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Abstract: Organic light-emitting diode (OLED) displays are subject to uneven brightness decay and burn-
in under prolonged electrical and thermal stress. Existing data-driven compensation methods struggle to
accurately compensate for uneven aging caused by localized heating under static or high-frequency drive

conditions, as they neglect the spatial thermal coupling effects between pixels. To address these issues,
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this paper proposes a brightness compensation architecture based on thermal diffusion mechanisms. By
integrating a discrete two-dimensional thermal diffusion model to approximate heat conduction between
neighboring pixels, we designed a physically enhanced data simulation method capable of generating
spatially correlated aging patterns. Based on this modeling architecture, we constructed a spatially aware
deep neural network that employs a two-dimensional convolutional architecture combined with an attention
mechanism to simultaneously capture local structural features and parameters sensitive to degradation.
Experimental results show that, compared to traditional pixel-independent models, the proposed method
improves brightness degradation accuracy and structural similarity by 2.7% and 0.273, respectively,
under specified conditions—particularly in scenarios involving long-term aging and spatially non-uniform

degradation. Qualitative visual comparisons confirm that the proposed method effectively suppresses burn-

in artifacts while maintaining structural consistency in complex regions.
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