
Lecture 26: Recent directions in 3D



Recall: 3D view synthesis

What representation should we use?

Input views Create model Render new views

[Source: Mildenhall et al., “NeRF”, 2020]
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Recall: Fitting a NeRF to a scene

[Source: Mildenhall et al., “NeRF”, 2020]
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[Mildenhall*, Srinivasan*, Tanick*, et al. 2020]4

Recall: Results

Uses hundreds of photos
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[Yu et al., “pixelNeRF: Neural Radiance Fields from One or Few Images”, 2021]

What happens if we use fewer views?

Why does this happen?
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[Yu et al., “pixelNeRF: Neural Radiance Fields from One or Few Images”, 2021]
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[Yu et al., “pixelNeRF: Neural Radiance Fields from One or Few Images”, 2021]
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[Yu et al., “pixelNeRF: Neural Radiance Fields from One or Few Images”, 2021]
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[Yu et al., “pixelNeRF: Neural Radiance Fields from One or Few Images”, 2021]
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[Yu et al., “pixelNeRF: Neural Radiance Fields from One or Few Images”, 2021]



Camera pose estimation

Given: two RGB images with unknown relationship
Want: single, coherent reconstruction

Planar Surface Reconstruction from Sparse Views. 
Linyi Jin, Shengyi Qian, Andrew Owens, David F. Fouhey. ICCV 2021. Oral 

Source: D. Fouhey



Particular Challenge

Given: two RGB images with unknown relationship
Want: single, coherent reconstruction

Output: Planes + Relative Camera Pose
Source: D. Fouhey



Particular Challenge

Given: two RGB images with unknown relationship
Want: single, coherent reconstruction

Output: Planes + Relative Camera Pose
Source: D. Fouhey



Geometric Matching

One Solution: Find Correspondence

Among many: Pritchett & Zisserman ‘98, Hartley & Zisserman ’04, Wu et al. ’08, Poursaeed 
et al. ‘18, Ranftl & Koltun ‘18, Dusmanu et al. ’19, Sarlin et al. ’20, etc. etc.

Source: D. Fouhey



Geometric Matching

One Solution: Find Correspondence
Problem: Where’s the Overlap?

Among many: Pritchett & Zisserman ‘98, Hartley & Zisserman ’04, Wu et al. ’08, Poursaeed 
et al. ‘18, Ranftl & Koltun ‘18, Dusmanu et al. ’19, Sarlin et al. ’20, etc. etc.

Source: D. Fouhey



Single-View 3D

Lots of methods can estimate 3D from RGB

Among many: Hoiem et al. ’05, Saxena et al. ‘05, Girdhar et al. ‘16, Choy et al. ’16, Sun et al. 
’18, Liu et al. ’18, Zou et al. ’18, Gkioxari et al. ’19, Jiang et al. ’20, etc. etc

𝜋𝑇
𝑖 [𝑥, 𝑦, 𝑧, 1] = 0

Source: D. Fouhey



Single-View 3D

Lots of methods can estimate 3D from RGB
Problem: What About the Overlap?

Among many: Hoiem et al. ’05, Saxena et al. ‘05, Girdhar et al. ‘16, Choy et al. ’16, Sun et al. 
’18, Liu et al. ’18, Zou et al. ’18, Gkioxari et al. ’19, Jiang et al. ’20, etc. etc

Need one coherent reconstruction
Not soup of per-view segments

Source: D. Fouhey



Multiview 3D

Given: two RGB images with unknown relationship
Want: single, coherent reconstruction

Among many: Choy et al. ’16, Kar et al. ’17, En et al. ‘18, Huang et al. ‘18, Saito et al. ‘19, 
Flynn et al. ‘19, El Banani et al. ‘20, Mildenhall et al. ’20, Srinivasan et al. ’20, etc. 

Source: D. Fouhey



Insight

Per-view reconstruction, inter-view correspondence, and 
inter-view camera pose should be solved jointly

Output: Planes + Relative Camera Pose
Source: D. Fouhey



Image A Image B Prediction

• Results with planes on Matterport3D (re-renders)
• Single forward pass + principled optimization

Linyi Jin, Shengyi Qian, Andrew Owens, David F. Fouhey. 
Planar Surface Reconstruction from Sparse Views. ICCV 2021. Oral

Source: D. Fouhey



Architecture

Input: Two Images

Source: D. Fouhey



Architecture – Plane Detection

ResNet50-FPN
Tied Weights
Tsung-Yi Lin et al. Feature Pyramid Networks. CVPR 2017.

