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ABSTRACT

With the rapid innovation of digital imaging technology and the explosive growth of vi-
sual media applications, Image Quality Assessment (IQA) has developed into a core founda-
tional technology in the fields of computer vision and multimedia processing. It plays an in-
dispensable guiding role in algorithm optimization and system performance improvement for
numerous tasks, such as image enhancement, compression, transmission, reconstruction, and
even Artificial Intelligence Generated Content (AIGC). However, image quality is inherently
a subjective perceptual experience of the human visual system, which poses severe challenges
to constructing large-scale, highly consistent subjective evaluation datasets—including long
cycles, high costs, and difficulty in ensuring annotation consistency. Consequently, the scale
of existing datasets is severely limited, directly leading to the prevalent overfitting dilemma
of current deep learning-based IQA models. These models exhibit significantly insufficient
generalization capabilities across unseen distortion types, complex scene contents, and cross-
dataset distributions. Particularly when facing unknown distortions (such as artifacts unique to
emerging Al-generated models) and complex visual content in real open environments, model
performance often degrades sharply. Therefore, breaking through the bottleneck of data anno-
tation and constructing IQA models with strong generalization capabilities has become a key
scientific issue driving the practical application of this technology.

Based on the amount of reference image information available to models during predic-
tion, [QA methods can be systematically classified into three categories: Full-Reference Image
Quality Assessment (FR-IQA), Reduced-Reference Image Quality Assessment (RR-IQA), and
No-Reference Image Quality Assessment (NR-IQA, also known as Blind Image Quality As-
sessment, BIQA). Among them, NR-IQA methods do not rely on any form of original reference
image information, making them more compatible with the stringent requirements of practical
application scenarios such as surveillance, mobile photography, and social media content mod-

eration, thus demonstrating extremely broad application prospects. In view of this, this thesis
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focuses on the core goal of improving the generalization ability of NR-IQA models, conducting
systematic research from three inherently interconnected innovative dimensions—data utiliza-
tion, paradigm optimization, and modal fusion—and proposes a hierarchical, complementary

new training framework for NR-IQA with high generalization performance.

At the data utilization level, to address the fundamental problem of scarce annotated data,
this thesis proposes a semi-supervised NR-IQA framework based on confidence-quantified
pseudo-label learning. Integrating entropy minimization with graph-structured label propaga-
tion, this framework generates pseudo-quality labels with reliability metrics for a large number
of unannotated samples. By designing an iterative mechanism where model training and label
optimization alternate, the framework can fully leverage both limited annotated data and mas-
sive unannotated data synergistically to achieve end-to-end semi-supervised training. This not
only alleviates model overfitting to limited annotated data at the source but also significantly
enhances the model” s generalization ability to unseen distortions and contents by introducing

rich visual structure information contained in unannotated data.

At the paradigm optimization level, this thesis reveals the inherent reasons restricting the
generalization ability of NR-IQA models from the perspective of causal inference for the first
time. By constructing a structural causal graph for the NR-IQA task, it clearly identifies that
image content and distortion type, as confounding variables, introduce spurious correlations
between distorted images and subjective scores. To block these confounding paths, this thesis
proposes a causal learning-based training paradigm for NR-IQA, fundamentally transforming
the model’ s learning objective from fitting the correlational relationship between images and
quality scores to exploring their inherent causal relationship. This method innovatively designs
a counterfactual data partitioning mechanism and performs causal intervention on the model in
accordance with the backdoor criterion, thereby effectively decoupling the confounding effects
of image content and distortion type on quality scores. It guides the model to learn essential
and robust quality features independent of these confounders, ultimately achieving a qualitative

leap in generalization performance.

At the modal fusion level, to further mine prior knowledge and enhance the model’ s
quality perception ability, this thesis explores the great potential of vision-language models in
NR-IQA tasks and proposes a multimodal NR-IQA method based on adaptive prompt learning.
Built on the CLIP model pre-trained on large-scale image-text pairs, this method designs a con-
ditional cross-modal fusion module. By computing visual quality prototypes and interacting
with text descriptions, it achieves collaborative perception of visual and linguistic modalities at

the deep semantic level. Addressing the drawbacks of traditional discrete prompt engineering
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—being time-consuming, labor-intensive, and having weak generalization—this method intro-
duces continuous learnable quality prompt vectors, enabling the model to adaptively capture
contextual semantics highly relevant to image quality in an end-to-end manner. Additionally,
this thesis constructs a triple evaluator framework integrating relative quality ranking, linear
relationship measurement, and dataset-specific absolute quality assessment, and proposes a
dual adaptive weight adjustment strategy to ensure the model’ s stability and efficiency in
mixed multi-dataset training.

The three proposed methods in this thesis have undergone comprehensive and rigorous
experimental validation on multiple authoritative public IQA datasets, covering various com-
plex scenarios such as real distortions, synthetic distortions, and cutting-edge AIGC-generated
images. Extensive experimental results demonstrate that both in performance within the same
dataset and in highly challenging cross-dataset and cross-distortion generalization tests, the
three proposed methods outperform existing mainstream and state-of-the-art approaches, achiev-
ing leading advantages in key evaluation metrics such as SRCC and PLCC. This fully veri-
fies their excellent performance in generalization ability, robustness, and practical application
value.

In summary, this thesis systematically conducts research from three dimensions—data,
optimization, and modality—centered on the core scientific question of “how to construct NR-
IQA models with strong generalization capabilities.” A large number of experimental and the-
oretical results not only verify the effectiveness of the proposed methods but also provide new
theoretical frameworks and technical paths for solving the generalization problem in NR-IQA,

holding significant theoretical significance and practical application value.

KEY WORDS: No-Reference Image Quality Assessment, Generalization Capability, Semi-
Supervised Learning, Causality, Multi-Modal Training
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