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Abstract 
 

This paper presents a low-complexity algorithm for an H.264/AVC encoder. The proposed 

motion estimation scheme determines the best coding mode for a given macroblock (MB) by 

finding motion-blurred MBs; identifying, before motion estimation, an early selection of MBs; 

and hence saving processing time for these MBs. It has been observed that human vision is 

more sensitive to the movement of well-structured objects than to the movement of randomly 

structured objects. This study analyzed permissible perceptual distortions and assigned a 

larger inter-mode value to the regions that are perceptually less sensitive to human vision. 

Simulation results illustrate that the algorithm can reduce the computational complexity of 

motion estimation by up to 47.16% while maintaining high compression efficiency. 
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1. Introduction 

H.264/AVC is the newest international video coding standard [1].  It achieves higher 

compression efficiency than other standards [2] by using advanced coding techniques such as 

multiple-reference frame prediction and context-based adaptive binary arithmetic coding 

(CABAC) [3]. It enables the compression of video to 1.5–2 Mbps for standard-definition 

video and 6–8 Mbps for high-definition video by saving storage space, frequency spectrum, 

and channel bandwidth. Most of all, the variable block mode of H.264/AVC contributes to 

high compression efficiency; however, it also requires high computing power to determine the 

best compression mode. It is known that the motion-estimation process for determining the 

best mode occupies more than 60% of the computing time of the whole encoder [4]. Therefore, 

the development of fast and efficient motion estimation algorithms for H.264/AVC is a hot 

research topic [5][6][7][8][9][10][11][12][13][14][15]. 

Low-complexity motion-estimation algorithms for H.264/AVC were described in [5] and 

[6]. Fast inter-mode decision-making using the Lagrangian cost correlation proposed in [5] to 

determine the best coding mode for a given macroblock (MB) by estimating the rate distortion 

(RD) cost from the neighboring MBs in the previous frame. In [6], an early prediction 

algorithm was used to reduce complexity by estimating the Lagrangian RD cost function using 

an adaptive model for the Lagrangian multiplier parameter based on local-sequence statistics. 

In [7], the authors analyzed the quality fluctuations of different frame types and proposed a 

distributed RD control algorithm for high-definition video coding. The work reported in [8] 

used dynamic control of motion-estimation search parameters to reduce the complexity of an 

innovative motion-estimation system by configuring the number of reference frames, valid 

block modes, and the search area used to perform the motion-estimation task for a given MB. 

In [9], an RD performance-improved mode-decision method was proposed for H.264 

intra-coding without changing the syntax and decoding process of H.264. This method uses 

inter-block mode-dependent decision criteria for the intra 4×4 mode of the original 

rate-distortion optimization (RDO) procedure. In [10], the authors proposed a 

weight-prediction process using the original pixels of the current block, instead of 

motion-compensated subpixels, to reduce the number of additional operations required. The 

authors of [11] proposed a system for managing the computational complexity of H.264/AVC 

video encoding in a real-time scenario. Their complexity management system controls the 

coding time of each frame of a video sequence with maintaining a high frame rate and 

avoiding significant frame quality loss. 

On the other hand, taking human perception into consideration, the concept of perceptual 

image and video coding has been in existence for quite some time. The work described in [12] 

reviewed the physiological characteristics of human perception and addressed the most 

relevant aspects of video coding applications. Moreover, that work described the 

computational models and metrics which guide the design and implementation of a video 

coding system, as well as recent advances in perceptual video coding. In [13], an automatic 

distortion sensitivity analyzing process was proposed for bit allocation in rate-constrained 

video coding. The work reported in [14] used a rate control scheme at both the frame and MB 

levels. At the frame level, the algorithm estimated the target bits using a motion complexity 

measure which represented the amount of motion between two consecutive frames. In [15], a 

perceptual distortion masking measure was used for rate control, with the measure coupled 

into the RDO process. The success of this fast perceptual mode-decision algorithm depends 
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heavily on accurate estimation of visual features, and therefore a more precise scheme needs to 

be developed. The contribution of this study is a method of managing complexity to reduce 

computational processing. The key concept of the proposed speed-dependent 

motion-estimation (SDME) algorithm is that, to save computation time, it assigns a larger 

intermode value to regions that are perceptually less sensitive to distortion than to more 

sensitive regions. 

