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Low Light Image Enhancement

• Low-light Conditions: severe noise, poor visual quality, color distortion.
• Low-Light Image Enhancement (LLIE):
• 1. Improving the image brightness;
• 2. Reducing the impact of noise and color bias.

Noise Visualization



Motivation: sRGB Sensitivity

• The majority of existing LLIE method:

• 1. Employing deep neural networks to learn a 
mapping relationship between low-light images 
and normal-light images within the standard 
RGB (sRGB) space;

• 2. Weakness: brightness is coupling with the 
color from the three sRGB channels, a.k.a high 
color sensitivity, causing an obvious color 
distortion of the restored image in these LLIE 
methods.



Motivation: Noise in HSV

• Recent methods have sought to transform 
images from the sRGB color space to the Hue, 
Saturation and Value (HSV) color space.

• Two types of HSV space noise:

• ① Red Discontinuity Noise

• ② Black Plane Noise
• Resulting in increased Euclidean distances for 

similar color and the introduction of artifacts in 
the final images.



Horizontal/Vertical-Intensity

• Therefore, we propose a new color space：Horizontal/Vertical-Intensity (HVI), to decouple brightness 
and color, and solve two types of noise in HSV.

• The key intuition is that minimizing color space noise, by reducing Euclidean distances in similar colors. 



HVI Transformation

• 1. Estimating the illumination intensity 
map of the scene from a sRGB input 
image：

• 2. Decoupling Brightness (Imax) and 
Color (Hue-Saturation Plane):

• (1) Saturation:

• (2) Hue:  

Step One：sRGB → HSV



HVI Transformation

• Reduce ① Red Discontinuity Noise
• Along the Hue axis, the color red appears 

identically at both h = 0 and h = 6, which splits 
the same color across two ends of the spectrum.

• Polarize the Hue (h) Channel:

• When the Hue axis is polarized, it forms an 
angle within the orthogonalized h − v plane.
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Step Two: Polarization



HVI Transformation

• Reduce ② Black Plane Noise
• We aim to automatically collapse regions of 

low light intensity while preserving those with 
higher intensity.

• Adaptive Intensity Collapse Function Ck：

• Parameter k is trainable, ε=10^-8 is used to 
avoid gradient explosion.
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Step Three：Function Ck



HVI Transformation

• 1. Generate Horizontal (   ) map and Vertical (   ) map as

• where h ∈ H, v ∈ V (h and v are mentioned in slide 7), and ⊙ denotes the 
element-wise multiplication.

• 2. Concatenate:                      to form an HVI image
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Step Four: Generate HVI Map



Color and Intensity Decoupling Network 

• To more effectively utilize chromatic and brightness information in the HVI 
space, we introduce a novel dual-branch LLIE network, named Color and 
Intensity Decoupling Network (CIDNet), to separately model the HV-plane 
and I-axis information in the HVI space.



CIDNet Pipeline

• Pipeline: HVI Transformation → Enhancement Network → PHVIT
• Color Space Changes: sRGB → HVI → sRGB
• PHVIT: Perceptual-inverse HVI Transformation



Key: Dual-branch and LCA Block

• The LLIE task can be decomposed 
into two sub-tasks:

• (1) noise removal 
• (2) brightness enhancement.

• Why Dual-branch?
• These two sub-tasks follow distinct 

statistical patterns
• I-branch: Intensity Enhancement
• HV-branch: Remove Color Noise

• Why Cross-Attention?
• Reason 1: The intensity is inversely 

proportional to image noise intensity. 
High-illumination requires minimal 
denoising and enhancement.

• Reason 2: Noisy- Intensity can be 
denoised in HV-branch.



Perceptual-inverse HVI Transformation

• Goal: HVI Map → sRGB Image
• Step One: HVI → HSV

• Step Two: HSV → sRGB

Mentioned at Slide 8 and Slide 9

αS and αI are the customizing linear 
parameters to change the image 
color saturation and brightness.

James D Foley and Andries Van Dam. Fundamentals 
of interactive computer graphics. Addison-Wesley 
Longman Publishing Co., Inc., 1982.



Loss Function

Loss in HVI Color Space, λ is a eighting 
hyperparameter to balance the losses in the two 

different color spaces.

Loss in sRGB Color Space.



Results on LOL Datasets



Results on SICE and Sony-total-Dark

Visualization on Sony-Total-Dark



Results on Five Unpaired Dataset

While CIDNet does not outperform RetinexNet 
in the BRISQUE metric, its recovered perceptual 
results are closer to realistic appearances than 
RetinexNet.



Generalizing HVI to Other LLIE Models

• To verify the effectiveness of the HVI color space, we further evaluate its 
performance when it is used with different sRGB-based LLIE models. 

• Integrate HVIT and PHVIT as a plug-and-play module into six SOTA methods.
• Transforming to the HVI color space improves PSNR, SSIM, and LPIPS 

metrics across various methods compared to the results in the sRGB color space.



Ablation 1: Color Spaces



Ablation 2: Different Module

Dual-branch and Cross Attention are all beneficial to the task.



Ablation 3: Loss Function

• The HVI loss lacks pixel-level spatial consistency constraints, leading to 
a loss of structural detail in the image and thus lower performance across 
the three metrics, especially in the LPIPS metric.

• Using only sRGB loss is focused on pixel-space enhancement, neglecting 
the low-light probability distribution in the HVI color space, resulting in 
undesired color imbalance. 

• Conclusion: HVI + sRGB performs the best score.
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