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comprehension of thread interactions, it provides developers with a tool for navigating
and reasoning about parallel logic — a necessary but often opaque part of modern
software development.
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Semantic coding of graphic data [1-8] is a modern image compression method
based on the use of artificial intelligence algorithms to detect areas with high
informative or visual significance. The basic concept is to preserve quality in areas
where key objects, such as human faces, text fragments or foreground elements, are
concentrated, while less important areas (for example, background areas or chaotic
textures) can be compressed with a higher degree of loss. This approach helps to reduce
the amount of data without a noticeable decrease in visual quality. The development of
this technology is closely related to progress in the field of computer vision, where
neural networks are actively used to classify, detect and segment objects in an image.
Already today, semantic methods are used in combined compression systems that
divide an image into areas of different importance and apply adaptive coding to them.
For example, in video surveillance, this allows you to optimize the volume of archives
without losing quality in important areas - such as people's faces or car license plates.
In the media environment, these technologies open up new opportunities for adjusting
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quality to user needs: for example, a separate emphasis can be placed on text or
interface elements. In the future, it is expected that semantic approaches will be
included in international standards, in particular ISO or MPEG , where they can
become part of the basic or additional compression process. It is also worth noting the
important role of this technology in the context of the development of IoT and edge-
computing , where reducing the load on communication channels and energy
consumption becomes a critically important task, and transmitting only the most
important data is a key advantage of semantic coding.

Of particular interest is the possibility of integrating semantic compression with
privacy protection , where faces or text can be intentionally compressed with maximum
loss or completely removed before transmission. Therefore, semantic coding in the
coming years may become a new stage in the development of intelligent image
compression, which adapts not only to the pixel structure , but also to the semantic
content of the scene, providing efficiency, quality and new levels of adaptability in the
transmission and storage of visual data.

In addition to the above advantages, semantic coding has a number of
technological and practical directions of development that open up new horizons in
image processing. One such direction is integration with multimodal models that
combine visual and textual information. For example, modern systems can not only
detect objects in an image, but also formulate their descriptive meaning ( captioning ),
which allows building semantic maps, where each region is assigned not only weight
for compression, but also its contextual purpose. This opens the way to context-
oriented compression, when the same object in different situations can have different
priorities: for example, a car on the road is a critically important object for an autopilot
system, but secondary in the general urban landscape.

Another promising area is real-time adaptive coding, where the model makes
decisions during compression based on the current context, such as available
bandwidth, the position of the object in the frame, or even the user's physiological
attention (eye- tracking ). Such systems are already being tested in interactive video
and VR /AR scenarios, where preserving quality in the user's field of vision is critical.
In this case, semantic coding can be combined with foveated technology rendering —
methods that render the highest quality image only in the part of the scene where the
user is looking.

Another important perspective is retraining compression models for specific
tasks, for example: medical images, satellite images or cultural heritage archives. In
such cases, semantic coding allows to preserve small but significant details, for
example: tumor borders, archaeological structures or microscopic defects in industrial
images. Thus, the latest codecs can be tuned for a highly specialized industry, which
will ensure maximum efficiency not only in terms of compression, but also in terms of
further automated processing.

Semantic encoding also opens the way to content-oriented search for visual
content, since the semantic map of an image stores not only its pixel structure, but also
descriptive data that can be used for indexing, filtering, or searching. Combined with
semantic compression methods, this allows for the creation of entire image storage and
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processing systems that are optimized not for size, but for semantic load, which is
especially important for large-scale archives and media libraries .

From a technical perspective, the challenges are the need for high-performance
computing for real-time, ensuring consistent encoding/decoding across systems, and
building open standards to support interoperability. However, given the active
promotion of formats such as JPEG With Al and the deep integration of computer
vision into everyday applications , semantic coding has every chance of becoming a
standard part of intelligent multimedia content in the near future.

A concrete example of semantic image coding is the compression system used in
modern intelligent surveillance cameras. Consider a scenario: an urban video
surveillance system , where the camera captures an intersection with a large number of
cars, pedestrians, buildings, and a background (sky, roads, trees).

In traditional codecs (such as H.264 or JPEG ), all parts of the frame are
compressed with the same degree of attention to detail. In semantic encoding, the
image is first passed through a deep neural network module that performs semantic
segmentation — determining where cars, faces, signs, background areas, etc. are
located in the image.

After that, areas containing license plates, pedestrian faces, or traffic light signals
are marked as high priority — they are subjected to minimal compression or even
lossless compression.

Other parts of the image, such as the sky, buildings, trees — are marked as low-
priority — they can be heavily compressed without significant loss of semantic value.

For example, in a camera recording 1920x1080 pixel video at 30 frames/s, the use
of semantic compression can reduce the amount of transmitted or stored data by 30—
50%, while preserving all relevant information for incident analysis (e.g., for automatic
face recognition or reading vehicle license plates). This approach is used in edge
systems Al video analytics , for example, in solutions from Axis , Hikvision , Dahua ,
as well as in research works that combine deep learning and video compression (for
example, the "Content-aware image" project compression with CNNs ").

This example demonstrates how semantic coding allows you to reduce network
load and store high-quality data only in those areas where it really matters.

An example of semantic encoding of an image with foreground and background
can be considered based on a typical portrait photo taken with a smartphone .

Let's imagine that we have an image where a person's face is in the foreground
and a blurred street with houses and trees in the background.

In conventional compression (e.g. JPEG ), the pixels of the entire image are
processed equally. However, in semantic encoding, the image is pre-processed by a
neural network to recognize objects and separate layers:

The algorithm performs semantic segmentation and determines that a person's
face is an object of high importance because it contains critical details (eyes, facial
features).

The background — buildings, sky, tree leaves — is defined as semantically
secondary information that does not carry any semantic load for the portrait.

Thereafter:
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The foreground (face) is compressed with high precision (for example, using a
lossless neurocodec ), preserving every detail — skin texture, hair, facial expressions.

The background is compressed, losing fine details, but retaining the overall
structure—color spots, depth, and general contours.

This allows you to reduce the overall size of the image by several times without
losing its importance to the user. This approach is already implemented in some
smartphones - for example, Google Pixel or iPhone in portrait mode processing, as well
as in experimental TensorFlow -based codecs Compression or OpenAI DALL-E Image
Compression Framework.

In short, this means that the foreground retains its quality for identification or
publication, while the background is compressed to reduce memory or network load.
This is how the concept of semantic-oriented coding with a focus on the foreground
works.
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