The remainder of this paper is organized as follows. Section 2 analyzes the problem of the 

H.264/AVC standard and describes the new low-complexity management approach in detail. 

Section 3 reports RD and execution-time results for the operation of the coding algorithm on 

both advanced video coding (AVC) test sequences and high-efficiency video coding (HEVC) 

test sequences [16][17]. The rate figures are calculated from actual compressed file sizes and 

on mean squared errors (MSE) or peak signal-to-noise ratios (PSNR) from the reconstructed 

videos as given by the algorithm. These results are put into perspective by comparison to JM 

17.2, which is the original reference software version of MPEG and ITU-T. The conclusions 

of the paper are presented in Section 4. 

2. Low-Complexity Motion Estimation 

The proposed algorithm decreases computational processing by means of early identification 

of MBs. The proposed SDME model aims to reduce computation time by skipping certain 

MBs while maintaining RD performance. SDME is compared with a JM 17.2 encoder 

operating with the following parameters (hereafter called the “baseline encoder”): 

1) baseline profile; 

2) five reference frames, IPPP sequence type, CAVLC; 

3) asymmetrical multi-hexagon search (UMHexagonS); 

4) RDO mode selection enabled. 

First, the motion-estimation method used in the JM encoder will be presented, and then the 

low-complexity motion estimation model will be described. 

2.1 Motion Estimation in the JM Encoder 

H.264/AVC provides five inter-modes and three intra-modes. The inter-modes include SKIP, 

16×16, 16×8, 8×16, and P8×8 modes; the intra-modes consist of Intra 4×4, Intra 8×8, and Intra 

16×16 modes. The inter-modes are used to estimate motion between frames; in addition, the 

P8×8 mode can be separated into 8×8, 8×4, 4×8, and 4×4 modes for high resolution. To 

estimate motion within one frame, the intra-mode is used, which uses nine directions to 

estimate the current pixel using neighboring pixels. 

In contrast to previous video coding standards, H.264/AVC considers the distortion and the 

occurrence rate for selecting the best mode within a number of possible modes. The RDO 

contributes to determining the motion vector and choosing the best mode. It consists of the 

Lagrangian coefficients with their weighted distortion values and occurrence rates [18]. The 

RDO method calculates the RD cost for each MB mode. For this reason, the motion-estimation 

process has high computational complexity. To determine the best motion-estimation mode, 

the inter-mode first has to determine a motion vector and a reference frame in terms of a 

current frame. The motion vector and the reference frame are determined using Equation (1): 

 

.),()),(,()|,( REFMVRREFMVrsSADREFMVJ motionmotionmotion                (1) 
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where λmotion is the Lagrangian coefficient which depends on the quantization coefficient, and 

R(MV, REF) is the observed bitrate used to code the motion vector and the reference frame, 

which is chosen by means of a defined table. Equation (2) is used to calculate the sum of the 

absolute difference (SAD), where SAD(s, r(MV, REF)) is the sum of the absolute values of the 

differences between the original image and the motion-compensated image according to the 

motion-estimation algorithm: 
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where s is a pixel of an original block, r is a pixel of the corresponding reconstructed block, H 

and V are the width and height of the MB respectively, and (mx, my) is the motion vector of the 

MB. In P8×8 mode, the encoder determines the optimized macro mode for each 8×8 block and 

the optimized direction in intra mode, along with the best mode, using the minimum cost as 

determined in Equation (3): 

 

.),,(),,()|,,( modemodmode MrsRMrsSSDMrsJ e                         (3) 

 

where λmode is the square of λmotion. M is the MB mode; it is the predicted direction mode or 

sublevel of the MB. R(s, r, M) is the observed bitrate in practice when the encoder codes the 

mode corresponding to M. Equation (4) describes the sum of squared differences (SSD), 

