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PATTERN RECOGNITION: APPLICATIONS

Problem Domain

Application

Input Pattern

Pattern Classes

Document image analysis

Optical character recognition

Document image

Characters, words

Document classification

Internet search

Text document

Semantic categories

Multimedia database retrieval

Internet search

Video clip

Video genres

Speech recognition

Telephone directory
assistance

Speech waveform

Spoken words

Natural language processing

Information extraction

Sentences

Parts of speech

Biometric recognition

Personal identification

Face, iris, fingerprint

Authorized users for access
control

Medical

Diagnosis

Microscopic image

Cancerous/healthy cell

Military

Automatic target recognition

Optical or infrared image

Target type

Industrial automation

Printed circuit board
inspection

Intensity or range image

Defective/non-defective
product

Industrial automation

Fruit sorting

Images taken on a conveyor
belt

Grade of quality

Remote sensing

Forecasting crop yield

Multispectral image

Land use categories

Bioinformatics

Sequence analysis

DNA sequence

Known types of genes

Data mining

Searching for meaningful
patterns

Points in multidimensional
space

Compact and well-separated
clusters
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THE STORY OF THE AIRSHIP
BY T.J C. MARTYM
M the recant voyage of the Graf Zeppelin across the Atlantic
I Ocean to these shores there is mone to be read and undes
stood than the lessons of successful dirigible navigation and
construction; d apens a new chapler in tha annals af ighlesthan
air craft, one thal has a nch background of human endaavor in
whach zkill and courage have played egual parts. The Graf
Zeppelin, i its construction and in #2 pedormance, marks the
latest advances in its own sphere of aeronautical science, an
advance that most cerlamby will have important influences upon
the developmant of tha airshep. Af the same ime ils tnumphant
success is to be measurad in large pad by tha labors and re-
searches of thoss pioneer asronsuts who by their perseverance
made lighter-than-air craft possible
just @g the higtory of the airplane cannol be dvarced farm
the story of the glider, the hestary of the Gingsbia 15 insepar-
ably bound up in the slory of tha balloon. In theory both
e types of aircrafl have been studied since ancient times. Flight
st g g ancaabe b e | through the &ir has lured man all through the ages as pethaps

P few other things have, and it continues 1o weave its spell guer

millians of peopla loday. According ta tradition A was Aschylas
1
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Classification

Post—processing
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Model Model learning/estimation
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From: Richard O. Duda, Peter E. Hart, and David G. Stork,
Pattern Classification, John Wiley & Sons, Inc., 2001.
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From: Richard O. Duda, Peter E. Hart, and David G. Stork,
Pattern Classification, John Wiley & Sons, Inc., 2001.
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From: Richard O. Duda, Peter E. Hart, and David G. Stork,
Pattern Classification, John Wiley & Sons, Inc., 2001.




Prepared by Kazim Fouladi | Spring 2024 | 39 Edition

Y4 [ [y By ey
<Qu§333 ..3‘..1:.3 uijw Gb;lw\) u_;bLo &JA JJ GJ:\:\‘\E:\JQ dtm
OBJECT RECOGNITION

b (S35 99 5 G 3 Ol e

S suldinl

slass [ ale (3 e 40 Jshe et Jlie)
(oor ] sale sladlls

ao¥ Shgalaas O
(SRS O e~ O
Gusas sla S5 O

Sesle S5 S gloaiulda o
cowl s cadls

S8 0,08 (S S da 0 W
conwl i cadal Gals o SYL

Somb S5, (Sondlda sa %
cowl i caals

AS L Shy Kokl ap 0 %
LI VIR

Seale (K55 Sl a8 @
ol g cadls

K%

width

224

217
20¢
19¢
18¢
17t
16¢
15¢

14

YU ol
salmon

J‘JJL.A u_dsLo
sea bass

' ' ' > lightness
2 4 6 8 10

From: Richard O. Duda, Peter E. Hart, and David G. Stork,
Pattern Classification, John Wiley & Sons, Inc., 2001.



Prepared by Kazim Fouladi | Spring 2024 | 39 Edition

(i X u.wL:\.ﬁn:)L:\

OBJECT RECOGNITION

C ‘.;h.; 3:0 = bJLn.u fs:uuaz ;)JA
C_'_\.JAJJU 6.:3:\43..‘.‘44
Lads g A s
YL Gbols
Yh sondppens

K%

(édl..wﬁ.cu@ft\}ﬁ)ts_&l.o &JJJJ 64394:\:\19 d‘:m

width

224

217
20¢
19}
18¢
17t
16¢
15¢

14

YU ol
salmon

J‘JJL.A u_dsLo
sea bass

' ' ' ' > lightness
2 4 6 8 10

From: Richard O. Duda, Peter E. Hart, and David G. Stork,
Pattern Classification, John Wiley & Sons, Inc., 2001.



