Accuracy

2). Our Framework to Match Cross-Pose Images

• Joint Mixture Gaussian Distribution
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• Calculate of 𝑭𝑹𝑪 Index
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3). Uniqueness of 2D Finger Knuckle Patterns 

1). A Multi-Pose Finger Knuckle Dataset
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Samples from our collected the large-scale 
multi-pose finger knuckle dataset.

Problem Definition:

• How to accurately match the cross-pose 
finger crease pattern?

• How to efficiently give the match 
evidences?

Multi-Pose Dataset



0). Input Image Pairs
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Matching Framework: Explainable and Unprecedented Accuracy
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1. Knuckle Crease Keypoint Detection

𝐾p&𝐹p&𝑆p

𝐾g&𝐹g&𝑆g

4. Graph Similarity
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2. Keypoint Correspondence Estimation
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1). Keypoint Detection

2). Correspondence Estimation

3). Graph Embedding & Matching

Ajay Kumar and Zhenyu Zhou. A method and device for biometric identification using finger images. 
U.S. Patent No.63/774,168, 2025.
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Theoretical Explainability: Uniqueness of Contactless 2D Finger Knuckle Patterns

2). Joint Mixture Gaussian Distribution
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1). Detected a pair of template 𝑇p and 𝑇g :

where, 𝒌 = (𝑥, 𝑦) ∈ 𝐾 and 𝒇 = 𝑓1, 𝑓2, … , 𝑓𝑑 ∈ 𝐹

3). 𝑝 𝑇p, 𝑇g  :

4). Calculate of 𝑭𝑹𝑪 Index
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Experiments: Explainable Visual Graphs

High Security and Law Enforcement Online SystemKnuckle Crease Keypoint Correspondence Estimation 
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Experiments: Within-Database and Cross-Database

• Compare with CNN or attention-based methods

• Compare with graph-based methods
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Experiments: Estimation of 2D Finger Knuckle Uniqueness

Estimated Resolution for This Dataset: ~ 200 dpi Estimated Resolution for This Dataset: ~ 760 dpi
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Experiments: Estimation Uniqueness using Knuckle Crease Bifurcations and Endings

Knuckle crease 
bifurcations & endings:
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