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digital image processing

PR ==
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digital image processing

types of techniques

« avoid/correct errors
* restore

+ enhance

* analyze

* Create
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+ simple pixel modification

* interpolation/extrapolation
*+ compositing

:_convolution

+ dithering

* warping

* morphing

* misc. effects
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types of techniques

- simple pixel modification
* interpolation/extrapolation
* compositing

+ convolution

+ dithering

* warping

* morphing

* misc. effects
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simple pixel modification

f:[01P > [0.1]
input image output image

apply function f to each pixel of input image
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simple pixel modification

* convert to gray
* threshold

* invert

* brighten/darken
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convert to gray
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convert fo gray

f(rghb)= ceor+cjeg+cyeb

c.=.2126, Gy = 7152, ¢, =.0722
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Implementation Details

Our image processor will read
uncompressed BMP files that contain
- 8 bit images: i.e. 1 channel, 8 bit per
pixel per channel (grayscale)
- 24 bit images: i.e. 3 channel, 8 bit per
pixel per channel (RGB)
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Implementation Details

Our image class handles 1 and 3 channel
images with 1 to 8 bits per pixel per
channel.

Your image processing routines should
handle all of these cases.
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convert to gray

i

3 channel 1 channel

8 bit per pixel per channel 8 bit per pixel per channel
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convert o gray pseudo code

// T is 3 channel, 8 bits per pixel per channel image
Image* convert_to_gray(image I)
+ create new one channel image I' that has the
same dimensions and bits per pixel per
channel as T
+ for each pixel (i,j)
+ get (r.g.b) values of pixel (i,j) in T
- set channel 0 of I' to cer +cjeg+c,ob

* return ptr fo IT'
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convert to gray

3 channel 1 channel

n bits per pixel per channel  n bit per pixel per channel
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convert to gray pseudo code

// T is 3 channel, 8 bits per pixel per channel image
Image* convert_to_gray(image I)
+ create new ohe channel image I' that has the
same dimensions and bits per pixel per
channel as T
- for each pixel (i,j)
+ get (r.g.b) values of pixel (i,j) in I
- sef channel O of ' fo cer+ coeg+coeb

* return ptr to T'
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color values LAST TIME

n bits per pixel per channel

1. 0,12,.,2"-1
2. 0,1/(2~1), 2/(2-1), ..., 1

N

8/22/2005 €5155 - Image Processing 16

we use this convention

convert to gray pseudo code

// T is 3 channel, 8 bits per pixel per channel image
Image* convert_to_gray(image I)
+ create new one channel image I' that has the

same dimensions and bits per pixel per

channel as T Image class
. L chooses closest
* for each pixel (i.]) admissjble value!
+ get (r.g.b) values of pixel (i,j) in T J

- set channel O of T' to cer+c eg+c e b
* return ptr to T'
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convert to gray pseudo code

// Tis 3 channel, n bits per pixel per channel image
Image* convert_to_gray(image I)
+ create new one channel image I' that has the
same dimensions and bits per pixel per
channel as T
+ for each pixel (i,j)
-get (r.g.b) values of pixel (i,j) in I
*sef channel 0 of T' fo c.er + ce g+ c o b

* return ptr to T'
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convert fo gray

1 channel 1 channel

n bits per pixel per channel  n bit per pixel per channel
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convert o gray pseudo code

Image* convert_to_gray(image I)
- if I is a one channel image return NULL
+ create new one channel image I' that has the
same dimensions and bits per pixel per
channel as T
- for each pixel (i,j)
-get (r,g,b) values of pixel (i,j) in T
*set channel O of T' to c.er + c;jeg+c,eb

* return ptr to T'
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From here on T'll describe the algorithms for
an input that is 3 channel, 8 bits per pixel per channel

UNLESS the generalizations are not obvious (to me).
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threshold

Nz
e
P
3 channel 3 channel
8 bits per pixel per channel 1 bit per pixel per channel
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threshold

for a given threshold T:
f1(r.g.b)=(h-(r).h+(9).h+(b))

where
h(v)=1if wT
h+(v)=0 otherwise
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threshold (1 channel)

- .
—

L

N |

PRSP .

