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ABSTRACT

Research on Generative Image Compression Methods

Jianhui Chang (Computer Application Technology)
Directed by: Prof. Wen Gao and Prof. Siwei Ma

ABSTRACT

In the context of the rapid development of the internet today, the widespread adoption
of mobile internet and high-performance computing devices, along with the deep application
of artificial intelligence technology, has driven continuous innovation in content creation and
editing tools. Image and video content creation and sharing have become ubiquitous. The
methods of creating visual content have evolved from Professionally Generated Content (PGC)
and User Generated Content (UGC) to Artificial Intelligence Generated Content (AIGC), lead-
ing to an explosive growth in the number of images and videos catering to visual experiences,
posing new challenges to image and video compression technologies. As the compression ra-
tio increases, the loss of data signals grows, and the quality of image and video reconstruction
decreases accordingly. Under ultra-low bit-rate conditions, it becomes challenging to maintain
key structural information, resulting in severe degradation of visual quality. However, gener-
ative models, driven by data, can deeply understand and simulate complex data distributions,
demonstrating a strong capability to generate complex visual content conditioned on sparse
representations, providing a new pathway for achieving high-quality reconstruction of images
and videos at ultra-low bit rates.

In the current exploration of generative coding, one approach introduces adversarial loss
based on traditional coding paradigms to achieve better trade-offs between bit rate, distortion,
and perceptual quality. Another approach leverages the sampling and generation capabilities
of generative models for image reconstruction. However, the existing work has not yielded
satisfactory results, necessitating the exploration of more efficient and accurate generative
modeling and coding methods. This research delves into generative image coding methods,
focusing on efficient compressed domain representation modeling and optimization on the en-
coding end, and conditional generation mechanism design and distortion optimization on the
decoding end, aiming to achieve high visual quality reconstruction at ultra-low bit rates and
maximize the compression potential of generative coding. The main contributions of this thesis

are as follows:
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(1) To address the challenges of ultra-low bit rate coding, a generative coding framework
based on structural-textural layering is proposed. This framework breaks the limitation of tra-
ditional compression paradigms that rely on a single compressed domain representation by
decomposing and modeling visual content into sparse structural representations that are spa-
tially correlated and compact textural representations that are spatially uncorrelated. This not
only effectively reduces the bit rate but also explicitly preserves key structural information,
optimizing the structural distortion of the reconstructed image. On the decoding end, a gen-
erative model that fuses structural and textural hierarchies is designed to synthesize the target
reconstructed image based on structural and textural representations. Extensive experiments
demonstrate that this method can surpass the latest coding standard VVC in terms of LPIPS
(Learned Perceptual Image Patch Similarity) at ultra-low bit rates (<0.1 bpp), and its subjec-
tive reconstruction quality exceeds VVC perceptual optimization methods, classic end-to-end
neural network coding methods, and other end-to-end coding methods that introduce adver-
sarial loss. Additionally, thanks to structural-textural layered generative coding, the proposed
method achieves better visual reconstruction quality, flexible content editing, and supports

various downstream visual tasks.

(2) To tackle the challenge of reconstructing complex content scenes, a semantic prior-
guided layered generative coding method is proposed, aiming to encode images into compact,
semantically-aware visual decomposition representations. The method constructs semantic-
level fine-grained textural representations based on semantic prior information and proposes
an attention mechanism-based non-uniform textural representation modeling and contrastive
consistency representation space optimization method, achieving efficient feature representa-
tions oriented towards subjective perception and enhancing the reconstruction quality of com-
plex scenes. Addressing the lack of learnable bit rate constraints in existing generative coding
methods, a cross-channel entropy model is proposed based on the statistical characteristics of
textural representations to model the bit rate constraint, achieving efficient feature encoding
and rate-distortion joint optimization, significantly improving coding efficiency. Experimen-
tal results show that this method achieves a performance improvement of 31.19% to 59.92%
compared to the traditional video coding standard VVC across different semantic scenes, and
supports various applications such as facial video coding, image editing, and analysis. More-
over, by combining generative coding with residual signal compensation, this model outper-
forms VVC in subjective compression performance within a bit rate range of up to 0.4 bpp.

Finally, the proposed generative coding model was deployed on mobile devices, verifying the
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practical feasibility of this coding scheme on mobile devices.

(3) Addressing the challenge of incompatibility among different generative models on the
decoding end, this thesis proposes a generative coding framework that integrates model prior
knowledge. The encoder in this framework is not dependent on specific generative models
and can extract more general compressed domain representations. Additionally, an adaptive
feature mapping network is designed to achieve compatibility and adaptation between com-
pressed domain representations and different generative models. Finally, by integrating com-
pressed information into the generation process of pre-trained diffusion models, the model’s
prior knowledge is utilized to enhance compression performance. These designs make the
proposed method a new generative coding method with stronger flexibility, compatibility, and
iterative optimization capabilities. Furthermore, addressing the distortion problem in genera-
tive coding, a cross-attention-driven conditional fusion method, generative domain latent vari-
able prediction enhancement technique, and statistical distribution-based image enhancement
algorithm are proposed, significantly improving image reconstruction quality. Moreover, ad-
dressing the issue of information redundancy in the coding process and the lack of end-to-end
joint optimization in the encoding and decoding process, a dual-stage optimization strategy of
joint latent variable online optimization and encoder offline optimization is proposed. Finally,
to address structural distortion in reconstructed images under ultra-low bit rates, a structural
consistency optimization algorithm suitable for low bit rate coding is proposed by deeply ana-
lyzing the compressed domain latent variables, explicitly preserving and optimizing structural
features within a unified compression framework, effectively reducing structural distortion in
reconstructed images under ultra-low bit rate coding. Experimental results show that com-
pared to the latest video coding standard VVC, the proposed method achieves an 87.75% per-
formance improvement; compared to the latest end-to-end compression methods, it achieves a
78.35% performance improvement, demonstrating significant advantages of generative coding.
Furthermore, experimental results show that the method proposed in this chapter can be com-
patible with other pre-trained generative models and exhibits good applicability to real-shot

scenes and higher-resolution images.

In summary, this thesis focuses on generative coding methods for ultra-low bit rates,
proposing a structural-textural layered generative coding framework and a semantic prior-
guided layered generative coding method, achieving thousand-fold compression and high sub-
jective quality reconstruction, and verifying the feasibility of this scheme on mobile devices.

Furthermore, the research focuses on effectively utilizing prior knowledge of generative dif-
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fusion models to construct a more flexible, easily iteratively optimized new generative cod-
ing method, exploring the performance potential of generative coding. The proposed coding
scheme achieves an 87.75% compression performance improvement compared to the latest
video coding standard VVC under ultra-low bit rate conditions, demonstrating the significant
application potential of generative coding technology, driving the development of coding tech-
nology towards higher efficiency and better subjective visual experience, and contributing new
ideas and methods to the development and research of future intelligent image and video com-

pression technologies.

KEY WORDS: Image compression, generative models, extremely low bitrate, visual quality
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