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New edition of my book – almost done

https://szeliski.org/Book
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https://szeliski.org/Book


New edition of my book
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Outline

• Multi-view stereo

• Image-Based Rendering
• Lumigraphs, Light Fields, Sprites with Depth, and Layers

• Virtual Viewpoint Video

• 360° and 3D Video

• 3D Photos

• Reflections and transparency

• Neural rendering
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Multi-view Stereo

Richard Szeliski Reflections on Image-Based Rendering 8



Richard Szeliski Reflections on Image-Based Rendering 9

View Interpolation

• Given two images with correspondences, morph (warp and cross-
dissolve) between them [Chen & Williams, SIGGRAPH’93]

•

input depth image novel view
[Matthies,Szeliski,Kanade’88]
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View Morphing

• Morph between pair of images using epipolar 
geometry [Seitz & Dyer, SIGGRAPH’96]
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Video view interpolation



Interactive 3D video scenarios

• Sports events, e.g., CMU’s 30-camera “EyeVision” system at
SuperBowl XXXV) and 2016

• Concert performances, 
plays, circus acts

• Games

• Instructional video,
e.g., golf, skating, martial arts

• Interactive (Internet) video
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Plane Sweep Stereo

• Sweep family of planes through volume

• each plane defines an image  composite homography

virtual camera

composite
input image

 projective re-sampling of (X,Y,Z)



Richard Szeliski Reflections on Image-Based Rendering 15

Plane Sweep Stereo

• For each depth plane
• compute composite (mosaic) image — mean

• compute error image — variance

• convert to confidence and aggregate spatially

• Select winning depth at each pixel
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Plane sweep stereo

• Re-order (pixel / disparity) evaluation loops

for every pixel, for every disparity
for every disparity for every pixel

compute cost compute cost



Image-Based Rendering
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Computer Graphics

Image

Output

Model
Synthetic

Camera
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Computer Vision

Real Scene

Real Cameras

Model

Output
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But, vision technology fails

Model
Real Scene

Real Cameras

Image

Output

Synthetic

Camera
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…and so does graphics

Model
Real Scene

Real Cameras

Image

Output

Synthetic

Camera
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Image-Based Rendering

Images+Model

Real Scene

Real Cameras
-or-

Expensive Image Synthesis

Image

Output

Synthetic

Camera
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Lumigraph / Light Field   [1996]

Outside convex space

4D

Stuff
Empty
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Lumigraph – Capture

• Convert images into a solid 3D model

• Render from images and model
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Lumigraph – Image Effects

Can model effects such as:
• parallax
• occlusion
• translucency
• refraction
• highlights
• reflections
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Unstructured Lumigraph

• What if the images aren’t sampled on
a regular 2D grid?

• Can still re-sample rays

• Ray weighting becomes more complex
[Heigl et al.,DAGM’99]

• Unstructured Lumigraph [Buehler et al., SIGGRAPH’2000]

• Deep blending [Hedman et al., SG Asia 2018]

• FVS [Riegler & Koltun, ECCV’2020]
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Surface Light Fields

• [Wood et al, SIGGRAPH 2000]

• Turn 4D parameterization around:
• image @ every surface pt.

• Leverage coherence:
• compress radiance fn

(BRDF * illumination)
after rotation by n
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Surface Light Fields

• [Wood et al, SIGGRAPH 2000]

• …

• Implicit Differentiable Renderer [Yariv et al., NeurIPS 2020]
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Environment Matting [2000]
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Layered Depth Image

ImageDepthLayered

2.5 D ?
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• Incremental in LDI X and Y 

• Guaranteed to be in back-to-front order

Layered Depth Image

• Rendering from LDI
[Shade et al., SIGGRAPH’98]
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Sprites with Depth

• Represent scene as collection of cutouts with depth (planes + 
parallax)

• Render back to front with fwd/inverse warping [Shade et al., 
SIGGRAPH’98]

• Basis of Virtual
Viewpoint Video
[Zitnick et al. 2004]
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Multiplane images
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Multiplane images
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Multi-sphere and layered meshes

[SIGGRAPH’2020]
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Virtual Viewpoint Video
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concentrators

hard 

disks

cameras

controlling

laptop

Virtual Viewpoint Video [SIGGRAPH 2004]
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Matting

Some pixels 
get influence 
for multiple 
surfaces.

