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What is an image?

We can think of an image asa function, £ fromRE2to
E.

* A x y)gives the intensity of a channel at
position (L, F )

* Realistically, we expect the image only to be
defined over a rectangle, with afinite ran ge:

= [eblxfe.d] = [0,1]

A colorimage is just three functions pastedtogether.
We can write this as a “vector-valued” function:

iz y)
Flxy)=|glxy)
&(x, ¥)

Images as functions




What is a digital image?

In computer graphics. we usually operate on digital
(discrete) images:

* Sample the space on areqular grid

* Quantize each sample {round to nearest
integer)

Ifour samples are Aapart, we can write this as:

i j1 = Quantize] Gid, fA)§
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Image processing

An image processing operation typically definesa
new image g in terms of an existing imacge f

The simplest operations are those that transform

each pixel in isolation. These pixelto-pixel
operations can be written:

glx, yl=tfix,yl)
Examples: threshold, RGB — grayscale

Mote: atypical choice for mappingto grayscale isto
apply the Y1 Q television matrix and keep the Y.
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Pixel movement

Some operations preserve intensities, but move
pixels aroundin the image

gix, )y = F(x(x, ), ¥(x, 0

Examples: many amusing warps of images

[Show image sequence.]
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Noise

Irmage processing is also useful for noise reduction and
edge enhancerment. We will focus on these applications

forthe remainder of the lecture...

Impulse noise Cramssian noise

Comimon types of noise:

+ Salt and pepper noise: contains random
cccurrences of blackand white pixels

+ Impulse noise:contains random ocourrences of
white pixels

*  Gaussian noise: variations inintensity crawn froma
Gaussian normal distribution




ldeal noise reduction

ldeal noise reduction

Practical noise reduction

How can we “smooth” away noise in a single image?

H(x)
ﬂ X

i

Isthere a more abstract way to represent this sort of
operation? Ofcourse there is!

—

Convolution

One of the most common methods for filtering an
image is called convelution.

In 10, convolution is defined as:
glx)= fiz)=h(x)

= T Fiahlx— xdx!

—

Fixkix - ndx

E

where .Ez(x) =hi{-x).

Example:




Discrete convelution

Foradigitalsknal we de ine discrete conwolution
E 4

glnl =¢1rl*hln]

=TI —-nl
= FnHn'-n|
Z

whereHnl= .

Asice: AN
APIRALE
ome can show that convalution has some conve nlent

properties. Ghen functionsa b {;'u'( Djmt—“‘l{(_
a*bh=b*g ||+“r t L\

[a*b)*c = awb*c)

a*[b+c)=arbsare

well ma ke use of these properties kter...
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Convolution in 2D

In two dimensions, convolution becomes:
glx y)=Flx y)=hiz y)

= [ ] Al yhhta- 2,y - yldady'

o

= | | Flxt yhh(x'=x, y- Yidedy!

- =

where fz(x, ¥i=hi-x -y

Discrete convolution in 2D

Similarly, discrete convealution in 20 is:

gln,m]= f[n,m]=h[n, m]

=23 fln' mhln-n'm-m'
= Z Z fln', m1Rln'- n,m'=m]

meont

where A{n,m]=h-n,—m].
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Convolution representation

since fandh are defined over finite regions, we can
write them out in two-dimen sional array s:

128 54 9 78 100
145 o8 240 233 86
59 177 246 228 127
67 90 255 237 95
106 11 128 167 20
221 154 07 123 0 A4 i{;
I U
_ thﬂ
X0.1 X 0.1 X0.1 -f'ﬂ'?f s Mn*’#"}\
X0.1 x02|  xou I
X 0.1 X0.1]  xo. Kecnt]

MNote: This is not matrix multiplication!

@: What happens at the edges?

l&




Mean filters

How can we reprasent our noise-reducing averaging
asaconvolution filter (know as a mean filter)?

Effect of mean filters

Gaussian Saltand pepper
noise nojise

3x3

5x5

%7

Gaussian filters

Gaussian filters weigh pixels based on their distance
from the center of the convelution filter. In
particular:

—(n?+m? /(22

hln,m]=
C
This deesa decent job of blurring noise while
preservin g features of the image.
What parameter controls the width of the Gaussian? 6

What happens to the image as the Gaussian filter ‘._-
kernel gets wicler? ol Wi r

What isthe constant £ What shouldwe setit to?
L
~(nt4e. 5/2-62'
C= 2e

M
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Effect of Gaussian filters

Gaussian Salt and pepper
noise noise

5x5

a7




Median filters
A median filter operates over an oo region by
selecting the median intensity in the region.

