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Motivation 
• Existing supervised HDR methods require real HDR images for 

training, while unsupervised methods usually rely on multi-exposure 
inputs, increasing data costs and limiting flexibility. USME-HDR 
learns multi-exposure priors to reconstruct high-quality HDR 
images from a single low dynamic range (LDR) input without 
ground-truth HDR supervision, while reducing ghosting artifacts 
caused by multi-exposure fusion. 
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Contributions 
1. We pioneer an unsupervised HDR rendering method tailored for 

single-image input. By learning multi-exposure priors, our method 
eliminates the dependencies on multi-exposure LDR image sequences 
while suppressing ghosting artifacts in dynamic scenes. 

2. We propose a multi-exposure image generation strategy guided by 
luminance and exposure time. Specifically, the estimated light map and 
light feature are incorporated to enhance the brightness and texture 
details of the synthesized images, while exposure time embeddings 
guide the model to learn accurate luminance variations. 

3. Experimental results demonstrate that the proposed method achieves 
competitive HDR rendering quality from a single LDR input, rivaling 
multi-exposure methods. USME-HDR suppresses ghosting artifacts in 
dynamic scenes, exhibiting significant practical utility. 
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Overview of the USME-HDR 
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Exposure-adjustment 
network 

Architecture of the exposure-adjustment network (EAN). The 
network takes the input image together with luminance-related 
representations to generate low- and high-exposure images under 
different exposure levels. The light feature is concatenated with 
intermediate features at each decoder block, while the light map and 
exposure time ratio are jointly used as modulation conditions. 
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CSFT layer 

Structure of the composite spatial feature transform (CSFT) 
layer. The light map and exposure time ratio are used to predict 
the spatially adaptive modulation parameters, which are applied 
to intermediate features through an affine transformation for 
luminance-aware exposure modulation. 
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Visual Comparison 

Visual comparison on RealHDRV dataset. Compared with other 
methods, our approach better reconstructs details in over-exposed 
regions while preserving more natural and consistent colors.  
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Visual Comparison 

Visual comparison on Kalantari’s dataset. Compared with other 
methods, our approach better reconstructs details in over-exposed 
regions while preserving more natural and consistent colors. 
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Quantitative Comparison 
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Conclusions 
This paper presents USME-HDR, a framework for single-image HDR 
reconstruction without ground-truth HDR supervision. The proposed 
method requires only a single LDR image as input at inference time. 
USME-HDR incorporates an EAN to learn multi-exposure priors, 
enabling the generation of complementary exposure information from a 
single input image. Inspired by the Retinex theory, we introduce a light 
map and a light feature to provide luminance-aware guidance for 
exposure generation, while exposure time ratio guidance further 
improves luminance fidelity. Finally, the input LDR image is fused with 
the generated multi-exposure images, and the overall framework is 
optimized using synthetic pseudo-labels. Experimental results 
demonstrate that USME-HDR can reconstruct high-quality HDR images 
from only a single LDR input, without relying on real HDR images or real 
multi-exposure LDR inputs, highlighting its practical value. 
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