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 By the increasing demand of video transmission in real-time communication networks, 

higher performance video encoders with lower computational complexity are required. 
The best compression performance can be obtained by H.264/AVC. Due to the use of 

advanced coding techniques, the computational complexity is increased. This paper 

presents a new algorithm to reduce the computational cost of the H.264/AVC encoder. 
The proposed method uses simple directional masks and neighbouring blocks modes for 

fast selection of intra-frame modes in 4×4 blocks. Experimental results show that the 

proposed algorithm reduces the average encoding cost up to 46% with negligible loss in 
image quality. 
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INTRODUCTION 
 

 Since new multimedia applications (which use different networks) are developing rapidly, video encoding 

requires greater performance and new features. The video coding standard 14496-10 (MPEG-4 part 10 or 

H.264/AVC) was developed jointly by Video Team ISO/ IEC MPEG and ITU-T VCEG, as advanced video 

coding international standard [1]. It can provide a good image quality at lower data rates with respect to the 

previous standards. Benefits of different parts of previous coding standards, such as Intra/inter-frame prediction, 

4×4 integer transform, and two entropy coding schemes are used in this standard, so that the temporal and 

statistical redundancy is decreased. 

 Intra-frame prediction method can be used as one of the main success factors which uses the similarities of 

the spatial direction to reduce spatial redundancy. Rate distortion optimization (RDO) technique is employed in 

this standard to select the best intra-frame prediction mode to find the best encoding mode with highest 

efficiency between all available modes [1]. 

 Encoders need to test all possible modes for intra-prediction coding to find the best RD for the encoding of 

the target block to choose a mode that provides the least distortion. Determination of RD values needs much 

computation for brightness (luma) and color (chroma) on a macroblock and increases the complexity [2]. 

Consequently, this standard is not suitable for real-time applications. Many efforts have been done to develop 

fast intra-frame prediction algorithms to reduce the required encoding time. Pan et al. [5, 4, 3] proposed intra-

mode decision algorithms based on edge detection histogram and local edge detection, in which the edge 

direction of a given block is measured to reduce the complexity and number of probable selected modes, but this 

method requires additional calculations to detect the edge direction to classify it into a restricted direction, 

which increases the coding cost. In [6] a fast intra-prediction method in HEVC using rate-distortion estimation 

based on Hadamard transform is proposed.  This approach is the use of the rate-distortion cost estimation based 

on the Hadamard transform and without rate-distortion optimization processes. It reduces the total encoding 

time up to 32.74% and achieves a 49.04% reduction in the intra-prediction time. a fast intra prediction mode 

selection mechanism for H.264/AVC is presented in [7]which employs the reconstructed surrounding pixels and 

content of the block to facilitate the coding process. The results show that the execution time is can effectively 

reduced with a good rate-distortion performance. A fast mode selection algorithm for H.264 intra-prediction 
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based on the spatial and frequency domain analysis is proposed  in[8], the time consumed by I-frame coding 

significantly  decreases about 64.1%   with negligible loss of PSNR. In [9] applied a new direction detection 

algorithm based on the intrinsic characteristics of each intra prediction mode to compute the strength of 

direction differences of each intra direction prediction mode and this method achieves more than 80%  

computational reduction.  

  In [10], a fast mode decision algorithm for H.264 intra-predictionis presented. By making use of 

macroblock features and estimation of uniformity and homogeneity of macroblocks,   the algorithm selects a 

4×4 or 16×16 block type for best mode prediction. The fast algorithm achieves 30% to 60% computational 

reduction, while maintaining similar PSNR and bitrate performance of H.264 encoder. Fast algorithms exist to 

select the optimal intra-prediction mode using simple directional masks and neighbouring modes. In [11], using 

directional masks, the encoding time is reduced up to 70%. A statistical-based method for luma intra-prediction 

mode approximation is presented in [12] with saving time of 45%. The work reported in [13] proposes two 

techniques of ‘early SKIP mode decision’ and ‘selective intra-mode decision’ to reduce the computational 

complexity and improves the encoding speed by 30% on average. In [14], a fast algorithm based on block type 

selection and local edge information (that is obtained by calculating edge feature parameters and sub-sampling 

techniques of matching operations) is introduced. It reduces the encoding time up to 71% with negligible loss of 

PSNR. 

