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Abstract 

Å This paper proposes a class of gradient invertible 

asymmetric and symmetric operators. Examples of 

generated 5Ĭ5 gradient operators in different directions 

are described.  
 

Å Extensive computer simulation is directed on 270 
Renaissance portraits, including the art work of 

Raphael, Michelangelo, Leonardo Da Vinci and others.  
 

Å The simulation results show that the fusion of local 

binary patterns (LBP) with asymmetric and symmetric 

operators are better than traditional LBP features for 

face recognition, including Renaissance portraits the 

proposed. 
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Asymmetric 3×3 Gradients of 2nd Order 
 

      We consider the Prewitt gradient in ὢ-direction with the matrix   

ὖ
ρ

σ

ρ π ρ
ρ π ρ

ρ π ρ

ρ

σ

π π ρ
π σ ρ

π π ρ

ρ

σ

ρ π π
ρ σ π

ρ π π

          ρ 

These matrices describe the average differences of the image at pixel 

ὲȟά  with its three neighbors from the right and left,  

Ὃ Ὢ ȟ

Ὢȟ Ὢ ȟ Ὢȟ Ὢȟ
Ὢȟ Ὢ ȟ

, 

Ὃ Ὢ ȟ

Ὢȟ Ὢ ȟ Ὢȟ Ὢȟ
Ὢȟ Ὢ ȟ

. 

The Prewitt gradient is the difference of these two gradients,  

 ὖ Ὢ Ὃ Ὢ ȟ Ὃ Ὢ ȟȢ (2) 
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Similarly, the matrix of the Sobel gradient operator can be written as 
 

Ὓ
ρ
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ρ π ρ
ς π ς

ρ π ρ

ρ
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π π ρ

ρ

τ
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The Sobel gradient is also the difference of two gradients, as many 

other known gradient operators. 

Question 1. It is interesting to consider 2nd 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: 

Ὃ
ρ

τ

π π ρ
π τ ς

π π ρ

ρ

σ

ρ π π
ρ σ π

ρ π π

ρ

ρς

τ π σ
τ π φ

τ π σ

Ȣ     σ 

Note that a symmetry in the matrix is broken. 
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We call the asymmetric gradient with this matrix the Sobel-Prewitt 

asymmetric gradient in ὢ-direction.  

Example 1: The color 672×457 pixel image of Leonardo Da Vinci's 

painting ñPortrait of a Young Man (Portrait of the Musician 

Franchino Guffurio?)ò and the Sobel-Prewitt asymmetric square-

root gradient image calculated at each pixel by  

 

(a)   Original                 (b) Grayscale           (c) Square-root operator   
 

Figure 1: The color original image óleonardo10.JPGô (from http://www.abcgallery.com/) 

http://www.abcgallery.com/
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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 angles πЈ and ρψπЈ to the horizontal 

line. The diagonal and other directions can also be considered and 

added when calculating the gradient image for edge detection. 

Method of Matrix Rotation: The rotation of any 3×3 matrix around 

its center is considered to be the following operation:  

 

It is the counter clock-wise rotation of coefficients of the matrix by 

45 degree.  

Counter clock-wise rotation by 45 degrees 

ὥ ὥ ὥ
ὦ ὦ  ὦ

ὧ ὧ ὧ

ὥ ὥ ὦ
ὥ ὦ  ὧ

ὦ ὧ ὧ

Ȣ : 

 

ᴽ  N ᴺ
ᴽ Ɇ  ᴻ
ᴼ ᴼ ᴻ
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The rotation of the Prewitt matrix that is denoted by ὋЈȡ  

                                            

 

After rotating the matrix by the angles ςςυЈ, ςχπЈ, and σρυЈȟ we 

obtain the following matrices:  
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 All eight matrices are different and the eight gradient images 

ȿὋ Ὢȿȟ Ὧ ρȡψ, are different and correspond to the set of angles 

ɰ ʒȟË ρȡψ πЈȟτυЈȟωπЈȟρσυЈȟρψπЈȟςςυЈȟςχπЈȟσρυЈȢ  

The concepts of the square-root, maximum, and magnitude gradient 

image can be defined by using the set of gradient images Ὃ ὪȢ 

For instance; the maximum gradient image can be defined as 

Ὃ Ὢ ÍÁØȿὋ ὪȿȠὯ ρȡψȟ 

 

Figure 2: The diagram of calculation of the maximum gradient image. 

Image (Ὢ 

Gradient Ὃ Ὢ 

Gradient Ὃ Ὢ 

Gradient Ὃ Ὢ ÍÁØὋ ȠὯ ρȡψ 

Gradient Ὃ Ὢ 

Gradient Ὃ Ὢ 



10 
 

The compass names can be given to these gradient matrices Ὃ , 

Ὧ ρȡψ, that are East, Northeast, North, Northwest, West, 

Southwest, South, and Southeast, respectively.  

These eight gradient images in the absolute scale and the maximum 

gradient image can be shown together in the order that corresponds 

to the compass directions, as shown in Fig. 3.   

 
 

(a)                                                              (b) 

 
Figure 3: (a) Compass directions and (b) the maximum gradient image with all eight 
components.  
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In these figures, the grayscale 741×528 pixel image of Raphael's painting ñSt. Catherineò is shown 

together with all eight compass gradients (in Fig. 4) and gradient images (in Fig. 5).  

 

Fig. 4: The grayscale image of óraphael27.jpgô 

(from http://www.abcgallery.com/) together with 

the eight gradient images ȿὋ Ὢȿ,  Ὧ ρȡψȢ 

 

The eight-neighbor Laplacian:  The square-root gradient 

image is defined as 

Ὃ Ὢ
ρ

Ѝψ
Ὃ Ὢ Ὃ Ὢ Ễ Ὃ Ὢ Ȣ 

The magnitude gradient image is calculated by 

ὋὪ
ρ

ψ
Ὃ Ὢ Ὃ Ὢ Ễ Ὃ Ὢ Ȣ 

 
(a)                         (b)                         (c)                        (d) 

 

Fig. 5: (a) The grayscale of the color original image óraphael27.jpgô (from 

http://www.abcgallery.com/), (b) the magnitude gradient image, (c) the 

square-root gradient image, and (d) the maximum magnitude gradient 

image. 

 

http://www.abcgallery.com/
http://www.abcgallery.com/
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All eight gradient images are different, since the matrices of 

rotations are different, and they are shown in Table 1. 
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Table 1: Matrices of gradient operators. 
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(a)                                                                                           (b) 

Figure 6:  Leonardo Da Vinciôs painting ñPortrait of Cecilia Gallerani (Lady with an Ermine)ò and Diego 

Vel§zquezôs painting ñPhilip IV in Armour.ò The grayscale images (a) of óleonardo9.jpgô and (b) 

óvelazquez21.jpgô in the center and their eight gradient images. (from http://www.abcgallery.com/). 

http://www.abcgallery.com/