Source: D. Fouhey



Architecture – Plane Detection

ResNet50-FPN
Tied Weights

Plane Mask
𝑀𝑖

RoI

Plane Parameters
𝝅𝑖 = [𝒏𝑖, 𝑜𝑖]

Chen Liu et al. Planercnn: 3d plane detection and reconstruction from a single image. CVPR 2019
Source: D. Fouhey



Architecture – Plane Detection

ResNet50-FPN
Tied Weights

Plane Mask
𝑀𝑖

Plane Parameters
𝝅𝑖 = [𝒏𝑖, 𝑜𝑖]

Appearance Feature
𝒆𝑖

RoI

Chen Liu et al. Planercnn: 3d plane detection and reconstruction from a single image. CVPR 2019
Source: D. Fouhey



Architecture – Plane Detection

Florian Schroff et al. Facenet: A unified embedding for face recognition and clustering. CVPR 2015. etc.

RoI Anchor Feature
𝒆𝑎

max( 𝒆𝑎 − 𝒆′ 𝑝
 

2
− 𝒆𝑎 − 𝒆′ 𝑛

 

2
+ 𝛼)

Same plane →  Similar embeddingResNet50-FPN
Tied Weights

Positive Feature
𝒆′ 𝑝

RoI

Negative Feature
𝒆′ 𝑛

RoI

Source: D. Fouhey



Architecture – Cameras

K Cameras

ResNet50-P3
Tied Weights

𝑹1,  𝒕1

𝑹2,  𝒕2

𝑹𝐾,  𝒕𝐾

𝑹3,  𝒕3

Sovann En et al. RPNet: An end-to-end network for relative camera pose estimation. ECCV 2018.
Shengyi Qian et al. Associative3D: Volumetric Reconstruction from Sparse Views. ECCV 2020.

…

Discrete
Categories

Source: D. Fouhey



Architecture – Cameras

HxWxF

HxWxF

Attention
Features

…

HxWx(HxW) K Cameras

Discrete
Distribution

ResNet50-P3
Tied Weights

𝑹1,  𝒕1

𝑹2,  𝒕2

𝑹𝐾,  𝒕𝐾

…

𝑹3,  𝒕3

Sovann En et al. RPNet: An end-to-end network for relative camera pose estimation. ECCV 2018.
Shengyi Qian et al. Associative3D: Volumetric Reconstruction from Sparse Views. ECCV 2020.

…

Source: D. Fouhey



Are We Done?

Source: D. Fouhey



Are We Done?

𝝅1 𝒆1

𝝅′ 1 𝒆′ 1

View 1: m planes View 2: n planes

…
…

Cross-View: Distribution 
over K Cameras

Source: D. Fouhey



Producing a Reconstruction

m 
planes

n 
planes

…
…

K
cams

Goal: match C in {0,1}mxn, camera
Score: plane i ↔ plane j with cam k

Source: D. Fouhey



Producing a Reconstruction

m 
planes

n 
planes

…
…

K
cams

Goal: match C in {0,1}mxn, camera
Score: plane i ↔ plane j with cam k

j

i

Score Matrix Sk

 for camera k 
Match Matrix

C

(𝑆𝑘)𝑖𝑗

Source: D. Fouhey



Producing a Reconstruction

m 
planes

n 
planes

…
…

K
cams

𝒆𝑖 − 𝒆′ 𝑗 + (Appearance)

𝜆𝑛acos( 𝒏𝑇
𝑖 𝒏′ 𝑗 )+ (Normals)

𝜆𝑜 𝑜𝑖 − 𝑜′ 𝑗 (Offset)

(𝑆𝑘)𝑖𝑗
=𝝅𝑖 𝒆𝑖

𝝅′ 𝑗 𝒆′ 𝑗

Goal: match C in {0,1}mxn, camera
Score: plane i ↔ plane j with cam k

Source: D. Fouhey



Producing a Reconstruction

m 
planes

n 
planes

K
cams

…
…

argmin
k,𝐂

 

−∑𝑖,𝑗
𝑪𝑖𝑗 (Match A Lot)

−𝜆𝑐log(𝑝𝑘) (Pick Good 
Camera)

∑𝑖,𝑗 (𝑪 ∘ 𝑺𝑘)𝑖𝑗 (Match Well)

