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>>sigma= 16

>> noise = np.random.randn(im.shape[0], im.shape[ 1 ]) * sigma
>> [ =1m + noise

>>1=(I-Lmin()) / (I.max() - I.min())

>> cv2.1mshow('noised', I)

>> cv2.waitKey(0)




>>sigma= 16

>> noise = np.random.randn(im.shape[0], im.shape[ 1 ]) * sigma
>> ] =1m + noise

>>]=(I-Lmin()) / (I.max() - I.min())

>> cv2.1mshow('noised', I)

>> cv2.waitKey(0)




>>sigma= 16

>> noise = np.random.randn(im.shape[0], im.shape[ 1 ]) * sigma
>> ] =1m + noise

>>]=(I-Lmin()) / (I.max() - I.min())

>> cv2.1mshow('noised', I)

>> cv2.waitKey(0)




>>sigma= 16

>> noise = np.random.randn(im.shape[0], im.shape[ 1 ]) * sigma
>> ] =1m + noise

>>]=(I-Lmin()) / (I.max() - I.min())

>> cv2.1mshow('noised', I)

>> cv2.waitKey(0)




>>sigma= 16

>> noise = np.random.randn(im.shape[0], im.shape[ 1 ]) * sigma
>> ] =1m + noise

>>1=(I-Lmin()) / (I.max() - I.min())

>> cv2.1mshow('noised', I)

>> cv2.waitKey(0)
DR —— -




>>sigma= 16

>> noise = np.random.randn(im.shape[0], im.shape[ 1 ]) * sigma
>> [ =1m + noise

>>1=(I-Lmin()) / (I.max() - I.min())

>> cv2.1mshow('noised', I)

>> cv2.waitKey(0)




>>> from matplotlib import pyplot, cm

>>> width, sigma = 19, 3 J
>>> h = cv2.getGaussianKernel(width, sigma) ,\
>>>7=h@h.T |
>>> X =Y = np.arange(-width//2, width//2, 1) s
>>> XY =np.meshgrid(X, Y)

>>> fig, ax = pyplot.subplots(subplot kw={'projection': '3d'})

>>> surf = ax.plot_surface(X, Y, Z, cmap=cm.coolwarm) {
>>> ax.set_axis_off() |

>>> pyplot.show()

A — e —




>>> from matplotlib import pyplot, cm

>>> width, sigma =19, 3 I
>>>h = cv2.getGaussianKernel(width, sigma) |
>>>7=h@h.T |
>>> X =Y = np.arange(-width//2, width//2, 1)

>>> XY =np.meshgrid(X, Y)

>>> fig, ax = pyplot.subplots(subplot kw={'projection': '3d'})

>>> surf = ax.plot_surface(X, Y, Z, cmap=cm.coolwarm)

>>> ax.set_axis off() |
>>> pyplot.show() —‘g




>>> from matplotlib import pyplot, cm
>>> width, sigma =19, 3 ‘
>>> h = cv2.getGaussianKernel(width, sigma)
>>>7=h@h.T

>>> X =Y = np.arange(-width//2, width//2, 1)

>>> XY =np.meshgrid(X, Y)

>>> fig, ax = pyplot.subplots(subplot kw={'projection': '3d'})
>>> surf = ax.plot_surface(X, Y, Z, cmap=cm.coolwarm)
>>> ax.set_axis_off()

>>> pyplot.show()

W—F S -




>>>h = cv2.getGaussianKernel(width, sigma)

>>>7=h@h.T



>>> from matplotlib import pyplot, cm

>>> width, sigr-~— "= {
>>>h = cv2.get t‘i% E Kernel(width, sigma)

>>>7 =h @

>>> X =Y = np.arange(-width//2, width//2, 1)

>>> XY =np.meshgrid(X, Y)

>>> fig, ax = pyplot.subplots(subplot kw={'projection': '3d'})

>>> surf = ax.plot_surface(X, Y, Z, cmap=cm.coolwarm)
>>> ax.set_axis_off()

>>> pyplot.show()

DR ——— ——  — ——————



>>> from matplotlib import pyplot, cm

C esscmomee |
>>>h =V %E BE ﬁ7£ nel(width, sigma)
>>>7 =K @NT

>>>X =Y = .arange(—width//2, width//2, 1)

>>> XY =np.meshgrid(X, Y)

