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ABSTRACT

Research on Reflection Removal Algorithm Integrating Textual

Prompts and Generative Priors

Haofeng Zhong (Computer Science and Technology (Intelligent Science and Technology))
Directed by Boxin Shi

ABSTRACT

When photographing through transparent media such as glass windows, the resulting mix-
ture image (denoted as M) can be regarded as a combination of a transmission layer (T) and a re-
flection layer (R). Such images often degrade the performance of downstream computer vision
tasks. Consequently, reflection removal-—aimed at eliminating unwanted reflections and re-
covering a clean background from contaminated mixtures images has become a widely studied
problem in computational photography. The state-of-the-art single-image reflection removal
methods generally learn priors from hybrid datasets that combine synthetic and real-world
examples. However, due to insufficient knowledge about the intricacies of real background
and reflection composition, these methods frequently struggle in complex or low-transmission
scenarios. While multi-image reflection removal approaches leverage additional scene cues
collected via specialized hardware or controlled acquisition setups for more robust separation,
their data collection requirements inherently restrict practical applicability, especially on mo-
bile devices or Internet images. As such, there is an urgent need for a user-friendly form of
auxiliary input that can mitigate the ill-posedness of reflection removal while maintaining the

accessibility and applicability of single-image approaches.

Recently, language-driven diffusion models, which combine natural language prompts
with generative priors from pre-trained diffusion models, have achieved visually impressive
results in image restoration tasks such as colorization and super-resolution. They have also
demonstrated potential in providing semantic priors for reflection removal, with the generative
prior enabling the handling of complex scenarios and the recovery of backgrounds even in
severe reflection conditions. However, directly applying existing language-driven diffusion
models to reflection removal faces challenges in terms of insufficient control over conditions

and suboptimal restoration fidelity.

To address these issues, this thesis proposes a novel language-guided diffusion framework

I
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for single-image reflection removal, designed to restore high-fidelity background images in the
presence of strong reflections via language prompting. Positive prompts, describing the back-
ground layer, guide the model to retain essential image content, while negative prompts, de-
scribing the reflection layer, suppress unwanted reflections. Additionally, our work introduces
an iterative conditional optimization strategy within the reverse diffusion process to progres-
sively refine the accuracy of color and structure constraints. A multi-constraint framework is
further employed to ensure fidelity to specified conditions—effectively mitigating color shifts
and structural distortions in the recovered background.

Furthermore, to overcome limitations related to inaccurate reflection region localization
and color distortion in generated results, we introduce spatial-aware and color-controllable
mechanisms. By allowing users to interactively provide spatial masks for targeted reflection
removal, our method improves spatial precision and controllability. The developed color cor-
rection module ensures consistency in color restoration, significantly enhancing performance
in extreme lighting and complex scenarios. To support evaluation and promote generalization,
we also construct a high-quality semi-synthetic training set and a comprehensive real-world
benchmark for reflection removal.

The main contributions of this thesis can be summarized as follows:

1. This thesis proposes a language-driven diffusion model for reflection removal, which
utilizes text prompts to enhance the distinction between the background and reflection
layers.

2. This thesis designs an iterative conditional optimization strategy and a multi-condition
constraint mechanism, providing more accurate color and structure guidance for reflec-
tion removal, and improving the fidelity of color and structure restoration.

3. This thesis introduces spatial awareness and color correction mechanisms to achieve
region-specific and controllable reflection removal, meeting the practical needs of flex-
ible input while ensuring the naturalness and authenticity of the recovered background
colors.

In summary, this thesis presents a diffusion-based framework for single-image reflection
removal, integrating language prompts and spatial awareness. The proposed method achieves
high-quality, controllable reflection removal by leveraging multi-modal conditional guidance.
Extensive experiments, both quantitative and qualitative, demonstrate that our approach signifi-
cantly outperforms existing methods, and exhibits strong generalization capability in real-world

and challenging reflection scenarios.

KEY WORDS: Reflection Removal, Image Restoration, Language-based Diffusion Model
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