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Objective: Label-noise robust conditional image generation �

2�

Our goal is to construct a label-noise robust conditional image generator�
that can reproduce clean labeled data (a)�
even when noisy labeled data (b) are only available during the training.�

(a) Clean labeled data� (b) Noisy labeled data�

Available�Unavailable�



Challenge: Limitation of naïve conditional generative models�

3�

Naïve conditional generative models (e.g., AC-GAN [1], cGAN [2, 3])�
attempt to construct a generator conditioned on observable labels�
(i.e., noisy labels in this case).�

Noisy labeled� Conditioned on noisy labels�

Training data� cGAN�

[1] Odena et al. ICML 2017.  [2] Mirza & Osindero. arXiv 2014.  [3] Miyato & Koyama. ICLR 2018.�

AC-GAN: auxiliary classifier GAN, cGAN: conditional GAN�



Contribution: Proposal of label-noise robust GANs �

4�

To overcome this limitation, we propose label-noise robust GANs (rGANs) that�
can construct a generator conditioned on clean labels�
even when trained with noisy labeled data.�

Conditioned on clean labels�

rcGAN�

Noisy labeled�

Training data�

rcGAN: label-noise robust conditional GAN�



We incorporate a noise transition model into naïve conditional GANs [1, 2, 3].�
�
�
�
�
Two variants�

DDD/CD/C

Main idea: Incorporation of noise transition model �
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[1] Odena et al. ICML 2017.  [2] Mirza & Osindero. arXiv 2014.  [3] Miyato & Koyama. ICLR 2018.�
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Auxiliary classifier GAN [1]�

Generator: �

Discriminator/Classifier:           /�
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Baseline: AC-GAN�
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G(z, yg)
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Auxiliary classifier GAN [1]�
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Limitation�

C can fit noisy labels when trained with noisy labeled data.�

G

Baseline: AC-GAN�
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G(z, yg)
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<latexit sha1_base64="HwdQIIFTutxG8mfrVQATm5P1dgY=">AAACBHicbZC7SgNBFIbPeo3xFrW0GRKEiBB2bbQMprGMYC6QXcPsZDYZMrO7zMyKYd3WZ7BUazux9T0sfRMnl8Ik/nDg4z/ncA6/H3OmtG1/Wyura+sbm7mt/PbO7t5+4eCwqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/WBv3W/dUKhaFt3oUU0/gfsgCRrA21l2tPEKPKHV9gR6y026hZFfsidAyODMoVYvu2QsA1LuFH7cXkUTQUBOOleo4dqy9FEvNCKdZ3k0UjTEZ4j7tGAyxoMpLJ19n6MQ4PRRE0lSo0cT9u5FiodRI+GZSYD1Qi72x+V+vk+jg0ktZGCeahmR6KEg40hEaR4B6TFKi+cgAJpKZXxEZYImJNkHNXfFFZjJxFhNYhuZ5xTF8Y8K5gqlycAxFKIMDF1CFa6hDAwhIeIZXeLOerHfrw/qcjq5Ys50jmJP19QsP9Zml</latexit><latexit sha1_base64="Ij2ZJYOmd8TCSllKKKQ/HEZl91I=">AAACBHicbZC7TsMwFIadcivlVmBksVohFSFVCQuMFV0Yi0QvUhMqx3Vaq7YT2Q4iCll5AgZWmNkQK+/RkTfBvQy05ZeO9Ok/5+gc/X7EqNK2PbZya+sbm1v57cLO7t7+QfHwqKXCWGLSxCELZcdHijAqSFNTzUgnkgRxn5G2P6pP+u0HIhUNxZ1OIuJxNBA0oBhpY93XKwl8gqnrc/iYnfWKZbtqTwVXwZlDuVZyz1/GtaTRK/64/RDHnAiNGVKq69iR9lIkNcWMZAU3ViRCeIQGpGtQIE6Ul06/zuCpcfowCKUpoeHU/buRIq5Uwn0zyZEequXexPyv1411cOWlVESxJgLPDgUxgzqEkwhgn0qCNUsMICyp+RXiIZIIaxPUwhWfZyYTZzmBVWhdVB3DtyacazBTHpyAEqgAB1yCGrgBDdAEGEjwCt7Au/VsfVif1tdsNGfNd47BgqzvXzA5mys=</latexit><latexit sha1_base64="6sExgRCM1tmJIywXswSrlcJrs/s=">AAACBHicbZA9T8MwEIYv5auUrwIji0WFVJYqYYGxogtjkeiH1IbKcZ3Wqp1EtoOIQlZ+AyvMbIiV/8HIP8FtM9CWVzrp0Xt3utPrRZwpbdvfVmFtfWNzq7hd2tnd2z8oHx61VRhLQlsk5KHselhRzgLa0kxz2o0kxcLjtONNGtN+54FKxcLgTicRdQUeBcxnBGtj3TeqCXpCad8T6DE7H5Qrds2eCa2Ck0MFcjUH5Z/+MCSxoIEmHCvVc+xIuymWmhFOs1I/VjTCZIJHtGcwwIIqN519naEz4wyRH0pTgUYz9+9GioVSifDMpMB6rJZ7U/O/Xi/W/pWbsiCKNQ3I/JAfc6RDNI0ADZmkRPPEACaSmV8RGWOJiTZBLVzxRGYycZYTWIX2Rc0xfGtX6td5OkU4gVOoggOXUIcbaEILCEh4gVd4s56td+vD+pyPFqx85xgWZH39AuZgmBw=</latexit>