 In this paper, a simple mode selection algorithm for 4×4 intra- frame prediction is considered.The algorithm 

achieves the best candidate for estimating current block by using directional masks and neighboring block 

mode. This method  reduces RD modes number in 4×4 blocks of 9 modes to 4 modes in the worst case and one 

candidate mode in the best case. Simulation results show that this method significantly reduces the encoding 

time. 

 The rest of this paper is arranged as follows. In Section 2, the intra-frame predictions in H.264/AVC 

standard is reviewed. In Section 3, a new fast intra-frame mode algorithm based on directional masks and 

neighbouring blocks modes is presented. The simulation results are presented in Section 4 and finally the 

conclusion is given in Section 5. 

 

Intra-frame prediction method in H.264/AVC:  

 Intra-frame prediction is used for decreasing the spatial redundancy in an image. Because of the high 

redundancy in a frame, the intra-frame mode is needed to reduce the redundant bits. For this purpose, the current 

macroblock is predicted using the neighbouring pixels, above and/or the left macroblocks, to select the best 

prediction mode and increase the coding efficiency.  The residual between the original frame and its prediction 

is then coded by the best prediction modes. Hence, the number of required coding bits will be much lower than 

the state that transformation is done on the original macroblock. The coding modes for luma information within 

intra-frame coding are 4×4 and 16×16 and for chroma prediction is 8×8.  

 H.264 standard applies the eight directional modes and a DC mode (Mode 2) for prediction of 4×4 

luminance blocks in intra-frame coding method. The directional prediction modes with 4×4 block and its 

neighbouring pixels are illustrated in Figure 1. The arrows in this figure indicate the direction of prediction for 

4×4 block coding. For regions with less spatial details (flat regions), the number of prediction modes is not 

effective and only increases the data overhead for determining the prediction direction, it uses 16×16  block 

size. 

 Hence, H.264 standard uses the entire 16×16 luma component of a macroblock in homogeneous areas of an 

image with four prediction modes that include DC, vertical, horizontal, and planar. The four prediction modes 

are offered to the two 8×8 chroma blocks that are very similar to the 16×16 prediction in this 

standard.H.264/AVC uses RDO technique to select the best mode prediction across the above mentioned modes 

and chooses the mode having the minimum RD cost as the best mode. 

  RDO method is based on Lagrange function and creates a   trade-off between rate and distortion. RD cost 

for the selection of the best intra-frame prediction mode is given by  

J = D+R                    (1) 

Where the D denotes the distortion, R denotes the bitrate, and  is the Lagrangian multiplier computed by  

 = 0.852
(QP-12)/3

                 (2) 

 A smaller λ applies more emphasis to minimizing D and a higher rate, whereas a larger λ tends to minimize 

R at the expense of higher distortion. In fact, R represents the number of bits associated with chosen MODE and 

D is calculated as the sum of squared differences (SSD) between the original block and its reconstruction. 

 Therefore, the number of possible combinations for mode selection in a macroblock for luma and chroma 

components is L8(L416+L16)=4(916+4)=592, where L8, L4, and L16 represent the number of prediction 

modes for 8×8 chroma blocks, 4×4, and 16×16 luma blocks, respectively. Thus, to select the best prediction 

mode for intra-coding of a macroblock in H.264, it has to perform 592 RDO calculations. This extremely 

increases the complexity of the encoder. 
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Fig. 1: 4×4 intra prediction modes[15]. 

a   Labelling of prediction samples for 4×4 prediction 

b   9 intra-prediction modes for a 4×4 luma block 

 

Fast intra mode decision algorithm:  

 The 4×4 block is the majority size for low-resolution sequences (QCIF & CIF) in intra-prediction of luma 

samples. The probability of choosing this block size is higher than that of 16×16 block size when using 

quantization parameters lower than 35 as shown in Figure 2. Therefore, fast detection of 4×4 intra-prediction 

mode at low quantization parameters can significantly increase the coding speed [16]. Figure 3 shows the 

flowchart of the proposed procedure for intra-mode decision and intra-frame mode selection processes. 