SSD(s, r, M): 
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The H.264/AVC rate-distortion algorithm calculates and determines the best mode in such a 

way that it occupies more than 60% of the computation time for the whole encoder. Using 

Equation (3), the encoder decides on the best mode and computes the actual bitrate, which 

requires a DCT / Hadamard transform, quantization / dequantization, an inverse DCT / inverse 

Hadamard transform, and entropy coding. The entropy coding uses Exp-golomb code, 

context-adaptive variable-length coding (CAVLC), and the CABAC; therefore, the novel fast 

mode-decision method is highly effective in reducing computational processing time. The 

following sections describe the speed-dependent mode-selection algorithm in detail and 

present the results of applying this algorithm within the framework of the H.264 test-mode 

encoder. 

2.2 Human Visual System 

The human visual system (HVS) plays a significant role in understanding perceptual video 

coding [19]. The eyes can track moving objects in a visual scene to keep the object of interest 

on the fovea and compensate for object motion to improve visual acuity, a phenomenon 

known as Smooth Pursuit Eye Movement (SPEM) [20]. Human beings cannot perceive 

fine-scale variations in visual signals because of the psychovisual properties of the HVS. 

Related psychophysical studies have demonstrated the level of contrast required to detect a 

flickering grating at different spatial and temporal frequencies [21]. The masking effect refers 
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to the perceptibility of one signal in the presence of another signal in its spatial, temporal, or 

spectral vicinity [22]. Moreover, the sensitivity of the HVS relies on the background 

luminance and color of the stimuli. Visual sensitivity can be measured using a spatiotemporal 

contrast sensitivity function (CSF) [23]. 

2.3 ROI-based Video Coding 

Region of interest (ROI)-based perceptual video coding has been in existence for quite some 

time. Earlier ROI-based video coding methods included restrictions on how the ROI could be 

defined. The foreground/background video coding method uses this approach [24]. Visual 

attention techniques have recently made it possible to identify multiple ROIs. Fig. 1 shows the 

perceptual visual property of video coding sequences, in which the main observation to be 

made is that human vision is sensitive to movement of well-structured objects (MV0 and MV1) 

while tolerating large distortions in moving areas with random structures (MV2 and MV3). 

Note that the higher-speed objects have larger-magnitude motion vectors than the low-speed 

objects because the size of the motion vector is related to the distance between the current 

frame and the nearest reference frame.  

 

 
Fig. 1. Perceptual visual property of video coding sequences (WVGA : BasketballDrill sequences). 
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The theoretical key to the SDME algorithm is that it considers the speed of an object 

between the current frame and reference frames and codes more distant MBs less accurately 

when an object moves fast. This coding makes an attempt to control block distortion so that the 

perceptual impression given by different blocks will be consistent, i.e., blocks which can 

tolerate higher distortion will be more coarsely coded. Nevertheless, perceptual redundancy 

cannot be completely determined without consideration of the foveal features of the HVS. In 

this way, both computational savings and low complexity of the H.264/AVC encoding can be 

achieved. 

2.4 Speed-Dependent Motion Estimation 

To reduce computation time, the capability of the HVS to detect distortions in video sequences 

must be taken into account. As described previously, the basic idea of the proposed 

low-complexity motion-estimation scheme is to allocate fewer bits to areas where coding 

distortions are less noticeable. The HVS is more sensitive to perceptual distortions of 

smoothly textured objects with regular motions that are recognizable by eye movements in the 

foreground. These objects are generally susceptible to encoding distortions because of the 

inefficiency of the block-based motion-prediction model.  

The SDME was designed based on these properties. First, to determine whether an MB has 

large movements and causes motion blur, the movement of a motion vector can be estimated 

as: 

 

.||MVDistV MV                                                     (5) 

 

where MV is the motion vector used to code an MB between a current frame and a reference 

frame. It contains the direction of movement and the amount of motion. Next, let the distance 

value (DV) denote the maximum scale value as follows: 

 

.)()(DV 22 heightwidth                                            (6) 

 

where width and height are the horizontal and vertical size of the input image respectively. To 

calculate MVDistV as a proportion of DV, these parameters are estimated using the offset value 

(OV), which can be obtained using Equation (7): 
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where OV is limited to the range 0 ≤ OV ≤ 1. 

