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Abstract

Traditional image denoising algorithms typically take the final output result as the primary evalu-
ation criterion, leaving the internal iterative optimization and noise suppression process as a “black
box” to users, which makes it difficult to support the teaching of algorithm principles and perfor-
mance analysis. To address this issue, this paper designs and implements a visualization system for
the image denoising process oriented toward teaching and demonstration. The system integrates
multiple classical algorithms, including Mean Filtering, Median Filtering, Gaussian Filtering, and
BM3D. By capturing intermediate iteration frames and synthesizing dynamic GIFs, the abstract de-
noising process is transformed into an intuitive visual animated demonstration. On this basis, this
paper proposes a parameter-adaptive alternating iterative denoising algorithm. For pure salt-and-
pepper noise and mixed noise consisting of salt-and-pepper and Gaussian noise, median filtering is
first performed in each iteration round, followed by alternating execution of Gaussian filtering and
bilateral filtering; for pure Gaussian noise, Gaussian-bilateral alternating denoising is directly per-
formed. The filtering parameters are jointly regulated by noise estimation, a gradient complexity
factor, and an iterative annealing factor, which effectively removes noise while better preserving
edge and detail information. The system adopts a multi-threaded architecture to separate compu-
tational tasks from interface rendering, ensuring smooth interaction, and provides objective quan-
titative evaluation of denoising quality through PSNR and SSIM metrics. Experimental results
demonstrate that the system can clearly present the denoising evolution processes of various algo-
rithms, and the proposed parameter-adaptive alternating iterative denoising algorithm achieves
superior comprehensive performance under multiple noise types and intensities, which can pro-
vide effective support for the teaching demonstration and performance comparison of image de-
noising algorithms.
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Figure 1. Functional framework of the proposed system
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Figure 2. Framework of the Gaussian-bilateral alternating iterative denoising
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Figure 3. Interface of the image denoising visualization software

3. B ERARCRERE

4.1.2. Elf&ERE59H
FLaK R B BRI IR 2 500 x 350 1535, FUGH R A %8 rm LU AR LU B4, b AR . R4t
] Bz KR SRR ks s e, 48— DL RGB BiE Bor, fRIE SRS — 2.

4.2. BEIRAIE

NG EERIEEESR M, RICRM G G RREIUT ERAES . TR DI IE Je 1 2 2 AL
o 3L root.after SKILLLRE 2 &M A IR, IR BUE, EEEHIT, I RGETRE
SEE.

43. XHRMESRELE

ZAGEH cv2.imdecode fif ik H SCES AR TEIE IR B S EME BT AT, X float32 ZR A &5 Bt 47 HU{E kb o
AN uint8 A%, BPREURORATF IEH o RIS AR MNEE . RES IR . R 58 B2 e AN IV A E 34 T
FIWT A R, R R R E V.
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5.2. IWERE 3

N T IR UEAR SR 1 2550 H 3 N R v 20 — R AT B 2 AR 26 M B0 TR 5 T 75 110 25 R RO S 4 T DR B
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Figure 4. Static display of noisy images and images denoised by the proposed algorithm

B 4. BREESANERERERSRT

F1 R 2 Sl B M R A = RO TR R FE R IR A M 3% 5 R 1) PSNR $8 451 SSIM
fabaxfte. R AR, 28 BM3D BiES5E G EIEN . PEIEN . SEERAFELEER . SRS
M EELEZE 1, eI EE v “Barbara” B, PSNR £ A 22.69dB, SSIM i Hi{¥ 0.5290, 7
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Table 1. PSNR comparison of different test images under various algorithms (mixed noise)

%= 1. ANERERE S LEETH PSNR MELCREIRE)
TWREH EREG ¥EER AR TR BM3D TEER

House 12.19 22.99 25.19 22.68 13.42 25.51
Boat 12.20 22.14 24.13 21.74 13.40 24.17
Barbara 12.15 21.08 22.69 20.82 13.30 22.80

Table 2. SSIM comparison of different test images under various algorithms (mixed noise)

% 2. AR EIGAE S LEEZTH SSIM STHCRAIRSE)

WAEE BRER BHEIEB B8 e BM3D TEBER
House 0.0850 0.5864 0.5676 0.5627 0.1024 0.6681
Boat 0.1048 0.5245 0.5503 0.4747 0.1239 0.5944

Barbara 0.1338 0.5050 0.5290 0.4690 0.1571 0.5808
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BM3D 535 LA R AR SRS B ik AR L B N B RO 5 EAGIR PR AT EL . AN PSNR 1 SSIM #({i v] LAHA 2
B, REEER. SRR AR AR, EURYETT R SO s B B 2 R TR P R
LAEYEN, BAAFAEIN SR . SO0 RR. ERCHEZ R A BM3D BASEFHIRE RN, AR L gk
MRFFRE ) — M. FLLZ N, ARSI Bk RA e —H G R SR G R as R, AMUF
RAmd TGS, EREE R BRI % SR ST E R, EAR SR A S W B R R A LT
R g 55 S BM3D 5%, A WIE Tz RAEER EWAT 5 A e S it . =20 EIE &
9 2 M A R B S LA 5~7 6

(b) EHREE (c) LIMEUER (d) FE TR

12.19 22.99 25.19

0.0850 0.5864 0.5676

(e) EilriEd (f) BM3D &k (g) EEEAR LM
PSNR: 22.68 13.42 25.51
SSIM: 0.5627 0.1024 0.6681

Figure 5. Comparison of denoising effects of different algorithms on the “House” image
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Figure 6. Comparison of denoising effects of different algorithms on the “Boat” image
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Figure 7. Comparison of denoising effects of different algorithms on the “Barbara” image
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