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• Retinex theory

▪인간시각시스템이밝기와색을어떻게인식하는지에대한이론

−조명조건이달라져도같은물체를동일한색으로인식할수있는색항등성현상설명

҉ 단순히물체가반사하는빛의강도를보는것이아니라, 조명과물체의반사특성을
동시에고려하여색을판단

−반사율(Reflectance), 조명(Illumination)의분리

҉ 반사율(Reflectance)

✓조명조건이변해도변하지않는본질적인색과질감

҉ 조명(Illumination)

✓장면의빛의세기와방향

Introduction
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• Latent Diffusion Model

▪ Diffusion Model

−Forward process

҉ 이미지 𝑋0가순수한 Gaussian noise 𝑋𝑇가될때까지 Gaussian noise를점진적으로
추가하는 Markov process

−Reverse denoising process

҉ Gaussian noise 𝑋𝑇에서점진적으로 noise를제거하여이미지 𝑋0를복원하는 Markov 

process

Introduction
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• Latent Diffusion Model

▪기존 diffusion model 문제점

−Likelihood-based 모델특성상 mode covering 동작을수행

҉ 인식할수없는세부정보까지학습하려는경향

−모델을학습하거나평가하는데고차원 RGB 공간에서의 gradient 연산요구

҉ 150~1000개의 V100 GPU days

▪ Latent 공간으로의전환

−Auto-encoder 를학습하여보다낮은차원의표현공간을제공하면서도데이터와
인지적으로동등한공간을구성

҉ 한번만학습하면다른학습에재사용가능

−과도한공간압축에의존할필요없이 latent 공간에서학습

Introduction
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• Latent Diffusion Model

▪ General-Purpose Conditioning with Cross-Attention

−Text-to-image

−Layout-to-image

−Class-conditional image synthesis

Introduction
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• Retinexformer: One-stage Retinex-based Transformer for Low-light Image 

Enhancement (ICCV 2023)
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• Introduction

▪ Low-light Image enhancement

− Improve the visibility and low contrast of Low-light image

−기존방법의한계

҉ Histogram equalization, Gamma correction

✓조명요소를거의고려하지않아원치않는 artifacts발생

҉ Retinex-based traditional method

✓Noise- and color distortion- free 가정하는데현실의저조도환경과맞지않음

҉ CNN-based

✓저조도이미지를정상조명이미지로단순변환하는 mapping 함수를학습

• 인간의색인식을무시하며이론적인검증부족

✓Retinex-based

• Multi-stage training pipeline: 각각의 CNN을개별적으로학습한후, 전체적으로
연결하여 end-to-end finetuning 하기때문에많은시간소요

• Capturing Long-range dependencies, Non-local self-similarity

1) Zhang, X., et al. "Retinexformer: A Single-stage Retinex-based Transformer for Low-light Image Enhancement." Proceedings of the IEEE/CVF International Conference on Computer Vision (ICCV), 2023.

Retinexformer𝟏)
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• Method

▪ Overview

−ORF (One-stage Retinex-based Framework)

҉ 조명정보를추정하여저조도이미지를밝히고, corruption을복원하여향상된이미지생성

− IGT (Illumination-Guided Multi-head Self-Attention)

҉ 조명표현을활용하여서로다른노출수준을가진영역들간의상호작용유도

1) Zhang, X., et al. "Retinexformer: A Single-stage Retinex-based Transformer for Low-light Image Enhancement." Proceedings of the IEEE/CVF International Conference on Computer Vision (ICCV), 2023.

Retinexformer𝟏)
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• Method

▪ One-stage Retinex-based Framework

−Perturbation term

−Light-up process

҉ Light-up map, ത𝐿

✓Illumination map, L 을추정하게되면 light-up image를나눗셈 (I./L) 연산을통해계산되어야
하기때문에 over-flow 문제유발

✓ത𝐿 = 1/L

҉ Noise and artifacts hidden in the dark scenes

҉ Under-/Over-exposure and color distortion caused by the light-up process

1) Zhang, X., et al. "Retinexformer: A Single-stage Retinex-based Transformer for Low-light Image Enhancement." Proceedings of the IEEE/CVF International Conference on Computer Vision (ICCV), 2023.

Retinexformer𝟏)
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• Method

▪ One-stage Retinex-based Framework

− Illumination Estimator

҉ Low light image 와 Illumination prior map, 𝐿𝑃 을입력으로받아 light-up image 와 light-

up feature 출력

✓Illumination prior map, 𝐿𝑃

• 각 pixel의 channel 방향평균값

1) Zhang, X., et al. "Retinexformer: A Single-stage Retinex-based Transformer for Low-light Image Enhancement." Proceedings of the IEEE/CVF International Conference on Computer Vision (ICCV), 2023.

Retinexformer𝟏)
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• Method

▪ One-stage Retinex-based Framework

−Corruption Restorer (IGT)

҉ 기존의방법은반사율이미지에서발생하는 noise 억제에만초점

҉ 3 scale U-shaped architecture

✓Light-up image, Light-up featrue입력으로활용

✓Light-up 과정에서발생하는손상을모델링한 Residual image, 𝐼𝑟𝑒 출력으로생성

1) Zhang, X., et al. "Retinexformer: A Single-stage Retinex-based Transformer for Low-light Image Enhancement." Proceedings of the IEEE/CVF International Conference on Computer Vision (ICCV), 2023.