Noisy label classifier�

Noisy�

Dataset�

[1] Odena et al. ICML 2017.�



Label-noise robust auxiliary classifier GAN�

Generator: �

Discriminator/Classifier:           /�

�

�
�

�

�

�
�

Solution�

We correct the Cʼs prediction using the noise transition model (forward correction [4]).�

G

D/C

Proposal: rAC-GAN�

8�

Clean label classifier�

Clean�

Dataset�

G(z, ŷg)
<latexit sha1_base64="SOIwORCvydCa/EjDTfWAMeO4m6Y=">AAACDXicbZC7SgNBFIbPxluMt1WxshkShIgSdm20DFpoGcFcIBvD7GSSDJnZXWZmhbjsM/gK2mptJ7Y+g6Vv4uRSmMQfDnz85xzO4fcjzpR2nG8rs7S8srqWXc9tbG5t79i7ezUVxpLQKgl5KBs+VpSzgFY105w2Ikmx8Dmt+4OrUb/+QKViYXCnhxFtCdwLWJcRrI3Vtg+ui4nnC/SYniKvj3UyTO97x2274JScsdAiuFMolPPeyTMAVNr2j9cJSSxooAnHSjVdJ9KtBEvNCKdpzosVjTAZ4B5tGgywoKqVjN9P0ZFxOqgbSlOBRmP370aChVJD4ZtJgXVfzfdG5n+9Zqy7F62EBVGsaUAmh7oxRzpEoyxQh0lKNB8awEQy8ysifSwx0SaxmSu+SE0m7nwCi1A7K7mGb004lzBRFg4hD0Vw4RzKcAMVqAKBBF7gFd6sJ+vd+rA+J6MZa7qzDzOyvn4BUw2dCA==</latexit><latexit sha1_base64="Xk5dcECSM836Sq211VVs1O96jYM=">AAACDXicbZC7SgNBFIZn4y3G26pY2QwJQkQJuzZaBi20jGAukF3D7GSSDJmZXWZmhXXZZ7DxBWy1thNbnyGlb+IksTCJPxz4+M85nMMfRIwq7TgjK7e0vLK6ll8vbGxube/Yu3sNFcYSkzoOWShbAVKEUUHqmmpGWpEkiAeMNIPh1bjffCBS0VDc6SQiPkd9QXsUI22sjn1wXU69gMPH7BR6A6TTJLvvH3fsklNxJoKL4P5CqVr0Tp5H1aTWsb+9bohjToTGDCnVdp1I+ymSmmJGsoIXKxIhPER90jYoECfKTyfvZ/DIOF3YC6UpoeHE/buRIq5UwgMzyZEeqPne2Pyv145178JPqYhiTQSeHurFDOoQjrOAXSoJ1iwxgLCk5leIB0girE1iM1cCnplM3PkEFqFxVnEN35pwLsFUeXAIiqAMXHAOquAG1EAdYJCCF/AK3qwn6936sD6noznrd2cfzMj6+gFzUZ6O</latexit><latexit sha1_base64="fziiGSVr2MA5GrP28d7XcL5PqqA=">AAACDXicbZDLSsNAFIYn9VbrLSqu3AwWoYKUxI0uiy50WcFeoIllMp20Q2cmYWYixJBn8Bnc6tqduPUZXPomTtssbPWHAx//OYdz+IOYUaUd58sqLS2vrK6V1ysbm1vbO/buXltFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHw16XceiFQ0Enc6jYnP0VDQkGKkjdW3D65rmRdw+JifQm+EdJbm98OTvl116s5U8C+4BVRBoWbf/vYGEU44ERozpFTPdWLtZ0hqihnJK16iSIzwGA1Jz6BAnCg/m76fw2PjDGAYSVNCw6n7eyNDXKmUB2aSIz1Si72J+V+vl+jwws+oiBNNBJ4dChMGdQQnWcABlQRrlhpAWFLzK8QjJBHWJrG5KwHPTSbuYgJ/oX1Wdw3fOtXGZZFOGRyCI1ADLjgHDXADmqAFMMjAM3gBr9aT9Wa9Wx+z0ZJV7OyDOVmfPymHm38=</latexit>