1 channel 1 channel

8 bits per pixel per channel 1 bit per pixel per channel
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invert
Google —~ @S

invert (3 channel)

f(r.g.b) = (1-r,1-g,1-b)
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brighten/darken

Gougle

Google
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brighten/darken

for brighten/darken factor o>0:

f, (r.g.b) = (ar, ag, ab)

clamp to [0,1]
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types of techniques

+ simple pixel modification

* interpolation/extrapolation
* compositing

+ convolution

+ dithering

* warping

* morphing

* hon-photo-realistic effects
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interpolation/extrapolation

inpuf 04 note: all images have same
dimensions, channels, bits per
pixel
input
image I, \\
/
input
image I;
output image
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interpolation (o in [0,1])

aly + (1-a)L,

Google wwiime
=N

i -

interpolation blends I and I,

input image I;
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extrapolation (o > 1)

oI, + (1-a)I,
Vs Cougle

extrapolation (with 1)
creates an image that moves
input image I, I, away from I

Google witine
=N\

input image I,
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extrapolation (o <0 )

Google e
N

/ aly + (1-0)I,
input image I,

- extrapolation (with 0<0)

creates an image that moves
input image I, I, away from I,
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interpolation/extrapolation

Gougle
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Google <

brighten/darken

interpolate/extrapolate image with
black image
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change saturation

Google
Google ¢
- Google
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interpolation (o in [0,1])

Google“

aly + (1-a)L,

decrease saghon

interpolation blends I and I,

input image I,

input image I,
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extrapolation (o > 1)

Google“

aly + (1-a)I,

input image I,

increase sa ‘rlon

extrapolation (with 1)
creates an image that moves
input image I, I, away from I
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change saturation

interpolate/extrapolate image with
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change contrast

Google
Google !
- Google
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interpolation (a in [0,1])
Google“\ Fel
input image I, l
ya Go L)Sle

decrease contrast

. . interpolation blends I and I,
input image I,
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extrapolation (o > 1)

Google“

aly + (1-a)I,

mcr'ease Cog

extrapolation (with o>1)
creates an image that moves
input image I; I, away from I,

input image I,
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change contrast

interpolate/extrapolate image with

noisify
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44

invert

Google ~ @S
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noisify
interpolate/extrapolate image with
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invert
interpolate/extrapolate image with
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a little computation

« invert: f(v)=1-v
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a little computation

. invert: f(v)=1-v

| |

* interpolate/extrapolate:
f(v)= (I-a) v+ax

What should o and x be?
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type of techniques

+ simple pixel modification

* interpolation/extrapolation
* compositing

+ convolution

+ dithering

* warping

* morphing

* misc. effects
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invert

interpolate/extrapolate with
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compositing

MATRIX(E
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compositing
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compositing

generalization of interpolation in which a
varies depending on pixel location

\

v+
(T-o)w

—
/V

/
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compositing

typically o € [0,1] so the array of a values can
represented by a single channel image called a mask

”~

—_—

A
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type of techniques

+ simple pixel modification

* interpolation/extrapolation
* compositing

« convolution

+ dithering

* warping

* morphing

* misc. effects
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convolution

V' is a weighted sum of v and its neighbors

input output

kernel gives weights

T N

w11 wln
m | n odd
W W,
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boundaries?

v v
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convolution
clamp to [0,1
Wy (Wi |Wis mp fo [0.1]
Wa (Wa |Wos
War | W | Wi \\ /
] /
11 12 13 P~
Var [Vaz |Vas WiV
Vi | Va2 | Vi3
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kernel edge detect kernel
11 1 ER R
1 |8 [ 1 |8 |1
1 1[4 ER EEE
8/22/2005 €S155 - Image Processing 61 8/22/2005 5155 - Image Processing 62

edge detect kernel
— 1/9 [1/9 [1/9
G()OS[Q—» (@ V9 179 |19
1/9 [1/9 [1/9
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blur kernel blur
1/9 [1/9 [1/9 -
o |1/ [i79 Google ~ Google
1/9 [1/9 |1/9 _
3x3 blox blur kernel why blur?
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jaggies
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5x5 box blur
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nXn box blur

w=1/n2

wo| - w

why is it important that the sum
of the weights is 1?
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box, triangle and guassian blurs

ol ] -
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how to construct the kernels for 2D

triangle and gaussian blurs?

we'll start with 1D blurs.
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1D convolution
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1D convolution

1D convolution
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smoother version

‘ n
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1D box blur, n=3

Vin
Vi_
i i Vi
i-1 i i+1
| 1/3 \ 1/3 \ 1/3 |
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1D box blur

Viet
vi_i v
i-1 i i+
| w3 | w3 | w3 |
| Vi/3+v/3 + v, /3
i
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weights for 1D blurs

box

1D triangle blur weights for n=3

triangle

8/22/2005 €5155 - Image Processing 77

where should we sample?
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1D triangle blur weights for n=3

where should we sample?
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1D triangle blur weights for n=3

where should we sample?
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1D tfriangle blur weights for n=3

for convenience

let's say w; is sampled at i.

Wy W3
1 2 3
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1D triangle blur weights for n=3

how high is the peak?

w, we want the weights to
sum to 1!
w, W3
1 2 3
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1D triangle blur weights for n=3

how high is peak?
§,22 let's start with something

convenient then normalize.

s, Whatares; and s3?
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1D triangle blur weights for n=3
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1D triangle blur weights for n=3
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General 1D triangle blur

where do take the n samples?
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General 1D triangle blur

sample w; at i=1,2, ..., n

n«l)/ 2

(n+1)/2 (n+1)
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General 1D triangle blur

what is height of peak?