>>> fig, ax = pyplot.subplots(subplot kw={'projection': '3d'})
>>> surf = ax.plot_surface(X, Y, Z, cmap=cm.coolwarm)
>>> ax.set_axis_off()

>>> pyplot.show()

DR ——— ——  — ——————



>>>h = cv2.getGaussianKernel(width, sigma)

>>>7=h@h.T



>>> from matplotlib import pyplot, cm

>>> width, sigma = 19, 3 l
>>> h = cv2.getGaussianKernel(width, sigma)
>>>7=h@h.T

>>> X =Y = np.arange(-width//2, width//2, 1)

>>> XY =np.meshgrid(X, Y)

>>> fig, ax = pyplot.subplots(subplot kw={'projection': '3d'})
>>> surf = ax.plot_surface(X, Y, Z, cmap=cm.coolwarm)
>>> ax.set_axis_off()

>>> pyplot.show()

DR ——— ——  — ——————



>>> from matplotlib import pyplot, cm
>>> width, sigma =19, 3

>>> h = cv2.getGaussianKern="" "~

>>>7 =h @gh.T |'E|] TH‘R% B’%

>>>X =Y = np.arange(-wic@ width//2, 1)

>>> XY =np.meshgrid(X, Y)

>>> fig, ax = pyplot.subplots(subplot kw={'projection': '3d'})
>>> gurf = ax.plot_surface(X, Y, Z, cmap=cm.coolwarm)
>>> ax.set_axis_off()

>>> pyplot.show()

AR ————— ——  ——e——1



>>> fig, ax = pyplot.subplots(subplot kw={'projection': '3d'})

>>> gurf = ax.plot_surface(X, Y, Z, cmap=cm.coolwarm)

>>> ax.set axis_off()

>>> pyplot.show()




>>> from matplotlib import pyplot, cm

>>> width, sigma =19, 3 J
>>> h = cv2.getGaussianKernel(width, sigma) ,\
>>>7Z=h@h.T |
>>> X =Y = np.arange(-width//2, width//2, 1) s
>>> XY =np.meshgrid(X, Y)

>>> fig, ax = pyplot.subplots(subplot kw={'projection': '3d'})

>>> surf = ax.plot_surface(X, Y, Z, cmap=cm.coolwarm) {
>>> ax.set_axis_off() |

>>> pyplot.show()

A — e —




>>>1m = cv2.1mread('Avengers.png', cv2.IMREAD GRAYSCALE)
>>> [ = cv2.filter2D(im, -1, g, cv2.BORDER REFLECT)
>>> cv2.1mshow('Avengers', I)

>>> cv2.waitKey(0)
o - R




>>>im = cv2.imread('Avengers.png’, cv2.IMREAD GRAYSCALE) ¢
>>> [ = cv2.filter2D(im, -1, g, cv2.BORDER REFLECT)
>>> cv2.1mshow('Avengers', I)

>>> cv2.waitKey(0)
- - R ———




>>>1m = cv2.1mread('Avengers.png', cv2.IMREAD GRAYSCALE) ¢
>>> [ = cv2.filter2D(im, - 1, g, cv2.BORDER REFLECT) }
>>> cv2.imshow('Avengers', I)

>>> cv2.waitKey(0)
- - ——————OS




—E
>>> lm — CV2 lmread( iﬁ LEI &*E %v%Lij:iﬁ;u UKAY bCALE) |
>>>] = cv2 filter2D(im{ - 1,2, cv2. BORDER_REFLECT) |

>>> cv2.imshow('Avengers', 1)
>>> cv2.waitKey(0)
- - R




>>>1m = cv2.imread('Avengers.png', cv2.IMREAD GRAYSCALE)
>>> [ = cv2.filter2D(im, -1, g, cv2.BORDER REFLECT)
>>> cv2.1mshow('Avengers', I)

>>> cv2.waitKey(0)
e e -



>>>1m = cv2.1mread('Avengers.png', cv2.IMREAD GRAYSCALE)
>>> [ = cv2.filter2D(im, -1, g, cv2.BORDER REFLECT)
>>> cv2.1mshow('Avengers', I)

