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Background: Super Resolution

• SR Aims to Recover High-Resolution Images from Low-Resolution Inputs

• Ill-Posed Problem

• Real-World Degradations Amplify the Ill-Posed Nature of Super-Resolution

• Hard for single model to cover the Vast Solution Space



STRUCT Group Seminar

Background: SR with Specialist Models
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GAN based Diffusion based

• Real-ESRGAN

• Degradation model

Wang et al. Real-ESRGAN: Training Real-World Blind Super-Resolution with Pure Synthetic Data, ICCVW 2021.

Multi-Agent Methods
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Background: SR with Specialist Models
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• Real-ESRGAN

• Generator

• U-Net as Discriminator, with realness values for each pixel as outputs

Wang et al. Real-ESRGAN: Training Real-World Blind Super-Resolution with Pure Synthetic Data, ICCVW 2021.

GAN based Diffusion based Multi-Agent Methods
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Background: SR with Specialist Models
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• StableSR Leveraging diffusion prior in SR tasks

Wang et al. Exploiting Diffusion Prior for Real-World Image Super-Resolution, IJCV 2024.

LR
HR

GAN based Diffusion based Multi-Agent Methods
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Background: SR with Specialist Models
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• OSEDiff

Wu et al. One-Step Effective Diffusion Network for Real-World Image Super-Resolution, NeurIPS 2024.

VSD Loss

GAN based Diffusion based Multi-Agent Methods
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Background: SR with Specialist Models
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• Problems with Specialist Models

• Single model can only cover a small portion of solution space

• Several generation problems remain poorly addressed

• E.g. face restoration, text restoration

SR Result GTLR

GAN based Diffusion based Multi-Agent Methods
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Background: Image Restoration with Multi-Agent
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• RestoreAgent Propose a framework using multi-agents for IR tasks

Chen et al. RestoreAgent: Autonomous Image Restoration Agent via Multimodal Large Language Models, NeurIPS 2024.

GAN based Diffusion based Multi-Agent Methods
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Background: Image Restoration with Multi-Agent
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• RestoreAgent

• Use LoRA to finetune Llava-Llama3-8b as VLM

• RestoreAgent identify degradation type and specify the task execution order

Chen et al. RestoreAgent: Autonomous Image Restoration Agent via Multimodal Large Language Models, NeurIPS 2024.

GAN based Diffusion based Multi-Agent Methods
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Background: Image Restoration with Multi-Agent
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• AgenticIR Introduce reflection module

Zhu et al. An Intelligent Agentic System for Complex Image Restoration Problems, ICLR 2025.

GAN based Diffusion based Multi-Agent Methods
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Methods
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• Three main parts: Perception, Restoration, Profile
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Methods
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• Perception Agent

• Image Analyser: Use NR metrics

• Degradation Reasoning

• Image description 𝐶ூ

• Degradation list 𝐷ூ

• Initial restoration agenda 𝐴ூ
ᇱ

• Upscaling Factor Configuration

• Calculate scale factor and add to 𝐴ூ
ᇱ

• Task Planning

• Output initial restoration plan
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Methods
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• Restoration Agent

• Execution

• Each tool (expert) in the toolbox

produces a result

• Reflection

• HPS v2 (text alignment) + NR metrics

•

•

• Choose the result with highest quality

• Rollback

• Call perception agent when

• Assign a different restoration task
NIQE, MUSIQ, MANIQA, CLIPIQA
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Methods
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• Face Restoration Pipeline

• Only invoked after SR step

• Clip all the faces in the input image

• Use face restoration expert modules

• Q-MoE Decision

• IP: Cosine similarity of ArcFace feature

• CF: CLIB-FIQA (Face quality assessment)

• Pick the best result and paste back
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Methods
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• Profile Module

• Acts like a system prompt for LLM applications

• 7 Parameters:

• Each distinct scenario can be addressed by selecting a proper configuration profile

• Adjust a variety of restoration domains

1. Perception Agent

2. Upscale to 4K

3. Scale Factor

4. Restore Option

5. Face Restore

6. Brightening

7. Restore Preference
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• Model Zoo   Divided into Fidelity-based & Perception-based Methods

Model Card

23
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• Overview

• A broad range, including 4k & 16k

Experiments
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• Classical Image Super-Resolution (4x)

• ExpSR: Only use tools in SR toolbox, GenSR: use all tools

Experiments
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• Classical Image Super-Resolution (4x)

• Better visual quality & More natural details

Experiments
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• Real-World Image Super-Resolution (4x)

• Better results on NR metrices

Experiments
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• Real-World Image Super-Resolution (4x)

• Better reconstruction on characters & texture details

Experiments

28



STRUCT Group Seminar

• Multiple-Degradation Image Restoration

Experiments
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• Multiple-Degradation Image Restoration

Experiments
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• Face Restoration

Experiments
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• 16x Super Resolution

Experiments
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• AIGC 4k Super Resolution

Experiments
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• Restoration on Scientific Image 

Experiments
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• Ablation of Q-MoE

Ablation Study
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• Ablation of Face Restoration Pipeline

Ablation Study
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• Different configurations lead to various runtime

• Generate a 4k image needs ~1500s (25 min)

Running Time Analysis
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• Fast 4K mode (in rebuttal): Disable long-running methods in the 

toolbox after achieving resolution threshold s

Running Time Analysis
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• Boundary artifacts after copying and pasting face?

• Use the toolbox in GFPGAN (CVPR 2021) to extract face and paste back

• Low occurrence frequency

• Also, the IQA result w & w/o face restoration further validates superior 

visual quality.

Further Discussion 
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• Winning rate of Q-MoE

• Different SR models win from different domains

Further Discussion 
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• Multi-agent collaboration is a better solution paradigm

• A single expert model struggles to cover the vast solution space of real-world 

super-resolution

• Introducing VLM priors and the Q-MoE decision mechanism improves performance

• Still significant room for improvement in inference efficiency and real-

time performance

• One-step 16x upscaling has not yet been achieved

• Edge artifacts of face restoration still need to be improved

Takeaways

45



Thanks for listening!
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• Why conducting twice super-resolution for 16x SR?

• SOTA SR methods can not achieve 16x resolution or perform limited

Backups 
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• Detailed restoration plan and agenda

• Building: Denoising@SwinIR(σ=50) → Super-resolution@DiffBIR → Super-

resolution@SwinIR (Real-ISR).

• Face: Super-resolution@OSEDiff → Denoising@Restormer → JPEG Compression 

Artifact Removal@FBCNN (BQF) → Defocus Deblurring@DiffPlugin → Super-

resolution@DiffBIR.

Backups


