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Bayesian approach: sample from the posterior
<latexit sha1_base64="tyQwUQ5J3a+qpOUV9wLK2d5s2DE="></latexit>

p(x|y)

2

We aim to design a rigorous Bayesian posterior sampler using 
diffusion models for solving inverse problems

Forward model: generate
<latexit sha1_base64="nh1255aIAn8VW26sLRDdQtgnETk="></latexit>

y = A(x) + e
<latexit sha1_base64="nh1255aIAn8VW26sLRDdQtgnETk="></latexit>

y = A(x) + e

Meas.
<latexit sha1_base64="ktdWgjiaQasBHSGTphPVThLb7i8="></latexit>y<latexit sha1_base64="z3w4MRfSH7Q3Ebyfin2rWhm+wt0="></latexit>y

Unknown
<latexit sha1_base64="pt+k+w3whf8g9/4DC78N5siJmF8="></latexit>x

Sensor
<latexit sha1_base64="l0Y4kLWIBHGAqaG8HVyNZaePbII="></latexit>

A

Noise
<latexit sha1_base64="Z4j6bsOsk2Kmank4XDu7vujCx7o="></latexit>e

Posterior 
Sampler

Diffusion model: generate image via iterative denoising
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We adopt the Split Gibbs Sampler formulation to sample from 
the posterior distribution

<latexit sha1_base64="GInUNHfpblHelk2duH6w5QVQxrE="></latexit>

p(x|y) /
<latexit sha1_base64="Yl0C4yvATLYocqm7wE97hDZDXGc="></latexit>

p(y|x)
<latexit sha1_base64="7iGWMtOMUZtIScxfm8uv0Qrkv6Y="></latexit>

p(x)
Posterior Likelihood Prior

<latexit sha1_base64="nU83lDifwkaCkbVsILZDIUzS8ys="></latexit>

⇢ ! 0
<latexit sha1_base64="ueewws67ESIWWfqi0Z7Xn8HzMEs="></latexit>⇡ Augmented variable

<latexit sha1_base64="8HqDLPv3qh4Ta6K8l9aebmZqsIg="></latexit>

p(x)
<latexit sha1_base64="wj7B6ev49VqLjlcz9ZRpJa1TbRc="></latexit>

p(y|z)
<latexit sha1_base64="FypAAJ3B9M3Y8APDgpjdYLswDz4="></latexit>

exp

✓
� 1

2⇢2
kx� zk22

◆Augmented distribution

[1]: Vono et al., Split-and-augmented Gibbs sampler - Application to large-scale inference problems (2018).

1. Likelihood step:  fix     and sample     :

2. Prior step:  fix     and sample     :

Split Gibbs Sampler (SGS) [1]

<latexit sha1_base64="x8ekMEJMkMnyO1QG3ZSFgcnPMVo="></latexit>z

<latexit sha1_base64="x8ekMEJMkMnyO1QG3ZSFgcnPMVo="></latexit>z<latexit sha1_base64="5j9ZhbXmzMWtceEr4fyi0fEx4lk="></latexit>x

<latexit sha1_base64="5j9ZhbXmzMWtceEr4fyi0fEx4lk="></latexit>x

<latexit sha1_base64="PTWn9j7jnW91gtl/x4GyaXKdPgo="></latexit>

z(k) ⇠ p(y|z) exp
✓
� 1

2⇢2
kx(k) � zk22

◆

<latexit sha1_base64="eggjRD3e3K+TFnNtxrKQhlxmXnA="></latexit>

x(k+1) ⇠ p(x) exp

✓
� 1

2⇢2
kx� z(k)k22

◆

Variable splitting Coupling term



Observation <latexit sha1_base64="fp5s1Va4wHAEmfBCmfCA5ANzRnQ="></latexit>

p(x) exp

✓
� 1

2⇢2
kx� z(k)k22

◆
/ p(x) N (x; z(k), ⇢2I)
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1. Likelihood step:  fix     and sample     :

2. Prior step:  fix     and sample     :

We identify a key connection between the prior step of Split 
Gibbs Sampler and the EDM framework

<latexit sha1_base64="x8ekMEJMkMnyO1QG3ZSFgcnPMVo="></latexit>z

<latexit sha1_base64="x8ekMEJMkMnyO1QG3ZSFgcnPMVo="></latexit>z<latexit sha1_base64="5j9ZhbXmzMWtceEr4fyi0fEx4lk="></latexit>x

<latexit sha1_base64="5j9ZhbXmzMWtceEr4fyi0fEx4lk="></latexit>x

Prior Likelihood of  
Gaussian denoising

<latexit sha1_base64="PTWn9j7jnW91gtl/x4GyaXKdPgo="></latexit>

z(k) ⇠ p(y|z) exp
✓
� 1

2⇢2
kx(k) � zk22

◆

<latexit sha1_base64="eggjRD3e3K+TFnNtxrKQhlxmXnA="></latexit>

x(k+1) ⇠ p(x) exp

✓
� 1

2⇢2
kx� z(k)k22

◆

Noise level = 
<latexit sha1_base64="Z9Z9dRoLusSMNSxbfNOfQoiBSG0="></latexit>⇢Noise level = 

<latexit sha1_base64="jbQe/Ok5gMj9b6vW9QMY3sqif5E="></latexit>

0

[2]: Karras et al., Elucidating the Design Space of Diffusion-Based Generative Models (2022).

<latexit sha1_base64="hDC6QoBonXEUE+Nv+AjBL5qyrdU="></latexit>

dxt = ��̇(t)�(t)r log p(xt;�(t))dt

EDM reverse diffusion [2]
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1. Likelihood step:  fix     and sample     :

2. Prior step:  fix     and sample     :

We propose PnP-DM as a principled method to leverage 
diffusion models for solving imaging inverse problems

<latexit sha1_base64="x8ekMEJMkMnyO1QG3ZSFgcnPMVo="></latexit>z

<latexit sha1_base64="x8ekMEJMkMnyO1QG3ZSFgcnPMVo="></latexit>z<latexit sha1_base64="5j9ZhbXmzMWtceEr4fyi0fEx4lk="></latexit>x

<latexit sha1_base64="5j9ZhbXmzMWtceEr4fyi0fEx4lk="></latexit>x

<latexit sha1_base64="jcienvTXVGvoS+Z8tSeXHiRLSwo=">AAACWnicbZHLSgMxFIbT8VanXlp152awCK7KjEh1JUU3LhVsFdpSzqRpG81lTM6oZZh3cKtvJvgwprULWz0Q+PP950DOnzgR3GIYfha8peWV1bXiul/a2NzaLld2WlanhrIm1UKb+xgsE1yxJnIU7D4xDGQs2F38eDnx756ZsVyrWxwnrCthqPiAU0CHWh0z0r2oV66GtXBawV8RzUSVzOq6Vymcd/qappIppAKsbUdhgt0MDHIqWO53UssSoI8wZG0nFUhmu9n0uXlw6Eg/GGjjjsJgSn9PZCCtHcvYdUrAkV30JvBfjz0pMAbG/5qxzOfvi0CmArnRL/MUIU4FmNfcP5xbCgdn3YyrJEXkaviz1CAVAepgknPQ54ZRFGMngBrucgnoCAxQdL/hu8SjxXz/itZxLarX6jcn1cbFLPsi2ScH5IhE5JQ0yBW5Jk1CyQN5I+/ko/Dled66V/pp9QqzmV0yV97eN8mNtyg=</latexit>⇢1

iteration 1

<latexit sha1_base64="wxO0/D9vXlFOvR5bYYEwqnH1kHg="></latexit>

p(x; ⇢1)
<latexit sha1_base64="59oDi08mYKKJNgwBIFlEwpUifVY="></latexit>

p(x)

