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Abstract

High-Efficiency Video Coding (HEVC) represents the latest
advancement in video compression standards, offering
significantly improved efficiency by supporting high-definition
(HD) videos with double the compression capability of the
H.264 standard. However, motion estimation within HEVC
remains the most computationally intensive aspect of the
encoding process, accounting for the majority of the required
processing time. Although various methods have been
developed to mitigate this complexity, and many have
demonstrated practical effectiveness, the processing demands
continue to pose challenges for real-time applications. This
research introduces a fast sub-pixel motion estimation algorithm
designed to minimize the number of search points during video
encoding. The proposed approach leverages a mathematical
model grounded in motion physics and image characteristics
across consecutive frames, incorporating statistical insights into
the movement of elements within the video sequence. By
reducing the number of search points, the algorithm lowers
computational complexity while maintaining or even enhancing

relevant video quality metrics.
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Highlights

e  Reducing the number of search points in video motion estimation.

e  Reducing the complexity of motion estimation calculations.

e  Increasing the speed of motion estimation calculations.

e Increasing the quality of the final image and video: This increases in quality in terms of PSNR-HVS and
PEVQ-MOS made the image better from the point of view of human vision.
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1. Introduction

High Efficiency Video Coding (HEVC) stands at the forefront of international video compression standards,
delivering nearly double the compression efficiency of its predecessor, H.264/AVC, while supporting high-
definition video formats. Nevertheless, Motion Estimation (ME) remains the most computationally demanding
stage in HEVC encoding, accounting for up to 90% of the total encoding time. Conventional ME algorithms,
including the Three-Step Search (TSS) and its derivatives, aim to reduce the search space but often face challenges
in preserving accuracy, especially in high-motion environments.

To address these limitations, this study introduces the Direction and Velocity-Based Fast Motion Estimation
(DVBFME) algorithm, inspired by principles of human visual perception. The proposed approach predicts
macroblock displacement by leveraging both motion speed and direction, enabling efficient sub-pixel motion
searches with fewer candidate points and lower computational complexity. This method not only accelerates the
encoding process but also maintains competitive video quality, offering a practical solution for real-time
applications.

2. Innovation and Contributions
The key contributions of this research include:
e Novel ME Algorithm: Development of an innovative ME algorithm that utilizes motion direction and
velocity to select predictive search points.
e Efficiency in Search Points: Significant reduction in the number of search points during sub-pixel
refinement without sacrificing accuracy.
e  Human Visual System Integration: Incorporation of motion prediction techniques inspired by the human
visual system to enhance search efficiency.
e Computational Savings: Demonstration of considerable computational savings while either maintaining
or improving the Peak Signal-to-Noise Ratio (PSNR) in reconstructed video.

3. Materials and Methods
The DVBFME algorithm operates through a maximum of four stages, typically converging within three:

e Stage 1: The initial frame of each video sequence is encoded as an intra-frame reference.

e Stage 2: Motion vectors between the second frame and the reference are estimated using a modified
Three-Step Search (TSS) with reduced search points. Stationary macroblocks are identified when the
best match is located at the center of the search window. For these blocks, only minimal neighborhood
searches are conducted in subsequent frames.

e Stage 3: For moving macroblocks, the magnitude (pixels/frame) and direction of displacement are
calculated based on previous motion vectors. The search window for the next frame is centered
accordingly, followed by sub-pixel refinement to improve accuracy.

e Stage 4: If satisfactory matching is not achieved, the algorithm reverts to Stage 2 to ensure robustness.
This approach leverages spatial and temporal motion consistency, particularly in sequences with predictable
motion patterns (e.g., videoconferencing), where multiple macroblocks share similar motion characteristics. By
transmitting group motion vectors instead of individual ones, the algorithm reduces bitrate while maintaining
encoding efficiency.

4. Results and Discussion

The DVBFME algorithm was implemented in MATLAB 2022a and tested on standard 1080p FHD sequences,
including Kimono, Trevor, Caltrain, Coastguard, Missa, and Surfside. All experiments were conducted on a
workstation equipped with an Intel Core 17-3632QM CPU, 8 GB RAM, and Intel HD Graphics 4000 GPU.
Compared to traditional TSS, the proposed method achieved:

PSNR Improvement: An increase in PSNR ranging from 0.2 dB to 1.5 dB across the test sequences.