Then, the lowest threshold (LT) and highest threshold (HT) were defined to judge whether or 

not the SDME is enabled. Equation (7) plays a significant role in implementing the SDME 

because the SDME algorithm is enabled only when OV is between LT and HT. The thresholds 

of LT and HT are the established range of input sequence before coding, minimum LT is 0 

(0%) and maximum HT is 1 (100%), they are decided by considering the variety of 

experimental variables that are HVS and overall speed, frames, and search range of test 

sequences : 
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.(HT) ThresholdHighest   OV  (LT) ThresholdLowest                         (8) 

 

To avoid reintroducing complexity into the coding process, the optimal choices for the LT 

and HT parameters are estimated before coding. To achieve computational savings, the LT and 

HT parameters are estimated using different LT and HT coefficients from 0.1% to 25% (Table 

1). The appropriate values of LT and HT for the test sequence in order to reduce computational 

performance, BlowingBubble [QP (quantization parameter) = 28, frames = 50, search range = 

64] were found to be LT ≈ 0.1% and HT ≈ 25%. However this result does not apply to other 

sequences because it occurs 0.59% additional bits along with high increased bits that can be a  

serious problem in terms of bandwidth and the communication channels. Through the 

experiments reported here, it was found that the threshold range between LT and HT is crucial 

because the SDME algorithm will not be beneficial and productive if the parameters are set too 

small or too large. In addition, through simulations considering the variety of experimental 

variables that are HVS and overall speed,  frames, and search range of test sequences fixed 

parameters LT = 1.5 and HT = 25 were found to provide an acceptable tradeoff between 

computational performance and rate distortion. Therefore, these fixed parameters were chosen 

to provide low complexity with minimal loss of rate-distortion performance (see Section 3). 

 
Table 1.  The simulation results of proposed algorithm compared with that of the reference software, 

QP=28. 
 

LT 

(%) 

HT 

(%) 

Original JM17.2 SDME Original JM17.2 vs. SDME 

Total 

time 

(sec) 

ME 

time 

(sec) 

PSNR 
(dB) 

Compression 
ratio (%) 

Total time 
(sec) 

ME time 
(sec) 

PSNR 
(dB) 

Compression 
ratio (%) 

Total 

time 

(%) 

ME 

time 

(%) 

△PSNR 

(dB) 
△Compression 

ratio (%) 

2 25 242.5 200.4 35.23 2.76 225.2 185.1 35.13 2.87 7.1 7.7 -0.1 +0.11 

6 12 242.5 200.4 35.23 2.76 219.4 180.7 35.11 2.85 9.5 9.9 -0.12 +0.09 

3 6 242.5 200.4 35.23 2.76 218.3 180 35.13 2.87 10 10.2 -0.1 +0.11 

1.5 3 242.5 200.4 35.23 2.76 207.4 170.6 35.12 2.87 14.5 14.9 -0.11 +0.11 

0.8 1.5 242.5 200.4 35.23 2.76 171.1 139.7 35.14 2.94 29.4 30.3 -0.09 +0.18 

0.4 0.8 242.5 200.4 35.23 2.76 164 134 35.15 3.03 32.4 33.1 -0.08 +0.27 

0.2 0.4 242.5 200.4 35.23 2.76 187.5 154 35.15 2.96 22.7 23.2 -0.08 +0.21 

0.1 0.2 242.5 200.4 35.23 2.76 222 183.2 35.12 2.85 8.4 8.6 -0.11 +0.09 

0.05 0.1 242.5 200.4 35.23 2.76 224 185 35.12 2.85 7.6 7.7 -0.11 +0.09 

0.6 1.25 242.5 200.4 35.23 2.76 162.4 132.5 35.14 2.96 33 33.9 -0.09 +0.21 

0.3 1.25 242.5 200.4 35.23 2.76 124.1 100.2 35.17 3.10 48.8 50 -0.06 +0.34 

0.1 25 242.5 200.4 35.23 2.76 53.3 38.5 35.21 3.35 78 80.8 -0.02 +0.59 

2.5 New Fast SDME Algorithm 

One potential problem in performing mode prediction is error propagation due to a wrong 

prediction of the best mode and further prediction based on this nonoptimal mode. To avoid 

propagation of mode-prediction errors, a thorough mode-decision evaluation was carried out. 

