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A. Martin - Are CNN fooled by Visual Illusions? 

Visual Illusions: Many types, effects, shapes...

‘A Catalogue of illusions’ from Prof. Akitaoka 
http://www.psy.ritsumei.ac.jp/~akitaoka/cataloge.html

Müller-Lyer illusion

Cafe Walls illusion

Fraser-Wilcox illusion

Color assimilation

Fraser’s spiral  illusion

Brightness contrast

http://www.psy.ritsumei.ac.jp/~akitaoka/cataloge.html
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By Fibonacci - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=1792612

Müller-Lyer Illusion

(Franz Carl Müller-Lyer, 1889)
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Müller-Lyer Illusion

(Franz Carl Müller-Lyer, 1889)
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Visual Illusions: Many types, effects, shapes...

Fraser Spiral

(James Fraser, 1908)
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Visual Illusions: Many types, effects, shapes...

Café Walls Illusion

(Richard Gregory, 1973)

By Fibonacci - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=1788689
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Visual Illusions: Many types, effects, shapes...

By Prof. Akiyoshi Kitaoka 2011 
http://www.psy.ritsumei.ac.jp/~akitaoka/cataloge.html

Fraser-Wilcox illusion

(A. Fraser, K. J. Wilcox 1979)

http://www.psy.ritsumei.ac.jp/~akitaoka/cataloge.html
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Brightness visual illusions

Simultaneous brightness contrast

(Ex. from Prof. D. Hegger)
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Brightness visual illusions (live)

https://docs.google.com/file/d/1z-OpooIUpaBGhOq1YO3bRnauMnxujClE/preview
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Brightness visual illusions

Dungeon illusion
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Color visual illusions

Dungeon illusion
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Why are VI important in vision science? 

● Reveal differences between perception and reality. 
● These perception errors are key to understand how vision works.
● Good vision models should reproduce human perception of visual illusions.
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A brief history of models in Visual Science

● Edge integration (Retinex).
Land, McCann. "Lightness and retinex theory." Josa 61.1 (1971): 1-11.

● Gestalt-anchoring models.
● Spatial-filtering feature models. 
● Spatial-filtering models involving contrast normalization (ODOG).

Blakeslee, McCourt. "A multiscale spatial filtering account of the White effect, simultaneous 
brightness contrast and grating induction." Vision research 39.26 (1999): 4361-4377.
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ODOG Model

a) Filter profile. 
b) Sum of filters from diff. scales.
c) Filters weights
d) Orientations of combined filters.
e) Stimulus.
f) Result of the convolution of d) and e).

g) Nonlinear contrast normalization.
h) Outputs are summed.
i) Predicted output image and 

cross-section profile. 
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cascade of modules composed by a linear operation followed by a nonlinearity.
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Cascade of Linear + Non Linear Operations

Perception is explained in many models of vision science and neuroscience as a 
cascade of modules composed by a linear operation followed by a nonlinearity.
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Convolutional Neural Networks as L + NL

Convolutional layers + bias Activation layers
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Can a trained CNN reproduce Visual Illusions?

● AlexNet (NIPS, 2012) is one of the firsts modern Deep CNNs.
● Leap forward in image classification (15.3% error in Imagenet vs. 26.2%).
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Can a trained CNN reproduce Visual Illusions?

● Trained 96 kernels from the 1st layer of AlexNet (size 11x11x3).
● Sum of convolving the input image with each kernel.
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Can a trained CNN reproduce Visual Illusions?

● ↑  Responses seem to match human perception. 

● ↓    Outputs are not really images: 

 → many difficulties to interpret results.

➔ Move to CNNs whose output are images. 
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Previous works linking CNNs and Visual Illusions

E. Watanabe et al. Illusory motion reproduced by 
deep neural networks trained for prediction. 
Frontiers in psychology, 9:345, 2018. 2

R. M. Williams and R. V. Yampolskiy. Optical 
illusions images dataset. arXiv preprint 

arXiv:1810.00415, 2018. 2
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CNNs replicate VI when training for vision tasks?

● Hypothesis: 

Visual illusions occur as a by product of training CNNs for vision tasks.

● Tests: 
1. Train CNNs to perform three imaging tasks related with HVS:

- Denoising.
- Deblurring.
- Color constancy.

2. Check if CNNs replicate effects of visual illusions in humans.
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Choosing three imaging tasks related with HVS

● Denoising: 
Ability for discounting noise in images.
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Choosing three imaging tasks related with HVS

● Deblurring: 
Capability of avoid perceiving blurr provoked for instance by motion. 
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Choosing three imaging tasks related with HVS

● Color constancy: 
Independence from the illuminant color of our color perception. 
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What does replication mean? 

We say that a CNN replicates a visual illusion if the differences between the image 
levels of the input image and the output produced by the CNN agrees with human 
perception. 

CNN 
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How can we measure this replication? 

● Lack of quantitative measures of VI perception in Vision Science literature.
● Where do we measure image intensity? 

