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Digital Images

Mosaicos
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Digital Images

Models for Images:

f (x , y)
f - intensity, (x , y) spatial coordinates
illumination x reflected component

Light on the object

f (x , y) = i(x , y) · r(x , y)

0 ≤ i(x , y) <∞, 0 ≤ r(x , y) ≤ 1)

Lmin ≤ l ≤ Lmax

Lmin = imin · rmin

Lmax = imax · rmax
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Digital Images
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Definitions

Digital and Continuous Signals

Continuous or analogue signal

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

Discrete Signal

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

x = x [n], −∞ < n <∞
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Digital Images
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Digital Images

Sampling and Quantization:

Sampling of the Spatial Resolution

determines the smallest detail in an image;

Resolution of the number of intensity or color levels (quantization)

determines the smallest perceivable change in intensity.
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Spatial Resolution
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Spatial Resolution
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Intensity Levels
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Intensity Levels
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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:

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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1-D Interpolation

Nearest neighbor
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1-D Interpolation

Nearest neighbor

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

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 ′) =


f (x , y) para dx < 0.5e dy < 0.5

f (x + 1, y) para dx ≥ 0.5e dy < 0.5

f (x , y + 1) para dx < 0.5e dy ≥ 0.5

f (x + 1, y + 1) para dx ≥ 0.5e dy ≥ 0.5

(1)

Mylène Farias (ENE-UnB) PI 9 de Março de 2017 28 / 61



2-D Nearest Neighbor Interpolation

Nearest neighbor interpolation (NNI):

Example:

. . . f(i,j) f(i,j+1) . . .

. . . f(i+1,j) f(i+1,j+1) . . .

Add lines and columns of zeros
. . . f(i,j) 0 f(i,j+1) . . .
. . . 0 0 0 . . .
. . . f(i+1,j) 0 f(i+1,j+1) . . .

After the NNI
. . . f(i,j) f(i,j) f(i,j+1) . . .
. . . f(i,j) f(i,j) f(i,j+1) . . .
. . . f(i+1,j) f(i+1,j) f(i+1,j+1) . . .
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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:

. . . f(i,j) f(i,j+1) . . .

. . . f(i+1,j) f(i+1,j+1) . . .

Adding columns and lines of zeros:

. . . f(i,j) a f(i,j+1) . . .

. . . b c d . . .

. . . f(i+1,j) e f(i+1,j+1) . . .

a = (f(i,j) + f(i,j+1))/ 2
e = (f(i+1,j) + f(i+1,j+1))/ 2
b = (f(i,j) + f(i+1,j))/ 2
d = (f(i,j+1) + f(i+1,j+1))/ 2
c = (f(i,j) + f(i,j+1) + f(i+1,j) + f(i+1,j+1))/ 4
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2-D Bilinear Interpolation
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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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2-D Bicubic Interpolation

16 neighbors: p(x , y) =
∑3

i=0

∑3
j=0 aijxiyi

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.
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2-D Bicubic Interpolation
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Operations

By elements or matrices

Linear and non-linear

homogeneitys and additivity;

Arithmetic operations:

sum, subtraction, division, multiplication

Logic operations

etc.
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Sum (average)

This procedure works if the noise has a zero average and is
uncorrelated to the signal.

Mylène Farias (ENE-UnB) PI 9 de Março de 2017 41 / 61



Sum (average)

This procedure works if the noise has a zero average and is
uncorrelated to the signal.

Mylène Farias (ENE-UnB) PI 9 de Março de 2017 41 / 61



Difference
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Difference
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Correction
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Masking – ROI
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Logical Operations
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Geometrical Operations
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Relation Among Pixels

One pixel p in the position (x,y) can have the following types of
neighbors:

N4 (4-neighborhood of p) – Includes the 4 horizontal and vertical
neighbors of p, which have the following coordinates:

(x + 1, y), (x − 1, y), (x , y + 1), (x , y − 1)

Nd (diagonal(d)-neighboring of p) – Includes he 4 diagonal neighbors
of p, which have the following coordinates:

(x + 1, y + 1), (x + 1, y − 1), (x − 1, y + 1), (x − 1, y − 1)

N8 (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
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Relation Among Pixels

Neighborhood:

N4,N8, Nd

Adjacency

Set of neighboring pixels with intensity values from a set V
4-Adjacency: 2 pixels p and q, with values from the set V , are
4-Adjacent if q is in set N4(p).
8-Adjacency: 2 pixels p e q, with values from the set V , are 8-Adjacent
if q is in set N8(p).
m-Adjacency (mixed adjacency): 2 pixels p and q, with values from the
set V , are m-Adjacent if:

q is in N4(p), OR
q is in Nd(p) and N4(p)∩N4(q) have no pixels whose values are from V
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Relation Among Pixels
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Paths

A digital path (or curve) from pixel p with coordinates (x , y) to pixel
q with coordinates (s, t) is a sequence of distinct pixels with
coordinates:

(x0, y0), (x1, y1), . . . , (xn, yn)

where (x0, y0) = (x , y), (xn, yn) = (s, t) and the pixels (xi , yi ) e
(xi−1, yi−1) are adjacent for i ≤ n.

n is the length of the path;
closed path: (x0, y0) = (xn, yn)
We can define paths with 1, or m Adjacency
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Paths
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Conectivity

Conectivity: Be S a subset of pixels:

p and q are a connected set if there is a path between p and q, which
consists of pixels from S ;
if p has only one connected set, the set S is connected;
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 .
R is a region of the image if R is a connected set.
Two regions Ri e Rj are adjacent if their union forms a connected set.
Regions that are not adjacent are said to be disjoint.
We consider 4- and 8-adjacency when referring to regions.
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Adjacency

Background vs. foreground

Border or contour

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)
Outer Border

Distance Measures D
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Distances

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, z)

D4 (city block)

D4(p, q) = |x − s|+ |y − t|

Euclidian Distance:

De(p, q) =
[
(x − s)2 + (y − t)2

]1/2
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Distances

D8 (chessboard distance):

D8(p, q) = max (|x − s| , |y − t|)

Dm (shortest path m)

p = p2 = p4 = 1
If p1 = p3 = 0, then
Dm(p, p4) = 2
and if p1 = 1? Dm(p, p4) = 3
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