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Digital Image Processing

Chapterl: Introduction



One Picture is worth more than ten thousand words.




Image Avazls
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Digital image processing ARazls
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Digital image processing Jooazls
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FIGURE 1.1 A
digital picture
produced in 1921
from a coded tape
by a telegraph
printer with
special type faces.
(McFarlane. )
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(Figure from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 3rd Edition.



FIGURE 1.2 A
digital picture
made in 1922
from a tape
punched after the
signals had
crossed the
Adtlantic twice.
Some errors are
visible.

(McFarlane.)
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(Figure from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 3rd Edition.



FIGURE 1.3
Unretouched
cable picture of
Generals Pershing
and Foch.
transmitted in
1929 from
London to New
York by 15-tone
equipment.
{McFarlane.)
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(Figure from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 3rd Edition.



FIGURE 1.4 The
first picture of the
moon by a U.S.
spacecraft.
Ranger 7 took this
image on July 31,
1964 at 9:09 A.M.
EDT, about 17
minutes before
impacting the
lunar surface.

{Courtesy of
NASA.)
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(Figure from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 3rd Edition.
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FIGURE 1.14

Some examples of
manufactured
eoods often
checked using
digital image
processing. (a) A
circuit board
controller.

ib) Packaged pills.
ic) Bottles.

id) Bubbles in
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clear-plastic
product.

(e} Cereal.

(f) Image of
intraocular
implant.

iFig. (f) courtesy
of Mr. Pete Sites,
Perceptics
Corporation.)
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(Figure from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 3rd Edition.



d Tan1suszuna

FIGURE 1.15

Some additional o
examples of

imaging in the NaﬂqWLwan
visual spectrum. '
{a) Thumb print. o/ =
(b) Paper AN UL
currency. (c) and q

(d). Automated

license plate ° 1 1 Y

reading. (Figure uf] U GU

(a) courtesy of the

National Institute -~ .

of Standards and U 1
Technology. L sEJU LVI EJU u
Figures {c) and

(d) courtesy of

Dr. Juan Herrera, ng quucﬁa 3{! a

Perceptics
Corporation.)
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(Figure from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 3rd Edition.
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FIGURE 1.17 MRI images of a human ({a) knee, and (b) spine. (Image {a) courtesy of
Dir. Thomas R. Gest, Division of Anatomical Sciences, University of Michigan Medical
School, and (b} Dr. David R. Pickens, Department of Radiology and Radiological Sci-
ences, Vanderbilt University Medical Center.)
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(Figure from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 3rd Edition.
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Junounugwves digital image processing

FIGURE 1.23 OQuiputs of these processes generally are images

Fundamental

steps in digital |

image processing. CHAPTER i CHAPTER 7 CHAPTER & CHAPTER 0 _
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(Figure from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 3rd Edition.
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https://msdn.microsoft.com/en-
us/library/windows/desktop/ms63036
8(v=vs.85).aspx

http://www.mathworks.com/company/pres
sroom/image_library/image_processing.ht
ml



http://www.advancedimagingpro.c
om/print/Advanced-Imaging-
Magazine/Olympus-Introduces-
Basic-Image-Acquisition-
Software/1$2658

https://th.wikipedia.org/wikins
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https://tecake.in/top-5-flagship-
smartphones-launched-2017

http://onlinefanatic.com/best-webcams-for-
small-businesses-review/



Image enhancement
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http://www.ivimg.com/products/vcnvr.htm



Original Image and Enhanced Images using imadjust, histeq, and adapthisteq

https://www.mathworks.com/help/images/contrast-
enhancement-techniques.html

Original Image Enhanced with SUACE

http://www.ravimal.com/2017/08/a-fast-simple-and-powerful-contrast.html




http://www.hpl.hp.com/research/ptm/se.html




http://www.fotoclipping.com/services/image-editing-
optimization/photo-enhancement/