Goal: match C in {0,1}mxn, camera
Score: plane i ↔ plane j with cam k

Source: D. Fouhey



Text2Room: Extracting Textured 3D Meshes 
from 2D Text-to-Image Models

Lukas Höllein1*, Ang Cao2*, Andrew Owens2, Justin Johnson2, Matthias Nießner1 

1Technical University of Munich, 2University of Michigan 

*joint first authorship



"a living room with a lit 
furnace, couch, and cozy 
curtains, bright lamps that 

make the room look well-lit"





Two-Stage Scene Generation

Sample 
Pose  
& Text

Generate 
& Update 
Mesh

Scene Generation Stage Completion Stage



Completion Stage

after first stage: mesh contains holes completion fills-in holes



Completion Stage

after first stage: mesh contains holes completion fills-in holes



Iterative Scene Generation

text2image 
inpainting

“kitchen
”



Iterative Scene Generation

text2image 
inpainting

mono depth 
inpainting

“kitchen
”



Iterative Scene Generation

text2image 
inpainting

mono depth 
inpainting

Depth 
Alignment

“kitchen
”



Iterative Scene Generation

text2image 
inpainting

Mesh Filter 
& Fusion

mono depth 
inpainting

Depth 
Alignment

“kitchen
”







“a DSLR photo of a squirrel”Do we actually need 3D supervision?

Generating 3D models

[Poole et al., “DreamFusion”, 2023]



We already have good text-to-image models

“A blue jay standing on a 
large basket of rainbow 

macarons.”



But how would you deal with other viewpoints?

Could we fit a 3D model to this image?

Single image could “supervise”  single viewpoint.



Solve for a NeRF that “looks right” from every viewpoint

How do we measure 
“looks right”?

p(rendered image |a DSLR photo of a peacock on a surfboard′ ′ )



Can we use a pretrained diffusion model?

Diffusion: generate image by denoising

… but also it models p(image | text)



Score distillation sampling

Noise estimator

Noisy image

Provides a bound on  [Ho et al., 2020, Kingma et al., 2021]log(p(x))

Noise



Score distillation sampling



DreamFusion

Solve for a NeRF such that, when it is rendered, it has high 
probability under a text-to-image model.



DreamFusion



DreamFusion



DreamFusion



More recent text-to-3D

[Shi et al., MVDream, 2023]



GANmouflage: 3D Object 
Nondetection with Texture Fields

Andrew OwensRui Guo Jasmine Collins Oscar de Lima

CVPR 2023





A. Owens, C. Barnes, A. Flint, H. Singh, W. T. Freeman.  
Camouflaging an Object from Many Viewpoints. CVPR 2014.

3D camouflage problem



3D camouflage problem

What pattern would make it hard to see?

A. Owens, C. Barnes, A. Flint, H. Singh, W. T. Freeman.  
Camouflaging an Object from Many Viewpoints. CVPR 2014.



A. Owens, C. Barnes, A. Flint, H. Singh, W. T. Freeman.  
Camouflaging an Object from Many Viewpoints. CVPR 2014.

3D camouflage problem



Hiding unsightly objects

Applications



(b) Texture model(a) Multi-view camouflage (d) Adversarial loss

with object without object
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GANmouflage model



(b) Texture model(a) Multi-view camouflage (d) Adversarial loss

with object without object
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(b) Texture model(a) Multi-view camouflage (d) Adversarial loss

with object without object
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X
<latexit sha1_base64="mix8aw5S+GE6hkFw/3KR5cCqEZk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMcQD3qMjzwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eRWVtfWN/Kbha3tnd294v5Bw8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ76zSeujYjVI44S7ke0r0QoGEUrPdzfVLvFklt2ZyDLxMtICTLUusWvTi9macQVMkmNaXtugv6YahRM8kmhkxqeUDakfd62VNGIG388O3VCTqzSI2GsbSkkM/X3xJhGxoyiwHZGFAdm0ZuK/3ntFMMrfyxUkiJXbL4oTCXBmEz/Jj2hOUM5soQyLeythA2opgxtOgUbgrf48jJpnJW9i/L53XmpUs3iyMMRHMMpeHAJFbiFGtSBQR+e4RXeHOm8OO/Ox7w152Qzh/AHzucPyfeNfA==</latexit>