 

 
 

Fig. 2: Number of 4×4 and 16×16 intra-coded macroblocks at different quantization parameters [16]. 

 

 
 

Fig. 3: Intra-frame mode decision and selection procedure. 
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Intra-mode decision for 4×4 luma blocks:  

 H.264/AVC standard applies a total of nine prediction modes for intra 44 luma block prediction, as shown 

in Figure1. According to the JM 18.5 reference software [19], all pixels along the same prediction direction 

should have the same value. For example, in mode 0(vertical mode), the predicted  pixels in positions a, e, I and 

m should all have a value equal to the pixel value in position A, as shown in Figure1. After RDO calculation, if 

mode 0 is selected as the best mode, the predicted pixel values along the vertical direction equal to each other 

and it show in the original block, the pixel values in these positions are very similar. Therefore, in this paper we 

predict the best candidate mode based on the normalized sum of absolute differences criterion by selecting a 

pixel position in the original block according to Table 1. Since mode 2(DC) is predicted by the mean of pixel 

values of A-M and it has no direction, the DC mode prediction is dealt with by 

DDC = i=0
15
m-pi                   (3) 

Each pixel of the current block is shown with pi and m denoted by 

m = (i=0
15

pi+8)>>4                   (4) 

 
Table 1: Cost for each intra-prediction direction [18]. 

Partition Mode Mode name Equations for cost 

4×4 0 Vertical Cost=(|a-m|+|b-n|+|c-o|+|d-p|) / 4 
1 Horizontal Cost= (|a-d|+|e-h|+|i-l|+|m-p|) / 4 
3 Diagonal Down Left Cost= (|c-i|+|d-m|+|h-n|) / 3 
4 Diagonal Down Right Cost=(|a-p|+|b-l|+|e-o|) / 3 
5 Vertical Right Cost=(|e-n|+|f-o|+|g-p|) / 3 
6 Horizontal Down Cost=(|b-h|+|f-l|+|j-p|) / 3 
7 Vertical Left Cost=(|f-m|+|g-n|+|h-o|) / 3 
8 Horizontal Up Cost=(|f-d|+|j-h|+|n-l|) / 3 

 

 Other probable modes can be obtained from the upper and left blocks. Figure 4 shows the neighboring 

blocks to current block [18]. 

 

L
Current

Block

U

 
 

Fig. 4: Neighbouring blocks to the current block [18]. 

 

 By testing different video sequences, we observed that the average probability of (current mode =mode 

U=mode L) is 40.62% and the probability of (current mode=mode L) or (current mode=mode U) is 80.86%. 

However, when (mode U=mode L), the probability of current mode to choose the same mode as U and L is 

about 87.5%. Therefore, examination of the neighboring blocks U and L modes can be used for pre-prediction 

of the best candidate that is marked with C [18]. 

 Therefore, the proposed intra-mode selection algorithm for luma blocks is summarized as follows: 

 Step 1: Calculate DDC for 4×4 luma blocks. 

 Step 2.1: If the DDC is larger than the threshold, T1, investigate the RDO technique for at most 4 candidate 

modes; two modes with the smallest cost and the second smallest cost values from Table1 (C and S) and two 

modes from adjacent blocks. And, if the adjacent blocks include DC mode, exclude the DC mode from RDO 

procedure [18]. 

 Step 2.2: If the DDC is smaller than a threshold, T1, investigate the RDO technique for at most 4 candidate 

modes; one mode with minimum amount calculated in Table 1, two modes from adjacent blocks, and the DC 

mode [18]. 

 Decisions for candidate modes are summarized in Table 2. Table 3 summarizes the number of candidates 

selected for RDO computation by the proposed fast intra-prediction algorithm. It shows that the proposed 

algorithm reduces the number of RDO calculations. 

 

Intra-mode decision for 16×16luma blocks and 88 chroma blocks:  

 The idea of the JM 18.5 reference software is applied to RDO calculation and intra-mode decision for 

16×16 luma blocks and 88 chroma blocks in this paper. 
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Table 2: Candidate modes [18]. 

