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Dense Disparity Map 

Depth Data Reconstruction 

Subset of Disparity Samples 
5%, 10%, … etc.  

Depth Data Reconstruction: 
      ● Problem formulation 

Uniformly Random  
Sampling Map 

:  Orthonormal Matrix 

:  Weight Matrix (Diagonal Matrix with 1/0) 



From Spatial to Spatio-Temporal 

Frame no.1 Frame no.11 Frame no.21 

Frame no.1 Frame no.11 Frame no.21 

Tanks sequence 

Temples sequence 

Formulation of depth video sequences:  
      ● Sequences of depth images  



Formulation of depth video sequences:  
      ● Sequences of depth images   
      ● Spatio-Temporal Depth Data 

Sparse Depth Samples in 
Spatiotemporal Volume 

A Sequence of Disparity Maps 

Spatio-Temporal Depth Data 



Can we reconstruct on depth sequences in the form of spatio-temporal volume?  

Sparse Depth Samples in 
Spatiotemporal Volume 

A Sequence of Disparity Maps 

Spatio-Temporal Depth Data 

Formulation of depth video sequences:  
      ● Sequences of depth images   
      ● Spatio-Temporal Depth Data 



:  Orthonormal Matrix 

:  Weight Matrix (Diagonal Matrix with 1/0) 

3-Dimensional Wavelet Transform (3D-DWT) 

S.-T. Depth Reconstruction 

Spatio-Temporal Depth Data Reconstruction: 
          ● Problem Formulation 
              - Dictionary 
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Spatio-Temporal Depth Data Reconstruction: 
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Spatio-Temporal Depth Data Reconstruction: 
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              - Weight matrix design 
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Spatio-Temporal Depth Data Reconstruction: 
          ● Problem Formulation 
              - Dictionary 
              - Weight matrix design: Constrained on the bands {LHL, HLL, HHL, LHH, HLH, HHH} 
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S.-T. Depth Reconstruction 

Subject to                                      and                     . 
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Spatio-Temporal Depth Data Reconstruction: 
          ● Problem Formulation 
              - Dictionary 
              - Weight matrix design: Constrained on the bands {LHL, HLL, HHL, LHH, HLH, HHH} 

          ● Alternating Direction Method of Multipliers (ADMM) 
              - Auxiliary variables 
              - Augmented Lagrangian 

S.-T. Depth Reconstruction 

Split the problem into multiple sub-problems!! 



S.-T. Depth Reconstruction 

We set sampling rate to 10%, and we plot curves with another parameter fixed. 
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Spatio-Temporal Depth Data Reconstruction: 
          ● Problem Formulation 
          ● Alternating Direction Method of Multipliers (ADMM) 
          ● Parameter selection: External parameters:  
                                                    Internal parameters: 

S.-T. Depth Reconstruction 

We set sampling rate to 10%, and we sweep parameters with other parameters fixed. 



S.-T. Depth Reconstruction 

We test “tanks” sequence with the 21st and 22nd frames. 

Spatio-Temporal Depth Data Reconstruction: 
          ● Problem Formulation 
          ● Alternating Direction Method of Multipliers (ADMM) 
          ● Parameter selection: External parameters:  
                                                    Internal parameters: 
          ● Further speed-up using temporal information: more than 2x faster  



S.-T. Depth Reconstruction 

Performance comparisons: 
          ● Better performance in terms of PSNR, MAE and % Bad. 
          ● We set T=5. 



S.-T. Depth Reconstruction 

Performance comparisons: 
          ● Better performance in terms of PSNR, MAE and % Bad. 
          ● We set T=5. 
          ● Robust performance to varying spatio-temporal volume size, T. 



S.-T. Depth Reconstruction 

Visual comparisons: 
          ● Temporal Consistency - Frame No. 82, 83, and 84. 



S.-T. Depth Reconstruction 

Visual comparisons: 
          ● Temporal Consistency - Frame No. 82, 83, and 84.       
          ● Video sequences  



Conclusions 
 
 ● Problem Formulation for Spatio-Temporal Depth Data Reconstruction  
    ▪ 3-Dimensional Discrete Wavelet Transform 
    ▪ Weight Matrix Design 

 
● Efficient Spatio-Temporal Depth Data Reconstruction Algorithm 
     ▪ Alternating Direction Method of Multipliers (ADMM)  
     ▪ Speed-up scheme using Temporal Information 
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