D(x)
<latexit sha1_base64="Gv+HfqGulDCUn+wu8alHXb1LATY=">AAACAHicbZDLSgMxFIbP1Futt6pLN6FFqAhlxo0ui7pwWcFesFNKJk3b0CQzJBmxDLPxGdwqLt2JW9/EpW9ielnY1h8CH/85h3PyBxFn2rjut5NZWV1b38hu5ra2d3b38vsHdR3GitAaCXmomgHWlDNJa4YZTpuRolgEnDaC4dW43nigSrNQ3plRRNsC9yXrMYKNte6vS4kfCPSYnnTyRbfsToSWwZtBsVLwT98AoNrJ//jdkMSCSkM41rrluZFpJ1gZRjhNc36saYTJEPdpy6LEgup2Mrk4RcfW6aJeqOyTBk3cvxMJFlqPRGA7BTYDvVgbm//VWrHpXbQTJqPYUEmmi3oxRyZE4++jLlOUGD6ygIli9lZEBlhhYmxIc1sCkdpMvMUElqF+VvYs39pwLmGqLBxBAUrgwTlU4AaqUAMCEp7hBV6dJ+fd+XA+p60ZZzZzCHNyvn4BiVqYSQ==</latexit><latexit sha1_base64="cbB1k1ygBI0YUzWa1QEz/S/72Vo=">AAACAHicbZDLTgIxFIbP4A3xhrp000BMMCZkxo0uibpwiYmAkSGkUwo0tJ1J2zGSyWx8Bra6dmfc+iYsfRPLZSHgnzT58p9zck7/IOJMG9cdO5m19Y3Nrex2bmd3b/8gf3hU12GsCK2RkIfqMcCaciZpzTDD6WOkKBYBp41gcDOpN56p0iyUD2YY0ZbAPcm6jGBjrafbUuIHAr2kZ+180S27U6FV8OZQrBT889G4Mqy28z9+JySxoNIQjrVuem5kWglWhhFO05wfaxphMsA92rQosaC6lUwvTtGpdTqoGyr7pEFT9+9EgoXWQxHYToFNXy/XJuZ/tWZsulethMkoNlSS2aJuzJEJ0eT7qMMUJYYPLWCimL0VkT5WmBgb0sKWQKQ2E285gVWoX5Q9y/c2nGuYKQsnUIASeHAJFbiDKtSAgIQRvMG78+p8OJ/O16w148xnjmFBzvcvqZ6Zzw==</latexit><latexit sha1_base64="2cD8/U9oFx+mLgdgp+4wOPUpte4=">AAACAHicbZC7TsMwFIZPuJZyKzCyWFRIZakSFhgrYGAsEr2INqoc12mt2k5kO4gqysIzsMLMhlh5E0beBLfNQFt+ydKn/5yjc/wHMWfauO63s7K6tr6xWdgqbu/s7u2XDg6bOkoUoQ0S8Ui1A6wpZ5I2DDOctmNFsQg4bQWj60m99UiVZpG8N+OY+gIPJAsZwcZaDzeVtBsI9JSd9Uplt+pOhZbBy6EMueq90k+3H5FEUGkIx1p3PDc2foqVYYTTrNhNNI0xGeEB7ViUWFDtp9OLM3RqnT4KI2WfNGjq/p1IsdB6LALbKbAZ6sXaxPyv1klMeOmnTMaJoZLMFoUJRyZCk++jPlOUGD62gIli9lZEhlhhYmxIc1sCkdlMvMUElqF5XvUs37nl2lWeTgGO4QQq4MEF1OAW6tAAAhJe4BXenGfn3flwPmetK04+cwRzcr5+AV/UlsA=</latexit>

