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Abstract- In H.264 standards, video coding is carried out in 

two steps. First, pixels are predicted by copying previously 

reconstructed known neighbour pixels along an angular 

direction inside the block. Then, the difference between 

original and predicted is transform-coded with 2-D Discrete 

Cosine Transform (DCT). Each block pixel is predicted from 

only few directionally aligned neighbour pixels of the block. 

Though it is a useful approach, it eliminates some useful 

neighbour pixels of the block. To use this, a linear prediction 

method is proposed, where each block pixel is predicted using 

a weighted sum of top row and first column neighbour pixels 

of the block. The drawback of this method is the increased 

complexity because of the large number of pixel usage. In this 

paper, we propose a another method to intra prediction, where 

we predict image pixels using a 2D Markov process. We show 

that combining the intra prediction approach and the LWT 

transform improves overall compression performance. In this 

paper, both the intra prediction and the transform steps are 

obtained based on 2D Markov processes.  

Keywords - Image coding, video coding, Lifting wavelet 

transforms, linear prediction, markov processes. 

 

I. INTRODUCTION 

 

Intra frame prediction is an important tool of modern intra 

frame coding, in intra frame coding with intra prediction is 

performed in two steps[2]-[3]. In the first step, pixels are 

predicted by copying previously reconstructed known 

neighbour pixels along an angular direction inside the block. In 

the second step, the obtained prediction block is subtracted 

from the original block pixels and the block of prediction 

errors is transform coded.In the standard intra-frame coding 

approach [5], intra prediction is performed by copying 

previously reconstructed neighbour pixels of the block along 

one of many prediction directions inside the block. Next, the 

difference between original and prediction is transform coded 

with 2-D Discrete Cosine Transform (DCT). Lately, it has been 

shown that the 2-D DCT is suitable for the residuals obtained 

from copying-based intra prediction. Yeo et al. obtain the 

suitable separable 2-D transform as a cascade of the odd type-3 

Discrete Sine Transform (ODST-3) along the copying direction 

and the DCT along the perpendicular direction. This suitable 

separable transform (included in HEVC [6]) is derived from 

analytical expressions for the residual covariances, which are 

obtained by modelling image pixels with a 2-D Markov 

process.In the copying based intra prediction method, each 

block pixel is predicted using few reconstructed neighbour 

pixel of the block. Though, other neighbour pixels of the block 

may also contain some useful correlation for prediction. To 

capture such correlation, block pixels are modelled with 2-D 

Markov processes.  The intra frame coding approach in [6] 

uses the copying based method for intra prediction and the 

hybrid DCT/ODST-3 transform (obtained from 2D Markov 

process) for transforming the prediction residual pixels. The 

intra frame coding approach [1] uses the 2D Markov processes 

for intra prediction and 2D DCT for transforming the 

prediction residual pixels.In this paper, both the intra 

prediction step and the block transform step is modelled with 

2D Markov process. The derived overall intra frame coding 

approaches can generalize the mentioned two approaches in [1] 

and [6], provide improved coding gains. 

 

II. INTRA PREDICTION 

 

A general 2D Markov process can be represented with the 

following equation 

 

 
 

where, u(i.j) represent process samples or block pixels and 

e(i,j) represent identically distributed zero-mean white noise 

process samples independent of previous image pixels u (i – p, 

j – q), p ≥ 1 or q ≥ 1, and ρ1, ρ2, ρ3 are process parameters. The 

pixels with either index zero, i.e. u(i , j) such that i = 0 or j = 0, 

represent previously reconstructed known neighbour pixels of 

the image block, and pixels with positive indexes, i.e. u(i , j) 

such that i ≥ 1 and j ≥ 1, represent block pixels. 

 
 

(a) 

 

 
(b) 

Figure. 1. 2D Markov process model for image blocks. (a) Pictorial 

representation of neighbouring pixels of 2D Markov process given in Equation 

(1) (b) 4×4-pixel image block and its neighbours modelled with 2D Markov 
process.(Previously reconstructed neighbour pixels of the block are grey and 

block pixels are white). 

The above equation (1) is used to obtain the intra prediction. In 

intra prediction there are nine modes are available. They are 
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horizontal, vertical, DC mode, Diagonal down left, Diagonal 

down right, vertical right, horizontal down, Vertical left and 

Horizontal up. For predicting each pixel value only three or 

four(mode3, 7 & 8) neighbouring pixels are required. 

 

 III.TRANSFORMS 

 

Lifting sequence consisting of two steps. The lifting scheme is 

a method for both designing and performing the wavelet 

transform. While designing the wavelet filters and transforms 

these steps are important. This is also known as second 

generation wavelet transform.The basic idea of lifting is the 

following: If a pair of filters (h,g) is complementary, then it 

allows for perfect reconstruction, then for every filter S the 

pair (h
’
,g) with h

’
(z) = h(z) + s(z

2
).g(z)  allows for perfect 

reconstruction, too. And also, this is also true for every 

pair (h,g
’
) of the form g

’
(z) = g(z) + t(z

2
).h(z). The contrary 

also true: If the filter banks (h,g) and (h
’
,g) allow for perfect 

reconstruction, then a filter S with h
’
(z) = h(z) + s(z

2
).g(z) is 

used.Each such transform of the filter bank is known as a 

lifting step. An order of lifting steps consists of interchanging 

lifts, that is, when low pass is fixed then the high pass is 

changed and in the next stage the high pass is fixed and the low 

pass is changed. Continual stages of the unique direction can 

be combined. 

 

A. Single lifting step 

 

A single lifting step can be defined by the following three basic 

steps: 

Split –The signal is spitted into disjoint components. This is 

done by extracting the even and odd polyphase components. 

This is known as lazy wavelet.Predict - The odd polyphase 

component depend on a linear combination of samples of the 

even polyphase component. The models of the odd polyphase 

component are substituted by the prediction residual value. The 

predict operation is also known as the dual lifting step. 

dn-1=oddn - P(evenn)     (2) 

Update - The even polyphase component based on alinear 

combination of different models obtained from the predict step. 

The update step is also called as the primal lifting step. 

Sn-1 = even j,i + odd j, i    (3)  

  

In general, normalization is integrated in both primal and 

duallifting. The figure2 shows single lifting step process. 

 

 
 

Figure2. One Lifting Step 

B. Haar Wavelet Via Lifting 

Haar wavelet can also be implemented using Lifting. 

Split - Split the signal into even and odd polyphase 

components. 

Predict - Replace x(2n+1) with d(n)=x(2n+1)–x(2n). The 

predict operator is x(2n). 

Update - Replace x(2n) with x(2n)+d(n)/2. This is equal to 

(x(2n)+x(2n+1))/2. 
 

IV. PROCESS PARAMETER 

 

A. Special Cases 

In section II we have discussed how to obtain the optimal 

spatial prediction algorithm from a 2D Markov process model 

with known process parameters ρ1, ρ2 and ρ3. For some special 

cases this process parameters could not been known. Consider 

the first special case, where ρ1 = 0, ρ2 = 0, ρ3 = 0. In this case 

prediction algorithm produces all-zero block pixels. Due to 

assuming zero-mean image pixels in the equation 1, first a 

block mean(μ) pixel is subtracted from neighbour pixels of the 

block prior to application of prediction algorithm and then 

same block mean(μ) is added to the predicted block pixels. 

Thus, the prediction block becomes equal to that of block 

mean(μ), which we obtain by averaging left and right 

neighbour pixels of the block which is equivalent to DC mode 

in h.264.Consider the next special case where ρ1 = 0, ρ2 = 0, ρ3 

= 1, which indicates the separable process since ρ2 = -ρ1 ρ3. 

This is equivalent to vertical mode in H.264. The prediction 

error pixel is given by r(i,j) = u(i,j) –u(i,0).The optimal 

transform is the hybrid ODST-3/DCT. Next, consider the 

special case where ρ1 = 1, ρ2 = 0, ρ3 = 0. This is similar to the 

above case. This case is equivalent to horizontal mode in 

H.264. The optimal transform is the hybrid ODST-3/DCT. 

Next, consider the special case ρ1 = 0, ρ2 = 1, ρ3 = 0. In this 

case, the prediction reduces to diagonal copying of block 

neighbour pixels which is equivalent to mode 4 in 

H.264.Another special case is ρ1 = 0, ρ2 = 0, ρ3 = 0, ρ4 = 1 the 

prediction reduces to diagonal copying block neighbour pixels 

which is equivalent to mode 3 in H.264. 

 

B. Obtaining Process parameters from ML and MSE 

Method 

ML Method: 

In the ML method, the white noise components in the 2D 

Markov process are assumed to be Gaussian distributed and the 

non-random parameters ρ1, ρ2, ρ3. 

 

 
The above ML method formulation is done using a single 

block of pixels. In this case, the ML method formulation 

becomes 
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Where subscript k indicates the intra mode and Bk is the set of 

all blocks of the training sequences that are coded with the k
th

 

intra mode. MSE Method: In the MSE method, the non-

random parameters ρ1, ρ2, ρ3 are obtained by minimizing the 

sum of squares of prediction errors in the training sequences as 

follows: 

 
Where, 

 
 

In the intra prediction step the parameters obtained with MSE 

method performed better and in the transform step the 

parameters obtained with ML method performed 

better.Iterative Expectation Method:For classification of 

blocks, correct process parameters are needed, but for 

computing the parameters, blocks need to be correctly 

classified. To solve this problem, we use an iterative 

expectation method. 

a) Initialization Step 

Initialize all 4×4 and 8×8 block intra modes with process 

parameters. Compute the intra prediction algorithm and 

transforms step based on this process parameters value. 

 

b) Classification Step 

 Encode all training sequence blocks with Rate-Distortion 

optimized intra mode selection [4] and classify each 

block based on its compression efficiency. 

 

c) Estimation Step 

Compute the process parameters using ML method and 

MSE method. Based on the process parameters obtained 

using MSE method is used to compute the intra 

prediction algorithm and the process parameters obtained 

using ML method is used to compute the transforms. 

 

Finally, if the improvement factor of intra frame compression 

in classification step is greater than threshold, go to 

classification step, else record the obtained process parameters, 

intra prediction algorithm and transforms and quit the 

algorithm. 

Table I: Process Paramters Obtaned From Ml And Mse Method 

 

 

 

 

 

 

  ML 

  Intra Modes 

0 1 2 3 4 5 6 7 8 

 

4×4 

ρ1 +0.42 +0.88 +0.57 +0.31 +0.25 +0.08 +0.71 +0.24 +0.33 

ρ2 -0.38 -0.42 -0.36 -0.22 +0.50 +0.23 +0.11 -0.27 -0.35 

ρ3 +0.94 +0.51 +0.70 +0.24 +0.36 +0.74 +0.27 +0.74 +0.48 

ρ4    +0.60    +0.24 +0.46 

 

8×8 

ρ1 +0.38 +0.92 +0.67 +0.57 +0.47 +0.29 +0.81 +0.51 +0.58 

ρ2 -0.35 -0.44 -0.44 -0.36 -0.03 -0.13 -0.34 -0.41 -0.44 

ρ3 +0.97 +0.52 +0.75 +0.38 +0.60 +0.86 +0.54 +0.67 +0.61 

ρ4    +0.40    +0.22 +0.22 

 

V. RESULT AND DISCUSSION 

 

We compare experimental results to compare the standard intra 

frame coding approach in H.264 with the approaches  in [1], 

[6] and with the approach presented in this paper. In particular 

we have the following systems: 

 H.264 : Copying – Based intra prediction + 2 – D DCT 

 

 CIP + ODST [1] : Copying – Based intra prediction + 

ODST-3/DCT 

 RIP + DCT [5] : Recursive intra prediction + 2 – D DCT 

 RIP + DCT/ODST – 3 : Recursive intra prediction + 

DCT/ODST – 3  

 RIP + KLT : Recursive intra prediction + KLT 

 

 

  Intra Modes 

0 1 2 3 4 5 6 7 8 

 

4×4 

ρ1 +0.51 +0.96 +0.65 +0.26 +0.20 -0.09 +0.64 +0.30 +0.31 

ρ2 -0.49 -0.40 -0.41 -0.10 +0.58 +0.46 +0.33 -0.26 -0.25 

ρ3 +0.97 +0.44 +0.63 +0.05 +0.25 +0.63 +0.07 +0.66 +0.38 

ρ4    +0.76    +0.29 +0.53 

 

8×8 

ρ1 +0.37 +0.97 +0.85 +0.50 +0.38 +0.19 +0.83 +0.72 +0.40 

ρ2 -0.36 -0.49 -0.71 -0.08 +0.16 +0.00 -0.35 -0.51 -0.40 

ρ3 +0.99 +0.52 +0.85 -0.18 +0.46 +0.82 +0.52 +0.53 +0.65 

ρ4    +0.76    +0.27 +0.3 
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 Markovian prediction + LWT : Intra frame block with 

Markovian prediction + LWT 

The coding gains of all systems with respect H.264 system are 

shown in figure 3. The average bit rate savings of CIP + 

ODST, RIP + DCT, RIP + DCT/ODST-3, RIP +KLT and  

Markovian prediction + LWT over H.264  are 2.42%, 3.8%, 

1.4%, 5.3%, 6.7% and 7.2% respectively. Markovisn + LWT 

provide a improved coding gain. 

 

 
Figure 3: Comparison of coding gains of several systems with respect 

to H.264 for blocks modelled with 2D Markov process 
 

VI. CONCLUSION 

 

Conventional intra frame coding uses copying based intra 

prediction and transforms the prediction residuals with the 2-D 

DCT. Recently, image blocks are modelled with Markov 

processes were proposed for either the prediction or the 

transform step but not for both. This paper obtained both intra 

prediction and transform step based on modelling image blocks 

with 2D Markov processes. The derived overall intra frame 

coding provides improved coding gain.  
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