RGB
MLP

…

(c) Photoconsistency

<latexit sha1_base64="AcuE1Upw6q16rebCz5YrsEOtq10=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJFHVZdOPCRQX7gDaEyXTSDp08mJkINVR/xY0LRdz6H+78GydtFtp6YOBwzr3cM8eLOZPKsr6NwtLyyupacb20sbm1vWPu7rVklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xtdZX77ngrJovBOjWPqBHgQMp8RrLTkmge9AKshwTy9mbhx5THDiWuWrao1BVokdk7KkKPhml+9fkSSgIaKcCxl17Zi5aRYKEY4nZR6iaQxJiM8oF1NQxxQ6aTT9BN0rJU+8iOhX6jQVP29keJAynHg6cksq5z3MvE/r5so/8JJWRgnioZkdshPOFIRyqpAfSYoUXysCSaC6ayIDLHAROnCSroEe/7Li6R1WrXPqrXbWrl+mddRhEM4ggrYcA51uIYGNIHAAzzDK7wZT8aL8W58zEYLRr6zD39gfP4A76iVjA==</latexit>

Lp( )(<latexit sha1_base64="wm++A78g80aADsDQ/DJ8ezwgs58=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiVJCSSFGXRTcuXFSwD2hDmEwn7dDJg5mJUGIFf8WNC0Xc+hvu/BsnbRZaPTBwOOde7pnjxZxJZVlfRmFhcWl5pbhaWlvf2Nwyt3daMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NLjO/fUeFZFF4q8YxdQI8CJnPCFZacs29XoDVkGCeXk/cuPKQ4Qgdu2bZqlpToL/EzkkZcjRc87PXj0gS0FARjqXs2lasnBQLxQink1IvkTTGZIQHtKtpiAMqnXSaf4IOtdJHfiT0CxWaqj83UhxIOQ48PZmllfNeJv7ndRPlnzspC+NE0ZDMDvkJRypCWRmozwQlio81wUQwnRWRIRaYKF1ZSZdgz3/5L2mdVO3Tau2mVq5f5HUUYR8OoAI2nEEdrqABTSBwD0/wAq/Go/FsvBnvs9GCke/swi8YH9+9e5Xs</latexit>

Lp( ), )
…

(b) Texture model(a) Multi-view camouflage (d) Adversarial loss

with object without object

<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D

…

<latexit sha1_base64="ZuW7bbh6CK64nBhFukLmolLaw4Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EcRSEWWfaL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bJ54Ss6sMiBhrO1TSObq742MRsZMosBOzhKaZW8m/ud1Uwyv/UyoJEWu2OKjMJUEYzI7nwyE5gzlxBLKtLBZCRtRTRnakkq2BG/55FXSuqh6l9Xafa1Sv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kDz4eRBQ==</latexit>

X
<latexit sha1_base64="mix8aw5S+GE6hkFw/3KR5cCqEZk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMcQD3qMjzwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eRWVtfWN/Kbha3tnd294v5Bw8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ76zSeujYjVI44S7ke0r0QoGEUrPdzfVLvFklt2ZyDLxMtICTLUusWvTi9macQVMkmNaXtugv6YahRM8kmhkxqeUDakfd62VNGIG388O3VCTqzSI2GsbSkkM/X3xJhGxoyiwHZGFAdm0ZuK/3ntFMMrfyxUkiJXbL4oTCXBmEz/Jj2hOUM5soQyLeythA2opgxtOgUbgrf48jJpnJW9i/L53XmpUs3iyMMRHMMpeHAJFbiFGtSBQR+e4RXeHOm8OO/Ox7w152Qzh/AHzucPyfeNfA==</latexit>

RGB
MLP

…

(c) Photoconsistency

<latexit sha1_base64="AcuE1Upw6q16rebCz5YrsEOtq10=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJFHVZdOPCRQX7gDaEyXTSDp08mJkINVR/xY0LRdz6H+78GydtFtp6YOBwzr3cM8eLOZPKsr6NwtLyyupacb20sbm1vWPu7rVklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xtdZX77ngrJovBOjWPqBHgQMp8RrLTkmge9AKshwTy9mbhx5THDiWuWrao1BVokdk7KkKPhml+9fkSSgIaKcCxl17Zi5aRYKEY4nZR6iaQxJiM8oF1NQxxQ6aTT9BN0rJU+8iOhX6jQVP29keJAynHg6cksq5z3MvE/r5so/8JJWRgnioZkdshPOFIRyqpAfSYoUXysCSaC6ayIDLHAROnCSroEe/7Li6R1WrXPqrXbWrl+mddRhEM4ggrYcA51uIYGNIHAAzzDK7wZT8aL8W58zEYLRr6zD39gfP4A76iVjA==</latexit>