The proposed SDME algorithm is shown in Fig. 2. 

In the diagram, the motion vector and the reference frame are computed using Equations (1) 

and (2). MVDistV, DV, and OV are obtained when the proposed SDME algorithm is enabled, 

and then OV is compared with LT and HT. If OV is between LT and HT, the 16×16 mode is 

chosen as the best mode for calculating the MB without unnecessary computational processing, 

using Equations (3) and (4). The SDME algorithm plays a significant role in distinguishing 

between the standard method and the proposed scheme. By establishing the conditional 

process it enables the encoder to decide the best mode without recursive process of 

H.264/AVC. 
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Fig. 2.  Block diagram of the proposed SDME algorithm 

3. Experimental Classification Results and Analysis 

All simulations were implemented using Microsoft Visual Studio 2008 and a PC running 

Windows 7 Home Premium OS with an Intel ® Core™ I5 3.20-GHz CPU and 2 GB RAM. 

All experiments were performed by encoding and reconstructing an actual bitstream to verify 

the correctness of the proposed algorithm. It is important to observe that the bitrates are not 

entropy estimates; they were calculated from the actual size of the compressed files, and then 

the recovered image was compared with the original sequence. The distortion was measured 

using the PSNR. 

Table 2 records the experimental results measured when the SDME algorithm is enabled, as 

well as the unmodified baseline profile encoder with respect to the total time, the Y-PSNR, 

and the compression ratio. The results shown in Table 2 indicate that the coding time has been 
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reduced by 11.52% to 47.85% compared with the baseline encoder due to the algorithm’s early 

selection of the best mode. The computational savings are greater for larger-movement 

sequences such as Coastguard, Foreman, and Bqmall and lower for smaller-movement 

sequences such as News, BlowingBubble, and Paryscene. 

 
Table 2. Coding results for H.264/AVC sequences and high efficiency video coding (HEVC) sequences, 

QP=28. 
 

Input File 
Search 

range 
Frames 

LT 

(%) 

HT 

(%) 

Original JM17.2 SDME 
Original JM17.2 vs. 

SDME (%) 

Resolution Seq. Name 
Total 

time 

(sec) 

PSNR 

(dB) 

Compression 

ratio (%) 

Total 

time 

(sec) 

PSNR 

(dB) 

Compression 

ratio (%) 

Total 

Time 

(%) 

△PSNR 

(dB) 
△Compression 

ratio (%) 

CIF 
(352*288) 

Coastguard 64 30 1.5 25 3,393 35.43 3.40 1,792 35.22 3.62 47.16 -0.21 +0.22 

Foreman 64 30 1.5 25 2,507 36.83 1.35 1,356 36.72 1.64 45.91 -0.11 +0.29 

News 64 30 1.5 25 1,564 38.53 0.63 1,379 38.37 0.69 11.85 -0.16 +0.06 

QCIF 
(176*144) 

Coastguard 32 30 1.5 25 613 34.81 2.62 325 34.62 2.84 47.00 -0.19 +0.22 

Foreman 32 30 1.5 25 547 36.57 1.57 285 36.43 1.87 47.85 -0.14 +0.30 
News 32 30 1.5 25 371 37.12 0.89 327 37.01 0.93 11.64 -0.11 +0.04 

WVGA 

(832*480) 

Partyscene 64 50 0.1 25 5,265 34.80 4.06 1,903 34.65 4.65 63.86 -0.15 +0.59 
Partyscene 64 50 1.5 25 5,265 34.80 4.06 4,409 34.70 4.30 16.26 -0.1 +0.24 

