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It makes all the difference whether one
sees darkness through the light or
brightness through the shadows.

- David Lindsay
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FIGURE 3.4

(a) Original
digital
mammogram.

(b) Negative
image obtained
using the negative
transformation in
Eq. (3.2-1).
(Courtesy of G.E.
Medical Systems.)

Image Negatives
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{a) Linear-wedge
grav-scale image.
(b) Response of
monitor to linear
wedge.

(c) Gamma-
carrected wedge.
{d) Output of
maonitor.
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responding histograms.

FIGURE 3.18
Transformation
functions (1)
through (4) were
obtained from the
histograms of the
mEAges in
Fig.3.17(a). using
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FIGURE 3.20 (a) Image of the Mars moon Photos taken by NASA's Mars Global
Surveyor. (b) Histogram. (Original image courtesy of NASA.)

Improvement 1: Histogram Matching
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FIGURE 3.23 (a) Original image. (b) Result of global histogram equalization. (¢) Result of local hislogram
equalization using a7 X 7 neighborhood about each pixel.

Improvement 2: Global vs. Local Enhancement
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FIGURE 3.27

(a) Original
image. (b) AND
image mask.

(c) Result of the
AND operation
on images (a) and
(b). (d) Original
image. (¢) OR
image mask.

() Result of
operation OR on
images (d) and
(e).
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FIGURE 3.29
Enhancement by
image subtraction.
(a) Mask image.
(b) Animage
(taken after
injection of a
contrast medium
into the
bloodstream) with
mask subtracted
out.

Image Subtraction in medical application
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Image Averaging

FIGURE 3.30 (a) Image of Galaxy Pair NGC 3314. {b) Image corrupted by additive Gauss-
ian noise with zero mean and a standard deviation of 64 gray levels. {c)-{f} Results of av-
eraging K = 8, 16,64, and 125 noisy images. ( Original image courtesy of NASA.)
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FIGURE 3.31

(a) From top to
bottom:
Difference images
between
Fig.3.30(a) and
the four imagesin
Figs 3.30(c)
through (f).
respectively.

(b) Corresponding
histograms.
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FIGURE 3.32 The
mechanics of
spatial filtering.
The magnified
drawing shows a
3 % 3mask and
the image section
directly under it;
the image section
is shown
displaced out
from under the
mask for ease of
readability.
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FIGURE 3.35 (a) Original image, of size 500 > 500 pixels. (b)—{f} Results of smoothing
with square averaging filter masks of sizes n = 3,5.9.15, and 35, respectively. The black
squares at the top are of sizes 3, 5,9, 15,2535, 45, and 55 pixels, respectively; their bor-
ders are 25 pixels apart. The letters at the bottom range in size from 10 to 24 points, in
increments of 2 points; the large letter at the top is 60 points. The vertical bars are 5 pix-
els wide and 100 pixels high: their separation is 20 pixels. The diameter of the circles is
25 pixels, and their borders are 15 pixels apart: their gray levels range from 0% to 100%
black in increments of 20%:. The background of the image is 10% black. The noisy rec-
tangles are of size 50 x 120 pixels.
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FIGURE 3.36 (a) Image from the Hubble Space Telescope. (b) Image processed by a 15 X 15 averaging mask.
(c) Result of thresholding (b). (Original image courtesy of NASA.)
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FIGURE 3.37 (a) X-ray image of circuit board corrupted by salt-and-pepper noise. (b) Noise reduction with a
3 x 3 averaging mask. (¢) Noise reduction with a 3 X 3 median filter. (Original image courtesy of Mr. Joseph
E. Pascente, Lixi. Inc.)

Order-Statistics Filters — Median filter
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FIGURE 3.38
(a) A simple
image. (b) 1-D
horizontal gray-
level profile along
the center of the
image and
including the
isolated noise
point.
{c) Simplified
profile (the points
are joined by
dashed lines to
simplify
interpretation).
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Use of Second Derivatives for Enhancement—
The Laplacian
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FIGURE 3.39
(@) Filter mask
used Lo
mmplement the
digital Laplacian,
as defined in

Eq. 41

() Mask used 1o
implement an
extension of this
e uation that
includes the
diagonal
neighbors () and
) Towis anther
mmplemenlations
of the Laplacian,
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FIGURE 3.40

(a) Image of the
North Pole of the
moon.

(b) Laplacian-
filtered image.
(c) Laplacian
image scaled for
display purposes.
(d) Image
enhanced by
using Eq. (3.7-3).
(Original image
courtesy of
NASA.)

406:9) =fox)-7 43

[2.2002 R. C. Gonzalez & R. E. Woods

20



-1 3 -1
-1 -1 -1
0 -1 0
-1 9 -1
-1 -1 -1

. s . ‘x \‘ Ny

oo

[©.2002 R, C. Gonzalez & R. E. Woods

FIGURE 3.41 (a) Composite Laplacian mask. (b) A second composite mask. (¢) Scanning
electron microscope image. (d) and (e) Results of filtering with the masks in (a) and (b)

respectively. Note how much sharper () is than (d). (Original image courtesy of Mr. Michael
Shaffer, Department of Geological Sciences, University of Oregon, Eugene.)
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Use of Second Derivatives for
Enhancement—

Unsharp masking and high- boost filtering
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FIGURE 3.42 The
Tigh-boest filtering
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FIGURE 3.43

(a) Same as

Fig. 3.41(c), but
darker.