Lp( )(<latexit sha1_base64="wm++A78g80aADsDQ/DJ8ezwgs58=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiVJCSSFGXRTcuXFSwD2hDmEwn7dDJg5mJUGIFf8WNC0Xc+hvu/BsnbRZaPTBwOOde7pnjxZxJZVlfRmFhcWl5pbhaWlvf2Nwyt3daMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NLjO/fUeFZFF4q8YxdQI8CJnPCFZacs29XoDVkGCeXk/cuPKQ4Qgdu2bZqlpToL/EzkkZcjRc87PXj0gS0FARjqXs2lasnBQLxQink1IvkTTGZIQHtKtpiAMqnXSaf4IOtdJHfiT0CxWaqj83UhxIOQ48PZmllfNeJv7ndRPlnzspC+NE0ZDMDvkJRypCWRmozwQlio81wUQwnRWRIRaYKF1ZSZdgz3/5L2mdVO3Tau2mVq5f5HUUYR8OoAI2nEEdrqABTSBwD0/wAq/Go/FsvBnvs9GCke/swi8YH9+9e5Xs</latexit>

Lp( ), )
…

GANmouflage model



(b) Texture model(a) Multi-view camouflage (d) Adversarial loss

with object without object

<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D

…

<latexit sha1_base64="ZuW7bbh6CK64nBhFukLmolLaw4Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EcRSEWWfaL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bJ54Ss6sMiBhrO1TSObq742MRsZMosBOzhKaZW8m/ud1Uwyv/UyoJEWu2OKjMJUEYzI7nwyE5gzlxBLKtLBZCRtRTRnakkq2BG/55FXSuqh6l9Xafa1Sv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kDz4eRBQ==</latexit>

X
<latexit sha1_base64="mix8aw5S+GE6hkFw/3KR5cCqEZk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMcQD3qMjzwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eRWVtfWN/Kbha3tnd294v5Bw8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ76zSeujYjVI44S7ke0r0QoGEUrPdzfVLvFklt2ZyDLxMtICTLUusWvTi9macQVMkmNaXtugv6YahRM8kmhkxqeUDakfd62VNGIG388O3VCTqzSI2GsbSkkM/X3xJhGxoyiwHZGFAdm0ZuK/3ntFMMrfyxUkiJXbL4oTCXBmEz/Jj2hOUM5soQyLeythA2opgxtOgUbgrf48jJpnJW9i/L53XmpUs3iyMMRHMMpeHAJFbiFGtSBQR+e4RXeHOm8OO/Ox7w152Qzh/AHzucPyfeNfA==</latexit>

RGB
MLP

…

(c) Photoconsistency

<latexit sha1_base64="AcuE1Upw6q16rebCz5YrsEOtq10=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJFHVZdOPCRQX7gDaEyXTSDp08mJkINVR/xY0LRdz6H+78GydtFtp6YOBwzr3cM8eLOZPKsr6NwtLyyupacb20sbm1vWPu7rVklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xtdZX77ngrJovBOjWPqBHgQMp8RrLTkmge9AKshwTy9mbhx5THDiWuWrao1BVokdk7KkKPhml+9fkSSgIaKcCxl17Zi5aRYKEY4nZR6iaQxJiM8oF1NQxxQ6aTT9BN0rJU+8iOhX6jQVP29keJAynHg6cksq5z3MvE/r5so/8JJWRgnioZkdshPOFIRyqpAfSYoUXysCSaC6ayIDLHAROnCSroEe/7Li6R1WrXPqrXbWrl+mddRhEM4ggrYcA51uIYGNIHAAzzDK7wZT8aL8W58zEYLRr6zD39gfP4A76iVjA==</latexit>

Lp( )(<latexit sha1_base64="wm++A78g80aADsDQ/DJ8ezwgs58=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiVJCSSFGXRTcuXFSwD2hDmEwn7dDJg5mJUGIFf8WNC0Xc+hvu/BsnbRZaPTBwOOde7pnjxZxJZVlfRmFhcWl5pbhaWlvf2Nwyt3daMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NLjO/fUeFZFF4q8YxdQI8CJnPCFZacs29XoDVkGCeXk/cuPKQ4Qgdu2bZqlpToL/EzkkZcjRc87PXj0gS0FARjqXs2lasnBQLxQink1IvkTTGZIQHtKtpiAMqnXSaf4IOtdJHfiT0CxWaqj83UhxIOQ48PZmllfNeJv7ndRPlnzspC+NE0ZDMDvkJRypCWRmozwQlio81wUQwnRWRIRaYKF1ZSZdgz3/5L2mdVO3Tau2mVq5f5HUUYR8OoAI2nEEdrqABTSBwD0/wAq/Go/FsvBnvs9GCke/swi8YH9+9e5Xs</latexit>