Average of the whole stimulus? 
Center?
…  

→ This choice can favor/prejudice models.

● We have to visually inspect image profile. 
● Main limitation for the systematic study. 

Original figure from 
Blakeslee & McCourt,  1999.
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Selected VIs: Hong-Shevell Rings
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Selected VIs: White Illusion & Luminance Gradient



A. Martin - Are CNN fooled by Visual Illusions? 

Selected VIs: Chevreul Illusion 
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Selected VIs: Cancellation of Chevreul Illusion 



A. Martin - Are CNN fooled by Visual Illusions? 

Color versions of the same visual illusions
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Assimilation vs. Contrast effect

Assimilation effect:
Image values changes towards the 
neighboring values. 
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Assimilation vs. Contrast effect

Assimilation effect:
Image values changes towards the 
neighboring values. 

 

Contrast effect:
Image values changes in the 
opposite direction of neighboring 
values. 

 

→ Expected in a denoising method.  

→ Expected in a deblurring method.  
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CNN Architecture & Datasets

● 128x128x3 inputs/outputs.
● One hidden layer.
● Sigmoid activation function.
● One output layer. 

- DN-NET/DB-NET:
Large Scale Visual Recognition Challenge 
2014 CLS-LOC Validation dataset.
Resized and corrupted with Gaussian 
noise/blurr.

- CC-NET:
Color constancy dataset from Chen et al. 2014. 
Computing ground truth using the inverse of 
the provided illuminant color. 

- Dataset splitting: 
70% training, 20% validation, 10% test. 
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Summary of experiments performed
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DN-NET: Dungeon illusion results
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DN-NET: Hong-Shevell rings results
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DN-NET: Hong-Shevell rings results
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DB-NET: Hong-Shevell rings results
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DB-NET: Hong-Shevell rings results
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Summary of replication of grayscale VIs

Visual Illusion DN-NET DB-NET CC-NET

Dungeon Effect ✓ ✗ ✗

Hong-Shevel rings ✓ ✓ ✓

White’s Illusion - ✓ ✓

Luminance gradient ✓ ✓ ✓

Chevreul effect ✗ ✓ ✓
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Summary of replication of color VIs

Visual Illusion DN-NET DB-NET CC-NET

Dungeon Effect ✓ ✓ ✗

Hong-Shevel rings ✓ ✗ ✓

White’s Illusion ✓ ✓ ✓

Luminance gradient ✗ ✓ ✓

Chevreul effect ✓ ✓ ✓
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Main observations

● CNNs trained to perform imaging tasks with color natural images are able to 
replicate the effect of some brightness visual illusions.

● The three nets show simultaneously assimilation and contrast effects. 

➔ What about scale dependance in the illusions and the receptive fields? 
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Stimulus scale changes the VIs for humans

- Effect in humans and CNNs diminishes for lower frequencies.
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Stimulus scale changes the VIs for humans

- Effect in humans and CNNs diminishes for lower frequencies.
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Summary of experiments performed
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Changes in scale of VI and receptive fields

- Replication in CNNs vanishes for high and low frequencies.
- In some extreme cases, the effect swaps from assimilation to contrast.
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Changes in scale of VI and receptive fields

- Relation between target size and receptive field size is still not fully understood.
- We could not find a “rule”.
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Summary of experiments performed
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“Upgrade” to Jain2009

Jain,Seung. "Natural image denoising with 
convolutional networks." Advances in neural 
information processing systems. 2009.
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Summary of experiments performed
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Adding pooling layers to Jain2009

- Replication in CNNs is lost for high frequencies.
- Still present for lower frequencies especially in color VIs. 
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Adding residual connections to Jain2009

- Annul grayscale replication of both type effects in most of the configurations.
- Only one configuration replicates in grayscale in the highest frequencies.
- Replication of assimilation for color VIs.
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Summary of experiments performed
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Replication in recent denoising CNNs

Zhang, Kai, et al. "Beyond a gaussian denoiser: Residual learning of deep cnn for image 
denoising." IEEE Transactions on Image Processing 26.7 (2017): 3142-3155.
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Take home messages

● CNNs trained with natural color images for low level vision tasks replicate 
human response to some brightness visual illusions.

● CNNs are able to replicate some illusions depending on the task they have 
been trained for. 

● Changes in the input image or CNN architecture lead to a change in the 
illusions that the network is able to reproduce.

● Relation between CNN architecture and their replication ability is… 
“complicated”.
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Open thoughts and future work

● These findings support the idea that visual illusions are a “price to pay” to 
efficiently perform visual tasks.

● For vision science this opens connections no explored before between visual 
tasks and visual illusions. 

● If we want CNNs to better replicate human behavior maybe we should aim to 
for them to better replicate visual illusions. 
○ They could be more resistant to adversarial attacks that do not fool humans.

● We are currently trying to use this to generate new visual illusions using GANs.  



¿Preguntas?


