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Dennis Gabor (1900 - 1979) ‘%‘ :

1 =1
Hungarian-born electrical engineer v"\’ho won the Nobel Prize for Physics in 1971 for his
invention of holography, a system of lensless, three-dimensional photography that has

many applications.

A research engineer for the firm of Siemens and Halske in Berlin from 1927, Gabor fled
Nazi Germany in 1933 and worked with the Thomson-Houston Company in England,
later becoming a British subject. In 1947 he conceived the idea of holography and, by
employing conventional filtered-light sources, developed the basic technique. Because
conventional light sources generally provided either too little light or light that was
too diffuse, holography did not become commercially feasible until the
demonstration, in 1960, of the laser, which amplifies the intensity of light waves.

In 1949 Gabor joined the faculty of the Imperial College of Science and Technology,
London, where in 1958 he became professor of applied electron physics. His other
work included research on high-speed oscilloscopes, , physical
optics, and television.
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f'(x)=2bxf (x) = f(x) = ae” ™
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Gabor filters are formed by modulating a complex
sinusoid by a Gaussian function:

gaussian envelope

complex sinusoidal

) . 1 1| x° 97
glx,y)=———exp| ——| 5+~
2 7o, o, -. 2 Lo, o, )]

-exp(27jax)

_ [ X =xcos(6)+ ysin(6)
with o N
l v =—xsm(6)+ ycos(6)
- g, and o, control spatial extent of filter

- 6 is the orientation
- o is the radial frequency of the sinusoid
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where o, = 1/2n6, and o, = 1/2n0,.
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Jen(X,y) =a "g(x".y), a>1, m n=integer

. m

=a "(xcost + ysinf) and

/ . m

yi=a "(— xsin 6 + ycos 0),

K — number of orientations
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W, .(x. v = 'f (x, Vg (x — xy, v— yy)dx, dy,

Un=004, U, = 005, K=6and S=4
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W=Ugandm=0,1,...,S—1
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TekcTypbl

= Whether an effect is a texture or not depends on
the scale at which it is viewed.
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Anaau3 0eapeHHOM KocTu (femur)

pelvis

fibula
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Greater Trochanter
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h(x,y)=g(x',y")exp(27/x') .

The oriented Gaussian function g(x'. y') 1s given by:

PN B Y7

where (x',y')=(xcosé@+ ysmb,—xsméb+ ycosd) are rotated coordinates
h, (x,y)=g(x',y")cos(Cax").
h, (x,p)=g(x',»")sin(27/") .

(b)
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A Gabor filter bank of 1 frequency channel and 8 orientation channels i1s used to extract the
orientation of the texture patterns in the femur. The centre frequency f of the Gabor filters is
set to 0.13 cycles per pixel, and orientations range from 0° to 157.5°, incrementing in steps of

22.5°

€. (X, ¥)=1(x,y)%h,

e, H(x,v)=1(x,y)*h_
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Gabor filter responses for a satellite image.
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Query pattern
l 1 In the texture thesaurus

Matched codeword
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Gabor Convolutional Networks

Left illustrates AlexNet filters. Middle shows Gabor filters. Right presents the convolution filters
modulated by Gabor filters. Filters are often redundantly learned in CNN;, and some of which are
similar to Gabor filters (see the highlighted ones with yellow boxes).

Based on this observation, we are motivated to manipulate the learned convolution filters using
Gabor filters, in order to achieve a compressed deep model with reduced number of filter
parameters.

In the right column, a convolution filter is modulated by Gabor filters to enhance the orientation

property.



Gabor Convolutional Networks
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l.earned filter  Gabor filter bank o F Input feature map (F) Onput feature map (F)
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Left shows modulation process of GoFs.
Right illustrates an example of GCN convolution with 4 channels. In a GoF, the number of
channels is set to be the number of Gabor orientations U for implementation convenience.



Gabor Convolutional Networks

Learned Filters Convolutional Gabor orientation Filters(GoFs) Feature Map
Ci» Ci; Ci.
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Visualization of the first convolution layer of GCNs. Each row represents a group of GoF's and its
corresponding feature map. 1.e. the 10th GoFs (C10,1 ...C10,4). Each 4-orientation channel GoF 1s
labeled as different colors. The output feature map also has 4-orientation channel, which is labeled
with the same color as its corresponding GoL.

The examples in the blue rectangle show that GOFs carry various orientation information.



