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Image Filter

Image Caurtesy of MIT
Original Image Motion Blurred Image

Blurred Image Sharpened Image




Spatial convolution

F(x) *G(x) = JOOF(T) - G(x — 1)dTt

Where

* means convolution
F isimage
G is convolution kernel
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Spatial convolution
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I(x) = F(x) * G(x)




Spatial convolution
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Spatial convolution
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Spatial convolution
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Spatial convolution
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Spatial convolution
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Spatial convolution
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Spatial convolution
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Spatial convolution
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Spatial convolution
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Spatial convolution
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Question |

The original width and height of image | are 640 and 480 pixels,
please determine the final dimension of this image when
convolution with kernel size 10x107?

Sol... F G
rzl 10
480
(&1 >
| C2 =10
) ;=640 "
T":T']__(T'z_l,) C’:C]__(Cz_l)
r' =480 — (10 — 1) ¢’ =640 — (10— 1)

r' =471 ¢’ =631
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Spatial convolution (Zero pad)
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Spatial convolution (Replicate)
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Quitz : Auaw F * G Taglinas pad
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Quitz : Auaw F * G Taglinas pad
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Image Filter

Frequency Filter

- Low-pass filter

-High-pass filter
- Band-pass filter
- Band-stop filter



Frequency

Frequency is the number of occurrences of a repeating
event per unit time.

" f=0.5Hz
T=2.0s

T=1.0s VA VAVAVAVEAVEAVAVE
AVAVAVAVAVAVAVAVAVAVAVAVAVAVAV

" f=2.0Hz
T=0.5s
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https://en.wikipedia.org/wiki/Time

Frequency
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Frequency




Frequency
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Low-pass filter
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Low-pass filter
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Low-pass filter
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Low-pass filter

Arithmetic mean

k = ZZ:M)/M x Y1)




Low-pass filter
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Low-pass filter
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Low-pass filter

Average Kernel
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Low-pass filter

Average Kernel
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Low-pass filter

salt & pepper 2x2 3x3 4x4
noise

speckle 2x2 3x3
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Low-pass filter
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High-pass filter




High-pass filter




High-pass filter
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High-pass filter

2D gradient




High-pass filter

Laplacian Kernel
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High-pass filter

Laplacian Kernel
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High-pass filter
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gh-pass filter
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High-pass filter

Iy,

High-pass .
filter combination

Image Sharpening Algorithm
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High-pass filter




High-pass filter




Edge detection

Edge detection is the name for a set of mathematical methods
which aim at identifying points in a digital image at which the
image brightness changes sharply or, more formally, has
discontinuities.
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Edge detection

Edge; = I;_1 — I



Edge detection




Gradient Magnitude Edge Detection Method



Edge detection(Gradient Magnitude)
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Edge detection(Gradient Magnitude)
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Edge detection(Gradient Magnitude)
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Edge detection(Gradient Magnitude)
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Edge detection(Gradient Magnitude)
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Edge detection(Gradient Magnitude)
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Edge detection(Gradient Magnitude)
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Edge detection(Gradient Magnitude)
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Edge detection(Gradient Magnitude)
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Edge detection(Gradient Magnitude)
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Edge detection(Gradient Magnitude)
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Edge detection(Prewitt)
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Edge detection(Prewitt)
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Edge detection(Sobel)

1 2 1 1 0 -1
0 2 0 -2
-1 -2 -1 1 0 -1

Sobel Horizontal Sobel Vertical



Edge detection(Sobel)
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Edge detection(Robert)
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Edge detection(Robert)
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Thresholding

Thresholding is the simplest method of image
segmentation. From a grayscale image, thresholding
can be used to create binary images

Lo () = 1 wherel(j) =6
binary V71 0 where 1(j) < 6

Thresholding


https://en.wikipedia.org/wiki/Image_segmentation
https://en.wikipedia.org/wiki/Grayscale
https://en.wikipedia.org/wiki/Binary_image

Thresholding
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Question !

164 239 53 >0 79 Please convert uint8 image I to

97 223 77 38 235 inaryimage using threshold
207 140 120 44 110 0 =127

136 159 59 58 47
89 150 215 111 231

Sol..
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Emboss

Engrave
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Matlab image processing function

Kernel Generator:
H=fspecial(‘kernel type’,paraml,param?2);
2D Convolution:
Im=conv2(im,H);
Image filter:
Im=imfilter(im,H);
Threshold:
Im=im2bw(im,threshold);
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Image filter kernel

https://en.wikipedia.org/wiki/Kernel_(image_processing)
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