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Abstract

network aims to solve the significant image edge blurring caused by the optical structure of simple lenses. A pixel level

Herein, an end-to-end deep neural network based on iterative adaptive filtering principle is proposed. This

deblurring filter is proposed, using a single glued lens with a large field of view, to effectively adapt to the spatial changes

of blur and restore the blurry features of the input image. The effectiveness of the proposed method is verified through

simulation and experiments conducted on a prototype camera system.
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single glued lens; (b) PSF of lens at 20° FOV
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Fig. 2 Deep iterative adaptive convolution
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Table 1 Comparison of ablation studies

Evaluations on the DPDD-SL dataset™”

DIFAN

Computational costs

PSNR 4 SSIM 4 MAE y LPIPS v Params /10° MACs /10’
FP 23. 88 0.723 0.041 0.368
10. 57 364.3
FP+DIAC 25.78 0.789 0.035 0. 280
FP+DIAC+BPR 26.37 0.824 0.032 0.232
10. 47 419.5
FP+DIAC+BPR-+RBN 26.94 0.847 0.029 0.221
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Table 2 Quantitative comparisons of reconstruction performance

Evaluations on the DPDD-SI. dataset

Computational costs

Model

PSNR 4 SSIM 4 MAE y LPIPS y Params /10°  MACs /10’ Time /s
Original 22.15 0.717 0.049 0.331
ISD-Deblur™ 23.78 0.75 0.039 0. 369 45
Deblur-Ganv2"” 26.01 0.82 0.028 0.319 33.15 858.5 2.67
Proposed model 26.94 0. 847 0.029 0.221 10. 47 419.5 0.677
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Fig. 4 Comparison of different restoration methods based on simulation dataset. (a) Original blurred image; (b) recovery results of ISD-

Deblur; (¢) recovery results of DeblurGAN-v2 ; (d) recovery results of proposed DIF AN; (e) ground truth images

e Ml TS RO LY 3 a8 A A e 2, O FLTE
Qb T3 2 B R PN AR BB s 2 S G BT R R 4% . T
P& DIFAN A9 40 B 25 2 [5 4(d) FF R, 30458 1 3 1
) S ThT X 3, T T A ) 0 B 0 T R T O R ) 2 (1% 25
KIE .

i 3 115 PSNR ,SSIM Al LPIPS" /48 45 ¢ % WL PF
B A PR BE o AR X 25 S B8R AF 1680 X 1120 [A]
15 5 SR B B R VR B, DA RO R i F 1
THB B[R] R I 2 0 F A s AS BRI & 2 B o X TR
BT oE WAL 58 )7 1, W ISD-Deblur, 24 HA 8wt
W], A LA, B DIFAN 315 (9 % WAEAG $8 bRl T
HbEaEE %, SEAPREMLE R, KRR
FEO T B AR R 7 LR 5 5 AR AR T BB A s i AR
T DeblurGan-v2 fif& 4t B4
3.2.3 DIFAN &£ R 2 ALK 5 5

h T BRI 97 Ae b BEAT T AR OGS G 45 R
KSR, AlLLAEH,36° WA PR & EEN

PSF ¥£ i1 G5 A B2 b 20037 ff1 38 K330 2 4%, Rl KR
SRR A% WL 5 BUR R L A 1 e R AR AR R
L, B PR AR 2 G Ak B ™ AR S DL K B Y B
BN o AFL T 5 O 28 AT SR LA — 5 11 02 Dl AR

WHEAT T 15 M T 01 3 B2 50 56 % E il
Wou BB G 2R AR O AR 4 L I
150 & TR AR L 6

AE T 9 DIF AN & 6T E 5256 9 2 & L3R
VL2 3, AT LA I, i DIFANZER R ¥ 3% F#F B A
R0 5 SR I AR ff o 20°R M BE A B R A

g B 15T AT B R TR R 48 55 R G L
S 1 R B D e Al A ) AR A L A T LA
BARENE ML DL K% WuZs " RRG-GAN, 7EAH
) A5 4l A T, T X 4% B A2 DR A A R e T At T 4
TE BT T H 45 X6 ) o0 O 2k Rk BRI
fig f1.

1037003-5



20° FOV PSF

36° FOV PSF

blurred image

blurred image

blurred image
F5 ETRFEG AT BB 4R A9 19 25 52 SR8 R

Fig. 5 Comparison of network restoration effects based on simulation datasets at different field angles
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Fig. 6 Network restoration effect of simulation data set with a plano-convex lens at 15° field of view angle
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Table 3 Quantitative comparison of DIFAN restoration comparison experiments under different field of view angles

Evaluations on the DPDD-SL data

Experiment
PSNR A SSIM 4 MAE v LPIPS v
15° FOV {lat-convex lens 30.5241 0.88427 0.01859 0.10433
20° FOV single glued lens 26.9425 0.84679 0. 02904 0.22172
36" FOV single glued lens 23.6107 0.76617 0.04471 0.32384
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Table 4 Quantitative comparison of comparative experiments of

different network restoration methods under 15° field of

view angle of plano-convex lens

Model PSNR 4 SSIM 4
Original 24.4386 0.6278
Multiscale 25.0048 0. 6859
Fov-GAN 25.2653 0.7486
Deblur-GAN™" 28.0252 0.7843
RRG-GAN'" 30. 4102 0. 8650
Proposed DIAN 30.5241 0. 8842
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Fig. 9 Experimental results. (a) The original blurred images; (b) image recovery results from the network; (¢) ground truth images
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