<latexit sha1_base64="jcienvTXVGvoS+Z8tSeXHiRLSwo=">AAACWnicbZHLSgMxFIbT8VanXlp152awCK7KjEh1JUU3LhVsFdpSzqRpG81lTM6oZZh3cKtvJvgwprULWz0Q+PP950DOnzgR3GIYfha8peWV1bXiul/a2NzaLld2WlanhrIm1UKb+xgsE1yxJnIU7D4xDGQs2F38eDnx756ZsVyrWxwnrCthqPiAU0CHWh0z0r2oV66GtXBawV8RzUSVzOq6Vymcd/qappIppAKsbUdhgt0MDHIqWO53UssSoI8wZG0nFUhmu9n0uXlw6Eg/GGjjjsJgSn9PZCCtHcvYdUrAkV30JvBfjz0pMAbG/5qxzOfvi0CmArnRL/MUIU4FmNfcP5xbCgdn3YyrJEXkaviz1CAVAepgknPQ54ZRFGMngBrucgnoCAxQdL/hu8SjxXz/itZxLarX6jcn1cbFLPsi2ScH5IhE5JQ0yBW5Jk1CyQN5I+/ko/Dled66V/pp9QqzmV0yV97eN8mNtyg=</latexit>⇢1

General reverse diffusion under EDM

start from     at 
noise level

<latexit sha1_base64="j6fqKXB3waq6DblVi6pU/QcAmDQ=">AAACXHicbZHLTgIxFIbLiIogCpq4cTORkLgiM8agK0N04xITuSSA5Ewp0NB2xvaMSggv4VZfzI3PYrks5HKSJn+//5yk528QCW7Q834Szk5yd28/dZDOHGaPjnP5k7oJY01ZjYYi1M0ADBNcsRpyFKwZaQYyEKwRjB5mfuONacND9YzjiHUkDBTvcwpoURNf2mCw63dzBa/kzcvdFP5SFMiyqt184q7dC2ksmUIqwJiW70XYmYBGTgWbptuxYRHQEQxYy0oFkpnOZP7gqVu0pOf2Q22PQndO/09MQBozloHtlIBDs+7N4FaPvSrQGsZbzUBOV+/rQMYCuQ7fVylCEAvQH9N0cWUp7N92JlxFMSJXg8VS/Vi4GLqzpN0e14yiGFsBVHObi0uHoIGi/Y+0Tdxfz3dT1K9KfrlUfrouVO6X2afIObkgl8QnN6RCHkmV1AglgnySL/Kd+HWSTsbJLlqdxHLmlKyUc/YHr2u4DQ==</latexit>

t⇤1
<latexit sha1_base64="jcienvTXVGvoS+Z8tSeXHiRLSwo=">AAACWnicbZHLSgMxFIbT8VanXlp152awCK7KjEh1JUU3LhVsFdpSzqRpG81lTM6oZZh3cKtvJvgwprULWz0Q+PP950DOnzgR3GIYfha8peWV1bXiul/a2NzaLld2WlanhrIm1UKb+xgsE1yxJnIU7D4xDGQs2F38eDnx756ZsVyrWxwnrCthqPiAU0CHWh0z0r2oV66GtXBawV8RzUSVzOq6Vymcd/qappIppAKsbUdhgt0MDHIqWO53UssSoI8wZG0nFUhmu9n0uXlw6Eg/GGjjjsJgSn9PZCCtHcvYdUrAkV30JvBfjz0pMAbG/5qxzOfvi0CmArnRL/MUIU4FmNfcP5xbCgdn3YyrJEXkaviz1CAVAepgknPQ54ZRFGMngBrucgnoCAxQdL/hu8SjxXz/itZxLarX6jcn1cbFLPsi2ScH5IhE5JQ0yBW5Jk1CyQN5I+/ko/Dled66V/pp9QqzmV0yV97eN8mNtyg=</latexit>⇢1

Arbitrary  
initialization iteration K-1

<latexit sha1_base64="7qIlq4X4jHr7yx7Cq6ecvt4pPok=">AAACXnicbZHNSgMxFIXTUatWq1U3gpvBIrixzIhUVyK6Edwo2Fa0pdxJ0zaYnzG5o5Zh3sKtvpc7H8X0Z2FbLwROvnMv5J5EseAWg+A75y0sLuWXV1YLa+vFjc3S1nbd6sRQVqNaaPMQgWWCK1ZDjoI9xIaBjARrRM9XQ7/xyozlWt3jIGYtCT3Fu5wCOvTYNH3dTm+OwqxdKgeVYFT+vAgnokwmddveyp03O5omkimkAqx9CoMYWykY5FSwrNBMLIuBPkOPPTmpQDLbSkdPzvwDRzp+Vxt3FPoj+nciBWntQEauUwL27aw3hP967EWBMTD414xkNn2fBTIRyI1+m6YIUSLAvGeFg6mlsHvWSrmKE0SueuOluonwUfvDrP0ON4yiGDgB1HCXi0/7YICi+5GCSzyczXde1I8rYbVSvTspX1xOsl8he2SfHJKQnJILck1uSY1QosgH+SRfuR8v7xW9zXGrl5vM7JCp8nZ/ATUZuMA=</latexit>⇢K�1
<latexit sha1_base64="7qIlq4X4jHr7yx7Cq6ecvt4pPok=">AAACXnicbZHNSgMxFIXTUatWq1U3gpvBIrixzIhUVyK6Edwo2Fa0pdxJ0zaYnzG5o5Zh3sKtvpc7H8X0Z2FbLwROvnMv5J5EseAWg+A75y0sLuWXV1YLa+vFjc3S1nbd6sRQVqNaaPMQgWWCK1ZDjoI9xIaBjARrRM9XQ7/xyozlWt3jIGYtCT3Fu5wCOvTYNH3dTm+OwqxdKgeVYFT+vAgnokwmddveyp03O5omkimkAqx9CoMYWykY5FSwrNBMLIuBPkOPPTmpQDLbSkdPzvwDRzp+Vxt3FPoj+nciBWntQEauUwL27aw3hP967EWBMTD414xkNn2fBTIRyI1+m6YIUSLAvGeFg6mlsHvWSrmKE0SueuOluonwUfvDrP0ON4yiGDgB1HCXi0/7YICi+5GCSzyczXde1I8rYbVSvTspX1xOsl8he2SfHJKQnJILck1uSY1QosgH+SRfuR8v7xW9zXGrl5vM7JCp8nZ/ATUZuMA=</latexit>⇢K�1

