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Digital Images
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Digital Images

FIGURE 2.13

— Film Combining a
- .—'/, Fa— single sensor with
4 motion e
£oF e
AN penerale a2-T)
| H
[ t Rotation image.
RS /
W
e
Linear motion
“— Qine image line oul
per increment af rotation
and full lincar displaccment
of sensor from left 10 right
o
Ome imape line aul per N
Lacrement of lineur molion

Crossseetional images
af 313 ohjcer

3D ubject

Sensar ring

Pl 9 de Margo de 2017 4




Digital Images
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FIGURE 2.15 An example of the digital image <1LL]111‘\1UL‘H process. () Energy (“illumination™) source. (b) An el-
ement ol a scene. (¢) Imaging system. [d) l’nwulmﬂ of the scene onto the image plane. (e) Digitized imape.
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Digital Ima
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Digital Images

Traditional
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Digital Images

Quality Benefits of Foveon X3~

Mosaic Filter Foveon X3~
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Digital Images

@ Models for Images:
o f(x,y)
e f - intensity, (x, y) spatial coordinates
o illumination x reflected component

Light on the object

f(X7y) = i(X7y)‘ r(X7y)

0<i(x,y) <o00,0<r(x,y)<1)

Lmin < / < Lmax
Lmin = imin * I'min

Lmax = imax * Imax
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Digital Images
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Digital and Continuous Signals
@ Continuous or analogue signal

o Amplitude values can be complex or real numbers;
o Values are defined for all instants of time.

@ Discrete Signal

e Amplitude values are discrete - a finite number of possible values;
o Values are defined for discrete instants in time.

x =x[n], —oo < n < 0
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Digital Images

Amplitude

N

{a)

>
Time. ¢

Myléne Farias (ENE-UnB)

Pl

o
3
]
—— e -
—d
o L
. [, ‘
Time. ¢
o
=0 &
(b)
o
Z
Time. 1
()

9 de Margo de 2017 13 / 61



a. Original analog signal
2o Ly {u" Processo de Digitalizacao
:§ 3.010 ) FAN f
%o /
3.

analog j digital

input output
—>1 S/H ADC

/ T
quantizagéo

Y

3.025 — = 3025 ——
e [ =7 | I I ] I_I_I_A_I_L‘
W]pled analog signa \ c. Digitized signal i
— 3.020 3020 T
2 |
s i
g I
= 3fis ~h A4 3015 -LﬂF" r:ﬁ
£ IL ) ot
i 1] i Lo e ]
Nl Y ) B e
9
L . hall =
Lr - g
3.000 | 3000
0 s s 20 25 30 33 % 50 0 S 10 15 20 25 30 35 40 45 350

Sample number



Digital Images

Sampling and Quantization:
@ Sampling of the Spatial Resolution
o determines the smallest detail in an image;
@ Resolution of the number of intensity or color levels (quantization)
o determines the smallest perceivable change in intensity.
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Spatial Resolutio

1024

FIGURE 2.19 A 1024 X 1024, 8-bit image subsampled down Lo size 32 % 32 pixels. The number of allowable
eray levels was kept at 256.
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Spatial Resolution
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Intensity Levels
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Intensity Levels

FIGURE 2.21

(Cemtinued)

(e)=h] Image

displaycd in 16,8,
4 ¥

Dr. David
R.P 18,

Department of
Radiology &

Resolucdo de
Intensidade/Cor

9 de Margo de 2017 19 / 61



Intensity Levels x Spatial Resolution
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Interpolation

@ The interpolation or resampling of an image is commonly used em
image (and video) processing;
@ Interpolation is used to:

e increase or decrease the size of an image ;

rotate an image;

create morphing or warping effects;

correct lens distortions;

register images (create one single image by merging two or more
images);

stabilize camera trembling;

correct patient movements

normalize medical images involving several subjects;

etc.
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Interpolation

In image processing

@ Interpolation is the process in which known values of a signal are used
to estimare unknown values.
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D Interpolation

