Binarized Diffusion Model for
Image Super-Resolution

Zheng Chen?, Haotong Qin?", Yong Guo3, Xiongfei Su#, Xin Yuan#, Linghe Kong?, Yulun Zhang!”

E SN,
NEURAL INFORMATION
.’i yPROCESSING SYSTEMS

I
ETHzurich

1Shanghai Jiao Tong University, 2ETH Zirich, 3Max Planck Institute for Informatics, “Westlake University

i “* Model Structure "
Introduction - | | | - Experlments
* Challenge I: Dimension Mismatch. Frequent changes in feature resolution cause dimension
Diffusion models (DMs) excel in SR tasks but face high costs. Binarization (1-bit quantization) mismatches, blocking full-precision propagation. *+ Ablation Study
reduces memory and computation. However, the architecture and iterative design of DM limit its  Challenge I1: Fusion Difficulty. Significant activation range differences between the encoder Method  |Baseline +Identity +CP-Down&Up +CS-Fusion +TaR&TaA  Method |Params (M) OPs (G) PSNR (dB) LPIPS
application. To tackle this, we propose BI-DIffSR, a novel binarized DM for SR. and decoder hinder effective feature fusion in skip connections. Params M)| 429 429 4.29 430 4.58 Add 410 3340  18.89  0.1695
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Architecture: Design modules for binarization, including consistent-pixel-downsample (CF Z(d) Distribution Compare i 2 (€) Channel Shuffle 2 Method Scale| "My (G) |PSNR SSIM LPIPS PSNR SSIM LPIPS PSNR SSIM LPIPS PSNR SSIM LPIPS
Down) and upsample (CP-Up), and channel-shuftfle-fusion (CS-Fusion). Bicubic x2 | NJA  N/A |33.67 09303 0.1274 29.55 0.8431 0.2508 26.87 0.8403 0.2064 30.82 0.9349 0.1025
« Activation: Introduce timestep-aware redistribution (TaR) and activation (TaA) to adapt « CP-Down/Up: Ensures consistent feature reshaping, allowing identity shortcuts to maintain SRIL] X2 | >o4l 176.41736.69 09513 0.0310 3041 0683 0.0700 30.29 0.9060 0.0430 35.11 0.5682 0.0161
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activation distributions by timestep, enhancing binarized modules. @ o -|| by ..@ full-precision information transfer throughout the network effectively. DoReLa[] ! 5 | 478 3703 | 1643 06553 09662 1611 09012 0.3072 1509 0.5495 04055 1235 0.4609 05047
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Performance: Outperforms SOTA binarization methods and l ,'l.' -":|:l N CS-Fusion: Balances teature distribution by channel shuffle operation, ensuring better IRNet [*] x2 | 478 3793 | 32.55 09340 0.0446 27.76 0.8199 0.1115 2634 0.8452 0.0913 23.89 0.7621 0.1820
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achieves perceptual quality comparable to full-precision models. -| RSRTL N - distribution matching and promoting more effective feature fusion. BBCU [7] x2 | 482 3775 [ 3431 09281 0.0393 28.39 0.8202 0.0905 28.05 0.8669 0.0620 32.88 0.9508 0.0272
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