<latexit sha1_base64="BcPp6y56MFe0up079cqEdF/yPig=">AAACXnicbZHLSgMxFIbT8VbrpV42gpvBIrgqMyLqSkQ3LitYW3RKOZOmbWguY3JGLcO8hVt9L3c+imntwl4OBP58/zmQ8ydOBLcYBN8Fb2l5ZXWtuF7a2NzaLu/s7j1anRrK6lQLbZoxWCa4YnXkKFgzMQxkLFgjHtyO/MYrM5Zr9YDDhLUk9BTvcgro0FOURaav24Mob+9UgmowLn9ehBNRIZOqtXcLV1FH01QyhVSAtc9hkGArA4OcCpaXotSyBOgAeuzZSQWS2VY2fnLuHzvS8bvauKPQH9P/ExlIa4cydp0SsG9nvRFc6LEXBcbAcKEZy3z6PgtkKpAb/TZNEeJUgHnPS8dTS2H3spVxlaSIXPX+luqmwkftj7L2O9wwimLoBFDDXS4+7YMBiu5HSi7xcDbfefF4Wg3Pq+f3Z5Xrm0n2RXJIjsgJCckFuSZ3pEbqhBJFPsgn+Sr8eKvellf+a/UKk5l9MlXewS8i6Lk6</latexit>

{⇢k}

Likelihood step: enforcing 
data-consistency

Annealing schedule

Prior step: denoising with  
noise level <latexit sha1_base64="cFYBExcrtj+IiJNgMpXIJt9aeMA=">AAACWnicbZHLSgMxFIbT8T7eWnXnZrAIrsqMSHUlRTcuFWwr2FLOpGkbm8uYnFGHMu/gVt9M8GFMaxe29kDgz/efAzl/4kRwi2H4VfCWlldW19Y3/M2t7Z3dYmmvYXVqKKtTLbR5iMEywRWrI0fBHhLDQMaCNePh9dhvvjBjuVb3mCWsLaGveI9TQIcaLTPQnWGnWA4r4aSC/yKaijKZ1m2nVLhsdTVNJVNIBVj7GIUJtkdgkFPBcr+VWpYAHUKfPTqpQDLbHk2emwfHjnSDnjbuKAwm9O/ECKS1mYxdpwQc2HlvDBd67FmBMZAtNGOZz97ngUwFcqNfZylCnAowb7l/PLMU9i7aI66SFJGr/u9SvVQEqINxzkGXG0ZRZE4ANdzlEtABGKDofsN3iUfz+f4XjdNKVK1U787Ktatp9uvkkByRExKRc1IjN+SW1AklT+SdfJDPwrfneRve5m+rV5jO7JOZ8g5+ADo2t2I=</latexit>⇢k

<latexit sha1_base64="sBj+TSlLsNgEnD37EqwoK1lVsng=">AAACWnicbZHLTgIxFIbLeAW8gLpzM5GQuCIzxqArY3TjEhO5JEDImVKg0svYnlEJ4R3c6puZ+DCWy0KQkzT5+/3nJD1/o1hwi0HwnfI2Nre2d3bTmeze/sFhLn9UszoxlFWpFto0IrBMcMWqyFGwRmwYyEiwejS8n/r1V2Ys1+oJRzFrS+gr3uMU0KFaywx0J+jkCkEpmJX/X4QLUSCLqnTyqZtWV9NEMoVUgLXNMIixPQaDnAo2ybQSy2KgQ+izppMKJLPt8ey5E7/oSNfvaeOOQn9G/06MQVo7kpHrlIADu+pN4VqPvSgwBkZrzUhOlu+rQCYCudFvyxQhSgSY90mmuLQU9q7bY67iBJGr/nypXiJ81P40Z7/LDaMoRk4ANdzl4tMBGKDofiPjEg9X8/0vahelsFwqP14Wbu8W2e+SU3JGzklIrsgteSAVUiWUPJMP8km+Uj+e56W97LzVSy1mjslSeSe/x5y3Jw==</latexit>⇢0

iteration 0

<latexit sha1_base64="cuHIcXTrqVOycAtxmwIrPP95Bj8="></latexit>

p(x; ⇢0)
<latexit sha1_base64="59oDi08mYKKJNgwBIFlEwpUifVY="></latexit>

p(x)

General reverse diffusion under EDM

<latexit sha1_base64="sBj+TSlLsNgEnD37EqwoK1lVsng=">AAACWnicbZHLTgIxFIbLeAW8gLpzM5GQuCIzxqArY3TjEhO5JEDImVKg0svYnlEJ4R3c6puZ+DCWy0KQkzT5+/3nJD1/o1hwi0HwnfI2Nre2d3bTmeze/sFhLn9UszoxlFWpFto0IrBMcMWqyFGwRmwYyEiwejS8n/r1V2Ys1+oJRzFrS+gr3uMU0KFaywx0J+jkCkEpmJX/X4QLUSCLqnTyqZtWV9NEMoVUgLXNMIixPQaDnAo2ybQSy2KgQ+izppMKJLPt8ey5E7/oSNfvaeOOQn9G/06MQVo7kpHrlIADu+pN4VqPvSgwBkZrzUhOlu+rQCYCudFvyxQhSgSY90mmuLQU9q7bY67iBJGr/nypXiJ81P40Z7/LDaMoRk4ANdzl4tMBGKDofiPjEg9X8/0vahelsFwqP14Wbu8W2e+SU3JGzklIrsgteSAVUiWUPJMP8km+Uj+e56W97LzVSy1mjslSeSe/x5y3Jw==</latexit>⇢0

start from     at 
noise level <latexit sha1_base64="sBj+TSlLsNgEnD37EqwoK1lVsng=">AAACWnicbZHLTgIxFIbLeAW8gLpzM5GQuCIzxqArY3TjEhO5JEDImVKg0svYnlEJ4R3c6puZ+DCWy0KQkzT5+/3nJD1/o1hwi0HwnfI2Nre2d3bTmeze/sFhLn9UszoxlFWpFto0IrBMcMWqyFGwRmwYyEiwejS8n/r1V2Ys1+oJRzFrS+gr3uMU0KFaywx0J+jkCkEpmJX/X4QLUSCLqnTyqZtWV9NEMoVUgLXNMIixPQaDnAo2ybQSy2KgQ+izppMKJLPt8ey5E7/oSNfvaeOOQn9G/06MQVo7kpHrlIADu+pN4VqPvSgwBkZrzUhOlu+rQCYCudFvyxQhSgSY90mmuLQU9q7bY67iBJGr/nypXiJ81P40Z7/LDaMoRk4ANdzl4tMBGKDofiPjEg9X8/0vahelsFwqP14Wbu8W2e+SU3JGzklIrsgteSAVUiWUPJMP8km+Uj+e56W97LzVSy1mjslSeSe/x5y3Jw==</latexit>⇢0

