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Previously…
� We learned about Image to Image translation

� Get paired images from different domains

� Use Conditional GAN to learn the mapping 

between the two

C-GAN

train
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C-GAN

� We learned about Image to Image translation
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Paired Image to Image

� However, for many tasks, paired training 

data will not be available!

Landscape photos Van Gogh Paintings

How can we 

even obtain 

such data?!



Unpaired Image to Image 

Translation



Image to Image
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Constraints

� We want to preserve the distribution:
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Constraints

� If we only force distribution, we could get 

something like this:

Summer Winter



Constraints

� Need to also preserve input-output connection

Summer Winter



Constraints

� Cycle Consistency 
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Constraints
� Cycle Consistency 
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Need to minimize the 
difference



Constraints 

� Preserve Distribution

� Preserve Cycle-Consistency



Loss function(s)

For preserving distribution �: � → �:
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Loss function(s)

� For Preserving Cycle-Consistency:

Objective: � → � � → � � � < � � → � � → � � � < �

�=%= �, � 	 $/~'()*) / ||� � � 1 �||? . $%~'()*) % ||� � � 1 �||?



Full objective
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Hyper parameter for relative importance
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Network architecture (1/2) 

hardikbansal.github.io/CycleGANBlog



Network architecture (2/2) 

hardikbansal.github.io/CycleGANBlog



Network architecture 

hardikbansal.github.io/CycleGANBlog

High level view of Generators

High level view of Discriminator
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Different approaches

� CoGAN: 

Z 
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Different approaches

� SimGAN: Uses GAN with B? loss � 1 � � ?
� SimGAN + Feature loss: instead of B? on RGB, 

compute loss on convoluted images

Feature lossSimGAN



Different approaches

�BiGAN: Learn Mapping �: � → �, then try 
to find its inverse.

�pix2pix: C-GAN, trained on paired 
dataset, acts as an upper bound



Evaluation

AMT “real vs fake” test on maps-aerial photos at

256 × 256 resolution.



Results compared to 

different approaches



FCN scores on result vs ground truth

CDE�C� → �ℎ���

�ℎ��� → CDE�C�



Recap on loss functions
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Ablation study

CycleGAN loss: ��� �, "%, �, � . ��� �, "9, �, � . @�=%=
�, ��

GAN alone: ��� �, "%, �, � . ��� �, "9, �, �

Cycle alone: �=%=
�, ��



Ablation study

GAN+forward:
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GAN+backward:
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Ablation study

I��JD�K ���C�: � � � < � ED�LJD�K ���C�: � � � < �



Ablation study

CDE�C� → �ℎ���

�ℎ��� → CDE�C�



Notable applications



Photo generation from paintings

�MNOPQMQ% �, � 	 $/~'()*) / ||�
�� 1 �||? . $%~'()*) % ||�
�� 1 �||?

To preserve colors, we introduce:



Monet to photographs



Photographs to different artists’ styles



Object Transfiguration



More at

junyanz.github.io/CycleGAN



Limitations



Limitations

Geometric changes

Inputs different from training data







Backup