A C s : "'3|_!
S & |’ :.:)L-‘
(samm prasal 5 50) (alo g 63 g0 (sadiubs 1 JBs
OBJECT RECOGNITION
< s A aaal e
P02 (i dth Vi35 ale I, sl
. Wil
a5 g3 (l21) ales N JX 2 BIEBIEN
Ok sndpses O 270 00
20t « oo
el sl onan o glade * .
. C 855 oo e paraas sla) 5 N
o) °
= SO0 A sl 187
w T e
% areai S0 aip Sl ugag b *
S G Lol osd saie e cahsel  16f oo
£ salA s oS el sl
- H(oml sedpaens) ool )
g olas 2L« waa cdnle 3T (546 s 14 > lightness
i dands it BT ol s sul 2 4 6 § 10
E A%W‘}ﬁ Lo‘ CA—A—U‘YTJ:}E
E 64:.\.4.4.1.3 o4 45 C.u.u‘ s C’_\.C.L.A
% .J)fi)‘ﬁ)‘d‘)ucsu@u
g From: Richard O. Duda, Peter E. Hart, and David G. Stork,
4 Pattern Classification, John Wiley & Sons, Inc., 2001.
TN
Up %



Prepared by Kazim Fouladi | Spring 2024 | 39 Edition

o X L;MIL:UII:JL:‘
(bd:\?f,:\ u‘.&_\%‘u ‘s:uuaS JJA) U_M.o CJ_\ 99 64.\_\@.:]9 d[lo
OBJECT RECOGNITION

<— s pliia Gaseai e

S yd (g diwy

Lads gab (odel) alas
o3l g 5 bl ols Gl O
Yo s pipreas O

L) 65 oo condoalalis aveiad 5o
590 =2 O Gag Olssns S
L;JL&.H 39 u.[b\}\g.oT(S‘LC.JA?.o GLAAJ‘J
(J—L:l:ll_j éd.'\..\SLSJ..\..s‘lﬁ..sjo

G50 =83 G SYL Bk Gl Sl S
s o Juala wan sla S

L]
’U};K

width

224

21 ¢
20 ¢
19 ¢
18}
17 ¢
16 ¢
157

3

YU ol
salmon

J‘JJL.A LT‘BLQ
sea bass

14

» lightness
2 4 6 8 10

From: Richard O. Duda, Peter E. Hart, and David G. Stork,
Pattern Classification, John Wiley & Sons, Inc., 2001.



Al

Prepared by Kazim Fouladi | Spring 2024 | 39 Edition

s X u.mL:\.Aln:)L:\
(S slisd) pale g o3 g0 (saiadiss 1 Jls
OBJECT RECOGNITION
JU,y s s slas JTo.A:ﬂ S slas
Real Pattern Space Ideal Pattern Space

bJ.nInc‘ﬁL.u‘ (sL&‘_;i}:sJ J‘ J.AAL;

- \ o
NSt

v

* 0

7Y



Prepared by Kazim Fouladi | Spring 2024 | 39 Edition

iy

PATTERN RECOGNITION SYSTEM

oisleyl Physical environment 094!
lest I - Train

Y Y :

' » v

i @@ | @ction/selection

Y v

| Features B Features i

Y

Model Model learning/estimation >

Classification

Post—processing
| Y | |
| Decision B '
GSE;&JJ—OTJJA J‘ soldti) L;&;JATLSLAQJ‘J U“"L““‘ > uLJJATLSQA‘)A oo Jae Al



Yo

GoS el a1y

PATTERN RECOGNITION SYSTEM

byl Physical environment

Data acquisition/sensing

/

s>
Pre—pro@
[ |
Feature e@

|
Features

il

|

Classif%

|

Post—pr@

|
Decision

Gl gol Juo 5l sulail

AR

Prepared by Kazim Fouladi | Spring 2024 | 39 Edition

K%



Prepared by Kazim Fouladi | Spring 2024 | 39 Edition

L]
’U};b/

Y5 -1 i)

decision

post-processing ~—— Costs

\ adjustments for

/ context
\

adjustments for
missing features
feature extraction
preprocessing
sensing
input From: Richard O. Duda, Peter E. Hart, and David G. Stork,

Pattern Classification, John Wiley & Sons, Inc., 2001.
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end

From: Richard O. Duda, Peter E. Hart, and David G. Stork,
Pattern Classification, John Wiley & Sons, Inc., 2001.
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Second Edition, John Wiley & Sons, Inc., 2001.

INTRODUCTION

1.1 MACHINE PERCEPTION

The ease with which we recognize a face, undarstand spoken words, read handwritten
characters, identify our car keys in our pocket by feel, and decide whether an apple is
ripe by its smedl belies the astoundingly complex processes that undeslie these acts of
patlem recognition. Pattem recognition—the act of taking in raw data and making an
action based on the “category” of the patiern—has been crucial for our survival, and
over the past tens of millions of years we have evolved highly sophisticated neural
and copnitive systems for such tasks,

In 15 matwral that we should seek to design and build machines thet can recognize pat-
temns. From automated spesch recognition, fingerprint identification, optical charac-
ter recognition, DNA sequence identification, and much more, it is clear that reliable.
accurale recognition by hine would be immensely useful, Moreower, in
solving the myriad problems reuired to build such systems, we gain deeper under-
stamding and appreciation for pattem recognition systems in the natural world—most
particularly in b For some problems, such as spesch and visual recognition,
our design efforts may in fact be influenced by knowledge of how these are solved
i nature, both in the algorithms we employ and in the design of special-purposs
hardware.

1.2 AN EXAMPLE

FEATURE

To illustraze the complexity of some of the types of problems involved, let us con-
sider the following imaginary and somewhat fanciful example. Suppose that a fish-
packing plant wants 1o automate the process of seriing incoming fish on a conveyor
belt according to species. As a pilot project it is decided to try to separute sen bass
from salmon using optical sensing. We set up a camera, take some sample images,
and begin w note some physical differences between the two types of fish—length,
lighiness, width, number and shape of fins, position of the mouth, and 50 on-—and
these suﬂnlﬁ-muml iy zilﬂm'c for use in our classifer We also solice noise or

1



