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Problem Statement 

 Enhancement layer prediction: How to efficiently use information from  

     (a) base-layer reconstruction of current picture; and  

     (b) enhancement layer  reconstruction of previous picture 

 

 Related to Tool Experiment 3. 
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Limitations of  Current Schemes in TE 3 

 Information from base and enhancement layers are combined in a linear 

manner, which is  sub-optimal 

 

 Different modes (e.g., for combining BL and EL information) are defined in 

an ad-hoc manner, and a Rate-Distortion search is performed to choose the 

best mode. 

 

 Flag is explicitly signaled to the decoder. 

 

 Additional motion compensation 

 

 Additional Memory Accesses 

3 



Proposed Solution 

 Basis of the Proposal: Toward Optimality in Scalable Predictive Coding, 

Kenneth Rose and Shankar Regunathan, IEEE Transactions on Image 

Processing, 2001. 

 

 The enhancement layer prediction is an optimal combination of base and 

enhancement layer in the transform domain 
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Enhancement Layer Model 

 At Enhancement layer, DCT coefficients for inter-frame (motion 

compensated) coefficients can be modeled as a Laplace-Markov process with 

𝜌 → 1. 

                                             𝑋𝑛 =  𝜌 𝑋𝑛−1   + 𝑍𝑛 

                                                                           ≈      𝑋 𝐸𝐿,𝑛−1  + 𝑍𝑛 

 

Xn : DCT Coefficient for current picture 

Zn : Innovation process with Laplacian density 

𝑋 𝐸𝐿,𝑛−1  : Reconstruced DCT coefficient for previous picture n-1 
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Information from Base Layer 

 In transform domain, 

 

                                              𝑋 𝐵𝐿,𝑛  = 𝑋 𝐵𝐿,𝑛 + 𝐸 𝐵𝐿,𝑛   ;               

                              Reconstruction = Prediction + Error Residual 

 

                                 𝐸 𝐵𝐿,𝑛  𝜖  𝑄
𝑏 ∶ 𝑠𝑜𝑚𝑒 𝑞𝑢𝑎𝑛𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 (a,b) 

 

 Therefore                     𝑋𝑛  = 𝑋 𝐵𝐿,𝑛 + 𝐸 𝐵𝐿,𝑛  𝜖 (𝑋 𝐵𝐿,𝑛 +  𝑎, 𝑋 𝐵𝐿,𝑛+𝑏 )  

   is all the information that can be utilized from Base Layer. 
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Optimal Prediction 

 

  Optimal prediction at Enhancement Layer is: 

              𝑋 𝐸𝐿,𝑛 = 𝐸 𝑋𝑛  𝑋 𝐸𝐿,𝑛−1 , 𝑋 𝐵𝐿,𝑛  ] 

                       = 𝐸 𝑋𝑛  𝑋 𝐸𝐿,𝑛−1 , 𝑋𝑛𝜖 (𝑋 𝐵𝐿,𝑛 +  𝑎, 𝑋 𝐵𝐿,𝑛+𝑏 )] 

                         ≈ 𝑋 𝐸𝐿,𝑛−1  + 𝐸 𝑍𝑛     𝑋𝜖 (𝑋 𝐵𝐿,𝑛 +  𝑎,  𝑋 𝐵𝐿,𝑛+𝑏 )] 

                       = 𝑋 𝐸𝐿,𝑛−1  + 𝐸 𝑍𝑛     𝑍𝑛𝜖 (𝑋 𝐵𝐿,𝑛 −𝑋 𝐸𝐿,𝑛−1  + 𝑎,  𝑋 𝐵𝐿,𝑛−𝑋 𝐸𝐿,𝑛−1  + 𝑏 )] 
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Results (1, From [5]) for SNR scalability 
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P1: Using base layer information only 

P2: Using enhancement layer information only 

H.263+: P1+P2+ Weighted prediction mode 

ET : Presented Estimation Theoretic scheme 

Non-Scalable: Single codec at EL + BL rate 

Roughly 0.5 dB gain for 

Estimation Theoretic Scheme 



Results (2, From [6]) for Spatial Scalability 
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Upto 1 dB gain for Estimation 

Theoretic Scheme 



Conclusions 

 Presented an overview of Estimation Theoretic Enhancement Layer 

Prediction Residual (ETERP) scheme. 

 

 Optimal prediction using all the base layer and enhancement layer 

information. 

 

 Further study for the technique in S-HEVC Test Model 
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