2. Original Image b. Histogram Equilization D » Original image b istogram Equilization a. Original image b. Histogram Equilization
t. Linear Streatching d. Adaptive Histogram Equilization [} < Unesr Stresiching & Adaptive Histogram Equilization  ©. Linear Streatching d. Adaptive Histogram Equilization

https://www.researchgate.net/figure/Application-of-contrast-enhancement-
techniqgues-on-Digital-X-Ray-of-hand-and-Neck-and fig1 235641059




https://www.mathworks.com/matlabcentral/fileexchange/37578-
video-enhancement?requestedDomain=true

http://www.ajnr.org/content/32/1/E16




Image restoration
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http://www.my-printing.co.uk/content/Wedding-Photograph-
Printing/Photo-Restoration.html



https://en.wikipedia.org/wiki/Digital_photograph_restoration#/media/Fil
e:Golden_Gate_San_Francisco_c1895 Digital Restoration.jpg

http://www.micrographics.co.nz/service
s/photographic-restoration/



Color image processing
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https://www.researchgate.net/figure/7880252_fig1_Figure-2-A-Lesion-
overlap-of-all-achromatopsia-and-prosopagnosia-cases-The



https://www.outdoorphotographer.com/tips-techniques/photo-
editing-tips/processing-neutral-fall-color-photos/

Figure: a) SPOT Pan in grey scale b) SPOT Pan in pseudc

https://www.semanticschola
r.org/paper/Pseudocolor-
Processing-of-Graphical-
Images-Using-M-
SELVAPRIYA-
RAGHU/02710da7cfc10efe
896e3e59ad014b16047beff
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http://serre-lab.clps.brown.edu/resource/computational-
mechanisms-of-color-processing/




Image Compression
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http://www.jmg-galleries.com/articles/jpeg_compression.htmi



Maximum CQuality High Quality

http://www.elwebmaster.com/articulos/phot
oshop-optimizar-imagenes-para-acelerar-
tu-sitio



Morphological processing
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http://jainpoojith.blogspot.com/2009/03/mor
phological-image-processing.html



a. Original b. Binary
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http://www.xplorimaging.com/DocumentCleanUp.html
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http://www-
rohan.sdsu.edu/doc/matlab/toolbox/images/morph9.html




b

https://www.youtube.com/wat
ch?v=iOtodmhfMfU
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Figure 1 Original and Enhanced images
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http://www.matlabprojecthelp.com/char-segmentation/




>> BW = imread('circles.png’); http://basic-programming-
>> imshow(BW); tips.blogspot.com/2012/04/matlab-
>> BW2 = bwmorph(BW,'remove'); morphological-operation-example.html
>> figure, imshow(BW2)
'—|1:| £

http://www.pantechsolutions.net/spartan-3-edk-
sourcecode/linear-and-morphological-image-filtering




The video frame on the left highlights, in pink, the objects detected as

moving. Note the movement of the leaves on the trees in the foreground.

Morphological processing cleans up the video frame as shown on the right.

https://computation.linl.gov/casc/sapphire/background/background.htmi



Segmentation

http://ippr-practical.blogspot.com/2012/04/region-segmentation.html
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http://ivrgwww.epfl.ch/supplementary material/RK CVPR09/
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https://thegradient.pub/semantic-segmentation/




https://medium.com/@arthur ouaknine/review-of-deep-learning-algorithms-for-
image-semantic-segmentation-509a600f7b57




Recognition
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http://endthelie.com/2012/08/24/fbi-sharing-facial-recognition-

software-with-police-departments-across-
america/#taxzz2clcEWfGZ




https://fortune.com/2018/10/28/in-china-facial-recognition-tech-is-watching-you/




riFinger/Megamatcher Fingerprint Recognition Algorithm Demo

Scanner log =
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http://commons.wikimedia.org/wiki/File:Aircraft-recognition-and-
tracking-by-dsp-based-signal-processing.jpg
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https://martechtoday.com/how-visual-recognition-is-set-to-change-advertising-223719




https://azati.ai/image-detection-recognition-and-classification-with-machine-

learning/
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Network FIGURE 1.24
- - Components of a
T general-purpose

image processing
system.

Image displays Compuler Mass storage

Specialized
Hardeopy image processing
hardware

Image processing
software

Image sensors

Problem
domain

(Figure from Rafael C. Gonzalez and Richard E.
Wood, Digital Image Processing, 2" Edition.