@ Nearest neighbor
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D Interpolation

@ Nearest neighbor

e Linear: v(x,y)=a-x+b-y+c-x-y+d
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1-D Interpolation

@ Nearest neighbor

@ Linear: v(x)=a-x+b
o Cubic: v(x)=a-x3+b-x2+c-x+d
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2-D Nearest Neighbor Interpolation

How to increase the size of an image using the Nearest Neighbour
interpolation:

@ Set to each new position a value equal to the value of the nearest
neighbor pixel;

@ Replicating — In the special case in which the the increase ratio is a
integer number (2, 3, 4, etc.)
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2-D Nearest Neighbor Interpolation

@ Blocking effect;
@ Fast processing;
@ Does not create new values (maintain image statistics)
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2-D Nearest Neighbor Interpolation

f(x,y) para dx < 0.5e dy < 0.5
f(x+1,y) para dx > 0.5e dy < 0.5
fix,y+1) para dx < 0.5e dy > 0.5
f(x+1,y+1) paradx>0.5edy>05

F(x,y') = (1)
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2-D Nearest Neighbor Interpolation

Nearest neighbor interpolation (NNI):

o Example:

f(i.J) f(ij+1)
fGi+1,j) f(i+1,j+1)
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2-D Nearest Neighbor Interpolation

Nearest neighbor interpolation (NNI):

o Example:
f(i.)) f(ij+1)
fGi+1,j) f(i+1,j+1)
@ Add lines and columns of zeros
f(i.j) 0 f(ij+1)
0 0 0
fGi+1j) 0 f(i+1,j+1)

Myléne Farias (ENE-UnB) PI 9 de Marco de 2017 29 / 61



2-D Nearest Neighbor Interpolation

Nearest neighbor interpolation (NNI):

o Example:
f(i.)) f(ij+1)
fGi+1,j) f(i+1,j+1)
@ Add lines and columns of zeros
f(i.j) 0 f(ij+1)
0 0 0
fGi+1j) 0 f(i+1,j+1)
o After the NNI
f(i.j) f(i.J) f(ij+1)
f(i.j) f(i.j) f(i.j+1)
fGi+1j) f(i+1j) f(i+1,j+1)
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(a) Imagem original. (b) Regido da imagem ampliada.



2-D Bilinear Interpolation

@ The value of the position X is the weighted average of the pixels E
and F;
@ Blurring effect due to the averaging effect.
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2-D Bilinear Interpolation

Bilinear:

fi)  fij+1)
f(i+1,j) f(i+1,+1)
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2-D Bilinear Interpolation

Bilinear:

fi)  fij+1)
f(i+1,j) f(i+1,+1)

@ Adding columns and lines of zeros:

fGj) a  f(i,j+1)
b c d
fi+1j) e f(i+1,j+1)
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2-D Bilinear Interpolation

Bilinear:

fi)  fij+1)
f(i+1,j) f(i+1,+1)

@ Adding columns and lines of zeros:

fij) a  f(ij+1)
b c d
fi+1,)) e f(i+1,j+1)

(f(i.j) + f(ij+1))/ 2

(F(i+1,j) + f(i+1j+1))/ 2

(f(i.J) + f(i+1.))/ 2

(f(i,j+1) + f(i+1,j+1))/ 2

(fGi)) + f(i,j+1) + f(i+1)) + f(i+1,j+1))/ 4

a
e
b
d
c
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2-D Bilinear Interpolation

f(Ry) =~ 12 — Ilf(Qu) &L f(Qzl) yzgoﬂ,ﬁz.ozz
F(R) = 2= 1(Qu) + - f(Qm) , ir '
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2-D Bilinear Interpolation

F(x,y) =1 —dx)- (1 —dy)- f(x,y) +dx-(1—dy) f(x+1,y)+
(1—dx)-dy-f(x,y+1)+dx-dy-f(x,y)
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(a) Imagem original (b) Regido da imagem ampliada




