A BILATERAL FILTERS FOR DE-NOISING
NOISY IMAGES

Hawkar Q. Birdawod
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Can we (humans) denoise?
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i Denoising

= Input (scanned) mode
= Additive noise

= Noise free model
= Preserve features

filte




i Filter Functions

= Noise removal
= Image smoothing
= Preserve features



* How to Compute Every Pixel
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Sources of Noise

Additive Noise
(read+amplifier noise)

Multiplicative Noise
(shot noise)
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Problem Definition

MSE / PSNR

Visual Quality

Mean Square Error
MSE = [|% — x||3

Peak Signal-to-Noise ratio

PSNR = 201 —255
= 0d10
v MSE




Image Denoising

noisy imége naive denoising better denoising
Gaussian blur edge-preserving filter

Smoothing an image without blurring its edges.



Basic denoising

Noisy input Median 5x5
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Basic denoising

Noisy input Bilateral filter 7x7 window




Tone Mapping

HDR input
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Gaussian Blur

per-pixel multiplication

input output

x*

average













Equation of Gaussian Blur

Same idea: weighted average of pixels.

GBI1], = )G, (p=all)/,

normalized
Gaussian function
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Spatial Parameter
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Gaussian Smoothing




Toy Example

How can we preserve the fine detai




Properties of Gaussian Blur

e Does smooth images

e But smoothes too much:
edges are blurred.
- Only spatial distance matters
- No edge term

GBL1], = > (GRllBEal /.
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Bilateral filtering

Gaussian : . Log(Intensity) e
VI Smoothing g S W Bilateral Smoothinggl A\
‘;\:'.‘-‘ g ; \ ‘l | l 2
/ X ' e i ' /P
. " . \ <

-»

[Ben Weiss, Siggraph 2006]



I Slides taken from Sylvain Paris, Siggraph 2007 I

Gaussian Smoothing
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Same Gaussian kernel everywhere
Averages across edges = blur




I Slides taken from Sylvain Paris, Siggraph 2007 I

Bilateral Filtering
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Kernel shape depends on image content
Avoids averaging across edges




Bilateral Filter Definition

Same idea: weighted average of pixels.
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Gaussian Blur and Bilateral Filter

Gaussian blur

G, (Ip-ql)7,

Y P

Bilateral filter
[Aurich 95, Smith 97, Tomasi 98]

BF[I], 26 G, (lp—al)G (17,=1,1)/,
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Bilateral Fi
ilter on a Hei
eight Field
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Space and Range Parameters

1
— > 6. (Ilp-allG, (11,-1,1)1,
Wp qeS ﬁ ﬁ

e space g, : spatial extent of the kernel, size of
the considered neighborhood.

BF[I], =

e range ¢, : “minimum” amplitude of an edge



Influence of Pixels

Only pixels close in space and in range are considered.

space




Bilateral Filtering
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Exploring the Parameter Space

Op = @©
0=0.1 c,=0.25 (Gaussian blur)




Varying the Range Parameter

Op = @©
0=0.1 c,=0.25 (Gaussian blur)

-
















0, =
(Gaussian blur)
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Which image do you prefer?
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Any questions?




