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Low-dose CT imaging reduces patient radiation exposure but inevitably increases noise, thereby degrading diagnostic accuracy. This
study compares two hybrid denoising approaches that combine a U-Net-based deep learning model with wavelet transform. The first
structure applies wavelet preprocessing followed by U-Net (Wavelet—U-Net), whereas the second applies U-Net first and wavelet
postprocessing (U-Net—Wavelet). Experiments were conducted using chest CT datasets from Kaggle with artificially added noise,
and performance was evaluated in terms of PSNR and SSIM. Results indicate that the Wavelet—U-Net structure achieved superior
PSNR but showed decreased SSIM under high-noise conditions. In contrast, the U-Net—Wavelet structure produced slightly lower
PSNR but maintained stable SSIM. These findings demonstrate that the sequence of algorithmic integration critically affects
performance, suggesting that selection should depend on clinical application objectives.
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Fig. 1. Wavelet Subband Decomposition of a CT Image (LL, LH, HL, HH).
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Fig. 2. (Color online) Architecture of the U-Net model for CT image denoising.
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Fig. 3. (Color online) Schematic diagram of Wavelet-preprocessed noise reduction algorithm.
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Table 1. Denoising performance evaluation using PSNR and SSIM.
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PSNR SSIM
Noise U-Net+Wavelet Wavelet+U-Net U-Net+Wavelet Wavelet+U-Net
0.01 35.2678 35.8833 0.9390 0.9456
0.02 33.6940 34.9215 0.9196 0.9309
0.03 32.3246 33.7251 0.9064 0.9192
0.04 30.4345 33.3109 0.8954 0.8966
0.05 29.5892 32.5639 0.8759 0.8823
0.06 28.8790 32.0505 0.8752 0.8562
0.07 27.6754 31.4289 0.8625 0.8452
0.08 27.8556 30.3017 0.8579 0.8135
0.09 26.8810 30.0518 0.8316 0.7959
0.1 26.4908 29.1712 0.8240 0.7795
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Fig. 6. (Color online) Comparison of PSNR (denoised) according to noise standard deviation.
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Fig. 9. (Color online) Comparison of LDCT noise reduction results before and after denoising in ROI regions (o= 0.05).
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