<latexit sha1_base64="fBIXyKhIbKLps0RTBlo586BOrMw=">AAACXHicbZHLTgIxFIbLiIogCpq4cTORkLgiM8agK0N04xITuSSA5Ewp0NB2xvaMSggv4VZfzI3PYrks5HKSJn+//5yk528QCW7Q834Szk5yd28/dZDOHGaPjnP5k7oJY01ZjYYi1M0ADBNcsRpyFKwZaQYyEKwRjB5mfuONacND9YzjiHUkDBTvcwpoURNf2mCw63VzBa/kzcvdFP5SFMiyqt184q7dC2ksmUIqwJiW70XYmYBGTgWbptuxYRHQEQxYy0oFkpnOZP7gqVu0pOf2Q22PQndO/09MQBozloHtlIBDs+7N4FaPvSrQGsZbzUBOV+/rQMYCuQ7fVylCEAvQH9N0cWUp7N92JlxFMSJXg8VS/Vi4GLqzpN0e14yiGFsBVHObi0uHoIGi/Y+0Tdxfz3dT1K9KfrlUfrouVO6X2afIObkgl8QnN6RCHkmV1AglgnySL/Kd+HWSTsbJLlqdxHLmlKyUc/YHrXq4DA==</latexit>

t⇤0

<latexit sha1_base64="PTWn9j7jnW91gtl/x4GyaXKdPgo="></latexit>

z(k) ⇠ p(y|z) exp
✓
� 1

2⇢2
kx(k) � zk22

◆

<latexit sha1_base64="eggjRD3e3K+TFnNtxrKQhlxmXnA="></latexit>

x(k+1) ⇠ p(x) exp

✓
� 1

2⇢2
kx� z(k)k22

◆
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1. Likelihood step:  fix     and sample     :

2. Prior step:  fi<latexit sha1_base64="x8ekMEJMkMnyO1QG3ZSFgcnPMVo="></latexit>z

<latexit sha1_base64="x8ekMEJMkMnyO1QG3ZSFgcnPMVo="></latexit>z<latexit sha1_base64="5j9ZhbXmzMWtceEr4fyi0fEx4lk="></latexit>x

<latexit sha1_base64="5j9ZhbXmzMWtceEr4fyi0fEx4lk="></latexit>x

iteration 0 iteration 1 iteration K-1Arbitrary  
initialization

<latexit sha1_base64="cuHIcXTrqVOycAtxmwIrPP95Bj8="></latexit>

p(x; ⇢0)
<latexit sha1_base64="wxO0/D9vXlFOvR5bYYEwqnH1kHg="></latexit>

p(x; ⇢1)
<latexit sha1_base64="59oDi08mYKKJNgwBIFlEwpUifVY="></latexit>

p(x)
<latexit sha1_base64="59oDi08mYKKJNgwBIFlEwpUifVY="></latexit>

p(x)

General reverse diffusion under EDM

<latexit sha1_base64="sBj+TSlLsNgEnD37EqwoK1lVsng=">AAACWnicbZHLTgIxFIbLeAW8gLpzM5GQuCIzxqArY3TjEhO5JEDImVKg0svYnlEJ4R3c6puZ+DCWy0KQkzT5+/3nJD1/o1hwi0HwnfI2Nre2d3bTmeze/sFhLn9UszoxlFWpFto0IrBMcMWqyFGwRmwYyEiwejS8n/r1V2Ys1+oJRzFrS+gr3uMU0KFaywx0J+jkCkEpmJX/X4QLUSCLqnTyqZtWV9NEMoVUgLXNMIixPQaDnAo2ybQSy2KgQ+izppMKJLPt8ey5E7/oSNfvaeOOQn9G/06MQVo7kpHrlIADu+pN4VqPvSgwBkZrzUhOlu+rQCYCudFvyxQhSgSY90mmuLQU9q7bY67iBJGr/nypXiJ81P40Z7/LDaMoRk4ANdzl4tMBGKDofiPjEg9X8/0vahelsFwqP14Wbu8W2e+SU3JGzklIrsgteSAVUiWUPJMP8km+Uj+e56W97LzVSy1mjslSeSe/x5y3Jw==</latexit>⇢0
<latexit sha1_base64="sBj+TSlLsNgEnD37EqwoK1lVsng=">AAACWnicbZHLTgIxFIbLeAW8gLpzM5GQuCIzxqArY3TjEhO5JEDImVKg0svYnlEJ4R3c6puZ+DCWy0KQkzT5+/3nJD1/o1hwi0HwnfI2Nre2d3bTmeze/sFhLn9UszoxlFWpFto0IrBMcMWqyFGwRmwYyEiwejS8n/r1V2Ys1+oJRzFrS+gr3uMU0KFaywx0J+jkCkEpmJX/X4QLUSCLqnTyqZtWV9NEMoVUgLXNMIixPQaDnAo2ybQSy2KgQ+izppMKJLPt8ey5E7/oSNfvaeOOQn9G/06MQVo7kpHrlIADu+pN4VqPvSgwBkZrzUhOlu+rQCYCudFvyxQhSgSY90mmuLQU9q7bY67iBJGr/nypXiJ81P40Z7/LDaMoRk4ANdzl4tMBGKDofiPjEg9X8/0vahelsFwqP14Wbu8W2e+SU3JGzklIrsgteSAVUiWUPJMP8km+Uj+e56W97LzVSy1mjslSeSe/x5y3Jw==</latexit>⇢0

<latexit sha1_base64="jcienvTXVGvoS+Z8tSeXHiRLSwo=">AAACWnicbZHLSgMxFIbT8VanXlp152awCK7KjEh1JUU3LhVsFdpSzqRpG81lTM6oZZh3cKtvJvgwprULWz0Q+PP950DOnzgR3GIYfha8peWV1bXiul/a2NzaLld2WlanhrIm1UKb+xgsE1yxJnIU7D4xDGQs2F38eDnx756ZsVyrWxwnrCthqPiAU0CHWh0z0r2oV66GtXBawV8RzUSVzOq6Vymcd/qappIppAKsbUdhgt0MDHIqWO53UssSoI8wZG0nFUhmu9n0uXlw6Eg/GGjjjsJgSn9PZCCtHcvYdUrAkV30JvBfjz0pMAbG/5qxzOfvi0CmArnRL/MUIU4FmNfcP5xbCgdn3YyrJEXkaviz1CAVAepgknPQ54ZRFGMngBrucgnoCAxQdL/hu8SjxXz/itZxLarX6jcn1cbFLPsi2ScH5IhE5JQ0yBW5Jk1CyQN5I+/ko/Dled66V/pp9QqzmV0yV97eN8mNtyg=</latexit>⇢1
<latexit sha1_base64="jcienvTXVGvoS+Z8tSeXHiRLSwo=">AAACWnicbZHLSgMxFIbT8VanXlp152awCK7KjEh1JUU3LhVsFdpSzqRpG81lTM6oZZh3cKtvJvgwprULWz0Q+PP950DOnzgR3GIYfha8peWV1bXiul/a2NzaLld2WlanhrIm1UKb+xgsE1yxJnIU7D4xDGQs2F38eDnx756ZsVyrWxwnrCthqPiAU0CHWh0z0r2oV66GtXBawV8RzUSVzOq6Vymcd/qappIppAKsbUdhgt0MDHIqWO53UssSoI8wZG0nFUhmu9n0uXlw6Eg/GGjjjsJgSn9PZCCtHcvYdUrAkV30JvBfjz0pMAbG/5qxzOfvi0CmArnRL/MUIU4FmNfcP5xbCgdn3YyrJEXkaviz1CAVAepgknPQ54ZRFGMngBrucgnoCAxQdL/hu8SjxXz/itZxLarX6jcn1cbFLPsi2ScH5IhE5JQ0yBW5Jk1CyQN5I+/ko/Dled66V/pp9QqzmV0yV97eN8mNtyg=</latexit>⇢1

