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Abstract

Block Discrete Cosine Transform based coding technology serves as the cornerstone of image and

EIEE .

SCEG| O AZEM, R BT BN A SRR AR I R B PEED]. B K R, 2026, 15(1): 404-413.
DOI: 10.12677/aam.2026.151039


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2026.151039
https://doi.org/10.12677/aam.2026.151039
https://www.hanspub.org/

HZERH, ZE

video compression. However, its inherent block-based processing and quantization steps often intro-
duce various distortions such as block artifacts, texture degradation, and edge blurring, which severely
impair the visual quality of images. To address these issues, this paper introduces Fractional-Order
Total Variation (FOTV) into the field of image deblocking and constructs a restoration model inte-
grated with structural sparse priors. By optimizing the fractional order, the model adaptively bal-
ances deblocking strength and detail preservation capability. Leveraging the advantage of FOTV in
characterizing texture details, the proposed model can effectively suppress block artifacts while bet-
ter preserving edge structures and complex textures. Experimental results demonstrate that the pro-
posed method outperforms or achieves comparable performance to several state-of-the-art deblock-
ing algorithms in both objective metrics and subjective visual quality. In particular, it exhibits sig-
nificant advantages in maintaining edge sharpness and texture consistency.
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Table 1. Variation of PSNR values of images under different a values

# 1. TF o ETE%HI PSNR EZZ L

PSNR
a=1.0 a=09 a=0.38 a=0.7 a=0.6 a=0.5
101,085 21.7273 21.7266 21.7241 21.7277 21.7275 21.7268
19,021 23.7515 23.7512 23.7523 23.7522 23.7520 23.7516
" 271,035 23.8716 23.8728 23.8721 23.8725 23.8731 23.8721
304,074 23.0719 23.0725 23.0725 23.0723 23.0726 23.0723
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101,085 23.3566 23.3564 23.3503 23.3566 23.3564 23.3564
19,021 25.8831 25.8827 25.8868 25.8826 25.8831 25.8832
" 271,035 26.3703 26.3701 26.3709 26.3708 26.3701 26.3702
304,074 24.9012 24.9012 24.9046 24.9013 24.9014 24.9010
101,085 25.2777 25.2776 25.2756 25.2775 25.2775 25.2776
19,021 28.0533 28.0532 28.0546 28.0560 28.0560 28.0558
o 271,035 28.9651 28.9649 28.9620 28.9648 28.9648 28.9649
304,074 26.8820 26.8819 26.8806 26.8819 26.8815 26.8816
101,085 27.3139 27.3138 27.3150 27.3138 27.3137 27.3138
19,021 30.3062 30.3064 30.3052 30.3063 30.3062 30.3061
"2 271,035 31.4841 31.4842 31.4851 31.4832 31.4831 31.4828
304,074 28.8967 28.8971 28.8987 28.8968 28.8969 28.8977
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Table 2. Variation of SSIM values of images under different o values

% 2. AE o ETEEE SSIM Tt

SSIM

a=1.0 a=0.9 a=0.8 a=0.7 a=0.6 a=0.5

101,085 0.4565 0.4563 0.4567 0.4566 0.4565 0.4563

19,021 0.5974 0.5974 0.5975 0.5974 0.5974 0.5974

" 271,035 0.6228 0.6229 0.6228 0.6228 0.6228 0.6228
304,074 0.4638 0.4638 0.4641 0.4638 0.4638 0.4638

101,085 0.5783 0.5783 0.5781 0.5783 0.5783 0.5783

19,021 0.7016 0.7016 0.7013 0.7016 0.7016 0.7016

" 271,035 0.7303 0.7303 0.7304 0.7303 0.7303 0.7303
304,074 0.5828 0.5828 0.5826 0.5828 0.5828 0.5828

101,085 0.6946 0.6946 0.6946 0.6946 0.6946 0.6946

19,021 0.7885 0.7885 0.7886 0.7885 0.7885 0.7885

"o 271,035 0.8210 0.8210 0.8212 0.8211 0.8211 0.8211
304,074 0.7005 0.7005 0.7005 0.7005 0.7005 0.7005
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101,085 0.7980 0.7980 0.7982 0.7980 0.7980 0.7980
19,021 0.8656 0.8656 0.8656 0.8656 0.8656 0.8656
"m0 271,035 0.8868 0.8868 0.8868 0.8868 0.8868 0.8868
304,074 0.8056 0.8056 0.8056 0.8056 0.8056 0.8056
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Table 3. Mean PSNR (dB)/SSIM comparison across different methods on the CBSD68 dataset
3 3. 7£ CBSD68 ¥iE&E £, FREIF5AMF ) PSNR (dB)/SSIM L