(a) Laplacian of
{a) computed with
the mask in

Fig. 3.42(b) using
A=10

(c) Laplacian
enhanced image
using the mask in
Fig. 3.42(b) with
A = 1.(d) Same
as (c), but using
A=1T7

Digital Image Processing, 2nd ed.

Chapter 3
Image Enhancement in the
Spatial Domain

) G
X VJ/r: ( &’( Use of First
FIGURE 3.4 . Derivatives for

iinss s < o3 /ox Enhancement—

E\‘a]ucs) and masks af/} 3 . . The G rad |ent

www.imageprocessingbook.col

used to compute
the gradient at
point labeled zs.

All masks
coefficients sum -1 0 0 -1
Lo zero, as lo *.
expected of a ﬁb A S
derivative
operator. g L L g
-1 -2 -1 -1 0 1
0 0 0 -2 0 2 S\Ob‘el,
1 2 1 -1 0 1

[2.2002 R. C. Gonzalez & R. E. Woods

22



Digital Image Processing, 2nd ed.

Chapter 3
Image Enhancement in the
Spatial Domain

www.imageprocessingbook.comy

ahb

FIGURE 3.45
Optical image of
contact lens {aole
defects on the
boundary at 4 and
5 o'clock).
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LINEAR SPATIAL FILTERING

>> f=imread(fig3.15(a).jpg"); %load in checkerboard figure

% g=imfilter(f,w,filtering_mode, boundary_options,size_options)

% f is the input image

% w is the filter mask

% Filtering mode:

%  ‘corr filtering is done using correlation

%  ‘conV’ filtering is done using convolution -- flips mask 180 degrees
% Boundary options

% P without quotes (default) - pad image with zeros

% ‘replicate’ - extend image by replicating border pixels

% ‘symmetric’ - extend image by mirroring it across its border

% ‘circular’ - extend image byrepeating it (one period of a periodic function)
% Size options

% ‘full’ - output is the same size as the padded image

% ‘same’ - output is the same size as the input

>> w=ones(9); % create a 9x9 filter (not normalized)
>> gd=imfilter(f,w); % filter using default values
>> imshow( gd, [ 1) % [ ] causes MATLAB to display using low and high

% gray levels of input image.
%Good for low dynamic range

>> gr=imfilter(f,w, replicate’); % pad using replication

>> figure, imshow(gr, [ 1) %

>> gs=imfilter(f,w,’symmetric’); % pad using symmetry

>> figure, imshow(gs, [ 1) % show this figure in a new window

SEE GWE, Section 3.4.1Linear Spatial Filtering

[2.2002 R. C. Gonzalez & R. E. Woods
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MATLAB/Image Processing Toolbox

LINEAR SPATIAL FILTERING

>> f=imread(fig3.15(a).jpg’); %load in checkerboard figure
>> w=ones(9); % create a 9x9 filter (not normalized)

% f is of type double in [0,1] by default
>> g8r=imfilter(f8,w,’replicate’); % pad using replication
% imfilter creates an output of same data class as input, i.e., uint(8)

>> imshow( g8r, [ 1) % clipping caused data loss since filter was not
% normalized

SEE GWE, Section 3.4.1Linear Spatial Filtering

[©.2002 R. C. Gonzalez & R. E. Woods
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>> f8=im2uint8(f); % converts image to uint8, i.e., integers in range [0,255]

Digital Image Processing, 2nd ed.

MATLAB/Image Processing Toolbox

MATLAB's built-in filters

>=> f=imread(‘fig3.15(a).jpg’); %load in checkerboard figure
>> w=fspecial(‘type’, parameters); % create filter mask

% filter types:

% ‘average’, default is 3x3

% ‘gaussian’, default is 3x3 and sigma=0.5

% ‘laplacian, default alpha=0.5

% ‘prewitt’, vertical gradient, default is 3x3. Get horizontal by wh=w’
% ‘sobel’, vertical gradient, default is 3x3

% ‘unsharp’, default is 3x3 with alpha=0.2

SEE GWE, Section 3.5 Image processing Toolbox Standard Spatial Filters

[2.2002 R. C. Gonzalez & R. E. Woods
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FIGURE 3.46

(a) Image of
whole body bone
scan.

{b) Laplacian of
{a).{c) Sharpened
image obtained
by adding (a) and
(b). (d) Sobel of

(a).
[©.2002 R. C. Gonzalez & R. E. Woods
Digital Image Processing, 2nd ed. E [:
Chapter 3 FIGURE 3.46
Image Enhancement in the (Continued)
Spat|a| Domain (e) Sobel image

smoothed with a

5 X 5averaging
filter. (f) Mask
image formed by
the product of (c)
and (e).

(2) Sharpened
image obtained
by the sum of (a)
and (f). (h) Final
result obtained by
applying a
power-law
transformation to
(g). Compare (g)
and (h) with (a).
(Original image
courtesy of G.E.
Medical Systems.)
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PRODUCING FIGURE 3.40

>> f=imread(‘Fig_Moon.jpg"); %load in lunar north pole image
>> w4=fspecial(‘laplacian’,0) % creates 3x3 laplacian, alpha=0 [0:1]
>>w8=[111;1-81;111] % create a Laplacian that fspecial can’t
>>f=im2double(f); % output same as input unit8 so

% negative values are truncated.

% Convert to double to keep negative values.
>> g4=f-imfilter(f,w4, replicate’); % filter using default values
>> g8=f-imfilter(f,w8, replicate’); % filter using default values

>> imshow(f) % display original image
>> imshow(g4) % display g4 processed image
>> imshow(g8) % display g8 processed image

SEE GWE, Section 3.5.1Linear Spatial Filters
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