<latexit sha1_base64="BcPp6y56MFe0up079cqEdF/yPig=">AAACXnicbZHLSgMxFIbT8VbrpV42gpvBIrgqMyLqSkQ3LitYW3RKOZOmbWguY3JGLcO8hVt9L3c+imntwl4OBP58/zmQ8ydOBLcYBN8Fb2l5ZXWtuF7a2NzaLu/s7j1anRrK6lQLbZoxWCa4YnXkKFgzMQxkLFgjHtyO/MYrM5Zr9YDDhLUk9BTvcgro0FOURaav24Mob+9UgmowLn9ehBNRIZOqtXcLV1FH01QyhVSAtc9hkGArA4OcCpaXotSyBOgAeuzZSQWS2VY2fnLuHzvS8bvauKPQH9P/ExlIa4cydp0SsG9nvRFc6LEXBcbAcKEZy3z6PgtkKpAb/TZNEeJUgHnPS8dTS2H3spVxlaSIXPX+luqmwkftj7L2O9wwimLoBFDDXS4+7YMBiu5HSi7xcDbfefF4Wg3Pq+f3Z5Xrm0n2RXJIjsgJCckFuSZ3pEbqhBJFPsgn+Sr8eKvellf+a/UKk5l9MlXewS8i6Lk6</latexit>

{⇢k}

Likelihood step: enforcing 
data-consistency

Annealing schedule

General reverse diffusion under EDM

<latexit sha1_base64="7qIlq4X4jHr7yx7Cq6ecvt4pPok=">AAACXnicbZHNSgMxFIXTUatWq1U3gpvBIrixzIhUVyK6Edwo2Fa0pdxJ0zaYnzG5o5Zh3sKtvpc7H8X0Z2FbLwROvnMv5J5EseAWg+A75y0sLuWXV1YLa+vFjc3S1nbd6sRQVqNaaPMQgWWCK1ZDjoI9xIaBjARrRM9XQ7/xyozlWt3jIGYtCT3Fu5wCOvTYNH3dTm+OwqxdKgeVYFT+vAgnokwmddveyp03O5omkimkAqx9CoMYWykY5FSwrNBMLIuBPkOPPTmpQDLbSkdPzvwDRzp+Vxt3FPoj+nciBWntQEauUwL27aw3hP967EWBMTD414xkNn2fBTIRyI1+m6YIUSLAvGeFg6mlsHvWSrmKE0SueuOluonwUfvDrP0ON4yiGDgB1HCXi0/7YICi+5GCSzyczXde1I8rYbVSvTspX1xOsl8he2SfHJKQnJILck1uSY1QosgH+SRfuR8v7xW9zXGrl5vM7JCp8nZ/ATUZuMA=</latexit>⇢K�1
<latexit sha1_base64="7qIlq4X4jHr7yx7Cq6ecvt4pPok=">AAACXnicbZHNSgMxFIXTUatWq1U3gpvBIrixzIhUVyK6Edwo2Fa0pdxJ0zaYnzG5o5Zh3sKtvpc7H8X0Z2FbLwROvnMv5J5EseAWg+A75y0sLuWXV1YLa+vFjc3S1nbd6sRQVqNaaPMQgWWCK1ZDjoI9xIaBjARrRM9XQ7/xyozlWt3jIGYtCT3Fu5wCOvTYNH3dTm+OwqxdKgeVYFT+vAgnokwmddveyp03O5omkimkAqx9CoMYWykY5FSwrNBMLIuBPkOPPTmpQDLbSkdPzvwDRzp+Vxt3FPoj+nciBWntQEauUwL27aw3hP967EWBMTD414xkNn2fBTIRyI1+m6YIUSLAvGeFg6mlsHvWSrmKE0SueuOluonwUfvDrP0ON4yiGDgB1HCXi0/7YICi+5GCSzyczXde1I8rYbVSvTspX1xOsl8he2SfHJKQnJILck1uSY1QosgH+SRfuR8v7xW9zXGrl5vM7JCp8nZ/ATUZuMA=</latexit>⇢K�1

Prior step: denoising with  
noise level <latexit sha1_base64="cFYBExcrtj+IiJNgMpXIJt9aeMA=">AAACWnicbZHLSgMxFIbT8T7eWnXnZrAIrsqMSHUlRTcuFWwr2FLOpGkbm8uYnFGHMu/gVt9M8GFMaxe29kDgz/efAzl/4kRwi2H4VfCWlldW19Y3/M2t7Z3dYmmvYXVqKKtTLbR5iMEywRWrI0fBHhLDQMaCNePh9dhvvjBjuVb3mCWsLaGveI9TQIcaLTPQnWGnWA4r4aSC/yKaijKZ1m2nVLhsdTVNJVNIBVj7GIUJtkdgkFPBcr+VWpYAHUKfPTqpQDLbHk2emwfHjnSDnjbuKAwm9O/ECKS1mYxdpwQc2HlvDBd67FmBMZAtNGOZz97ngUwFcqNfZylCnAowb7l/PLMU9i7aI66SFJGr/u9SvVQEqINxzkGXG0ZRZE4ANdzlEtABGKDofsN3iUfz+f4XjdNKVK1U787Ktatp9uvkkByRExKRc1IjN+SW1AklT+SdfJDPwrfneRve5m+rV5jO7JOZ8g5+ADo2t2I=</latexit>⇢k

start from     at 
noise level <latexit sha1_base64="sBj+TSlLsNgEnD37EqwoK1lVsng=">AAACWnicbZHLTgIxFIbLeAW8gLpzM5GQuCIzxqArY3TjEhO5JEDImVKg0svYnlEJ4R3c6puZ+DCWy0KQkzT5+/3nJD1/o1hwi0HwnfI2Nre2d3bTmeze/sFhLn9UszoxlFWpFto0IrBMcMWqyFGwRmwYyEiwejS8n/r1V2Ys1+oJRzFrS+gr3uMU0KFaywx0J+jkCkEpmJX/X4QLUSCLqnTyqZtWV9NEMoVUgLXNMIixPQaDnAo2ybQSy2KgQ+izppMKJLPt8ey5E7/oSNfvaeOOQn9G/06MQVo7kpHrlIADu+pN4VqPvSgwBkZrzUhOlu+rQCYCudFvyxQhSgSY90mmuLQU9q7bY67iBJGr/nypXiJ81P40Z7/LDaMoRk4ANdzl4tMBGKDofiPjEg9X8/0vahelsFwqP14Wbu8W2e+SU3JGzklIrsgteSAVUiWUPJMP8km+Uj+e56W97LzVSy1mjslSeSe/x5y3Jw==</latexit>⇢0

