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® Most blind image deblurring methods ignore the prior information about motion blur,
and accurate estimation of spatially varying blur kernels is challenging.
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® \\e propose to represent the non-uniform motion blur kernels in a latent space by normalizing
flow. Our latent space approach allows CNNs to predict spatially varying latent codes rather
than kernels.
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® \\e introduce uncertainty learning to the latent code estimation process to improve performance
and robustness.

® \\e tackle the problem of lacking motion kernel ground truth in a self-supervised manner.
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(a) The architecture of flow-based uncertain kernel estimation network. ﬁh"E — F E || :ETL ® fﬂ [G ( yﬂ, )] — yﬂ, || 13
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X (b) The architecture of encoder-decoder deblurring network with KAM.

(c) The architecture of kernel attention module (KAM).
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® Blind single image deblurring can be mathematically formulated as

y=B(xz. k)+n.

® EXxisting deep learning-based methods have been proposed for blind image deblurring,
but they have limitations

» The characteristics of blur in real scenarios are complex, accurate estimation of
non-uniform blur kernel is challenging.

» End-to-end methods ignore the information of motion prior.
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® Represent the complex motion blur kernel into a simple Gaussian distribution by a
normalizing flow.

» The simulated motion blur kernels.
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» The flow-based motion prior model.
dfe (k)
det ( Ik )‘

L(k;0) = —logpz (fe(k)) —log

Normalizing
Flow
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® Self-supervised Kernel Estimation in Latent Space

» To overcome the problem of lacking ground truth of blur kernel, we propose to estimate the blur
kernel in a self-supervised manner
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» The architecture of flow-based uncertain kernel estimation network with uncertainty learning
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® Uncertain Flow-based Prior Network (UFPNet)

(c¢) The architecture of kernel attention module (KAM).

x (b) The architecture of encoder-decoder deblurring network with KAM.
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® Training process

|.  Pretrain the normalizing flow model to represent the motion blur kernel into a Gaussian distribution

II. The self-supervise loss is use to pretrain the kernel estimation network
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[11. The PSNR loss is used to train the deblurring network, meanwhile, we use the reblur loss which

can be expressed as
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® The comparison results on the benchmark datasets

Method GoPro HIDE RealBlur-R RealBlur-J Params

PSNR SSIM | PSNR SSIM | PSNR SSIM | PSNR SSIM | (M)
DeepDeblur [2] 2923 0916 | NJ/A  N/A | 3251 0841 | 27.87 0827 | 117
SRN [3¢] 3026 0934 | 2836 0915 | 35.66 0947 | 2856 0867 | 6.8
DeblurGAN [19] 2870 0858 | 2451 0871 | 33.79 0903 | 2797 0834 | N/A Method RealBlur-R RealBlur-J
DeblurGAN-v2 [20] | 2955 0.934 | 2661 0875 | 3526 0944 | 2870 0866 | 60.9 PSNR SSIM | PSNR  SSIM
DBGAN [49] 3110 0942 | 2894 0915 | N/A N/A | NJA  N/A | 116 DeblurGAN—v2 [20] | 3644 0935 | 29.69 0.870
DMPHN [4¥] 31.20 0945 | 29.09 0924 | 3570 0948 | 2842 0.860 21.7 SRN [3¢] 38.65 0.965 31.38 0.909
MT-RNN [21] 3115 0945 | 29.15 0918 | NJ/A N/A | NNJA  NA | 26 MIMO-UNet [7] NA  NA | 3192 0919
SAPHN [30] 3185 0948 | 2998 0930 | NN/A  N/A | NJA  N/A | 230 "~
MIMO-UNet [7] 3245 0957 | 29.99 0930 | 35.54 0947 | 27.63 0837 | 16.1 MPRNet [7] 39310972 1 3176 0.922
MPRNet [47] 3266  0.959 | 3096 0.939 | 3599 0952 | 2870 0.873 | 20.1 DeepRFT [26] 3984 0972 | 32.19 0.931
HINet [4] 3271 0959 | 3032 0932 | 3575 0949 | 28.17 0849 | 887 Stripformer [29] 3984 0.974 | 3248 0.929
DeepRET [26] 3323 0963 | 3142 0944 | 3586 0950 | 2897 0884 | 23.0 UFPNet (ours) 1061 0974 | 3335 0.934
Stripformer [39] 3308 0962 | 31.03 0940 | 36.07 0952 | 28.82 0876 | 20.0
MSDI-Net [27] 3328  0.964 | 31.02 0940 | 3588 0952 | 2859 0.869 | 135.4 :
NAFNet [] 3369 0967 | 31.32 0943 | 3550 00953 | 2832 0857 | 67.8 (2) The models are trained on the RealBlur dataset
UFPNet (ours) 34.06  0.968 | 31.74 0947 | 36.25 0.953 | 29.87 0.884 | 803

(1) The models are trained on the GoPro dataset
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® Visual comparison to other methods
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Blurry DeepRFT

Stripformer MSDI-Net NAFNet UFPNet (ours)

Blurry image from HIDE testset Stripformer MSDI-Net NAFNet UFPNet (ours)
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® Visual comparison to other methods

Blurry image from RealBlur-J testset Stripformer MSDI-Net NAFNet UFPNet (ours)
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® Ablation Studies

Whyte et al. [40] Proposed KE-Net GoPro HIDE RealBlur-R RealBlur-J

y ' Baseline Flow prior UL PSNR SSIM | PSNR SSIM | PSNR SSIM | PSNR SSIM

33.69 0.967 | 31.32 0.943 | 3550 0951 | 2832 0857

v 3374 0967 | 31.38 0944 | 3561 0951 | 2879 0.863

v 3378 0967 | 3145 0945 | 3578 0952 | 29.13 0869

v v 3383 0967 | 31.53 0946 | 3591 0952 | 2932 0872

v v v 3406 0968 | 31.74 0947 | 36.25 0953 | 2987 0.884

GoPro HIDE
Wh | Proposed KE-Net bSNR SSIM Method KE —$SNR SSIM~  PSNR SSIM
yieetal 0] —goeciine  Flow prior UL MIMO-UNet [1] 3245 0957 2999 0930
v 41.63 0.989 © v 32.83  0.959 30.16 0.931
v 43.90 0.993 B X 32.66  0.959 3096 0.939
/ v 4456  0.994 MPRNet [47] v 33.04 0967  31.13 0.941
v v v 4592 0.996 . X 33.69 0.964 31.32 0.943
NAFNet [4] v 3406 0968 3174 0.947
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® In this paper, we propose to represent the motion blur kernels in a latent space by a
normalizing flow and designing CNNs to predict spatially varying latent codes
Instead of motion kernels.

® To further improve the accuracy and robustness of kernel estimation, we introduce
uncertainty learning into the process of estimating latent codes.

® To address the issue of the lack of ground truth about the non-uniform motion kernel
In real-world images, we tackle the training set generation in a self-supervised manner.

® Extensive experimental results on benchmark datasets show that the proposed method
significantly outperforms existing state-of-the-art methods and demonstrated excellent
generalization performance from GoPro to other real-world blur datasets.
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