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Asymmetric 33 Gradients of 2 Order

We consider the Prewitt gradlentcmdlrectlon with the matrix
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Thesematricesdescribe the average dlfferelsoéthe Image at pixel
¢ with its three neighbors from the rigud left
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The Prewitt gradient is the difference of these two gradients,
0Lb'Q O Qy O Q8 (2)



Similarly, thematrix of theSobel gradient operatcan be written as
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The Sobel gradient is also the difference of two gradi@stsnany
other known gradient operators.

Question 1 It is interesting to consider"@order gradients with
different type left and right gradient operators. Can such mixed
gradients be used in edge detection? For example, we consider the
gradients with the left Prewitt and the right Sobel gradient matrices:
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Note that asvmmetrv In the matrix is broken.




We call the asymmetric gradient with this mathe SobePrewitt
asymmetric gradierih w-direction.

Example 1 The color 672457 pixelimage of Leonardo Da Vinci's
painting NPortrait o f a Yanung
Franchi no atdutlhefSobeRrewvi?t asymmetric square
root gradient image calculated at each pixel by

(a) Original (b) Grayscale (c) Square-root operator
Figure 1: The color original i mage Ol e ona htgp:ovwiwl.abtdalBrg.colmh) r o m
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Gradients with 8 directions

Many gradient images are calculated by using only two gradients;
In the horizontal and vertical directions. In other words, these
directions are defined by the angkesandp y’rto the horizontal

line. The diagonal and other directions can also be considered and
added when calculating the gradient image for edge detection.

Methodof Matrix Rotation: The rotation of any 3x3 matrix around
Its center Is considered to be the follogrimperation:
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Counter clockvise rotation by 4%legrees

It is the counter clockvise rotation of coefficients of the matrix by
45 degree.



The rotation of th&rewittmatrix that is denoted bYO.d,
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After rotating the matrix by the anglescpc xJmando pJlbwe
obtain the following matrices:
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All eight matrices are differéenand the eight gradient images
SO Q' Q pdy, are differenandcorrespond to the set of angles
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The concepts of the squam@ot, maximum, and magnitude gradient

Image can be defined by using the set of gradient im&yesQ38
For instance; the maximum gradient image can be defined as
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Figure 2: The diagram of calculation of the maximum gradient image.



The compass names can be given to these gradient ma@ices

‘Q pdl that are East, Northeast, North, Northwest, West,
Southwest, South, and Southeast, respectively.

These eight gradient images in the absolute scale and the maximun
gradient image can be shown together in the order that corresponds
to the compass dictions, as shown in Fig. 3.
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Figure 3: (a) Compass directions and (b) the maximum gradient image with all eight
components.
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The eightneighbor Laplacian The squar&oot gradient
image is defined as

P
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The magnitude gradient image is calculated by
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Fig.5:(a) The grayscale of the col or
Fig.4:The grayscal e i mag]|| http://www.abcgallery.com/), (b) the magnitude gradient image, (c) the

(from http://www.abcqgallery.com/) together with || square-root gradient image, and (d) the maximum magnitude gradient
the eight gradient images SO Qs Q pdl8 image.

In these figure, the grayscal@41x528 pixel mage of Raphael ' sisph@wnnt i n
together withall eight compass gradien(is Fig. 4)and gradient imaggm Fig. 5)
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All eight gradient images are different, since the matrices of

rotations are differenand they are shown in Table 1.
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Table 1. Matrices of gradient operators.

12



(b)
Figure6: Leonar do Da VinkRords apai ofi €g@gci |l i a Gall erani (L

Vel 8zquezods pai nti ng ThePdraydcadlepimagey (a)iai é Ao maudand .(b) pgo
& e | a z g u eia tAelcentepagdiheir eight gradient images. (from http://www.abcgallery.com/).
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