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Removing Photography Artifacts using Gradient Projection and
Flash-Exposure Sampling

Amit Agrawal Ramesh Raskar Shree K. Nayar® Yuanzhen Li
Mitsubishi Electric Research Labs (MERL), Cambridge, MA* TColumbia University
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Digital Photography with Flash and No-Flash Image Pairs

Georg Petschnigg Maneesh Agrawala Hugues Hoppe
Richard Szeliski Michael Cohen Kentaro Toyama

Microsoft Corporation

Orig. (top)  Detail Transfer (bottom) Flash No-Flash Detail Transfer with Denoising

Figure 1: This candlelit setting from the wine cave of a castle is difficult to photograph due to its low light nature. A flash image captures the high-frequency
texture and detail, but changes the overall scene appearance to cold and gray. The no-flash image captures the overall appearance of the warm candlelight,
but is very noisy. We use the detail information from the flash image to both reduce noise in the no-flash image and sharpen its detail. Note the smooth
appearance of the brown leather sofa and crisp detail of the bottles. For full-sized images, please see the supplemental DVD or the project website
http://research.microsoft.com/projects/FlashNoFlash.
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ALGORITHM 1: Gradient field integration with conjugate gradient descent.

Input: target divergence D, initialization I3, boundary mask B, boundary values I}, 4.y, CONvergence

parameter € > 0, iteration number N.

Output: integrated image I*.
/* Initialization

1I"+B- I;(nit ST (1 - B) ’ Il);ounclary;

2 7 «+ B (D — LaplacianFiltering (I'*));
3d«mr;

4 bpew — (r,T);

5 n <+ 0;

/* Conjugate gradient descent iteration

6 while \/(r,7) > e andn < N do
7 q + LaplacianFiltering (d);
8 | M g

9 I'«I"+B-(n-d);

10 r+«~ B (r—1n-q);

11 501d «— 6new;

12 Onew — (7, 7);

18 | Be gy

14 d«—r+p5-d;

15 n+<n—+1;

16 end
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» Szeliski textbook, Sections 3.13, 3.5.5, 9.3.4, 10.4.3.
* Pérez et al., “Poisson Image Editing,” SIGGRAPH 2003.
HIRERBENIEX
» Agrawal and Raskar, “Gradient Domain Manipulation Techniques in Vision and Graphics,” ICCV 2007 course,
http://www.amitkagrawal.com/ICCV2007Course/
—MRE A EEEGRLIENRE
» Agrawal et al., “Removing Photography Artifacts Using Gradient Projection and Flash-Exposure Sampling,” SIGGRAPH
2005.
A paper on photography with flash and no-flash pairs, using gradient-domain image processing. 15 & 15
Y. TRRE R RERB]
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Georgiev, “Covariant Derivatives and Vision,” ECCV 2006.
An paper from Adobe on the version of Poisson blending implemented in Photoshop’s “healing brush”.
Elder and Goldberg, “Image editing in the contour domain”, PAMI 2001.
One of the very first papers discussing gradient-domain image processing.
Frankot and Chellappa, “A method for enforcing integrability in shape from shading algorithms,” PAMI 1988.
Bhat et al., “Fourier Analysis of the 2D Screened Poisson Equation for Gradient Domain Problems,” ECCV 2008.
A couple of papers discussing the (Fourier) basis projection approach for solving the Poisson integration problem.
Agrawal et al., “What Is the Range of Surface Reconstructions from a Gradient Field?,” ECCV 2006.
Quéau et al., “Normal Integration: A Survey,” JMIV 2017.
Two papers reviewing various gradient (and surface normal) integration techniques, including Poisson solvers.
Szeliski, “Locally adapted hierarchical basis preconditioning,” SIGGRAPH 2006.
Krishnan and Szeliski, “Multigrid and multilevel preconditioners for computational photography,” SIGGRAPH 2011.
Krishnan et al., “Efficient Preconditioning of Laplacian Matrices for Computer Graphics,” SIGGRAPH 2013.
A few well-known references on multi-grid and preconditioning techniques for accelerating the Poisson solver, with a specific focus on computational photography applications..
Shewchuk, “An Introduction to the Conjugate Gradient Method Without the Agonizing Pain,” CMU TR 1994, http://www.cs.cmu.edu/~quake-papers/painless-conjugate-gradient.pdf
A great reference on (preconditioned) conjugate gradient solvers for large linear systems.
Briggs et al., “A multigrid tutorial,” STAM 2000.
A great reference book on multi-grid approaches.
Bhat et al., “GradientShop: A Gradient-Domain Optimization Framework for Image and Video Filtering,” TOG 2010.
A paper describing gradient-domain processing as a general image processing paradigm, which can be used for a broad set of applications beyond blending.
Krishnan and Fergus, “Dark Flash Photography,” SIGGRAPH 2009.
A paper proposing doing flash/no-flash photography using infrared flash lights.
Kazhdan et al., “Poisson surface reconstruction,” SGP 2006.
Kazhdan and Hoppe, “Screened Poisson surface reconstruction,” TOG 2013.
Two papers discussing Poisson problems for reconstructing meshes from point clouds and normals. This is arguably the most commonly used surface reconstruction algorithm.
Lehtinen et al., “Gradient-domain metropolis light transport,” SIGGRAPH 2013.
Kettunen et al., “Gradient-domain path tracing,” SIGGRAPH 2015.
Hua et al., “Light transport simulation in the gradient domain,” SIGGRAPH Asia 2018 course, http://beltegeuse.s3-website-ap-northeast-1.amazonaws.com/research/2018 GradientCourse/
In addition to editing images in the gradient-domain, we can render them directly in the gradient-domain.
Tumblin et al., “Why I want a gradient camera?”” CVPR 2005.
We can even directly measure images in the gradient domain, using so-called gradient cameras.
Callenberg et al., “Snapshot difference imaging using correlation time-of-flight sensors,” SIGGRAPH Asia 2017.
A form of camera with differential pixels.
Koppal et al., “Toward wide-angle microvision sensors”, PAMI 2013.
Gradient cameras using optical filtering.
Chen et al., “ASP vision: Optically computing the first layer of convolutional neural networks using angle sensitive pixels,” CVPR 2016.
Gradient cameras using angle-sensitive pixels.
Kim et al., “Real-time 3D reconstruction and 6-DoF tracking with an event camera,” ECCV 2016.
A paper on using evet-based cameras for computer vision applications in very fast frame rates (best paper award at ECCV 2016!).
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