Partition Condition Reliability of mode C Candidate modes 

4×4 U=L=C Reliable C 
C=U && C!=L Unreliable C,S,L 
C=L && C!=U Unreliable C,S,U 
L=U && C!=L Unreliable C,S,L 

C=!U && C!=L&&L!=U Totally unreliable C,S,L,U 
U not available && C=L Unreliable C,S 
U not available && C!=L Totally unreliable C,S,L 
L not available && C=U Unreliable C,S 
L not available && C!=U Totally unreliable C,S,U 

 

Table 3: Number of candidate modes. 

Block size Total number of modes Proposed Method (min) Proposed Method (max) 

4×4 9 1 4 

 

Experimental results:  

 The proposed algorithm is implemented on JM 18.5 provided by joint video team (JVT). The results for test 

sequences of Mobile, Foreman, Coastguard and Silent with QCIF (176×144) and CIF (352×288) resolutions are 

carried out. 

 Experiments are conducted for four various quantization parameters (QPs) of 15, 28, 32, and 44 with I-only 

type (100 frames for QCIF resolution and 30 frames for CIF resolution) under H.264/AVC main profile. The 

experiments are implemented using Intel Core I3 processor of 2.13GHz and 2GB memory using Windows 7. 

 For performance comparison purposes, the change of PSNR (ΔPSNR), bitrate (ΔBR), and encoding time 

(ΔTime) with JM 18.5 reference software as calculated by: 

 

PSNR = PSNRProposed - PSNRRef.                         (5) 

BR = 


Ref.

Ref.Proposed

BR

BRBR
100%                         (6) 

Time = 


Ref.

Ref.Proposed

T

TT
100%                            (7) 

 Tables 4 and 5 show the results for CIF and QCIF video formats at various QP values. It can be observed 

that even a maximum of 53.98% of encoding time is saved in one of the cases with negligible quality loss. 
 

Table 4: Simulation results for QCIF videos at various QPs. 

Time(%) BR(%) PSNR(dB) Sequence QP 

-50.10 0.0311 -0.0053 Coastguard 15 
-49.37 0.9670 -0.0040 foreman 
-50.30 1.9785 -0.0049 Mobile 

-49.22 1.0022 -0.0047 Silent 

-43.93 0.0633 -0.0034 Coastguard 28 

-43.47 1.8991 -0.0019 foreman 
-45.80 1.6974 -0.0051 Mobile 

-42.87 1.7969 -0.0032 Silent 

-41.34 0.6432 -0.0041 Coastguard 32 

-40.25 2.6745 -0.0029 foreman 
-44.64 1.8637 -0.0057 Mobile 

-41.24 1.4502 -0.0041 Silent 

-18.59 -0.4590 -0.0009 Coastguard 44 
-15.49 -0.0215 -0.0033 foreman 
-15.83 -0.0428 -0.0032 Mobile 

-17.10 0.1945 0.0000 Silent 

 

 Figures 5 and 6 show the amount of encoding time taken by JM18.5 reference software and the proposed 

method. It can be observed that on average 44.02% reduction in encoding time for QCIF videos and 45.62% for 

CIF videos are obtained at QP=28. Tables 6, 7, and 8 show that the proposed method achieves computation 

reduction with negligible loss in PSNR. Table 9 outlines the comparison results with algorithm in [18]. The 

results in Table 9 are the average results of QP=28, 32. 

 It should be considered that the proposed method is only based on simple directional masks in 4×4 blocks 

while other algorithm in [18] is based on simple directional masks in 4×4 and 16×16 blocks. 

 

Conclusion:  

 A new algorithm for fast intra-frame mode selection was presented. It is based on simple directional masks 

and neighbouring blocks modes in 4×4 blocks that can be extended by 16×16 blocks. From the obtained results 
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it can be concluded that the proposed algorithm is faster than the JM 18.5 reference software. Because the JM 

18.5 reference software uses RDO calculation which examines all possible  combinations of coding modes, 

while the proposed algorithm reduces the candidate modes in investigation of  intra 4×4 mode. Experimental 

results show that the proposed algorithm can achieve 52.89% encoding cost reduction with negligible loss in 

PSNR and increase in bitrate. 
 

Table 5: Simulation results for CIF videos at various QPs. 

