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B4M33DZO(5) Motivation (2/17)

noisy original
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B4M33DZO(5) Motivation (2/17)

noisy original linear smoothing

F FxG
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B4M33DZO(5) Motivation (2/17)

noisy original linear smoothing edge preserving
> 2 " » = r T -

F FxG

?
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BAM33DZO(5) Bilateral Filter (3/17)

Edge-preserving extension of convolution:

(F+G)[s,t] = Z Flz,y] - G[s — z,t — y]

(2,y)EN(s,t)
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BAM33DZO(5) Bilateral Filter (3/17)

Edge-preserving extension of convolution:

(FxGyls,tloc Y Flay]-Gls —a,t —y] - b(Flz,y] = Fls, 1))
(@y)EN(s.t)
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B4M33DZO(5) Bilateral Filter (3/17)

Edge-preserving extension of convolution:

(FxGyls,tloc Y Flay]-Gls —a,t —y] - b(Fla,y] = Fls, 1))
(@y)EN(s.t)
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BAM33DZO(5) Bilateral Filter (3/17)

Edge-preserving extension of convolution:

(FxGyls,tloc Y Flay]-Gls —a,t —y] - b(Fla,y] = Fls, 1))
(@y)EN(s.t)

F*Gb F Gb
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BAM33DZO(5) Bilateral Filter (3/17)

Per-pixel normalization required:

(FrGlstl = Y Flaad-Gls— ot =3 b(Floy] = Flaut)
(z,y)EN(s,t)

W(s,t) [xvy]

F Gb F
W = Z W(s7t)[x7y] = Z G[S_I7t_y] b(F[ZL',y] _F[S7t])
(z,y)EN(s,t) (z,y)EN(s,t)
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B4M33DZ0(5) Parameters (4/17)

ap, = 30
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B4M33DZO0(5) Linear Scale (5/17)

Linear Filteri Daniel



BAM33DZO(5) Logarithmic Scale

Daniel Sy



BAM33DZ0(5) Computational Complexity ann

Bilateral filter:

(F * Gp)[s, t] o Z Flz,y] - G[s — z,t —y] - b(Flx,y] — Fs, t])
(z,y)EN (s,t)
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BAM33DZ0(5) Computational Complexity ann

Bilateral filter:

(F * Gp)[s, t] o Z Flz,y] - G[s — z,t —y] - b(Flx,y] — Fs, t])
(z,y)EN (s,t)

Brute force: O(|F|-|G|)
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BAM33DZ0(5) Computational Complexity ann

Bilateral filter:

(FxG)ls,loc 3 Flayy]-Gls — ot —y]-b(Fle,y] - Fls.f])
(z,y)EN(s,t)

Brute force: O(|F|-|G|)
Problem: expensive for larger |G|

How to compute it faster?
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BAM33DZO(5) Computational Complexity

(7/17)

Bilateral filter:

(FxG)ls,loc 3 Flayy]-Gls — ot —y]-b(Fle,y] - Fls.f])

(z,y)EN (s,t)

Brute force: O(|F|-|G|)

Problem: expensive for larger |G|

How to compute it faster?

method complexity
Piecewise-linear O(|F|)
Bilateral grid O(|F||0])
Box kernel O(|F| - log|G])

Digital Image | Lecture 5: Non-Linear Filtering | Daniel Sfkora & Ondiej Drbohlav (FEE CTU), 2024



B4M33DZO(5) Fast Approximations (8/17)

Bilateral filter with box kernel:

(FxG)ls,loc 3 Flayy]-Gls -t —y]-b(Fle,y] - Fls, f])
(z,y)EN(s,t)
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B4M33DZO(5) Fast Approximations (8/17)

Bilateral filter with box kernel:

(FxG)ls,tloc > Flay]- b(Fla,y] = Fls, t])
(z.)EN (5.1
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B4M33DZO(5) Fast Approximations (8/17)

Bilateral filter with box kernel:

(F*Gb)[sat] x Z F[:Cay] ’ b(F[(L’,y] - F[Svt])
(z,y)EN(s,t)
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B4M33DZO(5) Fast Approximations (8/17)

Bilateral filter with box kernel:

(F % Gy)s st i — Fls,1])
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B4M33DZO(5) Fast Approximations (8/17)

Bilateral filter with box kernel:

(F*Gy)|s, ] stt — Fls,t])/W, W = Znst — Fls,t])
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B4M33DZO(5) Fast Approximations (9/17)

Piecewise-linear bilateral filter:

(FxG)ls,loc 3 Flayy]-Gls -t —y]-b(Fle,y] - Fls, f])
(z,y)EN(s,t)
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B4M33DZO(5) Fast Approximations (9/17)

Piecewise-linear bilateral filter:

(FxG)lstlox S Flayy)-Gls—a,t—y) - b(Fle,y) — i)
(z,y)EN(s,t)
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BAM33DZO(5) Fast Approximations

(9/17)

Piecewise-linear bilateral filter:

(FxG)[sitloc > Fla,yl-b(Fla,y) —i) - Gls — 2, — y]
(o) EN(s.)
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B4M33DZO(5) Fast Approximations (9/17)

Piecewise-linear bilateral filter:

(z,y)EN(s,t)
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B4M33DZO(5) Fast Approximations (9/17)

Piecewise-linear bilateral filter:

(B; * G)[s, t] x Z Bilz,y] - G[s — x,t — y]

oo (#,9)EN(s5,1)

(F'x Gh)ls,t] ~ (ig = Fs,8]) - Liy [s,t] + (Fls,8] = ir) - Liy s, ]
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BAM33DZO(5) Fast Approximations (10/17)

Piecewise-linear bilateral filter:

b(F[z,y] — 50) b(F[z,y] — 100) b(f[x,y] — 150) | b(F[z,y] — 200)
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B4M33DZO(5) FaSt Approximations (11/17)

Bilateral grid:

L\ e

X +——— space — X
(a) input 1D image (b) grid created from 1D image  (c) filtered grid and slicing image (d) filtered 1D image
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BAM33DZ0(5) Noise Suppression (12/17)

original bilateral filter
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BAM33DZO(5) Noise Suppression (13/17)

Video: bilateral filtering in time (virtual exposures)

Digital Tmage | Lecture 5: Non-Linear Filtering | Daniel Sfkora & Ondiej Drbohlav (FEE CTU), 2024



BAM33DZO(5) Tone Mapping (14/17)

How to display HDR image on a device having limited range?

scaling tone mapping

e.g.: (0,65535) to (0,255)
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B4M33DZO(5) Tone Mapping (15/17)

Decompose HDR image to base and detail components:

base
FxG, /W (0, N) — (0,255)

detail

Apply scaling on base image and add details.
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B4M33DZO(5) Tone Mapping (16/17)

linear filter bilateral filter

Edge-preserving bilateral filter avoids unnatural halo effect.

Digital Image | Lecture 5: Non-Linear Filtering | Daniel Sykora & Ondiej Drbohlav (FEE CTU), 2024



B4M33DZO(5) ImPUIse noise (17/17)
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B4M33DZO(5) Median ﬂlter (18/17)
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