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FIGURE 4.1 The function at the bottom is the sum of the four functions above it
Fourier's idea nlMﬂllnlerll functions could be represented as wcghld sum
of sines and cosines was met with skepticism.
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FIGURE 4.3
(a) Image of 4

Compare with
Fig. 4.2
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MATLAB Fourier transforms

>> f=imread(‘Figure_Rectangle.jpg’); % load in spatial rectangle

>> F=fft2(f); % do 2D FFT

>> S=abs(F); % determine magnitude for disp
>> imshow(S, [ 1) % shows in four corners of displa
>> Fe=fftshift(F); % shift FFT to center

>> imshow(abs(Fc), [ 1); % show magnitude of FFT in cen

% much tougher to do display transform

>> g=im2unit8(mat2gray(log(1+double(f))));

>> imshow(g)

% double converts the image to double precision floating point
% mat2gray brings the values to the range [0,1]

% im2unit8 brings the values back to the range [0,255]

% general log transform
>> g=im2unit8(mat2gray(c*log(1+double(f))));

SEE GWE, Section 4.2 Computing and Visualizing the 2-D DFT in MATLAB
GWE, Section 3.2.2 Logarithmic and Contrast Stretching Transformations
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FIGURE 4.4

(a) SEM image of
a damaged
integrated circuit.
(b) Fourier
spectrum of (a).
(Original image
courtesy of Dr. ).
M. Hudak.
Brockhouse
Institute for
Materials
Research,
McMaster
University,
Hamilton,
Ontario, Canada.)
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Frequency domain filtering operation

Fourier Filter Inverse
function Fourier
transform H(u,v) transform
F(u.v) H(u.v)F(u.v)

Pre- Post-
processing / processing
f(xy) Glu /V) 2(x.y)
Input Enhanced

image image

FIGURE 4.5 Basic steps for filtering in the frequency domain.
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FIGURE 4.6
Result of filtering
the image in

Fig. 4.4(a) with a
notceh filter that
setto O the
F(0,0) term in
the Fourier
transform.
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FIGURE 4.7 (a) A two-dimensional lowpase filter function. (b) Resutt of lowpass filtering the image in Fig. 4.4(a).
(©) A two-dimensiona highpass il function. (¢) Resultof highpaes flcring the image in Fig. 4Ha).
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FIGURE 4.8

Result of highpass
filtering the image
in Fig. 4.4(a) with
the filter in

Fig. 4.7(c).
modified by
adding a constant
of one-half the
filter height to the
filter function.
Compare with
Fig. 44(a).
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FIGURE 4.9

(a) Gaussian
frequency domain
lowpass filter.

(b) Gaussian
frequency domain
highpass filter.

(¢) Corresponding
lowpass spatial
filter.

" (d) Corresponding
@ highpass spatial
filter. The mask:
h(x) shown are used in
Chapter 3 for
lowpass and
FEE highpass filtering.
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FIGURE 4.10 (a) Perspective plot of an ideal lowpass filter transfer function. (b) Filter displayed as an
image. (¢) Filter radial cross section.
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FIGURE 4.11 (a) An image of size 500 X 500 pixels and (b) its Fourier spectrum. The
superimposed circles have radii values of 5, 15, 30. 80, and 230. which enclose 92.0,
94.6.96.4. 98.0. and W.5% of the image power, respectively.
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FIGURE 4.14 (a) Perspective plot of a Bulterworth fowpass filter transfer function. (b) Filter displayed as an
image. (¢) Filter radial cross sections of orders | through 4.
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FIGURE 4.16 (a)—(d) Spatial representation of BLPFs of order 1,2, 5, and 20. and corresponding gray-level
profiles through the center of the filters (all filters have a cutoff frequency of 5). Note that ringing increases
as a function of filter order.
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FIGURE 4.17 (a) Perspective plot of a GLPF transfer function. (b) Filter displayed as an image. (¢) Filler
radial cross sections for various values of D.
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FIGURE 4.19 Historically, certain computer Historically, certain computer 44 & -
(a) Sample text of programs were written using programs were written using 4 X 5-08 Pl x€ - .
:‘!‘1"‘)’["";:,’:::‘["0" only two digits rather than only two digits rather than
characters in four to define the applicable four to define the applicable
'('I";““("L'Z;ﬂ :)‘r‘“) year. Accordingly, the year. Accordingly, the
ﬁuc,i,{g with a company's software may company's software may
(;LITF{Pmkcn recognize a date using "00" recognize a date using "00"
:J:,',ffn'{_:w“c as 1900 rather than (Wr 3s 1900 rather than tly&
joined). 2000. 2000.
-3 - -
&
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‘e m AR
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FIGURE 4.20 (a) Original image (1028 X 732 pixels). (b) Result of filtering with a GLPF with D, = 100.
(c) Result of filtering with a GLPF with D, = 80. Note reduction in skin fine lines in the magnified sections

of (byand i¢).
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FIGURE 4.21 (a) Image showing prominent scan lines. (b) Result of using a GLPF with D, = 30. (¢) Result
of using a GLPF with Dy = 10.(Original image courtesy of NOAA.)
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FIGURE 4.23 Spatial representations of typical (a) ideal. (b) Butterworth, and (¢) Gaussian frequency
domain highpass filters and corresponding gray-level profiles.
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FIGURE 4.24 Results of ideal highpass filtering the image in Fig. 4.11(a) with Dy = 15, 30, and 80,
respectively. Problems with ringing are quite evident in (a) and (b).
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FIGURE 4.25 Results of highpass filtering the image in Fig. 4.11(a) using a BHPF of order 2 with D, = 15,
30. and 80, respectively. These results are much smoother than those obtained with an ILPF.
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FIGURE 4.26 Results of highpass filtering the image of Fig. 4.11¢a) using a GHPF of order 2 with D, = 15,
30. and 0. respectively. Compare with Figs. 4.24 and 4.25.
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FIGURE 4.39 Padded lowpass filter is the spatial domain (only the real part is shown). L b

FIGURE 4.40 Result of filtering with padding. The image is usually cropped to its
original size since there is little valuable information past the image boundaries.
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