2-D Bicubic Interpolation

@ 16 neighbors: p(x,y) = Z?:O ?:0 aijX;yi

@ Generally, the bicubic interpolation does a better job in preserving the
details than the bilinear interpolation;

@ The bicubic interpolation is the standard used by commercial
applications, like Adobe Photoshop and Corel Photopaint.

flr—1y -1 fix+1.y +2,u-1

® ® ® 9
‘, . fix ‘>——4 ’ y .
1y
@. y
. Ly+1 ‘ v ‘ 1 .
1 y+2) 1
® L @ @
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2-D Bicubic Interpolation

2 2
) - F(i',j')=z Z F(i +m,j + n) R(m - dx) R(dy - n)
|_—Point to estimate (i",j")
/ m=-1 n=-1
1 3 3 3 3
RO = 5 [Poc+ 2= 2P0+ 1% 6 PO 4Pix- 1]
[48)]
/ X x>0
P(x) =
- 0 x<0
Final image
Extact transfnrmed/
position of (i",j7)

original image
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(a) Imagem original (b) Regido da imagem ampliada
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FIGURE 2.24 (a) Image reduced 1o 72 dpi and zoomed back to its original size (3692 > 2812 pixels) using
nearcst neighbor interpelation. This figurs is the same as Fig. 2.20(d). (b) Image shrunk and zoomed using
bilinear interpolation. {¢) Same as (b) but using bicubic interpolation. (d)~(I) Same sequence, but shrinking
down to 150 dpi instead of 72 dpi [[lg 2.24(d} is the same as [Fig. 2.20(c)]. Compare Tigs. 2.24(¢) and (f).
especially the latter, with the original image in Fig. 2.20(a).




By elements or matrices
Linear and non-linear
e homogeneitys and additivity;

@ Arithmetic operations:
e sum, subtraction, division, multiplication

Logic operations

@ etc.
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Sum (average)

abc
def

FIGURE 2.26 (a) Image of Galaxy Pair NGC 3314 corrupted by additive Gaussian noise. (b)—(f) Results of
averaging 5,10, 20, 50, and 100 noisy images, tespectively. (Original image courlesy of NASA')
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abc
def

FIGURE 2.26 (a) Image of Galaxy Pair NGC 3314 corrupted by additive Gaussian noise. (b)—(f) Results of
averaging 5,10, 20, 50, and 100 noisy images, tespectively. (Original image courlesy of NASA')

@ This procedure works if the noise has a zero average and is
uncorrelated to the signal.
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Zerando o bit menos Diferenca
original significativo normalizada
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mascara

Diferenca nbrnﬁlﬁéda
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Correction

Original h(x.y)
g(x,y) = f(x,y) h(x.y) g'(x,y)=g(x,y)/h(x,y)
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Masking — ROI

Mascaras englobando as Multiplicacéo do original
Regides de interesse pela imagem com masca

original

Myléne Farias (ENE-UnB) Pl 9 de Margo de 2017 45 / 61



Logical Operations

AUB

ANB

AC

rias (ENE-UnB)
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abc
de

FAGLURE 2.31

(a) Two sets of
coordinales, 4 and B,
in 2-D spuce. (b) The
unfon of A and B
(¢} 1he intersection
of A and B.{d)'|he
complement of A,
(e) The difference
between A and /. In
()-(e} the shaded
arcas represent the
member of Lhe sel
operation indicated.
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NOT(A)
NOT

(A) AND (B)

FIGURE 2.33
Tllustration of
logical operations
involving
foreground
(white ) pixels.
PBlack represenls
binary s and
white binary 13
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Unido do original com
o Imagem negativa uma imagem constante
Original 255-1(x,y) = {max(a,b)}
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Geometrical Operations

TABLE 2.2
Alline lrans[ormalions based vn Ey. (2.6.-23).
Transformation
Nume

Idenriry 1
o

a

Scaling e,
0

0

Rotaticn cos
—sind

0

‘Lranslarion M
0

Sheur (vertical) M
5y

o

Shear (horizontaly r
bl

i

s

cos @

AlTine ¥airlx. T

Coordinate
Equations
=7

V=

¥ =worsf —wsing

pweesd b owsm?

