» Task Definition of Defocus Control
Users are able to flexibly manipulate sharp and blurred regions in
their captured images.

» Preliminary: Dual-Pixel (DP) Imagery Model
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DP model:

D(i,j) = f x B/Z(i.j) + const = f x B/Z(i,j) C(i,j) = J(f) - D(i, )

Defocus Control:

Cli.J) = T(f) - (D) ~ ) g = rr

(i/,5)eQ: M(i’,5')=1
Tips: Disparity is directly correlated to the amount of defocus blur. Rays
from points of the cone object intersect at the sensor and are in-focused.
The resulting regions in the DP pairs exhibit no disparity.

» Motivation and Model Design
(i) Flexibility: Enable defocus control using simple text prompt.

Qels — Fm (ia Ta qcls) Mtrg — -/__:q (qclsa Fsa,m)

(ii) Interpretability: Learns the defocus map and associated blur kernels
based on mathematical formulation of the DP model.

How to Control:
Fp =2-Tanh (Norm(F¢g)/p) —1 Finie = T (Fa) - Fp

Fcoc =R ® FG + Pfeat (Prgb (anzt))

Kernel Retrieval:

N
— Z a; j(n) K,
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a; ; = S();tma,x (Pk (Avg({Kn},fyzl) ® PCOC(FCOC(i,j))))

(iii) Robustness: An unified invertible deblur-and-reblur framework
using the shared kernel.

Fr(i,5) = Inv( ) _ Fp(i+0i,j + 65) - Ki (54, 65))

= > In'(Fp)(i+ i, j + 65) - K; } (53, 55)
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Kernel Inversion: K-! = r(
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Disparity-aware Kernel Estimation: Disparity information serves
as the blur indication to retrieve suitable kernel for defocus
control.

Invertible Network: By simple inverse mathematical
transformation, we are enable to model the deblurring and
reblurring process based on shared kernel.

When Testing:
. 1
F g( j)=Fp(i,j) — @ Z

(¢,3") €82 : M9 (if 57 ) =1

Fp(i',j)
Loss Function:

Etotal — /:'deb (I i) + L'reb(B B)
+ )\coc ’ ['coc(Ca Prgb(Finit)) + )\grad [,COC(C, Prgb(Finit))

Experiments

Deblurring Performance on DPD-disp dataset
Quantitative Metrics

Medicd Computional Cost

Params (M) Flops (G) PSNRT SSIMt MAEg-1) | MSE_rel5-1) |

single-image defocus deblurring

EBDB - - 2345 0.683 0.49 0.67
DMENet 26.71 4787 2341 0.714 0.51 0.67
RDPD 24.28 901 2539 07912 0.40 0.53
IFAN 10.48 794 25.99  0.804 0.37 0.50
BAMBNet 4.50 1804 2640 0.821 0.36 0.47
DeepRFT 9.60 3682 25.71 0.801 0.37 0.51
Restormer 26.13 4458 26.66  0.833 0.35 0.46

dual-pixel defocus deblurring

DPDNet 31.03 3150 25.13  0.786 0.41 0.55
DDDNet 6.40 1661 2536 0.768 0.41 0.54
K3DN 5.00 1033 26.84  0.829 0.35 0.46

Ours 3.12 495 26.89 0.829 0.33 0.47

Refocusing Performance on DPD-disp dataset
Methods PSNR1 SSIMT MAE(10—1) L LEPIES)

Omni-Kernel' | 18.75 0.692 0.79 31.4
K3DNT 21.72 0.765 0.67 29.7

Ours 2193 D772 0.56 25.1

Refocusing Performance on DP5K dataset
Methods PSNRT SSIMt MAE -1y | LPIPS|

Omni-Kernel™ | 25.32 0.816 0.47 235
K3DN' 30.76  0.943 0.30 14.4

31.21 0953 .33 13.8

Effect of Joint Training

Model Variants PSNRT SSIMt MAE9-1) |

Deblurring Performance

A% fn,«eb I Edeb 26.89 0.829 0.35

Blurry Image B Kernel Selection W Laeb 26.80  0.823 0.35
Reblurring Performance

W Lreb + Lgep  29.18  0.875 0.22

W Leb 29.06 0.863 0.28

Visualization on self-collected Dataset

Z.oom in