<latexit sha1_base64="fBIXyKhIbKLps0RTBlo586BOrMw=">AAACXHicbZHLTgIxFIbLiIogCpq4cTORkLgiM8agK0N04xITuSSA5Ewp0NB2xvaMSggv4VZfzI3PYrks5HKSJn+//5yk528QCW7Q834Szk5yd28/dZDOHGaPjnP5k7oJY01ZjYYi1M0ADBNcsRpyFKwZaQYyEKwRjB5mfuONacND9YzjiHUkDBTvcwpoURNf2mCw63VzBa/kzcvdFP5SFMiyqt184q7dC2ksmUIqwJiW70XYmYBGTgWbptuxYRHQEQxYy0oFkpnOZP7gqVu0pOf2Q22PQndO/09MQBozloHtlIBDs+7N4FaPvSrQGsZbzUBOV+/rQMYCuQ7fVylCEAvQH9N0cWUp7N92JlxFMSJXg8VS/Vi4GLqzpN0e14yiGFsBVHObi0uHoIGi/Y+0Tdxfz3dT1K9KfrlUfrouVO6X2afIObkgl8QnN6RCHkmV1AglgnySL/Kd+HWSTsbJLlqdxHLmlKyUc/YHrXq4DA==</latexit>

t⇤0 start from     at 
noise level

<latexit sha1_base64="j6fqKXB3waq6DblVi6pU/QcAmDQ=">AAACXHicbZHLTgIxFIbLiIogCpq4cTORkLgiM8agK0N04xITuSSA5Ewp0NB2xvaMSggv4VZfzI3PYrks5HKSJn+//5yk528QCW7Q834Szk5yd28/dZDOHGaPjnP5k7oJY01ZjYYi1M0ADBNcsRpyFKwZaQYyEKwRjB5mfuONacND9YzjiHUkDBTvcwpoURNf2mCw63dzBa/kzcvdFP5SFMiyqt184q7dC2ksmUIqwJiW70XYmYBGTgWbptuxYRHQEQxYy0oFkpnOZP7gqVu0pOf2Q22PQndO/09MQBozloHtlIBDs+7N4FaPvSrQGsZbzUBOV+/rQMYCuQ7fVylCEAvQH9N0cWUp7N92JlxFMSJXg8VS/Vi4GLqzpN0e14yiGFsBVHObi0uHoIGi/Y+0Tdxfz3dT1K9KfrlUfrouVO6X2afIObkgl8QnN6RCHkmV1AglgnySL/Kd+HWSTsbJLlqdxHLmlKyUc/YHr2u4DQ==</latexit>

t⇤1
<latexit sha1_base64="jcienvTXVGvoS+Z8tSeXHiRLSwo=">AAACWnicbZHLSgMxFIbT8VanXlp152awCK7KjEh1JUU3LhVsFdpSzqRpG81lTM6oZZh3cKtvJvgwprULWz0Q+PP950DOnzgR3GIYfha8peWV1bXiul/a2NzaLld2WlanhrIm1UKb+xgsE1yxJnIU7D4xDGQs2F38eDnx756ZsVyrWxwnrCthqPiAU0CHWh0z0r2oV66GtXBawV8RzUSVzOq6Vymcd/qappIppAKsbUdhgt0MDHIqWO53UssSoI8wZG0nFUhmu9n0uXlw6Eg/GGjjjsJgSn9PZCCtHcvYdUrAkV30JvBfjz0pMAbG/5qxzOfvi0CmArnRL/MUIU4FmNfcP5xbCgdn3YyrJEXkaviz1CAVAepgknPQ54ZRFGMngBrucgnoCAxQdL/hu8SjxXz/itZxLarX6jcn1cbFLPsi2ScH5IhE5JQ0yBW5Jk1CyQN5I+/ko/Dled66V/pp9QqzmV0yV97eN8mNtyg=</latexit>⇢1

We propose PnP-DM as a principled method to leverage 
diffusion models for solving imaging inverse problems

<latexit sha1_base64="PTWn9j7jnW91gtl/x4GyaXKdPgo="></latexit>

z(k) ⇠ p(y|z) exp
✓
� 1

2⇢2
kx(k) � zk22

◆

<latexit sha1_base64="eggjRD3e3K+TFnNtxrKQhlxmXnA="></latexit>

x(k+1) ⇠ p(x) exp

✓
� 1

2⇢2
kx� z(k)k22

◆
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1. Likelihood step:  fi

2. Prior step:  fix     and sample     :<latexit sha1_base64="x8ekMEJMkMnyO1QG3ZSFgcnPMVo="></latexit>z

<latexit sha1_base64="x8ekMEJMkMnyO1QG3ZSFgcnPMVo="></latexit>z<latexit sha1_base64="5j9ZhbXmzMWtceEr4fyi0fEx4lk="></latexit>x

<latexit sha1_base64="5j9ZhbXmzMWtceEr4fyi0fEx4lk="></latexit>x

iteration 0 iteration 1 iteration K-1Arbitrary  
initialization

<latexit sha1_base64="cuHIcXTrqVOycAtxmwIrPP95Bj8="></latexit>

p(x; ⇢0)
<latexit sha1_base64="wxO0/D9vXlFOvR5bYYEwqnH1kHg="></latexit>

p(x; ⇢1)
<latexit sha1_base64="59oDi08mYKKJNgwBIFlEwpUifVY="></latexit>

p(x)
<latexit sha1_base64="59oDi08mYKKJNgwBIFlEwpUifVY="></latexit>

p(x)

General reverse diffusion under EDM

<latexit sha1_base64="sBj+TSlLsNgEnD37EqwoK1lVsng=">AAACWnicbZHLTgIxFIbLeAW8gLpzM5GQuCIzxqArY3TjEhO5JEDImVKg0svYnlEJ4R3c6puZ+DCWy0KQkzT5+/3nJD1/o1hwi0HwnfI2Nre2d3bTmeze/sFhLn9UszoxlFWpFto0IrBMcMWqyFGwRmwYyEiwejS8n/r1V2Ys1+oJRzFrS+gr3uMU0KFaywx0J+jkCkEpmJX/X4QLUSCLqnTyqZtWV9NEMoVUgLXNMIixPQaDnAo2ybQSy2KgQ+izppMKJLPt8ey5E7/oSNfvaeOOQn9G/06MQVo7kpHrlIADu+pN4VqPvSgwBkZrzUhOlu+rQCYCudFvyxQhSgSY90mmuLQU9q7bY67iBJGr/nypXiJ81P40Z7/LDaMoRk4ANdzl4tMBGKDofiPjEg9X8/0vahelsFwqP14Wbu8W2e+SU3JGzklIrsgteSAVUiWUPJMP8km+Uj+e56W97LzVSy1mjslSeSe/x5y3Jw==</latexit>⇢0
<latexit sha1_base64="sBj+TSlLsNgEnD37EqwoK1lVsng=">AAACWnicbZHLTgIxFIbLeAW8gLpzM5GQuCIzxqArY3TjEhO5JEDImVKg0svYnlEJ4R3c6puZ+DCWy0KQkzT5+/3nJD1/o1hwi0HwnfI2Nre2d3bTmeze/sFhLn9UszoxlFWpFto0IrBMcMWqyFGwRmwYyEiwejS8n/r1V2Ys1+oJRzFrS+gr3uMU0KFaywx0J+jkCkEpmJX/X4QLUSCLqnTyqZtWV9NEMoVUgLXNMIixPQaDnAo2ybQSy2KgQ+izppMKJLPt8ey5E7/oSNfvaeOOQn9G/06MQVo7kpHrlIADu+pN4VqPvSgwBkZrzUhOlu+rQCYCudFvyxQhSgSY90mmuLQU9q7bY67iBJGr/nypXiJ81P40Z7/LDaMoRk4ANdzl4tMBGKDofiPjEg9X8/0vahelsFwqP14Wbu8W2e+SU3JGzklIrsgteSAVUiWUPJMP8km+Uj+e56W97LzVSy1mjslSeSe/x5y3Jw==</latexit>⇢0