What advantage dozsamedian filter have over a

mean filter? ¢ ) j{ ?rfagmaﬁu ibnile 5;__‘3‘{1\;1 G.J/bf
Isamedian filter a kind of convelution? VE-mo\-“fj é“’H Jé{_‘-.
Iilrp -
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Effect of median filters

Ciaussian Salt and pepper
noise noise

3Ix3

x5

%7

n

Comparison: Gaussian noise

Mean Caussian Median
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Comparison: salt and pepper noise

Craussian Median




Bilateral filtering

Bilateral filtering is a methodto average together
nearby samples only if they are similar in value.

“range”

“domain™

Bilateral filtering

We can also change the filter to something “nicer
like Gaussians:

._*J:_HL_—L___% L
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| 3
Recall that convolution looked like this:
glnl=>"f[n1hln-n

Bilateral filter is similar, but includes both range and
domain filtering:

gln =1/ fin'hg, [n=n'1 A (Fin]=fln')
and you have to normalize as you go:

C= Zhgs [n-n'] hCrr (fln]—f[n'])

X

Paris, et al. SIGCRAPH course notes 2007
n

Edge detection

Cne of the most important uses of image processing
is edgedetection:

+ Really easy for humans

+ Really diffi cult for computers

+ Fundamental in computer vision
* Important in many graphics applications




What is an edge?

Line

Roof

Q: How might you detect an edge in 107 'f]:p]
> Ahessh, £110]= 4aet]-ln]
i~ Log )]

Gradients

The gradient is the 2D equivalent of the derivative:

Win )_(g i %
) - 9%@1
FYE L

Properties of the gradient

*+ IUsavector
+ Points in the direction of maximum increase of / 1 ’2_‘& (N
* Magnitudeis rate of increase [;i t lj‘\{ﬁ
How can we approximate the gradientin a discrete
image?

%’J_ﬂ}ml:"[’m}h}_%hjm’k P R: Xj; _D|IT
%\}iY.'HLM’): %‘Lﬂjﬂﬂ}- ‘E'];“;'“l

~ _\p LD

b ™ P Lf;)}jjbﬁ: N o>

v 5P [ZE o &

Pixels plotied —= &5

250/

3l

Steps in edge detection

Eclge detaction algorithms typically proceed in thres
or four steps:

+ Filtering: cut down on noise

+ Enhancement: amplify the differen ce betwesn
edges andnon-edges

* Detection:use athreshold operation

*+ Localization (optional):estimate geometry of
edges beyond pixels




Edge enhancement

A popular gradient magnitude computation is the
Sobel operator:

-1 0 1
T=|-2 0 2
-1 01
12 1
S-lo o o
-1 -2 -1

We can then compute the magnitude of the vector
(5 53

Note that these operators are conveniently “pre-
flipped’ for convolution, soyou can directly slide
these across an image with out flipping first.
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Results of Sobel edge detection

Smosthed

Threshold = 128

LYY

& -

Second derivative operators
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The Sobel operator can produce thick edges. Ideally,
we're lookin g for infinitely thin boun daries. a e— pn L

threshold

An alternative approach is to look for local extremain
the first derivative: places where the change in the
gradient is highest.

Q: A peakin thefirst derivative corresponds to what
in the second derivative?  Zero f -1 l

@: How might we write this as a convelution filter?

3

Localization with the Laplacian

1 L~ ]

Lol 2\
Aneguivalent measure of the sacond derivative in 20 3)} 5
is the Laplacian: 6 e

sz(x,y)=§+§ }}:
E.: o 1B '&

a ; ¢ Lo €

Using the same arguments we used to compute the 6 1 b

gradient filters, we can derive a Lapladian filter to be:

) 01 0 WZ’%‘R L‘m”““ H‘)’)"‘!{_
01 0 h

{The symbol fuis often used torefertothe discrete t L'\,(x‘{' LH\*£
\-._—-'\/‘\._.J'

Laplacian filtar)

Zero crossings in a Laplacian filtered image can be
usedtolocalize edges.




Localization with the Laplacian

Laplacian (+12&)

a7

Marching squares

We can convert these signed values into edge
contours usinga*marching squaras” technique:
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Sharpening with the Laplacian

3: f-- 7\,{1“’{‘

o -» D
LT D S
o -x

/4
Original + Laplacian Criginal - Laplacian

Why does the sign make a differen ca?

Haow can you write each filter that makes each

bottom image?
3

Summary

What you should take away from this lecture:

The meanings of all the boldfaced terms.

How noise reduction is done

How discrete convolution filtering works

The effect of mean, Gaussian, and median filters

What an image gradient is and how it can be
computad

*+ How edge detection is done

* 0+ % & »

* What the Laplacian image isandhow it is used
in either edge detection or image sharpening
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