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Brief view of NICO++

• A brand new large visual dataset

• Towards better evaluation of visual OOD generalization

• More than 200,000 images with 20 domains 

• Lower concept shift and higher covariate shift

• Benchmarking for both standard DG and flexible DG

• Mitigating the potential leakage of test information
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Most ML methods are developed under I.I.D hypothesis

Risks of Today’s AI Algorithms
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OOD Generalization in Visual Recognition  

Test Data



Structure of NICO++
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Statistics of NICO++ 
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• 80 categories
• 10 common domains for each category
• 10 unique domains for each category
• Still growing…
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Common Domains
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Unique Domains
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Covariate shift and concept shift

prediction error 
on target data

prediction error 
on source data

covariate shift 
between source 
and target data

concept shift 
between source 
and target data

• The covariate shift 𝑝 𝑥 reflects the difficulty of 
solving OOD problems. 

• The concept shift indicates the labeling function 
shift between target and source data, which is not 
solvable using algorithms.

• NICO++ shows stronger covariate shift and lower 
concept shift compared with other OOD datasets.
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Benchmark: Standard DG
6 public common domains
• Split into 3 groups

o Autumn, Rock
o Dim, Grass
o Outdoor, Water

• For each standard DG setting
o 4 domains for training
o 2 domains for test

• 4 private domains
o Used for NICO Challenge
o Will be released after more common 

domains are added this year

Results
• Current SOTA show their effectiveness

o EoA, CORAL, StableNet…
• A gap between SOTA and oracle

o Spacious room for improvement
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Benchmark: Flexible DG

20 domains (10 common + 10 unique) for each category
• Compositional

o 14 domains for training
o 2 major domains: all images each domain
o 12 minor domains: 50 images each domain

o 6 domains for test
o Major domains for one category can be the test domains for other categories

• Random
o 4 fixed training domains across all categories

o 2 major domains: all images each domain
o 2 minor domains: 50 images each domain

o Other 16 domains
o 12 minor domains for training: 50 images each domain
o 4 test domains for test

o The two major domains for every category cannot be the test domains for any category
Results
• Current SOTA show their effectiveness

o EoA, FACT, StableNet…
• A gap between SOTA and oracle

o Spacious room for improvement
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Test Variance and Model Selection

Potential shortcuts for model selection in DG
• Select the best hyperparameters via test performance
• Select the best epoch model checkpoint
• Select the best seed model checkpoint
Metrics measuring the potential leakage
• Test variance across epochs
• Test variance across seeds
• Gap between standard model selection and oracle model selection
NICO++ squeezes all of them!   =>   A fairer comparison for DG
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NICO Challenge 2022 https://nicochallenge.com/

Statistics
• A total of 178 teams participated. 
• Over 4,000 results submitted for public test. 
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NICO Challenge 2023 is coming!!!
    More Categories                        More Domains 
                      More Challenging Tracks 



Thanks!

Github link:
https://github.com/xxgege/NICO-plus

15

Xingxuan Zhang, Yue He, Renzhe Xu, Han Yu, Zheyan Shen, Peng Cui. 
NICO++: Towards better bechmarks for Domain Generalization. CVPR, 
2023.