Wine1)/2

(n+1)/2 (n+1)
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General 1D triangle blur

Lets; =i fori=1, .., (n+1)/2
= (n+1)-i fori= (n+3)/2 ... n

Say2 = (+1)/2

(n+1)/2 (n+1)
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General 1D triangle blur

Lets; =i for1<i<(n+1)/2
= (n+1)-i for (n+1)/2<i<n

Let wi=s;/B
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1D triangle blur

w; = 4i/(n+1)?
= 4[(n+1)-i)/(n+1)?

for O< i< (n+1)/2
for (n+1)/2<i<n+l

1D —» 2D

How about applying the 1D filter to each row,

8/22/2005

then to each columnl!

€5155 - Image Processing

box blur - column

2/(n+1)
|~ ‘ ‘ |
0 (n+1)/2 (n+1)
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box blur - rows
(Voo*
Voo Vo Voz 5 Vort 5
Vig Vit vip |=® 232)53
10
v v v ? Vit ?
20 21 22 V)3
(vao*
? Vor* ?
Vv,,)/3
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3x3 box blur
1/3 1/9 |1/9 |1/9
1/3 1/9 |1/9 |1/9
1/3 1/9 |1/9 |1/9
| 173 1/3 | 1/3 |
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(Voo
? Vor* ?
vo2)/3 ? ?
(vio* -
? Vypt ? ? | Zeopjr0.2Viy/9
vi2)/3
?
(vao+ ? !
? Vort ?
V22)/3
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separability
Wy W12 WiW, |WiW3
w, WoWy |Wo2 | wows
2
wy | |WaWi (wawz |ws
Lwi | we | ws |
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3x3 triangle blur

VOILAI

1/4 1/16 1/8 1/16

1/2 1/8 1/4 1/8

1/4 1/16 1/8 1/16

| 174 | v2 | 4 |
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Summary: nxn triangle blur

+ Compute 1D triangle blur for n (nis odd)
- Compute s; for i-1, ..., n

S(n+1)/2

01 o (n+)/2 .. n n+l
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nxn triangle blur

+ Compute 1D triangle blur for n (nis odd)
- Compute s; for i-1, ..., n

nxn triangle blur

S =i for O<i < (n+1)/2
S(ne1)/2 = (n+1)-i for (n+1)/2 < i <n+l

0 1 .. (n#1)/2 .. n n+l
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+ Compute 1D triangle blur for n (nis odd)
- Compute s; fori-1, ..., n
- Compute normalizing factor B=Zs;

B=Zii,s = Zizo eay2 |+
Zictanet/2) . neg NH1-0

= (n+1)2/4
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nxn triangle blur

+ Compute 1D triangle blur for n (nis odd)
- Compute s;=i fori-1, ..., n
- Compute normalizing factor B=Xs;
- Compute w;i=s;/B
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1D triangle blur

w; = 4i/(n+1)? for O<i < (n+1)/2
= 4[(n+1)-i]/(n+1)? for (n+1)/2 <i<n+l

2/(n+1)
| - ‘ | -~
0 (n+1)/2 (n+1)
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separability
Wy W2 WW, |wWyws
w2 WaWy (Wo?  |Wows
2
Ws3 W3Wy |W3Wp (W3
Lo | we | ws |
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example: n=3

w; = 4i/(n+1)? for 0<i< (n+1)/2
= 4[(n+1)-i]/(n+1)? for (n+1)/2 <i < n+l

1/2
0 1 2 3 4
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3x3 triangle blur filter

/4 | 1/16 1/8 1/16

1/8 1/4 1/8

172
1/16 1/8 1/16
1/4
1/4 1/2 1/4
8/22/2005 €515 - Image Processing 105

box, triangle and guassian blurs

ol ] -
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gaussian function

f(x) = e-(x-n)?/c*

o is an input
parameter that
controls the
width of peak

n
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sampled

s = e-(i-(n+1)/2)?/o?
fori=1,..,n

il

n+1/2 n+1
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normalized

B =3, ,e(-m1/2)%% is the normalizing constant

2D gaussian - use separability

Wi W2 WiW, |wWyws

w2 WaWy (Wo?  |Wpws
2

w3 W3Wy |W3W3 (W3

L | we | ws |
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3x3 gaussian blur, o = 1

212 045 | 122 | 045

576 122 .332 122

045 | 122 | 045
212

212 576 212
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w;=s/B
Bl .
................... [ ‘ ‘ ‘ ‘ ‘ ‘ l .
1
0
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example: n=3, =1
576
212 212
1 2 3
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type of techniques
+ simple pixel modification
* interpolation/extrapolation
* compositing
+ convolution
+ dithering
* warping
* morphing
* misc. effects
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