Y=k

V= b w

Example
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AR AR

FIGURE 2.36 (a) A 300 dpi image of the letter T. (b) Image rotated 21° clockwise using nearest neighbor
mterpolation 1o assign inlensity values Lo the spalially translormed pixels. (¢) lmage rotated 217 using
bilinear interpolation. (d) Image rotated 21° using bicubic interpolation. The enlarged sections show edge
delail for the three interpolation upproaches.
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FIGURE 2.37
Image
Tepristration.

(a) Refercnee
image. (b) Iopul
(geometrically
distorted imageh.
Corresponding tie
poinls ure shown
as small white
SQUANSS Near the
COrmeTs.

(c) Registered
Image (note the
errors in lhe
horders).

(d) Differcnes
betwoen (a) and
(), showing more
registration
CITOTS.




Relation Among Pixels

@ One pixel p in the position (x,y) can have the following types of
neighbors:
o Ny (4-neighborhood of p) — Includes the 4 horizontal and vertical
neighbors of p, which have the following coordinates:
(X+ 1,_)/), (X - 1,_)/), (X7)/+ 1)' (Xv.y - 1)
o Ny (diagonal(d)-neighboring of p) — Includes he 4 diagonal neighbors
of p, which have the following coordinates:
(x+Ly+1),(x+1L,y—-1),(x—1,y+1), (x—-1,y—1)
e N (8-neighboring of p) — Includes the 8 neighbors of p, including the 4
horizontal and vertical neighbors and the 4 diagonal neighbors, which
have the following coordinates.
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Relation Among Pixels

1 1--1 1--1

+
—
L]

,.
4

-

=

-
Pttt b
==
[

-
[EC—
[ S =

1
abc 1 1 1

de f

FIGURE 2.25 (a) An arrangement of pixels. (b) Pixels that are 8-adjacent (adjacency is
shown by dashed lines; note the ambiguity). (¢) m-adjacency. (d) Two regions that are
adjacent if 8-adjecency is used. (e) The circled point is part of the boundary of the
1-valued pixels only if 8-adjacency between the region and background is used. (f) The
inner boundary of the 1-valued region does not form a closed path, but its outer
boundary does.
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Relation Among Pixels

@ Neighborhood:
o Ny Ng, Ny
o Adjacency

Myléne Farias (ENE-UnB) Pl 9 de Margo de 2017 54 / 61



Relation Among Pixels

@ Neighborhood:
o Ny Ng, Ny
o Adjacency
e Set of neighboring pixels with intensity values from a set V
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Relation Among Pixels

@ Neighborhood:
o Ny Ng, Ny
o Adjacency

e Set of neighboring pixels with intensity values from a set V
e 4-Adjacency: 2 pixels p and g, with values from the set V/, are
4-Adjacent if g is in set Na(p).
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Relation Among Pixels

@ Neighborhood:
o Ny, Ng, Ny
o Adjacency
e Set of neighboring pixels with intensity values from a set V
e 4-Adjacency: 2 pixels p and g, with values from the set V/, are
4-Adjacent if g is in set Na(p).
e 8-Adjacency: 2 pixels p e g, with values from the set V/, are 8-Adjacent
if g is in set Ng(p).
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Relation Among Pixels

@ Neighborhood:
o Ny, Ng, Ny
o Adjacency
e Set of neighboring pixels with intensity values from a set V
e 4-Adjacency: 2 pixels p and g, with values from the set V/, are
4-Adjacent if g is in set Na(p).
e 8-Adjacency: 2 pixels p e g, with values from the set V/, are 8-Adjacent
if g is in set Ng(p).

