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- Motivation, Introduction
- HFC, LFC, definition
- Heuristics (Dropout, mix-up, BatchNorm, Adversarial Training)
- Are HFC just noises?
- A hypothesis on Batch Normalization
- examples CIFAR, ImageNet, Detection
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- Accuracy vs. Robustness (adversarial examples)
- Generalization vs. Overfitting
- Shuffled label memorization paradox (overfitting)

What is it about

Image Credit: Goodfellow, Ian J., Jonathon Shlens, and Christian Szegedy. "Explaining and harnessing adversarial examples." arXiv preprint arXiv:1412.6572 (2014).



Figure 3. Training curves of the original label case (100 epoches) and 
shuffled label case (300 epoches), together plotted with the low-frequent 
counterpart of the images. All curves in this figure are from train samples.



Generalization power of LFC and HFC
- CIFAR 10, ResNet-18, ADAM, LR=1e-4, batch size=100, epochs=100



An image is decomposed

High/Low-Frequency Component (HFC, LFC)

- this process is channel-wise
- imaginary part of                  is discarded.



Are HFC just Noise?
- An Experiment: 

- “LFC and HFC separation” is done using SVD decomposition
- The first image is reconstructed based on dominant singular values
- The second is reconstructed with trailing singular values

- With this set-up, much fewer images supporting the story in Figure 2. (where CNN 
is classifying HFC image correctly) was observed.







image credit: https://www.kaggle.com/kaushal2896/data-augmentation-tutorial-basic-cutout-mixup 

https://www.kaggle.com/kaushal2896/data-augmentation-tutorial-basic-cutout-mixup




Figure 6. Comparison of models with vs. without BatchNorm 
trained with LFC data.



Bonus: JPEG compression
- CIFAR 100, ResNet-18
- We investigated effect of JPEG compression on the inference accuracy.
- We tried to use JPEG compression as an augmentation
-
- Same = NN was trained and evaluated with the same compression
- RandomTrain = random compression was picked during training
- 60Train = image quality was fixed during training to 60
- NoCompressionTrain = the data for training was taken as provided in 

CIFAR-100

Credits: Jan Pokorný, Milan Šulc, Lukáš Picek



Credits: Jan Pokorný, Milan Šulc, Lukáš Picek

image quality



Robust Models Have Smooth Kernels



Robust Models Have Smooth Kernels



Beyond Image Classification
- RetinaNet ResNet50 + FPN on MS COCO -> mAP 35.6%
- Use r=128 and map imgs to LFC and HFC and test the same model

- LFC 27.5% mAP
- HFC 10.7% mAP

- 1684 where LFC actually performs better (Fig 9)





Critique
- Hard-to-read plots.
- Not justified relation between human labeled data and LHF (e.g. what if the 

task is to detect cracks in a metal plate).
- Missing appendix even though it is mentioned multiple times.
- They do not mention how many times they run experiments.
- A table with values accompanying Figure 5 would be nice.



Trade-off between Robustness and Accuracy

A1: 



Trade-off between Robustness and Accuracy



Trade-off between Robustness and Accuracy
A2: 



Critique



Conclusion
- CNN may capture HFC that are misaligned with human visual preference.
- Heuristics like Mix-up and BatchNorm may encourage capturing HFC
- Bonus: If you can’t control input quality during inference, add JPEG 

compression as an augmentation.



Thanks Giorgos for comments and organization!
Thank you for your attention!

Discussion