>>> cv2.waitKey(0)
o - R

























TEER R
' ' | i L
cv2.BORDER WARP

Py,

. - | F) |

‘—1 i - A
ST -






Jz
e
\;\. i

quh 1ﬂﬁuﬁﬂﬁ

E%‘J /)f /&Z

' CV2. BORDER REPLICATE
KW ’h







 ¢cv2.BORDER REFLECT |

o= 1% | I A’h



Python |i]
L 4 M 5 3




A109 R
MIE F{EH
Pl Ry

Gl
’qflﬁ.:&ﬂ% T



ERENMIE LENINRE



— P EEENEESHRE, ERRLEFT—1TEVER



N
4

i

0
0
0

0
0
0

Hlx,y]

00|01 0]0]0O0

00|01 0]0]0O0

0(0|010]0]0O0

0(0]010]07]0

010(0[0]0]O0

0[0|010]0]0O0

Glu, v]

Flx,y]



0

N\

i

0[0|0[0]0]|O

0
0
0

0

0

Hlx,y]

0[0|]0}J0]0]0O0

0(0|]0}J0]0]0

0[0]0}J0]0]0

0(0]010]07]0

0[0|010]0]0O0

Glu, v]

Flx,y]



0
0

0[0|0[0]0]|O
0([0|0[0]0]|O

0

0
0
0

0

0

Hlx,y]

00|01 0]0]0O0

010|001 0]0

010|001 0]0

0(0]010]07]0

0[0|010]0]0O0

Glu, v]

Flx,y]



0
0

0[0|0[0]0]|O
0([0|0[0]0]|O

0

0
0
0

0

0

Hlx,y]

00|01 0]0]0O0

010|001 0]0

010|001 0]0

0(0]010]07]0

0[0|010]0]0O0

Glu, v]

Flx,y]



0
0

0[0|0[0]0]|O
0([0|0[0]0]|O

0

0
0
0

0

0

Hlx,y]

00|01 0]0]0O0

0[0J0[0]0]0O

0[0J010]0]0O0

0(0]010]07]0

0[0|010]0]0O0

Glu, v]

Flx,y]



0
0

0[0|0[0]0]|O
0([0|0[0]0]|O

0

0
0
0

0

0

Hlx,y]

00|01 0]0]0O0

0[0J0[0]0]0O

0[0J010]0]0O0

0(0]010]07]0

0[0|010]0]0O0

Glu, v]

Flx,y]



0
0

0[0|0[0]0]|O
0([0|0[0]0]|O

0

0
0
0

0

0

Hlx,y]

00|01 0]0]0O0

0[0|]0}J0]0]O0

00|00 ]0]0O0

0(0]010]07]0

0[0|010]0]0O0

Glu, v]

Flx,y]



0
0

0[0|0[0]0]|O
0([0|0[0]0]|O

0

0
0
0

0

0

Hlx,y]

00|01 0]0]0O0

0[0|]0}J0]0]O0

00|00 ]0]0O0

0(0]010]07]0

0[0|010]0]0O0

Glu, v]

Flx,y]



0
0
0

h|lgl|0

0

0[0|0[0]0]|O
0([0|0[0]0]|O

0

0
0
0

0

0

Hlx,y]

00|01 0]0]0O0

00|01 0]0]0O0

010|010} 0]0

010|010} 07]0

0[0|010]0]0O0

Glu, v]

Flx,y]



0
0
0

h|lgl|0

0

0[0|0[0]0]|O
0([0|0[0]0]|O

0

0
0
0

0

0

Hlx,y]

00|01 0]0]0O0

00|01 0]0]0O0

010|010} 0]0

010|010} 07]0

0[0|010]0]0O0

Glu, v]

Flx,y]



0
0
0
0

0
0

d| 0

h|lgl|0

C

f

0
0

0[0|0[0]0]|O
0([0|0[0]0]|O

0

0

0(0|0[0]0]|O
0(0|0[0]0]|O

0
0
0

0

0

Hlx,y]

00|01 0]0]0O0

00|01 0]0]0O0

0(0|010]0]0O0

0(0]010]07]0

0[0|010]0]0O0

Glu, v]

Flx,y]



0
0
0
0

0
0

N\

d| 0

7

h|lgl|0

C

f

0
0

0[0|0[0]0]|O

0([0|0[0]0]|O

0

0

0({0[0]0]0{O0

0(0|0[0]0]|O

0
0
0

0

0

Hlx,y]

00|01 0]0]0O0

00|01 0]0]0O0

0(0|010]0]0O0

0(0]010]07]0

0[0|010]0]0O0

Glu, v]

Flx,y]

Bl i T

)

N
oty



0
0
0

0

0

Hlx,y]

00|01 0]0]0O0

00|01 0]0]0O0

0(0|010]0]0O0

0(0]010]07]0

0[0|010]0]0O0

Glu, v]

Flx,y]
1T 3B G o R R ?




