
Course outline 
 
Section 1: Introduction (45 mins) 
 
• Introduction to Gradients in Images/Surfaces  
  Gradients as Vector fields, Curl, Divergence, Integrability 
 
• Non-integrable Vector Fields in Vision and Graphics 

  Example Application: High Dynamic Range Tone Mapping, Shape from Shading 
 Importance of Integrability 
 Reconstruction from Non-integrable Fields 
  Space of All Possible Reconstructions 
  What Solution does Poisson Equation give? 
  Boundary Conditions: Dirichlet vs. Neumann 
 

• Traditional Applications: Reconstruction from Measured Gradients 
  Photometric Stereo 
  Shape from Shading 
   

• Modern Applications: Manipulation & Reconstruction of Image Gradients  
Single Image Manipulation: Example, Cartooning via texture de-emphasis 

 
 
Section 2: Gradient-domain Manipulation of Images  (60 mins) 
 
• Per Pixel Operations 
   High Dynamic Range Compression 

   Poisson Image Matting 
   Shadow removal 
 

• Corresponding gradients in two images 
–  
– Vector operations (gradient projection) 

Combining flash/no-flash images, Reflection removal 
 

– Projection Tensors 
Reflection removal, Shadow removal 

 
– Max operator 

Day/Night fusion, Visible/IR fusion 
 

– Binary, choose from first or second, copying 
Image editing, seamless cloning 
 

• Corresponding gradients in multiple images 
– Median operator 

Specularity reduction 
Intrinsic images 
 

– Max operation 
Extended DOF  
 

 
 
 



 
• Combining gradients along seams 

– Weighted averaging 
– Optimal seam using graph cut 
– Image stitching, Mosaics, Panoramas, Image fusion 
– A usual pipeline:  Graph cut to find seams + gradient domain fusion 

 
 
Break (10 mins) 
 
Section 3: Techniques to Reconstruct from Gradients  (60 mins) 
 
• Numerical Solutions 

o Direct Solvers using Sine and Cosine Transforms 
  Multi-grid solution (2D and 3D) 
  Reconstruction using Projection on Basis Functions 

  Frankot-Chellappa Algorithm 
  Shaplets 
  Wavelets 

  Preconditioning 
  Hierarchical Basis Preconditiong 
  Locally Adapted Hierarchical Basis Preconditiong 

 
• Robust Reconstruction Techniques 

  Poisson equation is based on least squares 
  RANSAC, M-estimators and Anisotropic Techniques 
  Graph based Approaches 
 

 
Section 4: Advanced Gradient-based Operations  (45 mins) 
 

  Video Synthesis 
   Spatio-Temporal Editing 
   Video operations in Gradient Domain 
   
  Meshes and Surface Descriptors 
   Mesh Editing with Poisson-Based Gradient Field Manipulation 
   Poisson Surface Reconstruction 
 
  Others 
   Gradient Camera 
   Color to Gray conversion 
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• H. Wang, N. Xu, R. Raskar and N. Ahuja, "Videoshop: A new framework for spatio-

temporal video editing in gradient domain", Graphical Models Volume 69, Issue 1, Pages 
1-88 (January  2007)  
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• R. S. Feris, R. Raskar, L. Chen, K. Tan and M. Turk. Discontinuity Preserving Stereo 
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