Lp( ), )
…

GANmouflage model



(b) Texture model(a) Multi-view camouflage (d) Adversarial loss

with object without object

<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D

…

<latexit sha1_base64="ZuW7bbh6CK64nBhFukLmolLaw4Y=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EcRSEWWfaL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bJ54Ss6sMiBhrO1TSObq742MRsZMosBOzhKaZW8m/ud1Uwyv/UyoJEWu2OKjMJUEYzI7nwyE5gzlxBLKtLBZCRtRTRnakkq2BG/55FXSuqh6l9Xafa1Sv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kDz4eRBQ==</latexit>

X
<latexit sha1_base64="mix8aw5S+GE6hkFw/3KR5cCqEZk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMcQD3qMjzwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eRWVtfWN/Kbha3tnd294v5Bw8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ76zSeujYjVI44S7ke0r0QoGEUrPdzfVLvFklt2ZyDLxMtICTLUusWvTi9macQVMkmNaXtugv6YahRM8kmhkxqeUDakfd62VNGIG388O3VCTqzSI2GsbSkkM/X3xJhGxoyiwHZGFAdm0ZuK/3ntFMMrfyxUkiJXbL4oTCXBmEz/Jj2hOUM5soQyLeythA2opgxtOgUbgrf48jJpnJW9i/L53XmpUs3iyMMRHMMpeHAJFbiFGtSBQR+e4RXeHOm8OO/Ox7w152Qzh/AHzucPyfeNfA==</latexit>

RGB
MLP

…

(c) Photoconsistency

<latexit sha1_base64="AcuE1Upw6q16rebCz5YrsEOtq10=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJFHVZdOPCRQX7gDaEyXTSDp08mJkINVR/xY0LRdz6H+78GydtFtp6YOBwzr3cM8eLOZPKsr6NwtLyyupacb20sbm1vWPu7rVklAhCmyTikeh4WFLOQtpUTHHaiQXFgcdp2xtdZX77ngrJovBOjWPqBHgQMp8RrLTkmge9AKshwTy9mbhx5THDiWuWrao1BVokdk7KkKPhml+9fkSSgIaKcCxl17Zi5aRYKEY4nZR6iaQxJiM8oF1NQxxQ6aTT9BN0rJU+8iOhX6jQVP29keJAynHg6cksq5z3MvE/r5so/8JJWRgnioZkdshPOFIRyqpAfSYoUXysCSaC6ayIDLHAROnCSroEe/7Li6R1WrXPqrXbWrl+mddRhEM4ggrYcA51uIYGNIHAAzzDK7wZT8aL8W58zEYLRr6zD39gfP4A76iVjA==</latexit>

Lp( )(<latexit sha1_base64="wm++A78g80aADsDQ/DJ8ezwgs58=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiVJCSSFGXRTcuXFSwD2hDmEwn7dDJg5mJUGIFf8WNC0Xc+hvu/BsnbRZaPTBwOOde7pnjxZxJZVlfRmFhcWl5pbhaWlvf2Nwyt3daMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NLjO/fUeFZFF4q8YxdQI8CJnPCFZacs29XoDVkGCeXk/cuPKQ4Qgdu2bZqlpToL/EzkkZcjRc87PXj0gS0FARjqXs2lasnBQLxQink1IvkTTGZIQHtKtpiAMqnXSaf4IOtdJHfiT0CxWaqj83UhxIOQ48PZmllfNeJv7ndRPlnzspC+NE0ZDMDvkJRypCWRmozwQlio81wUQwnRWRIRaYKF1ZSZdgz3/5L2mdVO3Tau2mVq5f5HUUYR8OoAI2nEEdrqABTSBwD0/wAq/Go/FsvBnvs9GCke/swi8YH9+9e5Xs</latexit>

Lp( ), )
…

GANmouflage model



Object inserted into scenePhotos of a scene + camera pose

Multi-view camouflage

Virtual object



Multiple viewpoints of camouflaged object

Multi-view camouflage

Virtual object Object inserted into sceneCamouflaged object



More viewpoints





Visual Anagrams: Generating Multi-View Optical Illusions 
with Diffusion Models 

Daniel Geng, Inbum Park, Andrew Owens

arXiv 2023



More recent text-to-3D



Creating illusions



Creating illusions