X
p(ỹ|ŷ)Ĉ(ŷ|x)

<latexit sha1_base64="6w3/LMdF/zpXVPCbkPFma8JRnig="></latexit><latexit sha1_base64="o5Y2Vgi3HSs6u2+PicuY6utJIpY="></latexit><latexit sha1_base64="PPuK3/pzbUwKLJ/NqVMzlDD8zgI=">AAACLnicbZDLSsNAFIYn9VbrLerSzWAR2k1JXKjLYjcuK9gLNKVMptN26EwSZk7EEvMmPoTP4FbXggsRdz6G0zYL23pg4OP/z+Gc+f1IcA2O82Hl1tY3Nrfy24Wd3b39A/vwqKnDWFHWoKEIVdsnmgkesAZwEKwdKUakL1jLH9emfuueKc3D4A4mEetKMgz4gFMCRurZF56OJY5KHnDRZ8kkxY/YGxEwVJ5DLS1lgrESz5f4IS337KJTcWaFV8HNoIiyqvfsb68f0liyAKggWndcJ4JuQhRwKlha8GLNIkLHZMg6BgMime4ms/+l+MwofTwIlXkB4Jn6dyIhUuuJ9E2nJDDSy95U/M/rxDC46iY8iGJgAZ0vGsQCQ4inYeE+V4yCmBggVHFzK6YjoggFE+nCFl+mJhN3OYFVaJ5XXMO3TrF6naWTRyfoFJWQiy5RFd2gOmogip7QC3pFb9az9W59Wl/z1pyVzRyjhbJ+fgGNaqlW</latexit>

Noisy�

[4] Patrini et al. CVPR 2017.�

Incorporate�



D

Conditional GAN [2, 3]�

Generator: �

Discriminator:�

Baseline: cGAN�

9�

Dataset�

D(x, y)
<latexit sha1_base64="AYvJY9G/hMcRbQBxulga17SrgvU=">AAACA3icbZC7SgNBFIbPxluMt6ilzZAgRJSwa6NlUAvLCOYC2SXMTmaTITO768ysGJYtfQbbWNuJrQ9i6Zs4uRQm+sOBj/+cwzn8fsyZ0rb9ZeVWVtfWN/Kbha3tnd294v5BU0WJJLRBIh7Jto8V5SykDc00p+1YUix8Tlv+8HrSbz1SqVgU3utRTD2B+yELGMHaWN5NJXV9gZ6yMzQ66RbLdtWeCv0FZw7lWsk9HQNAvVv8dnsRSQQNNeFYqY5jx9pLsdSMcJoV3ETRGJMh7tOOwRALqrx0+nSGjo3TQ0EkTYUaTd3fGykWSo2EbyYF1gO13JuY//U6iQ4uvZSFcaJpSGaHgoQjHaFJAqjHJCWajwxgIpn5FZEBlphok9PCFV9kJhNnOYG/0DyvOobvTDhXMFMejqAEFXDgAmpwC3VoAIEHeIExvFrP1pv1bn3MRnPWfOcQFmR9/gA5Xpks</latexit><latexit sha1_base64="BA5RDs3afrtm4M93f27lvlOgNqE=">AAACA3icbZC7SgNBFIZn4y3GW9TSZkgQIkrYtdEyqIVlBHOB7BJmJ7PJkJnZdWZWXJYtfQPBVms7sfVBUvomTi6FSfzhwMd/zuEcfj9iVGnbHlm5ldW19Y38ZmFre2d3r7h/0FRhLDFp4JCFsu0jRRgVpKGpZqQdSYK4z0jLH16P+61HIhUNxb1OIuJx1Bc0oBhpY3k3ldT1OXzKzmBy0i2W7ao9EVwGZwblWsk9fRnVknq3+OP2QhxzIjRmSKmOY0faS5HUFDOSFdxYkQjhIeqTjkGBOFFeOnk6g8fG6cEglKaEhhP370aKuFIJ980kR3qgFntj879eJ9bBpZdSEcWaCDw9FMQM6hCOE4A9KgnWLDGAsKTmV4gHSCKsTU5zV3yemUycxQSWoXledQzfmXCuwFR5cARKoAIccAFq4BbUQQNg8ABewRt4t56tD+vT+pqO5qzZziGYk/X9C1mimrI=</latexit><latexit sha1_base64="LJoSMfVlXYI4/PbjbK8yMSWi4Xg=">AAACA3icbZBNS8NAEIYn9avWr6pHL4tFqCAl8aLHoh48VrAf0Iay2W7apbtJ3N2IIeTob/CqZ2/i1R/i0X/its3Btr4w8PDODDO8XsSZ0rb9bRVWVtfWN4qbpa3tnd298v5BS4WxJLRJQh7KjocV5SygTc00p51IUiw8Ttve+HrSbz9SqVgY3Oskoq7Aw4D5jGBtLPemmvY8gZ6yM5Sc9ssVu2ZPhZbByaECuRr98k9vEJJY0EATjpXqOnak3RRLzQinWakXKxphMsZD2jUYYEGVm06fztCJcQbID6WpQKOp+3cjxUKpRHhmUmA9Uou9iflfrxtr/9JNWRDFmgZkdsiPOdIhmiSABkxSonliABPJzK+IjLDERJuc5q54IjOZOIsJLEPrvOYYvrMr9as8nSIcwTFUwYELqMMtNKAJBB7gBV7hzXq23q0P63M2WrDynUOYk/X1Cw/Yl6M=</latexit>