e m-Adjacency (mixed adjacency): 2 pixels p and g, with values from the
set V, are m-Adjacent if:

e gisin Ns(p), OR
e gisin Ng(p) and Ns(p) N Na(g) have no pixels whose values are from V

Myléne Farias (ENE-UnB) Pl 9 de Margo de 2017 54 / 61



Relation Among Pixels

1 1--1 1--1

+
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abc 1 1 1

de f

FIGURE 2.25 (a) An arrangement of pixels. (b) Pixels that are 8-adjacent (adjacency is
shown by dashed lines; note the ambiguity). (¢) m-adjacency. (d) Two regions that are
adjacent if 8-adjecency is used. (e) The circled point is part of the boundary of the
1-valued pixels only if 8-adjacency between the region and background is used. (f) The
inner boundary of the 1-valued region does not form a closed path, but its outer
boundary does.
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e A digital path (or curve) from pixel p with coordinates (x,y) to pixel
g with coordinates (s, t) is a sequence of distinct pixels with
coordinates:

(Xo,yo), (X17y1)7 R (Xn;yn)

where (x0, y0) = (x,¥), (xn, ¥n) = (s, t) and the pixels (x;,y;) e
(xi—1,yi—1) are adjacent for i < n.
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e A digital path (or curve) from pixel p with coordinates (x,y) to pixel
g with coordinates (s, t) is a sequence of distinct pixels with
coordinates:

(X07)/0)7 (X17y1)7 R (Xn;yn)
where (x0, y0) = (x,¥), (xn, ¥n) = (s, t) and the pixels (x;,y;) e
(xi—1,yi—1) are adjacent for i < n.
e nis the length of the path;

o closed path: (xo,Y0) = (xn, ¥n)
o We can define paths with 1, or m Adjacency
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FIGURE 2.25 (a) An arrangement of pixels. (b) Pixels that are 8-adjacent (adjacency is
shown by dashed lines; note the ambiguity). (¢) m-adjacency. (d) Two regions that are
adjacent if 8-adjecency is used. (e) The circled point is part of the boundary of the
1-valued pixels only if 8-adjacency between the region and background is used. (f) The
inner boundary of the 1-valued region does not form a closed path, but its outer
boundary does.
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Conectivity

o Conectivity: Be S a subset of pixels:

e p and g are a connected set if there is a path between p and g, which
consists of pixels from S;

e if p has only one connected set, the set S is connected;

e For any pixel p in S, the set of pixels that are connected to it in S is
known as a the connected component of S.

e R is a region of the image if R is a connected set.

o Two regions R; e R; are adjacent if their union forms a connected set.
Regions that are not adjacent are said to be disjoint.

e We consider 4- and 8-adjacency when referring to regions.
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Adjacency

e Background vs. foreground
@ Border or contour

o Inner Border — Set of points that are adjacent to the points in the
points in the complement of R (at leat one neighbor in the background)
o Outer Border

@ Distance Measures D
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Distances

e Considering the pixels p(x,y), q(s, t), and z(v,w), D is a distance
measure:

D(p,q) >0
D(p,q) = D(q, p)
D(p,z) < D(p,q) + D(q, 2)

@ D, (city block)

2
2 1 2
D4a(p,q) =|x—s|+|y—t
4(p, q) = | |+ ly —t| 5 10 1o
@ Euclidian Distance: 2 1 2
2

1/2
De(p,q) = [(x— ) + (v — ¢’
D, distance =2 from (x, y)
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Distances

@ Dg (chessboard distance): ; T fl! T i
2101 2
D8(P7Q):max(|X—5‘,’y—t\) 21112
22222
@ D, (shortest path m) Dy distance =2
from (x, y)
o p=pp=ps=1
o If py = p3 =0, then
Dm(p, ps) =2 Ps P
o and if py =17 Dy(p,ps) =3 PP
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