Retinexformer𝟏)
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• Method

▪ One-stage Retinex-based Framework

− IG-MSA

҉ Treat single-channel feature map as token

҉ Provide semantic contextual information

1) Zhang, X., et al. "Retinexformer: A Single-stage Retinex-based Transformer for Low-light Image Enhancement." Proceedings of the IEEE/CVF International Conference on Computer Vision (ICCV), 2023.

Retinexformer𝟏)
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• Experiment

▪ Dataset

−LOL v1 and v2, SID, SMID, SDSD, FiveK

−Patches at the size of 128×128 are randomly cropped from the low-/normal light image pairs 

as training samples

▪ Training object

− minimize MAE between light-up image and enhanced image

1) Zhang, X., et al. "Retinexformer: A Single-stage Retinex-based Transformer for Low-light Image Enhancement." Proceedings of the IEEE/CVF International Conference on Computer Vision (ICCV), 2023.

Retinexformer𝟏)
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• Experiment

▪ Quantitative results

−성능개선뿐아니라 FLOPS, cost 모두감소

1) Zhang, X., et al. "Retinexformer: A Single-stage Retinex-based Transformer for Low-light Image Enhancement." Proceedings of the IEEE/CVF International Conference on Computer Vision (ICCV), 2023.

Retinexformer𝟏)
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• Experiment

▪ Qualitative results

▪ User study

−under-/over- exposure, color distortion, noise/artifacts 여부판단

1) Zhang, X., et al. "Retinexformer: A Single-stage Retinex-based Transformer for Low-light Image Enhancement." Proceedings of the IEEE/CVF International Conference on Computer Vision (ICCV), 2023.

Retinexformer𝟏)
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• LightenDiffusion: Unsupervised Low-Light Image Enhancement with Latent-

Retinex Diffusion Models (ECCV 2024)
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• Introduction

▪ generative model-based

−Diffusion model의경우 GANs, VAEs와달리 mode-collapse 문제가발생하지않음

҉ 대규모 paired data와조건부 mechanism을활용한 supervised learning

✓실제세계에서 paired distorted/sharp 이미지를수집하기어려움

҉ Pre-trained diffusion model의 prior를활용하여 zero-shot

✓사전에알려진 degradation에대해서만유효하며실제환경에서는성능저하

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Methodology

▪ Overview

−k개의 cascade residual block을통해서 latent space로변환

−LL image의 reflectance map과 NL image의 illumination map을 diffusion model 입력으로
활용

҉ LL image feature 를 guidance 로활용하여 restored feature 를생성

−Restored feature 를입력으로활용하는 Decoder 통해서최종 enhanced image 생성

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Methodology

▪ Content-Transfer Decomposition Network

−R: inherent content information

−L: contrast and brightness information

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Methodology

▪ Content-Transfer Decomposition Network

− Initial reflectance and illumination map

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Methodology

▪ Content-Transfer Decomposition Network

−CA module

҉ To reinforce the content information in the reflectance map

҉ R” = CA(R’, L’)

−SA module

҉ Content information in the illumination map

҉ L” = SA(L’)

−Final output

҉ R = Convs(R” + L”), L = Convs(L’ – L”)

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Methodology

▪ Latent-Retinex Diffusion Models

−Forward diffusion

҉ T 단계에걸쳐 Gaussian noise로변환

҉ Parameter renormalization

−Reverse denoising

҉ Guidance of the encoded feature of low light image 

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Methodology

▪ Latent-Retinex Diffusion Models

−Train

҉ Optimize parameters θ of the network ϵ

−Self-Constrained Consistency Loss

҉ restored feature to share the same intrinsic information as the input low-light image

҉ 복원된특징이유사하도록강요함

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)



25

• Methodology

▪ Network training

−First stage

҉ Encoder / Decoder

✓Content Loss

҉ CTDN

✓Decomposition Loss

−Second stage

҉ Unpaired low/normal light image 를이용하여 diffusion model 최적화

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Experiments

▪ Dataset

−Paired dataset

҉ LOL, LSRW

✓Adopt two distortion metrics PSNR, SSIM and a full-reference perceptual metric 

LPIPS

−Unpaired dataset

҉ DICM, NPE, VV

✓Non-reference perceptual metrics NIQE, PI

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Experiments

▪ Quantitative comparison

−Supervised methods are trained on the LOL training set

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)



28

• Experiments

▪ Qualitative comparison

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Experiments

▪ Qualitative comparison

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Experiments

▪ Low-Light Face Detection

−DARK FACE dataset

−Using RetinaFace for detection

−Evaluation under the IoU threshold of 0.3 to depict the precision-recall (P-R) curves and 

calculate the average precision

҉ Improves from 20.2% to 36.4% compared to the RAW images

҉ to the raw images

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Experiments

▪ Ablation study

− Image space vs latent space

҉ Performance and inference time difference according to k

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Experiments

▪ Ablation study

−CTDN network

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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• Experiments

▪ Ablation study

−Self-constrained consistency loss

1) Zhang, X., et al. "LightenDiffusion: A Diffusion-Based Unsupervised Framework for Low-Light Image Enhancement." Proceedings of the European Conference on Computer Vision (ECCV), 2024.

LightenDiffusion𝟏)
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