G(z, yg)
<latexit sha1_base64="R7RPelWiq6Kk4lORxCVK9XU7AP4=">AAACCXicbZC7SgNBFIbPxluMt42WNkOCEFHCro2WQQstI5gLJDHMTibJkJndZWZWWZd9Ap9BsNLaTmx9CkvfxEliYRJ/OPDxn3M4h98LOVPacb6szNLyyupadj23sbm1vWPnd+sqiCShNRLwQDY9rChnPq1ppjlthpJi4XHa8EYX437jjkrFAv9GxyHtCDzwWZ8RrI3VtfOXpaTtCfSQHqMkTm8Hh1276JSdidAiuL9QrBTaR88AUO3a3+1eQCJBfU04VqrlOqHuJFhqRjhNc+1I0RCTER7QlkEfC6o6yeT1FB0Yp4f6gTTlazRx/24kWCgVC89MCqyHar43Nv/rtSLdP+skzA8jTX0yPdSPONIBGueAekxSonlsABPJzK+IDLHERJu0Zq54IjWZuPMJLEL9pOwavjbhnMNUWdiHApTAhVOowBVUoQYE7uEJXuDVerTerHfrYzqasX539mBG1ucPIHabRw==</latexit><latexit sha1_base64="oafkp0GnlyKHqqpdloXlNUofj28=">AAACCXicbZC7TsMwFIadcivllsLIYrVCKgJVCQuMFQwwFolepCZUjuu0Vu0ksh1QiPIErKysMLMhVp6iI2+Cexloyy8d6dN/ztE5+r2IUaksa2TkVlbX1jfym4Wt7Z3dPbO435RhLDBp4JCFou0hSRgNSENRxUg7EgRxj5GWN7wa91sPREgaBncqiYjLUT+gPsVIaatrFq8rqeNx+JSdwjTJ7vvHXbNsVa2J4DLYMyjXSs7Jy6iW1Lvmj9MLccxJoDBDUnZsK1JuioSimJGs4MSSRAgPUZ90NAaIE+mmk9czeKSdHvRDoStQcOL+3UgRlzLhnp7kSA3kYm9s/tfrxMq/cFMaRLEiAZ4e8mMGVQjHOcAeFQQrlmhAWFD9K8QDJBBWOq25Kx7PdCb2YgLL0Dyr2ppvdTiXYKo8OAQlUAE2OAc1cAPqoAEweASv4A28G8/Gh/FpfE1Hc8Zs5wDMyfj+BUC6nM0=</latexit><latexit sha1_base64="e/EvxuwTJ3maU0EAsLZWtKGhEHg=">AAACCXicbZDLSsNAFIYn9VbrLdWlm8EiVJCSuNFl0YUuK9gLtLFMppN26MwkzEyUGPIEPoNbXbsTtz6FS9/EaZuFbf3hwMd/zuEcfj9iVGnH+bYKK6tr6xvFzdLW9s7unl3eb6kwlpg0cchC2fGRIowK0tRUM9KJJEHcZ6Ttj68m/fYDkYqG4k4nEfE4GgoaUIy0sfp2+bqa9nwOn7JTmCbZ/fCkb1ecmjMVXAY3hwrI1ejbP71BiGNOhMYMKdV1nUh7KZKaYkayUi9WJEJ4jIaka1AgTpSXTl/P4LFxBjAIpSmh4dT9u5EirlTCfTPJkR6pxd7E/K/XjXVw4aVURLEmAs8OBTGDOoSTHOCASoI1SwwgLKn5FeIRkghrk9bcFZ9nJhN3MYFlaJ3VXMO3TqV+madTBIfgCFSBC85BHdyABmgCDB7BC3gFb9az9W59WJ+z0YKV7xyAOVlfv/bhmb4=</latexit>

