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Fine-Grained Visual Categorization (FGVC)
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Part-to-class mapping
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Classify

[Part based R-CNN; Zhang et al., ECCV 2014], [Part-stacked CNN; Huang et al., CVPR 2016], 
[TransFG; He et al., AAAI 2022]



Cross Locality Relationship-to-class mapping
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Classify

[CAP; Behera et al., AAAI 2021]



Local + Global View-to-class mapping
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Classify

[MMAL; Zhang et al., MMM 2021]



The Missing Bit – Cross-View Relationships
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Classify

[Unsupervised Parts; Choudhury et al., NeurIPS 2021]
[DiNo; Caron et al., ICCV 2021]



Intuition – Why Emergent Relationships?
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White-Faced Plover Kentish Plover



𝑘-distinguishability
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Access to 𝑘 local 
views + global view



𝑘-distinguishability
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Only separable with 𝑘 ≥ 5

✘

✘ Access to 𝑘 − 1 local 
views + global view



Fine-Grained Visual Categorization
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: Problems with at least one pair of 𝑘-distinguishable classes



Disjoint Representations

• Independently encodes global and local views

• Does not consider relational information

• 𝐼 𝑥; 𝑦 = 𝐼 𝑧; 𝑦 + 𝐼 𝑥; 𝑟 𝑧)
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Information Gap

𝐼 𝑥; 𝑟 𝑧)

Not enough for 
predicting 𝑦

Need this!

Proposition 1: 𝐼 𝑥; 𝑦 > 𝐼(𝑧; 𝑦)



Necessity for Disjointness
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Lemma 3: Leads to misclassification in 
the fine-grained setting
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Global Crop



Necessity of Separate Relational Encoder
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Lemma 3: Leads to misclassification in 
the fine-grained setting

Non-disjoint

Global Crop

Proposition 2: 𝑓 alone cannot model 
relationships
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Learning a Disjoint Representation Space

𝐼 𝑥; 𝑟 𝑧)
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• Independent encoding of local and 
global views



Summarizing Local Attributes

𝑓
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• Independent encoding of local 
and global views

• Right combination of local views 
that produce the global view.
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AST



Relationship Modelling

𝑓
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ξ
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• Independent encoding of local and global 
views

• Right combination of local views that 
produce the global view.

• Learn the local-to-global emergent 
relationship
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Sufficient Learner
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Align
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Relational Proxies
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Comparison with State-of-the-Art
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• We evaluate both on common medium and large-scale benchmarks, as well as the recently 
proposed, highly challenging cultivar datasets.

• We surpass SOTA on all of them, more significantly on the Cultivar datasets by over 4%.



Studies on Local-Views
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Effect of varying the number of local views Correlation between number of

local views and size of local patches



Global vs Local vs Relational Embeddings

21

• Relational Embeddings provide the best class-wise separation among all.



Contributions

• Theoretical formalization of the FGVC problem and algorithms.

• Derivation of necessary and sufficient conditions for FGVC.

• An algorithm for implementing a sufficient learner based on local-to-
global relationships.

• Experiments demonstrating the benefits of using the relational 
embeddings from a sufficient learner for FGVC.
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