Bitrate Reduction: More efficient transmission of motion vectors leading to reduced bitrate.

Complexity Reduction: A decrease in computational complexity by up to 35x in certain sequences, nearing real-
time processing capabilities.

The performance improvements are attributed to the predictive search initialization, which reduces redundant
search points while maintaining matching accuracy. The balance between encoder-side complexity and decoder
simplicity makes this method suitable for low-bitrate, bandwidth-constrained applications.

5. Conclusion

This research introduces a motion estimation algorithm inspired by human visual perception that significantly
reduces computational load while maintaining video quality in HEVC encoding. By predicting macroblock
displacement through motion direction and velocity analysis, the Direction and Velocity-Based Fast Motion
Estimation (DVBFME) method achieves notable efficiency in sub-pixel refinement. The approach leverages
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spatial and temporal consistency in motion patterns to minimize redundant searches, optimizing both encoding
speed and resource usage without compromising visual fidelity.
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Figure 3. Y full pixel search process and macroblock off-center matching
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Table 1. Average estimation time and movement compensation of each sequence and qualitative parameters

Motion Motion
estimation time compensation SSIM MSE PSNR . Sequence
. Algorithm

(second) time (second)

0.048000 0.0282222 0.977 0.000086 39.720 DVBFME Trevor

0.4011935 0.0251258 0.932 0.00038 33.191 TSS

0.0370593 0.05862187 0.946 0.00049 28.936 DVBFME Caltrain

1.2880645 0.05770925 0.902 0.0011 29.539 TSS

0.0167042 0.01873125 0.964 0.000615 31.892 DVBFME Coastguard

0.2711806 0.02314193 0.920 0.00163 26.980 TSS

0.0376906 0.05690312 0.994 0.000893 39.674 DVBFME Missa

0.4939402 0.05845161 0.942 0.000828 32.765 TSS

0.3695011 0.50926801 0.992 0.00000797 48.869 DVBFME Surfside

3.150000 0.54545025 0.882 0.000786 30.700 TSS

ouls (55lwil sl B PSNR 4 SSIM lawgis :Y Jgao
Table 2. Average SSIM and PSNR of reconstructed frames
Sequences
Algorithms
BlowingBuBbles BasketballDrill Racehorses kimono
DVBFME 36.82 38.5 34.94 40.1
TSS 19.9 25.5 18.6 37.1
VTM[20] 34.03 354 34.7 35.8
HM[21] 31.05 33.6 335 353
RLVC[22] 30.69 30.8 31.2 342
M-LVC(C[23] 30.81 30.7 30.8 34.6
PSNR (dB) DVC-PRO[24] 30.89 31.1 31.01 349

DCVCI[25] 31.7 313 31.7 344
CANF-VCJ[26] 33.1 32.7 32.8 35.01
TCMVCI[27] 33.6 329 335 352
HEM[28] 34.25 33.55 343 35.82
[29] 34.65 342 35.1 359
DVBFME 0.994 0.989 0.993 0.998
TSS 0.718 0.749 0.95 0.861
VTM 0.990 0.986 0.988 0.986
HM 0.989 0.983 0.985 0.983
RLVC 0.991 0.982 0.987 0.982

SSIM M-LVC 0.987 0.977 0.98 0.977
DVC-PRO 0.989 0.982 0.986 0.982
DCVC 0.991 0.986 0.988 0.986
CANF-VC 0.988 0.984 0.985 0.984
TCMVC 0.992 0.987 0.989 0.987
HEM 0.992 0.988 0.991 0.988
[29] 0.993 0.989 0.991 0.989

BB e a1, 08 1 e lej o lsie ools 4o onds alxil ol slmls Jlaie 535 wesd b ool a5
Col 00y Jlag! Full HD 1080p g oS & golgiion ni 55l onds 7o cslesl oLl gl ans o als (glanylio
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Table 3. Average motion estimation time for each 1080p frame

Algorithms Motion Estimation
DVBFME 0.216's
TSS 8.42s
TCMVC[27] 0.81s
HEM][28] 0.75s

[29] 0.94s
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