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BACKGROUND: KPN

Image Denoising
* Recover clean images from noisy input images
« Noise Model: I¥ =1, +¢;. e ~ N(:’f,crf-:r asli)
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BACKGROUND

Image Denoising

» Bottleneck:
» Loss of high-frequency details
* Blending colors across edges

 Over-smooth

Noisy Image Ground Truth Denoise Result



BACKGROUND

Image Denoising Guided by Flash
« Contain high-frequency details
» Serve as edge-stopping functions

* Bottleneck: Additional image structures
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METHOD: Deep Combiner

* For Noisy Image:
I@N = I; + ¢

 For Flash/No-flash Pairs:
I —I =1~ I +e

« To estimate the c-th pixel i
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METHOD: Deep Combiner

Convolutional neural n
—>
nhetwork

Combination weights
(we;)

T Denoised image I
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METHOD

Drawbacks

Ground Truth/Flash Image

If_IiF:Ic_Ié‘i‘ecé

Noisy Image Combination Weights

Result
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METHOD

Improvement

Flash image I*

Convolutional neural
network

Infer consistent
flash image

Combination weights
(we;)

No-flash image IV

Denoised image [
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METHOD

* Deep Combiner:
If—[,f = S — e E
 RIDFnF:
(he x IF) = (ke * IT), = 1. — I; + €
+ To estimate the c-th pixel I..
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minimized by setting its gradlents W|th respect to /. and i, zero
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METHOD

» Setting 37

* Plug this equation into
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METHOD

Network Architecture

g n QOur combination (Eq. 7)
B~ e Convolutlonal kernel + i
Flash image I'¥ (k) , o . AB
+ Convolution Combination WS

w : n 11 Denoised image [

Convolutional Consistent flash patch

neural network (kc e F)

—_| Combination weights
No-flash image IV (wei)

Network Details
k. a normalized kernel whose elements are non-negative

k. size: (7X7) Q. size: (15X 15)

Training loss: L2 Loss

Trainable parameters: 1.84M



METHOD

Ground Truth/Flash Image

Noisy Image

Consistent flash

DC Weights

RIDFNnF Weights

Result of DC

Result of RIDFnF
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EXPERIMENTS

Datasets: Flash and Ambient llluminations Dataset(FAID)
 Includes 2775 flash/no-flash image pairs categorized into six classes

« 2263 for training, 256 for validation, 256 for testing

Training Detalls

« Training for 50 epochs

* Learning rate: 5e-4 — 1e-4
« Image patches: (64x64)

» Batch size: 64



EXPERIMENTS

Comparisons using Gaussian noise

‘
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Shelves 055 No-flash image  Flash image BM3D FFDNet CU-Net Ours Ground truth
(37 04/0.9837) (37.59/0.9852) (35. 52 / 0 9783) (37.46/0.9854) (37.23 / 0 9838) (38.01/0.9868) (PSNR /SSIM)

Toys 371
(34. 37/ 0 9700) (35.18 /0 9765) (33. 38 / 0 9598) (35. 02 / 0 9726) (35.55 / 0 9748) (36. 23/0 9794) (PSNR/ SSIM)

People 161 No- ﬂash 1mage Flash image Uformer-B Ground truth
) (32. 62 / 0 9095) (34.03 /0.9377) (33. 66 / 0 9243) (35. 90 / 0 9547) (36. 59 / 0 9567) (37. 18 /0.9642) (PSNR / SSIM)

‘ f:. { m .

Rooms 215 - i Flash image BM3D Restormer - DC Ground truth

(6=175) (31.12/0.9434) (32.29/0.9578) (33.03/0.9629) (34.55/0.9738) (35.50/0.9771) (36.08 /0.9799) (PSNR / SSIM)
Noise Level | Method | BM3D FFDNet Uformer-B Restormer DJF CU-Net DC Ours
o — 95 PSNR 1 | 35.72 36.19 36.58 36.32 34.51 36.47 36.75 37.09
B SSIM 1 | 09621  0.9654 0.9681 0.9665 0.9524 0.9673 0.9684 0.9710
o — 50 PSNR 1 | 32.65 33.50 34.04 33.88 32.11 33.87 3471 35.02
o SSIM 1 | 09348 0.9461 0.9515 0.9500 0.9295 0.9506 0.9558 0.9595
o =T5 PSNR 1 | 30.89 31.82 32.31 32.60 30.36 32.29 33.31 33.62
o SSIM 1 | 09120 0.9298 0.9361 0.9400 0.9082 0.9369 09442 0.9491
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EXPERIMENTS

Comparisons using Real Noise

(a) No-flash image (b) Flash image (c) BM3D

(d) FFDNet

(e) DJF

(f) CU-Net

(g) DC




EXPERIMENTS

Analysis using misaligned flash/no-flash pairs

(a) No-flash image  (b) Flash image
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EXPERIMENTS

Ablation studies
« Different consistent flash generations
» (Gaussian
Produce the band-width of a Gaussian filter per pixel
* Direct

Produces consistent flash images

Mittisis DC Gaussian  Direct  Convolutional k.
PSNR 1+ PSNR1T PSNR1 PSNR 1

g =25 36.75 36.98 37.02 37.09

o= dl 34.71 34.92 34.89 35.02

=19 33.31 33.54 33.45 33.62




EXPERIMENTS

Analysis of convolutional kernel sizes

« Varying the kernel size K xK from 1x1 to 9x9

Raradlidne i | 3 X 3 5% 5 i 9x9
PSNR T PSNR 1+ PSNR 1+ PSNR 1 PSNR 1

&'—=2h 36.75 37.02 37.07 37.09 37.10

g =9l 34.69 34.97 35.00 35.02 35.02

o —i 33.29 3398 33.61 33.62 33.61

Inference time | 0.76s  0.78 s LIZ2s 1.70s  2.66s
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CONCLUSION

Discussion of limitations and future work
* The benefit disappear when flash image doesn’t capture high-frequency details

* Do not explicitly model a misalignment

|- ‘1{ TR 8 O TG
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(a) No-flash image (b) Flash image (c) BM3D (d) FFDNet
(c=175) (28.13/0.9294) (29.37/0.9495)
o - g o

(e) DJF (f) CU-Net (g) DC (h) Ours (1) Ground trut
(26.85/0.9166) (28.37/0.9382) (30.01/0.9533) (30.21/0.9561) (PSNR /SSIM)
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CONCLUSION

 Infer a consistent image patch, which is structurally similar to the ground truth, by

applying per-pixel convolutional kernels to an input flash image locally.

« We combine a noisy no-flash image and inferred consistent image locally via a new

combination model and output a denoised no-flash image.



Thanks for listening!



