Area/Mask Processing Methods

(Trucco, Chapt 3)
- A pixel’'s value is computed from its olcalue and thealues of piels in its vicinity

- More costly operations than simple point processgsnbre paverful.

* What is a Mask?

- A mask is a small matrix whosalues are calledeights

- Each mask has asrigin, which is usually one of its positions.

- The origins of symmetric masks are usually their centel pigsition.

- For nonsymmetric masks, yapixel location may be chosen as the origin (depending
on the intended use).
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» Applying Masks to Images (filtering)

- The application of a mask to an input image produces an output image of the same
size as the input.

Convolution

(1) For each piel in the input image, the mask is conceptually placed on top of
the image with its origin lying on that @k

(2) The \alues of each input image pixunder the mask are multiplied by the
values of the corresponding mask weights.

(3) The results are summed together to yield a single oudjue ¥hat is placed
in the output image at the location of thegbikeing processed on the input.
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Area or Mask Processing Methods
input image enhanced image
z1p2 Z3
242526 e g(xy) = TIf(x,y)]
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Dy T operates on a
neighborhood of pixels
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- Mathematical definition of -discrete- amtution:

n/2

9, J) =

n/2

2 2 hk1)f(

—k j=1)

k=—n/2=-n/2

(for a mask with odd dimensions)



Cross Correlation

- Correlation translates the mask directly to the image without flipping it.

- It is dten used in applications where it is necessary to measure the similarity
between images or parts of images.

- If the mask is symmetric (i.e., the flipped mask is the same as the original one)
then the results of cealution and correlation are the same.

n/2 n/2
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Non-linear filtering

- Linear filters haee the property that the output is a linear combination of the
inputs.

- Filters which do not satify this property are called non-linear

- ErosionandDilation are ekamples of non-linear filters.

* Normalization of mask weights

- The sum of weights in the canlution mask dkct the @erall intensity of the result-
ing image.

- Mary convolution masks hee eficients that sum to 1 (the calved image will
have the same\&rage intensity as the original one).

- Some masks he regdive weights and sum to O.
- Pixels with ngative values may be generated using masks wigane weights.

- Negdive values are mapped to the postiange through appropriate normalization.

* Practical problems
- How to treat the image borders?

- Time increasesxponentially with mask size.

3x3 kernel
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Smoothing (or Low-pass) filters

- Useful for noise reduction and image blurring.
- It removes the finer details of an image.
 Averaging or Mean filter

- The elements of the mask must be pesiti

- The size of the mask determines thgrde of smoothing.
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» Gaussian (Iinear filter) (from "Machine \fsion" by Jain et al., Chapt 4 andi€co Chapt 3)

- The weights are samples from a Gaussian function.

J-sample karnel
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(example using 1D Gaussian)

- The Gaussias'mask weightsdll off to (almost) zero at the mask&dges.

- Gaussian smoothing can be implementdttiehtly thanks to thealct that the
kernel is separable:

o n/2 n/2 ]
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Algorithm
To corvolve an imagel with a nxn 2D Gaussian magkwith ¢ = o

1. Build a 1-D Gaussian masgk of width n, with 64 = o

2. Corvolve each column of with g, yielding a n& imagel .

3. Corvolve each rav of | . with g
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- The \alue ofc determines the dgee of smoothing.

- As o increases, the size of the mask must also increase if we are to sample the
Gaussian satiattorily.

height= width = 50 (subtends 98.76% of the area)

15 x 15 Gaussian mask
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» Median filter (non-linear)

- Effective for remwing "salt and pepper" noise (random occurences of black and
white pixels).

- Replace each pet value by the median of the gray#s in the neighborhood
of the piels

Area or Mask Processing Methods

input image enhanced image
10 20 20
15 59,20 2 g(x,y) = T[f(x,y)]
20 25 20~ T P

e e ey T operates on a

neighborhood of pixels
(1020 20 15 99 20 20 15 20 )
sort
'
(10 1520 20 20 £0 20 20 99 )

l median
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Sharpening (or High-pass)
- It is wised to emphasize the fine details of an image (has the oppdsit cdf
smoothing).

- Points of high contrast can be detected by computing intensfgretiices in local
image rgions.

- The weights of the mask are both pesgitand neative.

- When the mask isver an aea of constant or sy varying gray leel, the result of
corvolution will be close to zero.

- When gray leel is varying rapidly within the neighborhood, the result of vasu-
tion will be a lage number

- Typically, such points form the border betweenfeliént objects or scene parts (i.e.,
sharpening is a precursor step to edge detection).

input image mask

-1r1 141

101010 101040 8080 $0 1/9 x|-1 |8 -1

101030 |10p10 Jo 8Q80|30 114
101040 [10710 4o [s0ka $o
101070 108040 [80}g0 B0
101010 |1010\0 |80 80 §0

1/9 (-10 - 80 — 80 -10 + 640 —-80 -10 —80 —-80) = 210/9 >
(there is variation in the gray-levels)

\\ 1/9(-10-10-10-10+80-10-10-10-10) =0

(there is no variation in the gray-levels)
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« Sharpening using dervatives

- Computing the devetive d an image has as a result the sharpening of the
image.

- The most common &y to diferentiate an image is by using the gradient.

0t o
grad(f) = B9% [
gy O

- The gradient can be approximated finite diferenceswhich can be imple-
mented difciently as masks.

- Examples of masks based on gradient approximations with finiezetites:
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