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Abstract  As machine vision coding improves by leaps and bounds, it demonstrates significant
potential for applications in industrial manufacturing, remote sensing, the rapidly growing low-
altitude economy, and smart surveillance. These fields require high-performance systems capable
of processing large volumes of data in real-time. Unlike traditional video coding techniques that
are optimized solely for human vision perception, machine vision coding is specifically designed
for machine vision and various automated tasks. It eliminates redundant information that is not
useful for automated processing. This technology primarily encodes the essential vision data nec-
essary for machine tasks, thereby reducing data transmission costs. Furthermore, machine vision

coding does not limit itself to the extraction of isolated features. Instead, it incorporates a broad
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range of data optimization strategies tailored to multiple machine vision applications. This ap-
proach minimizes reliance on conventional video content while preserving task-relevant informa-
tion, ultimately enhancing the overall efficiency of machine operations. However, existing ma-
chine vision coding technologies and algorithms are still evolving. The technical roadmaps are
still open. These differences have resulted in varying interpretations and approaches, hindering
the development of a unified standard and framework for machine vision coding technologies.
Therefore, this work provides a comprehensive, systematic survey of contemporary machine vi-
sion coding technologies, aiming to clarify the current development status and provide a reference
for future research and practical applications. First, from the aspect of source data and funda-
mental coding principles in machine vision, we analyze the collection, generation, and coding
characteristics of source data. Second, we propose a fundamental framework of “bitrate, task-
quality, computability” and provide a reference architecture for machine vision coding, which
guides the construction, optimization, and low-complexity design of the codecs. We also give e-
valuation methods, computability analysis, progress of standardization, and current bottlenecks.
Additionally, we thoroughly analyze the key technologies of machine vision coding. It explores
machine semantics-based vision representation to extract relevant data from complex scenes while
minimizing irrelevant information. Feature generation and coding with efficient neural networks
to support intelligent algorithms. Task-oriented coding is discussed for optimizing video efficien-
cy by balancing accuracy and computational load. Variable bitrate optimization dynamically ad-
justs the bitrate based on network conditions. Approximate reconstruction techniques minimize
data encoding and reduce transmission volume. Third, based on the perspective of codec architec-
ture, we list typical codec structures, such as end-to-end coding for machine vision, hybrid cod-
ing for visible light data, human-machine hybrid coding, integrated encoding, content-based con-
ceptual encoding, and point cloud coding. We give feasible systemic solutions through in-depth a-
nalysis of the strengths and weaknesses of those structures in different source data and practical
applications. Finally, we highlight the ongoing research challenges and potential future direc-
tions, aiming to promote further development and application of this technology across various
fields. Future research in coding can continue to explore several key areas, including the joint en-
coding of multi-sensor data, feature compression, semantic representation, human-machine hy-
brid coding, and the enhancement of scalability. Additionally, breakthroughs can be made in are-
as such as task-driven coding models and the development of vision processing units, which will
improve coding efficiency and processing capability. Machine vision coding technology is currently
a frontier research direction in the field of video coding.

Keywords source data of machine vision; machine vision coding; coding structure; feature cod-

ing; deep learning
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Background

This research falls within the domain of data coding,

specifically focusing on the efficient coding and processing of

machine vision data, referred to as machine vision coding.
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Significant progress has been made in the coding of visible

light data, but the coding techniques for infrared, ultravio-

let, and point cloud data still require further exploration. In-
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ternationally, the development of these technologies is still in
its early stages, with general standards being formulated and
no mature applications available yet.

This paper aims to delve deeply into machine vision cod-
ing, with a focus on data sources, fundamental principles,
key technologies, and coding structures. It analyzes the de-
velopment trajectory of this technology and looks forward to
future research directions. The importance of this paper lies
in attracting more scholars, both domestic and international,
to participate in this field, thereby fostering more in-depth
and extensive theoretical and applied research. The research
team has achieved several notable results in the area of ma-

chine vision coding. Significant progress has been made in

feature coding and human-machine hybrid vision coding sys-
tems, and this paper proposes a typical machine vision coding
framework.

The relevance of this research is underscored by the in-
creasing demand for efficient machine vision technology
across various fields, such as industrial manufacturing, aero-
space, marine exploration, and intelligent transportation. As
the demand for high-quality machine vision tasks grows, so
does the necessity for advanced compression coding technolo-
gies that can efficiently handle multiple data types. This re-
search aims to provide practical solutions widely applicable to
industry, thereby promoting the large-scale development and

application of machine vision coding technology.