[2] Mirza & Osindero. arXiv 2014.  [3] Miyato & Koyama. ICLR 2018.�

G



D

Conditional GAN [2, 3]�

Generator: �

Discriminator:�

�

�
�

�

�

�
�

Limitation�

G is optimized conditioned on noisy labels when trained with noisy labeled data.�

Baseline: cGAN�

10�

Dataset�

Conditioned�
on noisy label�

Noisy�

D(x, y)
<latexit sha1_base64="AYvJY9G/hMcRbQBxulga17SrgvU=">AAACA3icbZC7SgNBFIbPxluMt6ilzZAgRJSwa6NlUAvLCOYC2SXMTmaTITO768ysGJYtfQbbWNuJrQ9i6Zs4uRQm+sOBj/+cwzn8fsyZ0rb9ZeVWVtfWN/Kbha3tnd294v5BU0WJJLRBIh7Jto8V5SykDc00p+1YUix8Tlv+8HrSbz1SqVgU3utRTD2B+yELGMHaWN5NJXV9gZ6yMzQ66RbLdtWeCv0FZw7lWsk9HQNAvVv8dnsRSQQNNeFYqY5jx9pLsdSMcJoV3ETRGJMh7tOOwRALqrx0+nSGjo3TQ0EkTYUaTd3fGykWSo2EbyYF1gO13JuY//U6iQ4uvZSFcaJpSGaHgoQjHaFJAqjHJCWajwxgIpn5FZEBlphok9PCFV9kJhNnOYG/0DyvOobvTDhXMFMejqAEFXDgAmpwC3VoAIEHeIExvFrP1pv1bn3MRnPWfOcQFmR9/gA5Xpks</latexit><latexit sha1_base64="BA5RDs3afrtm4M93f27lvlOgNqE=">AAACA3icbZC7SgNBFIZn4y3GW9TSZkgQIkrYtdEyqIVlBHOB7BJmJ7PJkJnZdWZWXJYtfQPBVms7sfVBUvomTi6FSfzhwMd/zuEcfj9iVGnbHlm5ldW19Y38ZmFre2d3r7h/0FRhLDFp4JCFsu0jRRgVpKGpZqQdSYK4z0jLH16P+61HIhUNxb1OIuJx1Bc0oBhpY3k3ldT1OXzKzmBy0i2W7ao9EVwGZwblWsk9fRnVknq3+OP2QhxzIjRmSKmOY0faS5HUFDOSFdxYkQjhIeqTjkGBOFFeOnk6g8fG6cEglKaEhhP370aKuFIJ980kR3qgFntj879eJ9bBpZdSEcWaCDw9FMQM6hCOE4A9KgnWLDGAsKTmV4gHSCKsTU5zV3yemUycxQSWoXledQzfmXCuwFR5cARKoAIccAFq4BbUQQNg8ABewRt4t56tD+vT+pqO5qzZziGYk/X9C1mimrI=</latexit><latexit sha1_base64="LJoSMfVlXYI4/PbjbK8yMSWi4Xg=">AAACA3icbZBNS8NAEIYn9avWr6pHL4tFqCAl8aLHoh48VrAf0Iay2W7apbtJ3N2IIeTob/CqZ2/i1R/i0X/its3Btr4w8PDODDO8XsSZ0rb9bRVWVtfWN4qbpa3tnd298v5BS4WxJLRJQh7KjocV5SygTc00p51IUiw8Ttve+HrSbz9SqVgY3Oskoq7Aw4D5jGBtLPemmvY8gZ6yM5Sc9ssVu2ZPhZbByaECuRr98k9vEJJY0EATjpXqOnak3RRLzQinWakXKxphMsZD2jUYYEGVm06fztCJcQbID6WpQKOp+3cjxUKpRHhmUmA9Uou9iflfrxtr/9JNWRDFmgZkdsiPOdIhmiSABkxSonliABPJzK+IjLDERJuc5q54IjOZOIsJLEPrvOYYvrMr9as8nSIcwTFUwYELqMMtNKAJBB7gBV7hzXq23q0P63M2WrDynUOYk/X1Cw/Yl6M=</latexit>