Time(%) BR(%) PSNR(dB) Sequence QP 

-51.47 -0.1459 -0.0056 Coastguard 15 

-52.89 1.8935 -0.0042 Mobile 
-50.61 0.6853 -0.0051 Foreman 

-49.59 0.9592 -0.0057 Silent 

-45.95 -0.8368 -0.0043 Coastguard 28 
-48.22 1.8310 -0.0042 Mobile 
-43.33 2.8880 -0.0025 Foreman 

-44.99 2.1514 -0.0037 Silent 

-44.69 -0.7292 -0.0045 Coastguard 32 
-45.84 1.9673 -0.0052 Mobile 
-41.17 4.1720 -0.0049 Foreman 

-42.45 2.5101 -0.0053 Silent 

-17.36 -0.2329 -0.0002 Coastguard 44 
-18.83 0.6106 -0.0045 Mobile 
-19.52 0.3080 -0.0026 Foreman 

-19.69 0.2495 -0.0003 Silent 

 

 
 

Fig. 5: Comparison of encoding time for QCIF sequences at QP=28. 

 

 
 

Fig. 6 Comparison of encoding time for CIF sequences at QP=28. 
 

Table 6: Distortion comparison. 

 PSNR 

QP=10 QP=32 

F
O

R
E

M
A

N
 M1(Pan’s Method) -0.060 -0.063 

M2 (Improved Pan’s Method) -0.45 -0.001 

M3(new proposed Method of[17]) -0.08 -0.05 

Proposed Method -0.0054 -0.0029 

N
E

W
S

 

M1(Pan’s Method) -0.052 -0.050 

M2 (Improved Pan’s Method) -0.037 0.010 

M3(new proposed Method of[17]) -0.050 -0.140 
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Proposed Method -0.0047 -0.0054 
S

IL
E

N
T

 M1(Pan’s Method) -0.061 -0.041 

M2 (Improved Pan’s Method) -0.050 -0.023 

M3(new proposed Method of[17]) -0.051 -0.032 

Proposed Method -0.0231 -0.0041 

 

Table 7: Rate comparison. 

 Bits% 

QP=10 QP=32 

F
O

R
E

M
A

N
 M1(Pan’s Method) 1.320 1.142 

M2 (Improved Pan’s Method) 1.321 0.997 

M3(new proposed Method of[17]) 1.310 0.887 

Proposed Method 0.6724 2.6745 

N
E

W
S

 M1(Pan’s Method) 1.132 1.215 

M2 (Improved Pan’s Method) 0.970 0.742 

M3(new proposed Method of[17]) 1.130 0.950 

Proposed Method 1.3771 3.2397 

S
IL

E
N

T
 M1(Pan’s Method) 1.223 0.905 

M2 (Improved Pan’s Method) 1.750 0.590 

M3(new proposed Method of[17]) 1.940 0.435 

Proposed Method 0.7094 1.4502 

 
Table 8: Complexity comparison. 

 Time% 

QP=10 QP=32 

F
O

R
E

M
A

N
 M1(Pan’s Method) -47.15 -49.10 

M2 (Improved Pan’s Method) -50.13 -54.20 

M3(new proposed Method of[17]) -55.34 -42.82 

Proposed Method -50.76 -40.25 

N
E

W
S

 M1(Pan’s Method) -52.24 -51.90 

M2 (Improved Pan’s Method) -49.50 -52.42 

M3(new proposed Method of[17]) -50.12 -49.74 

Proposed Method -50.07 -40.25 

S
IL

E
N

T
 M1(Pan’s Method) -49.21 -45.38 

M2 (Improved Pan’s Method) -49.76 -49.62 

M3(new proposed Method of[17]) -50.30 -49.38 

Proposed Method -50.15 -41.24 

 

Table 9: Performance comparison with other algorithms. 

Sequence Method PSNR Bits% Time% 

Foreman [18] -0.045 3.19 -81.92 

Proposed Method -0.0024 2.287 -41.86 

Coastguard [18] -0.085 0.715 -82.505 

Proposed Method -0.0038 0.353 -42.635 

Mobile [18] -0.18 2.23 -83.96 

Proposed Method -0.0054 1.781 -45.22 
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