Bqmall 64 60 1.5 25 4,334 36.70 1.81 2,531 36.63 2.16 41.58 -0.07 +0.35 
BasketballDrill 64 50 1.5 25 4,426 36.84 1.52 2,742 36.67 1.76 38.03 -0.17 +0.23 

WQVGA 
(416*240) 

BlowingBubble 64 50 1.5 25 1,212 34.97 2.31 1,072 34.87 2.46 11.52 -0.1 +0.15 
BQSquare 64 60 1.5 25 1,071 35.25 3.49 1,043 35.16 3.52 2.61 -0.09 +0.04 

 

For the CIF and QCIF formats, Coastguard and Foreman show a time saving of 

approximately 45% with 0.12 dB PSNR degradation and 0.25% extra bits for Foreman, while 

News had the best RD efficiency and the worst time saving with 0.13 dB PNSR degradation, 

0.04% additional bits, and a time saving of approximately 13%. For the HEVC test sequences 

such as WVGA and WQVGA format, Bqmall and BasketballDrill exhibited twice as much 

time saving as Partyscene and BlowingBubble, with percentage reductions of 41.58% and 

38.03% respectively. 

However, BQSquare, which was the smallest-movement sequence among the eight sample 

sequences, had the lowest time reduction, with 0.09 dB degradation, 0.04% extra bits, and a 

2.61% time saving. Although the parameters for lower-speed sequences were set to provide an 

increased performance range (e.g., Partyscene with threshold values of LT = 0.1 and HT = 25), 

the computational time indeed decreased notably to half of its previous value, but the PSNR 

degradation and the number of additional bits dramatically increased to twice their previous 

values, with rates of 0.15 dB and 0.59% respectively. This is not desirable in applications with 

a constant-bitrate channel where perceptual quality should be maximized when processing 

power becomes limited as long as the bitrate limit is not exceeded. 

However, it is worthwhile to evaluate the performance of the proposed SDME algorithm 

compared with that of the JM software with both bitrates and complexity set at comparable 

levels. This makes it possible to compare directly the original motion estimates and those from 

SDME for the perceptual qualities. The results for the Coastguard, Foreman, News, 

Partyscene, Bqmall, BasketballDrill, BlowingBubble, and BQSquare sequences with QP ∈ 

{25•••33} are presented in Fig. 3 and Fig. 4. In each case, the rate-distortion performance of 

the baseline profile and the low-complexity encoders is nearly identical across a range of test 

sequences and bitrates. Coding complexity and time are substantially reduced because RDO is 

selectively performed using the proposed algorithm. This reduction is particularly marked for 

high-activity sequences. In Fig. 5, the detailed features are subjective evaluation of the 

original JM and the proposed method. It indicates that HVS cannot subjectively notice more 
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distortion in the proposed image than the original sequence and the sequence reconstructed 

with the original JM 17.2. 
 

 
Fig. 3. Rate-distortion performance of QCIF sequences. 

 

 
Fig. 4. Rate-distortion performance of WVGA sequences. 

 

 
(a) 
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(b) 

 

 
(c) 

Fig. 5. Sub-images of BasketballDrill 120
th

 frame, (a) the original sequence, (b) the sequence 

reconstructed with the original JM 17.2 software, (c) the sequence reconstructed with the proposed 

algorithm. 

4. Conclusion 

This paper has analyzed existing motion-estimation algorithms, as well as the HVS for 

perceptual video coding, and has presented the computation and performance tradeoffs 

involved in choosing reasonable values of LT and HT. This analysis directs the video coder to 

assign fewer bits to regions that can tolerate larger distortions, and accordingly computational 

savings are achieved. The proposed SDME algorithm is shown to be more effective than 

previous implementations of the JM17.2 reference software. The algorithm can reduce 

computational complexity by up to 47.16% with only about 0.22% extra bits and 

approximately 0.12 dB PSNR degradation. The authors believe that the results of this coding 

algorithm with HVS, along with its fast execution, are impressive. 
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