Q o (@ i oV)

0O|]0]O0O[O[O|O0]O
0O|]0]O0O[O[O|O0]O
0O]0]O0O[O[O]|O0]O
O]0]O0[1[O0O]O0]O
0O]0]O0O[O[O]|O0]O
Ol1o(o0ofo0of{0]0]O0
0O]0]O0O[O[O|O]O
Flx,y]
4 e 36 G B L

S EE R ?

R85 28



0
0
0

0
0
0

Hlx,y]

00|01 0]0]0O0

00|01 0]0]0O0

0(0|010]0]0O0

0(0]010]07]0

0({0[0]0]0]O0

0[0|010]0]0O0

a

Glu, v]

Flx,y]

AR Sy R R 7

i

R#%



O[]0l O0O[O]O0O([O0O0]O
O[]0l O0O[O]O0O([O0O0]O
O[]0l O0O[O]O0O(O0O0]O
O[]0l O0[1]10(0]O0
O[]0l O0O[O]O0O([O0]O
0O]0]O0O[O[O]O0]O
O[]0l O0O[O]O0O([O0O0]O
Flx,y]
G 4o 3% 5o e 1

S EE R ?

RE¥C IR oe



40y,

olojlo|lolo]O0]oO
olojlo|lolo]O0]oO
olojlo|lolo]O0]oO a|blc
ololo|1]lo]0o|lO]| = dle| f
olojlo|lolo]O0]oO g | h|i
olojlo|lolo]O0]oO
olojlo|lolo]0]oO

Flx,y] Hlx,y]
eI 5B G b HH SR B2 TR 2

RE¥C IR oe



#

<2\ ah

CHRB AR/ QK + 1) x 2K + 1)




#

LTHEHMEHNEARNARK +1) x (2K + 1)

Hlx,y] = i i Flx —u,y — v]G|u, v]

u=—K v=—K




CHRB AR/ QK + 1) x 2K + 1)




SBHMEBHINEAKRNMNACK +1) X 2K + 1)

Hlx,y] = i i Flx —u,y — v]G|u, v]

u=—K v=—K

ZAMESH, iLfEH = F G



SuamlERNE O AN AQRK +1) X (2K + 1)

Hlx,y] = z z Flx +u,y + v]Glu, v]

u=—Kv=—K

ZRNMEEIRX, ifEH = FQG



BIENHEAANIQK +1) x 2K +1)

ZRNMEEIRX, ifEH = FQG



K K
Hlx,y] = z Z Flx —u,y—v]|Glu,v]

u=—K v=—K

ZRMESTR, IEEH = F G



K K
Hlx,y] = z z Flx —u,y —v]G|u, v]

u=—Kv=—K

ZRAMESTR, IEEH = F+G

.®

. *




R

K
Hlx,y] = z Z Flx —u,y—v]|Glu,v]

u=—K v=—K

Flx,y] = 6[x,y] = Flx,y]



B &

K
Hlx,y] = z Z Flx —u,y—v]|Glu,v]

u=—Kv=—K

ZMEH
G * (aFl[x'y] +,8F2[X,y]) — aHl[xly] +,BH2[X,y]



B &

K
Hlx,y] = z Z Flx —u,y—v]|Glu,v]

u=—Kv=—K

FHREM
G*F[x—a,y—ﬁ]=H[x—a,y—,B]



R

K
Hlx,y] = z Z Flx —u,y—v]|Glu,v]

u=—Kv=—K

WA SES
G* (Elx,y] + Flx,y]) = (G xE[x,y]) + (G * F[x,y])






(Elx,y] = Flx,y]) * G|x,y] = E|x,y] * (Flx,y] * G|x, y])
R B2 P T 1 s o
HETRA— /e



R

K
Hlx,y] = z Z Flx —u,y—v]|Glu,v]

u=—Kv=—K

XHutE
Flx,y] = Glx,y] = G|x,y] = F|x, y]



kB ..