<latexit sha1_base64="jcienvTXVGvoS+Z8tSeXHiRLSwo=">AAACWnicbZHLSgMxFIbT8VanXlp152awCK7KjEh1JUU3LhVsFdpSzqRpG81lTM6oZZh3cKtvJvgwprULWz0Q+PP950DOnzgR3GIYfha8peWV1bXiul/a2NzaLld2WlanhrIm1UKb+xgsE1yxJnIU7D4xDGQs2F38eDnx756ZsVyrWxwnrCthqPiAU0CHWh0z0r2oV66GtXBawV8RzUSVzOq6Vymcd/qappIppAKsbUdhgt0MDHIqWO53UssSoI8wZG0nFUhmu9n0uXlw6Eg/GGjjjsJgSn9PZCCtHcvYdUrAkV30JvBfjz0pMAbG/5qxzOfvi0CmArnRL/MUIU4FmNfcP5xbCgdn3YyrJEXkaviz1CAVAepgknPQ54ZRFGMngBrucgnoCAxQdL/hu8SjxXz/itZxLarX6jcn1cbFLPsi2ScH5IhE5JQ0yBW5Jk1CyQN5I+/ko/Dled66V/pp9QqzmV0yV97eN8mNtyg=</latexit>⇢1
<latexit sha1_base64="jcienvTXVGvoS+Z8tSeXHiRLSwo=">AAACWnicbZHLSgMxFIbT8VanXlp152awCK7KjEh1JUU3LhVsFdpSzqRpG81lTM6oZZh3cKtvJvgwprULWz0Q+PP950DOnzgR3GIYfha8peWV1bXiul/a2NzaLld2WlanhrIm1UKb+xgsE1yxJnIU7D4xDGQs2F38eDnx756ZsVyrWxwnrCthqPiAU0CHWh0z0r2oV66GtXBawV8RzUSVzOq6Vymcd/qappIppAKsbUdhgt0MDHIqWO53UssSoI8wZG0nFUhmu9n0uXlw6Eg/GGjjjsJgSn9PZCCtHcvYdUrAkV30JvBfjz0pMAbG/5qxzOfvi0CmArnRL/MUIU4FmNfcP5xbCgdn3YyrJEXkaviz1CAVAepgknPQ54ZRFGMngBrucgnoCAxQdL/hu8SjxXz/itZxLarX6jcn1cbFLPsi2ScH5IhE5JQ0yBW5Jk1CyQN5I+/ko/Dled66V/pp9QqzmV0yV97eN8mNtyg=</latexit>⇢1

<latexit sha1_base64="BcPp6y56MFe0up079cqEdF/yPig=">AAACXnicbZHLSgMxFIbT8VbrpV42gpvBIrgqMyLqSkQ3LitYW3RKOZOmbWguY3JGLcO8hVt9L3c+imntwl4OBP58/zmQ8ydOBLcYBN8Fb2l5ZXWtuF7a2NzaLu/s7j1anRrK6lQLbZoxWCa4YnXkKFgzMQxkLFgjHtyO/MYrM5Zr9YDDhLUk9BTvcgro0FOURaav24Mob+9UgmowLn9ehBNRIZOqtXcLV1FH01QyhVSAtc9hkGArA4OcCpaXotSyBOgAeuzZSQWS2VY2fnLuHzvS8bvauKPQH9P/ExlIa4cydp0SsG9nvRFc6LEXBcbAcKEZy3z6PgtkKpAb/TZNEeJUgHnPS8dTS2H3spVxlaSIXPX+luqmwkftj7L2O9wwimLoBFDDXS4+7YMBiu5HSi7xcDbfefF4Wg3Pq+f3Z5Xrm0n2RXJIjsgJCckFuSZ3pEbqhBJFPsgn+Sr8eKvellf+a/UKk5l9MlXewS8i6Lk6</latexit>

{⇢k}

Likelihood step: enforcing 
data-consistency

Annealing schedule

General reverse diffusion under EDM

<latexit sha1_base64="7qIlq4X4jHr7yx7Cq6ecvt4pPok=">AAACXnicbZHNSgMxFIXTUatWq1U3gpvBIrixzIhUVyK6Edwo2Fa0pdxJ0zaYnzG5o5Zh3sKtvpc7H8X0Z2FbLwROvnMv5J5EseAWg+A75y0sLuWXV1YLa+vFjc3S1nbd6sRQVqNaaPMQgWWCK1ZDjoI9xIaBjARrRM9XQ7/xyozlWt3jIGYtCT3Fu5wCOvTYNH3dTm+OwqxdKgeVYFT+vAgnokwmddveyp03O5omkimkAqx9CoMYWykY5FSwrNBMLIuBPkOPPTmpQDLbSkdPzvwDRzp+Vxt3FPoj+nciBWntQEauUwL27aw3hP967EWBMTD414xkNn2fBTIRyI1+m6YIUSLAvGeFg6mlsHvWSrmKE0SueuOluonwUfvDrP0ON4yiGDgB1HCXi0/7YICi+5GCSzyczXde1I8rYbVSvTspX1xOsl8he2SfHJKQnJILck1uSY1QosgH+SRfuR8v7xW9zXGrl5vM7JCp8nZ/ATUZuMA=</latexit>⇢K�1
<latexit sha1_base64="7qIlq4X4jHr7yx7Cq6ecvt4pPok=">AAACXnicbZHNSgMxFIXTUatWq1U3gpvBIrixzIhUVyK6Edwo2Fa0pdxJ0zaYnzG5o5Zh3sKtvpc7H8X0Z2FbLwROvnMv5J5EseAWg+A75y0sLuWXV1YLa+vFjc3S1nbd6sRQVqNaaPMQgWWCK1ZDjoI9xIaBjARrRM9XQ7/xyozlWt3jIGYtCT3Fu5wCOvTYNH3dTm+OwqxdKgeVYFT+vAgnokwmddveyp03O5omkimkAqx9CoMYWykY5FSwrNBMLIuBPkOPPTmpQDLbSkdPzvwDRzp+Vxt3FPoj+nciBWntQEauUwL27aw3hP967EWBMTD414xkNn2fBTIRyI1+m6YIUSLAvGeFg6mlsHvWSrmKE0SueuOluonwUfvDrP0ON4yiGDgB1HCXi0/7YICi+5GCSzyczXde1I8rYbVSvTspX1xOsl8he2SfHJKQnJILck1uSY1QosgH+SRfuR8v7xW9zXGrl5vM7JCp8nZ/ATUZuMA=</latexit>⇢K�1