G(z, yg)
<latexit sha1_base64="R7RPelWiq6Kk4lORxCVK9XU7AP4=">AAACCXicbZC7SgNBFIbPxluMt42WNkOCEFHCro2WQQstI5gLJDHMTibJkJndZWZWWZd9Ap9BsNLaTmx9CkvfxEliYRJ/OPDxn3M4h98LOVPacb6szNLyyupadj23sbm1vWPnd+sqiCShNRLwQDY9rChnPq1ppjlthpJi4XHa8EYX437jjkrFAv9GxyHtCDzwWZ8RrI3VtfOXpaTtCfSQHqMkTm8Hh1276JSdidAiuL9QrBTaR88AUO3a3+1eQCJBfU04VqrlOqHuJFhqRjhNc+1I0RCTER7QlkEfC6o6yeT1FB0Yp4f6gTTlazRx/24kWCgVC89MCqyHar43Nv/rtSLdP+skzA8jTX0yPdSPONIBGueAekxSonlsABPJzK+IDLHERJu0Zq54IjWZuPMJLEL9pOwavjbhnMNUWdiHApTAhVOowBVUoQYE7uEJXuDVerTerHfrYzqasX539mBG1ucPIHabRw==</latexit><latexit sha1_base64="oafkp0GnlyKHqqpdloXlNUofj28=">AAACCXicbZC7TsMwFIadcivllsLIYrVCKgJVCQuMFQwwFolepCZUjuu0Vu0ksh1QiPIErKysMLMhVp6iI2+Cexloyy8d6dN/ztE5+r2IUaksa2TkVlbX1jfym4Wt7Z3dPbO435RhLDBp4JCFou0hSRgNSENRxUg7EgRxj5GWN7wa91sPREgaBncqiYjLUT+gPsVIaatrFq8rqeNx+JSdwjTJ7vvHXbNsVa2J4DLYMyjXSs7Jy6iW1Lvmj9MLccxJoDBDUnZsK1JuioSimJGs4MSSRAgPUZ90NAaIE+mmk9czeKSdHvRDoStQcOL+3UgRlzLhnp7kSA3kYm9s/tfrxMq/cFMaRLEiAZ4e8mMGVQjHOcAeFQQrlmhAWFD9K8QDJBBWOq25Kx7PdCb2YgLL0Dyr2ppvdTiXYKo8OAQlUAE2OAc1cAPqoAEweASv4A28G8/Gh/FpfE1Hc8Zs5wDMyfj+BUC6nM0=</latexit><latexit sha1_base64="e/EvxuwTJ3maU0EAsLZWtKGhEHg=">AAACCXicbZDLSsNAFIYn9VbrLdWlm8EiVJCSuNFl0YUuK9gLtLFMppN26MwkzEyUGPIEPoNbXbsTtz6FS9/EaZuFbf3hwMd/zuEcfj9iVGnH+bYKK6tr6xvFzdLW9s7unl3eb6kwlpg0cchC2fGRIowK0tRUM9KJJEHcZ6Ttj68m/fYDkYqG4k4nEfE4GgoaUIy0sfp2+bqa9nwOn7JTmCbZ/fCkb1ecmjMVXAY3hwrI1ejbP71BiGNOhMYMKdV1nUh7KZKaYkayUi9WJEJ4jIaka1AgTpSXTl/P4LFxBjAIpSmh4dT9u5EirlTCfTPJkR6pxd7E/K/XjXVw4aVURLEmAs8OBTGDOoSTHOCASoI1SwwgLKn5FeIRkghrk9bcFZ9nJhN3MYFlaJ3VXMO3TqV+madTBIfgCFSBC85BHdyABmgCDB7BC3gFb9az9W59WJ+z0YKV7xyAOVlfv/bhmb4=</latexit>