R E R

E3h gy



R E R




R E R




R E R




K

K
Hlx,y] = z Z Flx —u,y—v]|Glu,v]

u=—K v=—K



K K
Hlx,y] = z Z Flx —u,y—v]|Glu,v]

LRERERES S IRIF?



K K
Hlx,y] = z Z Flx —u,y—v]|Glu,v]

LSRR ETESVNRIE?
(2K + 1)2



(R BB A% o] AU BX



BRI 2% o] A S B
Flx,y] = Ulx]V]y]



BRI 2% o] A S B
Flx,y] = Ulx]V]y]
ZIREERIRET 2 E Y



BRI 2% o] A S B
Flx,y] = Ulx]V]y]
ZIREERIRET 2 E Y

AL ERE R



BRI R 2 o] BB BY,
Flx,y] = Ulx]V]y]




BRI R 2 o] BB BY,
Flx,y] = Ulx]V]y]




(R BB AR o AU BX

Flx,y] = Ulx]V]y]

HNIBIRERE X



{BRSR IR =% o] IABUS B
Flx,y] = Ulx]Vly]

Hx F = z Z H[U,U]F[x_uJy_v]
v=O;00 u=O;°° RNBIEEEE X

= Z Z Hlu,v]U[x — u]V]y — v]

V=—00 Y=-—00



(R BB AR o AU BX

Flx,y] = Ulx]V]y]

Hx*F = z z Hlu,v]F|x —u,y — v]
R RNIBBAE X

— Z Z Hlu, v]U[x — u«[y =4

vV=—00 U=—00

et Bl



BRI R 2 o] BB BY,
Flx,y] = Ulx ]V[y]

Z Hlu,v]F|x —u,y — v]

=o; - RNTBEREE X

=Y EF



BRI R 2 o] BB BY,
Flx,y] = Ulx]V]y]

Hx*F = z z Hlu,v]F[x —u,y — v]
vETeousT® RNIBE =R E X
= Z Z Hlu,v]U[x — u]V][y — v]
SN RUEET




BRI R 2 o] BB BY,
Hxﬂ—U[WU]




(R BB AR o AU BX

Hxﬂ—U[WU]

1’&]\/)% /EZ%%/EX

Vly — v]

et Bl



(R BB AR o AU BX

Flx,y] = Ulx]V[y]
3 S e
v=(;00 u=o;°° RNIREEERE X
Z Z Hlu —ulV[y — v]
e — R T




BRI R 2 o] BB BY,
Flx,y] = Ulx]V]y]

HNIBIRERE X

x —ul]V]y —v]

=Y EF



BRI R 2 o] BB BY,
Flx,y] = Ulx]V]y]

HNIBIRERE X

x —ul]V]y —v]

=Y EF



BRI R 2 o] BB BY,
Flx,y] = Ulx ]V[y]

Z Hlu,v]F|x —u,y — v]

=o; - RNTBEREE X
Z z Hlu,v]U[x — u]V][y — v]

et Bl




BRI R 2 o] BB BY,
Flx,y] = Ulx]V]y]

o RNTBIE IR E X
Z ZHuv lx —ulV|]y — v]
R RHET

ZV — v] ZHuv lx —u

%ﬁﬁ%{%*%%&“’ﬁ*ﬂf’



BRI R 2 o] BB BY,
Flx,y] = Ulx]V]y]

RNITBIR R E X

Z ZHuv lx —ulV|]y — v]
ZV — ] ZHuv lx —u

mgzm¢%¢°
sREERRES D IRE X

REET



K K
Hlx,y] = z Z Flx —u,y—v]|Glu,v]

LSRR ETESVNRIE?
(2K + 1)2



S Y 5N

R EUA N



S Y (N

R4

R EUA N



S Y (N

R4

R EUA N



S Y (N

AT

R EUR N



IERA2D S TR K ss = I 2 = 1Y



IERA2D S TR K ss = I 2 = 1Y

1 x4 + y?
2102 exP 202

G(x,y) =



WEBA2D S BRI R s = 0] 0 & HY
1 x2 + y?
2102 P 207

1 x? y?
—_ 27_[0_2 €Xp 20_2 eXp 20_2

G(x,y) =




G(x,y) =

WERA2D S HT R sy = 0 7 & Y
1 x? + y?
2102 exP 202
1 x2 y2
2702 2P 202 exP 202

o020 o
exp| —— ex
oV 2m P\ 7202 oV 2T P




G(x,y) =

WERA2D S HT R sy = 0 7 & Y
1 x? + y?
2102 exP 202
1 x2 y2
2702 2P 202 exP 202

e (o)l
Gmexp 20% )| |o Znexp
G (x)G(y)




