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ABSTRACT

Inter Prediction Optimization for Video Coding

Zhaoyu Li (Computer Application Technology)
Directed by SE. Yun Jiang and Prof. Siwei Ma

ABSTRACT

With the rapid development of information technology and multimedia communication
technologies, video has become one of the most important data types on the Internet and has
been widely applied in fields such as online education, telemedicine, video conferencing, in-
telligent surveillance, and immersive interaction. Meanwhile, the continuous improvement of
key indicators such as video resolution, frame rate, and dynamic range has led to an explo-
sive growth in video data volume, imposing significant pressure on storage and transmission
systems. In this context, how to achieve efficient video representation and compression while
maintaining visual quality has become an important research problem in the fields of video
processing and communication.

Focusing on the intrinsic characteristics of video data, this paper systematically ana-
lyzes the key factors affecting video representation and visual quality, including spatial reso-
lution, temporal resolution, and the human visual perception mechanism. Specifically, spatial
resolution determines the capability of representing image details, temporal resolution af-
fects motion continuity and smoothness, and the non-uniform sensitivity of the human visual
system to luminance, chrominance, and frequency information directly influences subjective
quality evaluation. With the increasing prevalence of high-resolution, high-frame-rate, and
high-dynamic-range videos, these factors collectively drive the rapid growth of video data and
impose higher requirements on compression techniques. On this basis, this paper analyzes the
fundamental principles of video compression from the perspective of redundancy characteris-
tics. Spatial redundancy arises from the high correlation among neighboring pixels, making
local regions highly predictable; temporal redundancy originates from the similarity between
adjacent frames, enabling the current frame to be effectively predicted from reference frames;
perceptual redundancy stems from the selective sensitivity of the human visual system, allow-
ing certain information to be compressed without significantly affecting visual quality. The

combination of these three types of redundancy provides substantial potential for video com-

IIx



JEHUOR I 22 Eab 8 ST

pression. Although the conventional block-based hybrid video coding framework effectively
compresses spatial and temporal redundancy through techniques such as hierarchical partition-
ing, sophisticated prediction modes, and filtering, its modeling capability based on the linear
displacement assumption remains limited in complex scenarios involving large motion, non-
rigid deformation, and occlusion. This limitation leads to insufficient utilization of inter-frame
correlation, increased prediction residuals, and reduced compression efficiency. To address the
limitations of traditional video coding in complex motion modeling and reference information

representation, this paper conducts research within the hybrid coding framework.

First, to address the limited accuracy of motion estimation, the optimization of frame
interpolation for efficient utilization of motion information is proposed. This method analyzes
the limitation that the refined results of Decoder-side Motion Vector Refinement (DMVR)
and Bi-directional Optical Flow (BIO) in existing standards are not reused, and proposes to
incorporate the optimized high-precision motion information into the spatial motion vector
candidate list, allowing it to participate in subsequent motion vector prediction for coding
blocks, thereby obtaining more accurate initial estimates. Without introducing additional bi-
trate overhead, the proposed method achieves effective reuse of decoder-side information and

improves the utilization efficiency of motion information.

To address the limitation that the matching between reference frames and the current
frame is insufficient in complex motion scenarios in traditional inter prediction, which restricts
the utilization efficiency of temporal redundancy, this paper investigates a Virtual Reference
Frame (VRF) generation method. By performing high-precision alignment and spatiotempo-
ral consistency modeling on the forward and backward reference frames, a virtual reference
frame that is closer to the current frame in both structural and motion characteristics is gen-
erated and introduced into the reference picture list to participate in the prediction process,
thereby reducing prediction error and residual energy. Based on this, a VRF generation net-
work with local-global spatiotemporal context modeling is proposed, which integrates hier-
archical convolutional features and a Mamba-based state space modeling module to achieve
unified modeling of multi-scale redundancy characteristics. Specifically, local features are
used to capture texture and edge information, while the Mamba module models long-range
dependencies, thereby enhancing inter-frame correlation. For motion modeling, a coarse-to-
fine multi-stage optical flow estimation mechanism is introduced: the coarse-level optical flow
captures large-scale motion trends, while the fine-level optical flow performs precise refine-

ment for complex boundaries and deformation regions, thereby reducing redundancy caused
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by motion modeling errors and improving inter-frame prediction accuracy.

In summary, with the growth of video data and increasing application demands, effi-
ciently exploiting multi-dimensional redundancy in video has become crucial for improving
coding performance. Starting from spatial, temporal, and perceptual characteristics, this paper
systematically investigates redundancy modeling and utilization methods, and proposes im-
provements from two aspects: motion optimization and reference information enhancement.
By enabling motion information reuse through DMVR and BIO mechanisms, and enhancing
inter-frame correlation through the VRF method, the two approaches jointly improve redun-
dancy utilization efficiency. Experimental results demonstrate that strengthening spatiotem-
poral redundancy modeling and introducing learning-driven reference generation mechanisms
can effectively overcome the performance limitations of traditional coding frameworks, pro-

viding a new technical pathway for efficient video compression.

KEYWORDS: Video coding, inter prediction, deep learning, virtual reference frame
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