SSR-QC JPG-SR HSSE OURS
PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
g=1 23.8502 0.5992 23.8574 0.6088 24.0638 0.6118 24.1832 0.6108
q=>5 26.1736 0.7091 26.1741 0.7160 26.3961 0.7188 26.3942 0.7205
q=10 28.6202 0.7998 28.6521 0.8087 28.8699 0.8107 28.8709 0.8113
q=20 30.9674 0.8710 31.0612 0.8787 31.2199 0.8801 31.2149 0.8801

AICHET CBSD68 Hffi 4R kit 1 4 MR AA SAVRHIERI BRI T BRI & FER LU RE 2R .
ME T AT, PR R A R NI IS A1 R SRS e, AERA DRIL TR A R RTIR T, S
IR, (R R RS S SRIE N AT . R 2 BIAET TR, ARSI IS Bt EE AR
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Figure 1. Block removal results of different methods for image 101085 from the CBSD68 dataset at g = 1. (a) Original image;
(b) HSSE (PSNR =21.7280, SSIM = 0.4560); (c) JPG-SR (PSNR =21.4303, SSIM = 0.4395); (d) SSR-QC (PSNR = 21.5145,
SSIM = 0.4397); (e) Proposed method (PSNR = 21.7241, SSIM = 0.4567)

1. REFFEMEIRTE g =1 L&HI CBSD68 B 101085 FIERLER. (2) RIGE; (b) HSSE (PSNR =21.7280, SSIM
=0.4560); (c) JPG-SR (PSNR = 21.4303, SSIM = 0.4395); (d) SSR-QC (PSNR = 21.5145, SSIM = 0.4397); (e) &5
S5(PSNR = 21.7241, SSIM = 0.4567)

Figure 2. Block removal results of different methods for image 19,021 from the CBSD68 dataset at ¢ = 5. (a) Original image;
(b) HSSE (PSNR =25.8941, SSIM = 0.7014); (c) JPG-SR (PSNR =25.5987, SSIM = 0.6956); (d) SSR-QC (PSNR = 25.6890,
SSIM = 0.6897); (e) Proposed method (PSNR = 25.8868, SSIM = 0.7013)

2. FERIFGEIENRE ¢ =5 LH CBSD68 #9 19,021 FIEMRER. () FEIEE%; (b) HSSE (PSNR = 25.8941, SSIM
=0.7014); (c) JPG-SR (PSNR = 25.5987, SSIM = 0.6956); (d) SSR-QC (PSNR = 25.6890, SSIM = 0.6897); (e¢) & T
SE(PSNR = 25.8868, SSIM = 0.7013)
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Figure 3. Block removal results of different methods for image 271,035 from the CBSD68 dataset at ¢ = 10. (a) Original
image; (b) HSSE (PSNR = 28.9441, SSIM = 0.8202); (c) JPG-SR (PSNR = 28.7089, SSIM = 0.8877); (d) SSR-QC (PSNR =
28.7343, SSIM = 0.8113); (e) Proposed method (PSNR = 28.9620, SSIM = 0.8212)

3. FRIFENERIE g=10 &HI CBSD68 # 271035 MIEIREER . (a) FiEER; (b) HSSE (PSNR =28.9441, SSIM
=0.8202); (c) JPG-SR (PSNR = 28.7089, SSIM = 0.8877); (d) SSR-QC (PSNR = 28.7343, SSIM = 0.8113); (e¢) &AXF5
JE(PSNR = 28.9620, SSIM = 0.8212)

(b) (d)

Figure 4. Block removal results of different methods for image 304074 from the CBSD68 dataset at g = 20. (a) Original image;
(b) HSSE (PSNR = 28.9295, SSIM = 0.8064); (c) JPG-SR (PSNR =28.7307, SSIM = 0.8020); (d) SSR-QC (PSNR = 28.5790,
SSIM = 0.7821); (e) Proposed method (PSNR = 28.8987, SSIM = 0.8056)

4. TREIFHAEM BB q=20 &A) CBSD68 Y 304,074 I EIREER . (a) RIAEIE; (b) HSSE (PSNR =28.9295, SSIM
=0.8064); (c) JPG-SR (PSNR = 28.7307, SSIM = 0.8020); (d) SSR-QC (PSNR = 28.5790, SSIM = 0.7821); (e) & T
SE(PSNR = 28.8987, SSIM = 0.8056)
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