(5] gy

\

% H = GRF

K K
_ z z Glu, v]F[x + w7y + v]

u=—K rv=—-K

£ H=G+F
K

z Z Glu,v]F[x —u,y — v]

—K v=—-K



HiHX H=G®F




Bfx H=GQF @/[iﬁ

K

K
Hlx,y] = 2 2 Glu, v]F[x +u,y + v]

u=—-Kv=-K

i-\j-:q‘:;(-\j-%ﬂgiﬁ%%, S B ADNE

HH H=G*F

K

K
Hlx,y] = z Z Glu, v]F|x —u,y — v]

u=—Kv=—K



BfX H=GQ®F
K K
— 2 2 Glu, v]F|x +u,y + v]
u=-Kv=-K
=19
3 F s, WAt AP
XX F

HIR H=G+*F
K

— i Z Glu, v]F|x —u,y — v]

u:—K ’U=—K

(5] gy

\









Sy 0












TN




TN




%ﬁﬂﬂ’]?ﬁﬁ



%ﬁﬂﬂ’]?ﬁﬁ



— k]
AR N
\ \ ~ V’ ./; :1::.:13. : \\
7 A B
G
n [

AR Y “BLF IR BALHY



m .

" Si{LEY



e B w
















O =







® 0 0 ﬁlmage kernels explained « x|
FE——

—

| |be |
n

€& = C' |[J setosa.io/ev/image-kernels/ a

Back

Image kernels
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By Victor Powell

An image kernel is a small matrix used to apply effects like the ones you might find in Photoshop or Gimp, such as blurring,
sharpening, outlining or embossing. They're also used in machine learning for ‘feature extraction', a technique for determining the
most important portions of an image. In this context the process is referred to more generally as "convolution” (see: convolutional
neural networks.)

To see how they work, let's start by inspecting a black and white image. The matrix on the left contains numbers, between O and 255,
which each correspond to the brightness of one pixel in a picture of a face. The large, granulated picture has been blown up to make
it easier to see; the last image is the "real" size.
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Image kernels

Explained Visually
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By Viclor Powell

Animage kernel is a small matrix used to apply effects like the ones you might find in Photoshop or Gimp, such as blurring,
sharpening, outlining or embossing. They're also used in machine learning for ‘feature extraction', a technique for determining the
most impartant portions of animage. In this context the process is referred to more generally as "convolution” (see: canvolutionzl
neliral networks.)

To see how they work, let's start by inspecting a black and white image. The matrix on the |eft contains numbers, between O and 255,
which each correspond to the brightness of one pixel in a picture of a face. The large, granulated picture has been blown up to make
it easier to see; the last image is the “real” size.
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Image kernels
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By Victor Powell

Animage kernel is a small matrix used to apply effects like the ones you might find in Photoshop or Gimp, such as blurring,
sharpening, outlining or embossing. They're also used in machine learning for ‘feature extraction', a technique for determining the
most impartant portions of an image. In this context the process is referred to more generally as "convolution® (see: canvolutionzl
neural netwarks.)

To see how they work, let's start by inspecting a black and white image, The matrix on the left contains numbers, between C and 255,
which each correspond to the brightness of one pixel in a picture of a face. The large, granulated picture has been blown up to make
it easier to see; the last image is the "real” size.
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Bilateral Filtering for Gray and Color Images

C. Tomasi *

Computer Science Department
Stanford University
Stanford, CA 94305
tomasi@cs.stanford.edu

Abstract

Bilateral filtering smooths images while preserving
edges, by means of a nonlinear combination of nearby
image values. The method is noniterative, local, and sim-

Ve ' —:~l av ~olore hased on both their

R. Manduchi

Interactive Media Group
Apple Computer, Inc.
Cupertino, CA 95014

manduchi@apple.com

we prevent averaging across edges, while still averaging
within smooth regions? Anisotropic diffusion [12, 14] is a
popular answer: local image variation is measured at every
point, and pixel values are averaged from neighborhoods
whose size and shape depend on local variation. Diffusion

I !
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