Background Surface 

Foreground Surface

Image

Camera

Close up of real image:

Multiple colors and depths at 
boundary pixels…
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Find matting information:

1. Find boundary 
strips using depth.

2.   Within boundary strips compute the colors and depths of 
the foreground and background object.

Background

Foreground
Strip

Width
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Why matting is important

MattingNo Matting
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Main

Boundary

Strip 
Width

Virtual Viewpoint Video

Two-layer model with
thin boundary strips
[Zitnick et al., SIGGRAPH’04]

Main Layer: Boundary Layer:

Color Color

Depth Depth

Alpha
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360° Video
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Ladybug (six-camera head)

360 Video
[Uyttendaele et al. 2004]
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Acquisition platforms (today)
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360 Video



360 Video
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$200 $1,000

4
9



Google Jump [2015]
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Facebook Surround 360 [2016]
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Facebook Surround 360 [2017]
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https://www.theverge.com/2017/4/19/15345738/facebook-surround-360-video-cameras-f8-conference-2017
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Video [SIGGRAPH Asia 2019]

ParraPozo-SGA19.mp4


Hemispherical light field capture & playback
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Stereo from two 360 cameras
Low-Cost 360 Stereo Photography and Video Capture,
Matzen, Cohen, Evans, Kopf, Szeliski, SIGGRAPH 2017.
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Immersive Video Stabilization
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First-person Hyperlapse

Create buttery-smooth “fast forwards” from action videos

[Kopf, Cohen, Szeliski, SIGGRAPH 2014]
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Large-Scale Reconstruction

Richard Szeliski Reflections on Image-Based Rendering 61



Photo Tourism

Internet images Computed 3D structure

[Snavely, Seitz, Szeliski, SIGGRAPH 2006]
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System overview

Scene 
reconstruction

Photo Explorer

Input photographs
Relative camera positions and 
orientations

Point cloud

Sparse correspondence
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Navigation: Prague Old Town Square
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Piecewise planar proxies

[Sinha, Steedly, Szeliski  ICCV’09]
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Reflections on Image-Based Rendering

Photo Tours - 2012

[Kushal et al., 3DIMPVT 2012]
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The Visual Turing Test - 2013 

[Shan et al., 3DV 2013]
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Casual 3D Photography
Peter Hedman, Suhib Alsisan, Richard Szeliski, Johannes Kopf

SIGGRAPH Asia 2017
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Casual 3D Photography
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Casual 3D Photography
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Casual 3D Photography
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http://visual.cs.ucl.ac.uk/pubs/instant3d/
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3D Photos on Facebook

Estimate depth map from photo to create an interactive animation
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3D Photos on Facebook

Estimate depth map from photo to create an interactive animation
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3D Photos blog post

https://ai.facebook.com/blog/-powered-by-ai-turning-any-2d-photo-into-3d-using-convolutional-neural-nets/

Reflections on Image-Based Rendering 76Richard Szeliski



Richard Szeliski Reflections on Image-Based Rendering 77

[SIGGRAPH 2020]



3D Photography using Context-aware Layered Depth Inpainting
CVPR’2020
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Google Photos cinematic effect

https://blog.google/products/photos/new-cinematic-photos-and-more-ways-relive-your-memories/
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What’s missing?
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Reflections and Transparency
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Image-Based Rendering with Reflections

• Reflections, gloss, and highlights are everywhere

• How do these affect image-based modeling / rendering?

[Sinha et al., SIGGRAPH 2012]
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Standard IBR with Reflections
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Our New Rendering System
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Front Depth Rear Depth

Input
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Front Layer Rear Layer

Input
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Image-Based Rendering in the Gradient Domain

• Wrong depth for textureless or transparent areas

• Solve by reconstructing depth at gradients and re-integrating

[Kopf et al. SIGGRAPH Asia 2013]
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Overview

Input

Preprocessing Gradient domain 
rendering

Integration
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Gradient Domain
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Our Method
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[ICCV 2017]



[CVPR 2019]
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Open issues

• Improve stereo matching
• Plane + parallax representation

• Reflectivity (β) estimation
• Iterative Refinement

• Handle distorted reflections
• [ See next slide ]

• Model real-valued reflectivity
• Fresnel reflection
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Neural Rendering
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TUM AI Lecture series
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TUM AI Lecture series
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TUM AI Lecture series
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3D representations for neural rendering

• 3D models & textures

• Depth images and layers

• Voxels

• Implicit functions (MLPs)
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SynSin: view synthesis from a single image
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http://www.robots.ox.ac.uk/~ow/synsin.html


SynSin: view synthesis from a single image
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SynSin: view synthesis from a single image
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Animating Pictures
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https://eulerian.cs.washington.edu/

https://eulerian.cs.washington.edu/


Animating Pictures
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Animating Pictures
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Animating Pictures
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… wrapping up …
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Outline

• Multi-view stereo

• Image-Based Rendering
• Lumigraphs, Light Fields, Sprites with Depth, and Layers

• Virtual Viewpoint Video

• 360° and 3D Video

• 3D Photos

• Reflections and transparency

• Neural rendering
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Thank you
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