Prior step: denoising with  
noise level <latexit sha1_base64="cFYBExcrtj+IiJNgMpXIJt9aeMA=">AAACWnicbZHLSgMxFIbT8T7eWnXnZrAIrsqMSHUlRTcuFWwr2FLOpGkbm8uYnFGHMu/gVt9M8GFMaxe29kDgz/efAzl/4kRwi2H4VfCWlldW19Y3/M2t7Z3dYmmvYXVqKKtTLbR5iMEywRWrI0fBHhLDQMaCNePh9dhvvjBjuVb3mCWsLaGveI9TQIcaLTPQnWGnWA4r4aSC/yKaijKZ1m2nVLhsdTVNJVNIBVj7GIUJtkdgkFPBcr+VWpYAHUKfPTqpQDLbHk2emwfHjnSDnjbuKAwm9O/ECKS1mYxdpwQc2HlvDBd67FmBMZAtNGOZz97ngUwFcqNfZylCnAowb7l/PLMU9i7aI66SFJGr/u9SvVQEqINxzkGXG0ZRZE4ANdzlEtABGKDofsN3iUfz+f4XjdNKVK1U787Ktatp9uvkkByRExKRc1IjN+SW1AklT+SdfJDPwrfneRve5m+rV5jO7JOZ8g5+ADo2t2I=</latexit>⇢k

start from     at 
noise level <latexit sha1_base64="sBj+TSlLsNgEnD37EqwoK1lVsng=">AAACWnicbZHLTgIxFIbLeAW8gLpzM5GQuCIzxqArY3TjEhO5JEDImVKg0svYnlEJ4R3c6puZ+DCWy0KQkzT5+/3nJD1/o1hwi0HwnfI2Nre2d3bTmeze/sFhLn9UszoxlFWpFto0IrBMcMWqyFGwRmwYyEiwejS8n/r1V2Ys1+oJRzFrS+gr3uMU0KFaywx0J+jkCkEpmJX/X4QLUSCLqnTyqZtWV9NEMoVUgLXNMIixPQaDnAo2ybQSy2KgQ+izppMKJLPt8ey5E7/oSNfvaeOOQn9G/06MQVo7kpHrlIADu+pN4VqPvSgwBkZrzUhOlu+rQCYCudFvyxQhSgSY90mmuLQU9q7bY67iBJGr/nypXiJ81P40Z7/LDaMoRk4ANdzl4tMBGKDofiPjEg9X8/0vahelsFwqP14Wbu8W2e+SU3JGzklIrsgteSAVUiWUPJMP8km+Uj+e56W97LzVSy1mjslSeSe/x5y3Jw==</latexit>⇢0

<latexit sha1_base64="fBIXyKhIbKLps0RTBlo586BOrMw=">AAACXHicbZHLTgIxFIbLiIogCpq4cTORkLgiM8agK0N04xITuSSA5Ewp0NB2xvaMSggv4VZfzI3PYrks5HKSJn+//5yk528QCW7Q834Szk5yd28/dZDOHGaPjnP5k7oJY01ZjYYi1M0ADBNcsRpyFKwZaQYyEKwRjB5mfuONacND9YzjiHUkDBTvcwpoURNf2mCw63VzBa/kzcvdFP5SFMiyqt184q7dC2ksmUIqwJiW70XYmYBGTgWbptuxYRHQEQxYy0oFkpnOZP7gqVu0pOf2Q22PQndO/09MQBozloHtlIBDs+7N4FaPvSrQGsZbzUBOV+/rQMYCuQ7fVylCEAvQH9N0cWUp7N92JlxFMSJXg8VS/Vi4GLqzpN0e14yiGFsBVHObi0uHoIGi/Y+0Tdxfz3dT1K9KfrlUfrouVO6X2afIObkgl8QnN6RCHkmV1AglgnySL/Kd+HWSTsbJLlqdxHLmlKyUc/YHrXq4DA==</latexit>

t⇤0 start from     at 
noise level

<latexit sha1_base64="j6fqKXB3waq6DblVi6pU/QcAmDQ=">AAACXHicbZHLTgIxFIbLiIogCpq4cTORkLgiM8agK0N04xITuSSA5Ewp0NB2xvaMSggv4VZfzI3PYrks5HKSJn+//5yk528QCW7Q834Szk5yd28/dZDOHGaPjnP5k7oJY01ZjYYi1M0ADBNcsRpyFKwZaQYyEKwRjB5mfuONacND9YzjiHUkDBTvcwpoURNf2mCw63dzBa/kzcvdFP5SFMiyqt184q7dC2ksmUIqwJiW70XYmYBGTgWbptuxYRHQEQxYy0oFkpnOZP7gqVu0pOf2Q22PQndO/09MQBozloHtlIBDs+7N4FaPvSrQGsZbzUBOV+/rQMYCuQ7fVylCEAvQH9N0cWUp7N92JlxFMSJXg8VS/Vi4GLqzpN0e14yiGFsBVHObi0uHoIGi/Y+0Tdxfz3dT1K9KfrlUfrouVO6X2afIObkgl8QnN6RCHkmV1AglgnySL/Kd+HWSTsbJLlqdxHLmlKyUc/YHr2u4DQ==</latexit>

t⇤1
<latexit sha1_base64="jcienvTXVGvoS+Z8tSeXHiRLSwo=">AAACWnicbZHLSgMxFIbT8VanXlp152awCK7KjEh1JUU3LhVsFdpSzqRpG81lTM6oZZh3cKtvJvgwprULWz0Q+PP950DOnzgR3GIYfha8peWV1bXiul/a2NzaLld2WlanhrIm1UKb+xgsE1yxJnIU7D4xDGQs2F38eDnx756ZsVyrWxwnrCthqPiAU0CHWh0z0r2oV66GtXBawV8RzUSVzOq6Vymcd/qappIppAKsbUdhgt0MDHIqWO53UssSoI8wZG0nFUhmu9n0uXlw6Eg/GGjjjsJgSn9PZCCtHcvYdUrAkV30JvBfjz0pMAbG/5qxzOfvi0CmArnRL/MUIU4FmNfcP5xbCgdn3YyrJEXkaviz1CAVAepgknPQ54ZRFGMngBrucgnoCAxQdL/hu8SjxXz/itZxLarX6jcn1cbFLPsi2ScH5IhE5JQ0yBW5Jk1CyQN5I+/ko/Dled66V/pp9QqzmV0yV97eN8mNtyg=</latexit>⇢1

We propose PnP-DM as a principled method to leverage 
diffusion models for solving imaging inverse problems

<latexit sha1_base64="PTWn9j7jnW91gtl/x4GyaXKdPgo="></latexit>

z(k) ⇠ p(y|z) exp
✓
� 1

2⇢2
kx(k) � zk22

◆

<latexit sha1_base64="eggjRD3e3K+TFnNtxrKQhlxmXnA="></latexit>

x(k+1) ⇠ p(x) exp

✓
� 1

2⇢2
kx� z(k)k22

◆
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PnP-DM outperforms existing methods on image restoration 
problems
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PnP-DM successfully recovers the M87 black hole using the 
real measurement data from Event Horizon Telescope (EHT)

Mean image

Posterior samples

Official image by EHT

* Experiment was performed with real data for the M87 black hole with non-convex constraints

40μas 40μas

Prior samples
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• Project page: http://imaging.cms.caltech.edu/pnpdm/ 

• Code: https://github.com/zihuiwu/PnP-DM-public/ 

• Scan the QR code for more information!

Zihui Wu Yu Sun Yifan Chen Bingliang Zhang Yisong Yue Katherine L. Bouman

Principled Probabilistic Imaging using Diffusion Models as Plug-and-Play Priors
NeurIPS 2024 Poster


