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ABSTRACT

Decomposition prior guided reflection separation

Yuchen Hong (Computer Application Technology)
Supervised by Prof. Boxin Shi

ABSTRACT

As a core element in modern architecture and industrial design, semi-reflectors (such as
glass) expand human living spaces while inevitably introducing visual perception interference
due to its physical properties, i.e., the reflection phenomena. This interference not only de-
grades the image quality in daily photography but also disrupts perception systems in machine
vision-dominated intelligent scenarios, compromising decision-making reliability.

Layered priors refer to multi-dimensional explicit constraints extracted through camera
characteristics, scene characteristics, or user interaction, which can provide local or global
prior knowledge of the reflection or background scene to reduce the ill-posedness of the re-
flection separation problem. The reflection separation task aims to decouple scene informa-
tion from both sides of glass surfaces in reflection-contaminated mixture images to obtain the
transmission image and reflection image. To address current research demands for improving
separation performance, reducing data acquisition complexity, and minimizing hardware de-
pendencies, this thesis aims to achieve reflection separation with decomposition priors which
refer to explicit constraints extracted through camera characteristics, scene characteristics, or
user interaction, which can provide local or global prior knowledge of the reflection or trans-
mission scene to reduce the ill-posedness of the reflection separation problem. This thesis fo-
cuses on three critical challenges in existing algorithms: Reliance on implicit constraints, cum-
bersome data acquisition processes, and insufficient semantic guidance. Through conducting
explicit geometric constraints, reducing capture device dependencies, and injecting high-level
semantic constraints, we propose three novel reflection separation algorithms: Panoramic im-
age reflection separation, light flickering guided reflection separation, and language guided
image reflection separation. Extensive experiments on real-world reflection data validate their
effectiveness. The contributions of this thesis are summarized as follows:

(1) Leveraging the wider field-of-view advantage of panoramic images over conventional
images, this thesis explores integrating reflection scenes corresponding to glass surfaces from

panoramic imagery as decomposition priors into reflection separation tasks. By utilizing low-
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level image cues provided by reflection content priors to mitigate the problem’s ill-posedness,
we address the scientific challenge of aligning reflection content at both geometric and photo-
metric levels, thereby establishing explicit constraints to achieve high-quality reflection sep-
aration. We first analyze the misalignment problem between reflection scenes and reflection
images, proposing a two-stage Panoramic Image Reflection Removal (PIR?) algorithm that
achieves transmission restoration after reflection alignment. PIR? extracts mixture images and
reflection scenes from panoramic inputs through user interaction, implements coarse-to-fine
reflection alignment via polynomial fitting-based data preprocessing, patch-matching algo-
rithms, and a reflection refinement network, ultimately recovering the transmission image from
the mixture image through a transmission restoration network using predicted reflection im-
ages. Addressing PIR?’s limitations in cumbersome user interaction, unstable alignment, and
data discrepancy, we further propose an end-to-end Panoramic Image Reflection Removal Net-
work (PAR?Net). This enhanced framework enables single-step user interaction for mixture
image specification, stable reflection alignment through adaptive strategies, and improved data
synthesis pipelines that reduce the domain gap between synthetic and real data. To validate
effectiveness, we construct a panoramic image-based real-world reflection separation dataset.
Experimental results demonstrate that our decomposition prior-guided algorithms not only sig-
nificantly outperform single-image baselines on panoramic inputs but also exhibit superior de-
vice compatibility. The proposed method also achieves robust performance on conventional
camera-captured mixture images with limited FOV's without requiring specialized panoramic

cameras.

(2) Leveraging the time-varying illumination characteristics of light flickering that pro-
duces rapid periodic intensity changes, this thesis eliminates existing algorithms’ dependence
on specialized hardware. By capturing image sequences using conventional cameras with
shorter exposure times than standard photography to record flickering patterns, we exploit tem-
poral illumination variations as critical cues. Through extracting unilateral flickering scene
content as decomposition priors, we address the scientific challenge of decoupling intensity
variations caused by motion versus illumination, achieving stable reflection separation and
flicker removal. To this end, we first analyze the imaging model of images simultaneously
contaminated by reflections and light flickering. Frequency-domain analysis and filtering vali-
date the feasibility of extracting unilateral flickering scenes as decomposition priors. For real-
world scenarios containing dynamic content, we propose LIKENet (LIght flicKEring guided

reflection removal Network), an end-to-end framework that utilizes short-term observations
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and long-term contextual cues from mixture image sequences to extract flickering context from
unilateral scenes and brightness consistency in non-flickering components. These dual path-
ways respectively guide reflection separation and flicker removal. We construct comprehen-
sive synthetic and real-world mixture image sequence datasets with light flickering. Exper-
imental validation demonstrates that the proposed temporal illumination prior-guided algo-
rithm achieves robust separation for dynamic reflection scenarios. Furthermore, we show the
method’s effectiveness in video flickering removal and high-speed camera reflection separation

tasks.

(3) Capitalizing on the unique advantage of language descriptions in flexibly specifying
semantic content for image layers, this thesis explores a language-visual collaborative reflec-
tion separation framework that leverages multi-modal information. By utilizing user-provided
language descriptions as decomposition priors to convey scene semantics, we address the sci-
entific challenge of establishing semantic correspondences under content aliasing conditions.
The framework explicitly guides semantic decoupling between reflection images and trans-
mission images in mixture images, overcoming traditional algorithms’ limitations of relying
solely on single modal image data. This breakthrough enhances separation controllability,
scene adaptability, and model generalization capabilities without requiring multi-view inputs
or specialized hardware assistance. Exploiting the strong scene-specific guidance of language
descriptions, we design an Adaptive Global Interaction Module (AGIM) to jointly learn cross-
modal semantic consistency between visual features and textual descriptions. A language gat-
ing mechanism ensures precise correspondence between language descriptions and separable
image layers, while randomized training strategies further mitigate recognizable layer ambi-
guity. To resolve the lack of annotated language descriptions, we propose a paired text-image
synthesis approach that constructs a reflection separation dataset with manually curated textual
annotations. Experiments demonstrate that the scene semantic prior-guided reflection sepa-
ration algorithm effectively disentangles reflection and transmission images under semantic
coupling conditions in real-world mixture images, establishing a new paradigm that balances

operational flexibility and separation robustness.

(4) To address the lack of practical and stable solutions for real-world deployment in re-
flection separation, this thesis introduces a language-guided reflection removal framework by
integrating the generative prior of pre-trained diffusion models with semantic priors provided
by language descriptions. We develop an interactive application supporting data specification

and result comparison, enabling user-adjustable control through semantic guidance intensity
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and content fidelity parameters. The proposed method overcomes the limitations of traditional
convolutional networks in handling strong reflections and overexposed regions via multi-modal
fusion of diffusion models’ image generation capabilities and language-based semantic con-
straints. A semi-synthetic dataset is constructed using real reflection images captured through
custom acquisition devices combined with internet-sourced images, effectively mitigating the
distribution gap between synthetic and real-world data. Experimental results demonstrate that
the solution achieves superior performance compared to single-image baselines and enables
high-quality reflection separation in challenging real-world scenarios including indoor light-
ing conditions, exhibition glass cases, and aircraft window reflections, providing a practical

framework that balances restoration quality with deployment feasibility.

KEY WORDS: Reflection separation, Image restoration, Deep learning
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