[2] Mirza & Osindero. arXiv 2014.  [3] Miyato & Koyama. ICLR 2018.�
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Label-noise robust conditional GAN�

Generator: �

Discriminator:                              (                     )  �

�

�
�

�

�

�
�

Solution�

We correct the Dʼs input using the noise transition model.�

ỹg ⇠ p(ỹ|ŷg)
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Proposal: rcGAN�
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Experiment: Comprehensive study�

12�

Experimental conditions�

Dataset: CIFAR-10 [5], CIFAR-100 [5]�

Noise: Symmetric [6], Asymmetric [4] (Noise rate ∈ {0, 0.1, 0.3, 0.5, 0.7, 0.9})�

GAN configurations: DCGAN [7], WGAN-GP [8], CT-GAN [9], SN-GAN [10]�

Comparison: AC-GAN vs. rAC-GAN, cGAN vs. rcGAN�
Evaluation metrics: FID [11], Intra FID [3], GAN-test [12], GAN-train [12]�

�

We tested 336 conditions in total.�

[5] Krizhevsky. 2009.  [6] van Rooyen et al. NIPS 2015. [4] Patrini et al. CVPR 2017.�
[7] Radford et al. ICLR 2016.  [8] Gulrajani et al. NIPS 2017.  [9] Wei et al. ICLR 2018.  [10] Miyato et al. ICLR 2018.�

[11] Heusel et al. NIPS 2017. [3] Miyato & Koyama. ICLR 2018.  [12] Shmelkov et al. ECCV 2018.  �



Experiment: Quantitative results�

13�

Comparison between the proposed model and the baselines across all the conditions�

Baseline

Pr
op

os
ed

rAC-GAN vs. AC-GAN
rcGAN vs. cGAN

Larger is better

Baseline

Pr
op

os
ed

rAC-GAN vs. AC-GAN
rcGAN vs. cGAN

Larger is better

(a) GAN-test� (b) GAN-train�

The proposed models outperform the baselines in most cases.�



Experiment: Qualitative results I�

14�

CIFAR-10 symmetric noise (uniform noise)�

rAC-CT-GAN (30.2)�AC-CT-GAN (36.4)�

rcSN-GAN (28.6)�cSN-GAN (72.0)�

Baseline� Proposed�

Significantly�
degraded�

The number indicates Intra FID. A smaller value is better.�



Experiment: Qualitative results II�

15�

CIFAR-10 asymmetric noise (class-dependent noise, e.g., cat ⇄ dog)�

rAC-CT-GAN (27.2)�AC-CT-GAN (45.7)�

rcSN-GAN (25.6)�cSN-GAN (33.7)�

Baseline� Proposed�

The number indicates Intra FID. A smaller value is better.�

Confuse�
between�
flipped 
classes�

Cat� Dog� Cat� Dog�

Cat� Dog� Cat� Dog�



Further analyses�

16�

Effects of estimated noise transition model�
We examined the effect when�
the noise transition model is estimated from data [4].�

�
Evaluation of improved technique�

We validated the effect of an improved technique,�
which we developed to boost the performance�
in severely noisy setting.�
�

Evaluation on real-world noise�
We tested on Clothing1M [13],�
which includes real-world noisy labeled data.�

LMI = Ez⇠p(z),ŷg⇠p(ŷ)

[� logQ(ŷ = ŷg|G(z, ŷg))]
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¯

x

i
= argmax

x2X 0
C 0

(ỹ = i|x)

T 0
i,j = C 0

(ỹ = j|¯xi
)

<latexit sha1_base64="mlt41Tm3wmyCbhhigODxdDwr2B4="></latexit><latexit sha1_base64="mlt41Tm3wmyCbhhigODxdDwr2B4="></latexit><latexit sha1_base64="mlt41Tm3wmyCbhhigODxdDwr2B4="></latexit>

Robust two-step training algorithm [4]�

Loss for improving the performance�

[4] Patrini et al. CVPR 2017.  [13] Xiao et al. CVPR 2015. �

Qualitative results on Clothing1M�



Thank you!�
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Our code is publicly available at https://github.com/takuhirok/rGAN/�
�
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AC-GAN [1]� rAC-GAN� cGAN [2, 3]� rcGAN�

[1] Odena et al. ICML 2017.  [2] Mirza & Osindero. arXiv 2014.  [3] Miyato & Koyama. ICLR 2018.�


