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Abstract. In this paper, we propose an efficient 4×4 intra prediction mode deci-
sion method for the complexity reduction of H.264 video coding. Based on the 
observation that a good prediction could be achieved when local edge direction 
of a block is in the same direction as the intra prediction mode, local edge direc-
tion of block is obtained in transform domain to filter out majority of intra pre-
diction modes. By filtering out majority of intra prediction modes, we only have 
to consider a candidate set of most highly probable 4×4 intra prediction modes 
for which the rate distortion optimization process should be performed. Ex-
perimental results show that the proposed method can achieve a considerable 
reduction of computation while maintaining similar PSNR and bit rate. 

1   Introduction 

1.1   Background 

The H.264/AVC [1,2] is the newest video coding standard developed by ITU-T Video 
Coding Experts Group (VCEG) and ISO/IEC MPEG Video Group named Joint Video 
Group (JVT). H.264 is intended for use in a wide range of applications including high 
bitrate application such as HDTV broadcasting and low bitrate applications such as 
video delivery to mobile devices. The high coding efficiency of H.264, that gives 
perceptually equivalent video quality at much less bitrate compared to traditional 
video coding standards such as MPEG-2 [3], is expected to encourage TV and inter-
net broadcasters to fast adopt the new H.264 video coding technology.  

The dramatic bandwidth saving of H.264 is not a result of a single feature but a 
combination of various advanced features. Some advance features of H.264 include 
4×4 integer DCT, intra prediction in I-frame coding, quarter-pixel motion compensa-
tion, multiple reference frames and multiple block size for P-frame. However, these 
advanced features makes H.264 video coding more complex and computationally 
heavy. Recently, various researches are currently being made to cope with these ad-
vanced features to develop efficient H.264 encoding systems. In order to optimize 
H.264 video coding, a number of researches have been made to explore fast algo-
rithms in motion estimation known to be the most time consuming in H.264 encoding 
[4-7]. These algorithms achieve significant time saving with negligible loss of coding 
efficiency. In [7], a fast inter mode decision method is proposed by selecting a small 
number of inter modes subject to rate distortion optimization based on the  
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homogeneity and stationarity of the video objects. Using the above fast motion esti-
mation techniques to reduce the complexity, techniques for intra prediction can also 
contribute to a even less complex and computational encoding in H.264. In this paper, 
we propose a method for efficient intra prediction mode decision in transform domain 
for H.264. 

1.2   Intra Prediction Mode Decision 

The H.264 video coding standard supports intra prediction for various block sizes. In 
case of 4×4 luminance block, a total of nine prediction modes are defined using 
neighboring pixels of reconstructed blocks. The prediction block is calculated based 
on the samples labeled A-M as shown in Fig. 1.  
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Fig. 1. Labeling of prediction samples 
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Fig. 2. Directions of intra prediction modes 

For example, mode 2 is called DC prediction in which all pixels (labeled a to p) are 
predicted by (A+B+C+D+I+J+K+L)/8. The mode 0 specifies the vertical prediction 
mode in which pixels (labeled a, e, i and m) are predicted from A, and the pixels (la-
beled b, f, j and n) are predicted from B, and so on. The remaining modes are defined 
similarly according to the different directions as shown in Fig. 2. Note that in some 
cases, not all of the samples above and to the left are available within the current 
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slice: in order to preserve independent decoding of slices, only samples within the 
current slice are available for prediction. DC prediction (mode 2) is modified depend-
ing on which samples A-M are available; the other modes (mode 1-8) may only be 
used if all of the required prediction samples are available (except when E, F, G and 
H are not available, their value is copied from sample D). 

Fig. 3 illustrates the conventional transform domain intra prediction mode decision 
method for H.264 video coding [8, 9]. Although, the intra prediction process is by 
nature a pixel domain operation, computational savings can be achieved by perform-
ing the intra prediction process in transform domain by taking advantage of the fact 
the several intra prediction modes can be efficiently calculated. However, it resorts on 
using an exhaustive full search (FS) method to achieve rate-distortion optimization 
(RDO), which generates and encodes the video for all 9 intra prediction modes and 
selects the optimal prediction mode that minimizes the distortion and resulting bit rate 
at the same time.   
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Fig. 3. Conventional intra prediction mode decision method 

The H.264 integer DCT coefficients are subtracted by the intra predicted signal gen-
erated in transform domain and are subject to quantization to compute bit rate. The 
quantized coefficients are then subject to dequantization and compensation for recon-
struction. The distortion is then computed between the reconstructed and the input block 
directly in transform domain. The coding mode that yields the minimum Lagrange cost 
then selected from the computed rate and distortion for RDO [10, 11]. Although the full 
search method can find the optimal prediction mode, it is computationally expensive. 
Therefore an efficient intra prediction mode decision method is needed.  

Several researches [12, 13] have been made to reduce the number of possible pre-
diction modes for which the RDO should be performed, but they rely on pixel domain 
operation and cannot be used in video transcoding systems [14, 15] conducted directly 
in transform domain. To our knowledge, no researches have yet been made in reduc-
ing the number of possible prediction modes directly in transform domain. In this 
paper, we propose a simple and yet effective intra prediction mode decision method 
based on local edge direction directly computed in transform domain. The proposed 
method filter outs the majority of intra prediction modes such that we only have to 
consider a candidate set of most probable 4×4 intra prediction modes for which the 
RDO should be performed.  
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The rest of this paper is organized as follows. Section 2 introduces our proposed 
intra prediction mode decision method. In order to show the effectiveness of the pro-
posed method, the experimental results are provided in Section 3. In Section 4, the 
conclusions are drawn. 

2   Proposed Intra Prediction Mode Decision 

2.1   Local Edge Feature Extraction in Transform Domain  

To compute the local edge direction of a 4×4 block, the block is divided into four 
non-overlapping 2×2 subblocks. Let us label the sub-blocks from 1 to 4 as in Fig. 4. 
Then the average luminance values Ak for the kth sub-block is computed. 
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Fig. 4. Sub-blocks and their labeling 

Using the average luminance values Ak (k=1,2,3,4), the local edge strength in the 
horizontal and vertical direction can be obtained using the horizontal edge fea-

ture HorE and vertical edge feature VerE defined as follows: 
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The equation (1) can be rewritten in terms of the pixel values as follows: 
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where ,i jx  denotes the pixel value at the ith row and jth column of the block x . 

In order to obtain HorE and VerE in transform domain, let us define the 2-D integer 
transform in H.264 as  

= tX TxT ,                                                     (3) 
where 
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From equation (2), we can derive the following equation 

,= =t -1H xT T X                                                (5) 

where 
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Let us define iH  to be the value of the element at ith row and first column of matrix 

H . Then, iH   (i=1, 2, 3, 4) can be represented as 
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where ,i jX is the coefficient at the ith row and jth column of X . 

Using equation (7), the horizontal edge feature HorE  in equation (2) can be  
rewritten as 
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Similarly the vertical edge feature VerE may be computed by expressing equation (3) 
as 

,= = -tV Tx XT                                             (9) 

where 
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Let us define jV  to be the value of the element at first row and jth column of the  

matrix V . Then, jV  (j=1, 2, 3, 4) can be represented as 
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where ,i jX is the coefficient at the ith row and jth column of X . 

Using equation (11), vertical edge feature VerE in equation (2) can be rewritten as 
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Therefore, the local horizontal edge feature HorE and vertical edge feature VerE  can 
be computed directly in transform domain using equation (8) and (12). However, to 

avoid floating point operations, we use HorE and VerE value scaled by 5 since (8) and 
(12) can be rewritten as  
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and computed using only addition and shift operations. 

2.2   Intra Prediction Mode Decision Using Local Edge Features 

In order to achieve RDO, conventional transform domain intra prediction mode deci-
sion method, as previously shown in Fig. 3, uses full search (FS) method to evaluate 
the Lagrange cost of all nine 4×4 intra prediction modes and select the prediction 
mode that yields the minimum cost. Therefore, the computation of rate-distortion 
optimized intra prediction mode decision is computationally expensive. Fig. 5 illus-
trates the block diagram of our proposed method.  

Compared to the conventional transform domain intra prediction mode decision 
method that uses full search (FS) method, our proposed method pre-selects a candi-
date set of most probable 4×4 intra prediction modes in transform domain such that 
fewer intra prediction modes are examined for RDO. Particularly, the most probable 
4×4 intra prediction modes are selected based on observation that good prediction 
could be achieved when local edge direction of a block is in the same direction as the 
intra prediction mode. The edge direction of a 4×4 block is determined from the hori-
zontal edge feature HorE and vertical edge feature VerE computed directly in trans-
form domain from equation (13), and a candidate set of most probable intra prediction 
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modes is selected depending upon each edge direction as summarized in Table 1, 
where T is an empirical threshold value.  
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Fig. 5. Proposed intra prediction mode decision method 

Table 1. Candidate modes for intra prediction based on EHor and EVer 

Edge Direction Condition 
Candidate 

Modes 

No Edge 
 

,Hor VerE T E T< <  2 

Vertical 
 

,Hor VerE T E T< ≥  0,2 

Horizontal 
 

,Hor VerE T E T≥ <  1,2 

Diagonal 
down/left  

, 0, ,Hor Ver Hor Ver Hor VerE E T E E E T E T− ≤ × > ≥ ≥  3,2 

Diagonal 
down/right  

, 0, ,Hor Ver Hor Ver Hor VerE E T E E E T E T− ≤ × < ≥ ≥  4,2 

Horizontal 
dominant  

, ,Hor Ver Hor VerE E T E T E T− > ≥ ≥  4,6,1,8,3,2 

Vertical 
dominant  

, ,Ver Hor Hor VerE E T E T E T− > ≥ ≥  3,7,0,5,4,2 

 
 
In Table 1, the DC prediction mode 2 is considered in all cases, since it has higher 

possibility to be the best prediction mode than the other 8 modes due to the observa-
tion that a typical 4×4 block contains a smooth texture due to its small block size. In 
case of vertical, horizontal, diagonal down/left and diagonal down right edges, only 
the mode 0, mode 1 mode 3 and mode 4 are considered, respectively. In case of hori-
zontal dominant edge, the modes 4, 6, 1, 8 and 3 that are directed in the horizontal 
direction are also considered. Similarly, modes 3, 7, 0, 5 and 4 that are directed in the 
vertical direction are also considered in case of vertical dominant edge.  
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Fig. 6 illustrates the flow chart of the proposed intra prediction mode decision 

method. For each block, the horizontal edge feature HorE and vertical edge feature 
VerE are obtained in transform domain to obtain the candidate intra prediction modes 

as described in Table 1. For each candidate intra prediction modes, we generate a 4×4 
prediction signal and calculate the Lagrange cost. Then we choose the mode with 
minimum Lagrange cost within in the selected candidate intra prediction modes. 
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Fig. 6. Flow chart of proposed intra prediction mode decision method 

3   Experimental Results 

3.1   Environment of the Experiment 

To evaluate the performance of the proposed method, our proposed method was im-
plemented into H.264/AVC reference software JM9.4 [16] and tested with various 
Quantization Parameters Qp. Four well known image sequences with different resolu-
tions were used as test materials. Specifically, the image sequences “coastguard” and 
“container” in QCIF (176×144) resolution and image sequences “garden” and “foot-
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ball” in CIF (352×240) resolution were used. For each sequence, 100 frames were 
encoded with GOP structure of only I pictures and the threshold in Table 1 was set to 
T=64.  

3.2   Performance Evaluation of the Proposed Method 

Tables 2,3,4 and 5 show the tabulated performance comparison of our proposed with 
the full search method for different image sequences described above. In these tables, 
the total bits, average PSNR per frame, and the complexity, in terms of the total num-
ber of 4×4 intra prediction modes examined for RDO, was computed. Note that, the 
negative values in these tables show decrease in value. Experimental results of the 
proposed method show a significant reduction of computation in between 48.57% and 
66.11%, a slight increase in bit rate in between 0.49% and 3.82%, and similar PSNR 
in comparison with full search method.  

Table 2. Results on QCIF test sequence “Coastguard” 

Qp Method Total Bits PSNR (dB) COMPLEXITY 
FS 13568704 52.715 1381500 
Proposed 13898992 52.713 643489 8 
∆ Improved 2.43% 0.00 dB -53.42% 
FS 8256896 45.710 1381500 
Proposed 8425438 45.704 643489 16 
∆ Improved 2.04% -0.01 dB -53.42% 
FS 1906952 32.317 1381500 
Proposed 1972043 32.299 643489 32 
∆ Improved 3.41% -0.02 dB -53.42% 
FS 370976 25.488 1381500 
Proposed 380488 25.483 643489 44 
∆ Improved 2.56% 0.01 dB -53.42% 

Table 3. Results on QCIF test sequence “Container” 

Qp Method Total Bits PSNR (dB) COMPLEXITY 
FS 11501016 52.830 1381500 
Proposed 11784131 52.829 468253 8 
∆ Improved 2.46% 0.00 dB -66.11% 
FS 6691744 46.333 1381500 
Proposed 6794975 46.306 468253 16 
∆ Improved 1.54% -0.03 dB -66.11% 
FS 1668184 34.170 1381500 
Proposed 1731955 34.182 468253 32 
∆ Improved 3.82% 0.01 dB -66.11% 
FS 470496 26.210 1381500 
Proposed 487768 26.171 468253 44 
∆ Improved 3.67% -0.04 dB -66.11% 
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Table 4. Results on CIF test sequence “Garden” 

Qp Method Total Bits PSNR (dB) COMPLEXITY 
FS 84799088 52.733 4669500 
Proposed 85912782 52.731 2356845 8 
∆ Improved 1.31% 0.00 dB -49.53% 
FS 48544744 45.907 4669500 
Proposed 49401140 45.896 2356845 16 
∆ Improved 1.76% -0.01 dB -49.53% 
FS 16379992 31.034 4669500 
Proposed 16655477 31.023 2356845 32 
∆ Improved 1.68% -0.01 dB -49.53% 
FS 4482248 21.713 4669500 
Proposed 4504368 21.670 2356845 44 
∆ Improved 0.49% -0.04 dB -49.53% 

Table 5. Results on CIF test sequence “Football” 

Qp Method Total Bits PSNR (dB) COMPLEXITY 
FS 62409520 52.712 4669500 
Proposed 63658991 52.714 2401366 8 
∆ Improved 2.00% 0.00 dB -48.57% 
FS 37392088 45.680 4669500 
Proposed 37864040 45.674 2401366 16 
∆ Improved 1.26% 0.01 dB -48.57% 
FS 9232936 31.385 4669500 
Proposed 9422368 31.363 2401366 32 
∆ Improved 2.05% -0.02 dB -48.57% 
FS 2028280 24.575 4669500 
Proposed 2080043 24.533 2401366 44 
∆ Improved 2.55% -0.04 dB -48.57% 

4   Conclusion 

In this paper, an efficient 4×4 intra prediction mode decision method for H.264 video 
is proposed based on the local edge direction of a block efficiently computed in trans-
form domain. The proposed method filter outs the majority of intra prediction modes 
such that we only have to consider a candidate set of most probable 4×4 intra predic-
tion modes for which the RDO should be performed. From the experimental results, 
we can see that the proposed method can achieve a considerable reduction of compu-
tation complexity while maintaining similar bit rate and PSNR.  Our proposed method 
can also be applied to a transcoding system conducted in transform domain where the 
4×4 transform coefficients of H.264 are directly computed from heterogeneous video 
coding formats. As future work, we are currently working on methods to extend our 
proposed method to 16×16 and 8×8 intra prediction modes.  
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