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FIGURE 12.1
Three types of iris
flowers described
by two
measurements.
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Patterns and Pattern Classes

e A pattern is an arrangement of descriptors,
such as those discussed in Chapter 11.

* The name feature Is used often in the pattern
recognition literature to denote a descriptor.

o A pattern class is a family of patterns that
share some common properties.

© 2002 R. C. Gonzalez & R. E. Woods



{mage — Digital Image Processing, 2nd ed.

Processing

www.imageprocessingbook.com

Chapter 12
Object Recognition

l |

4 2 4 4 2 4

a b
FIGURE 12.2 A noisy object and 1ts corresponding signature.
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S

FIGURE 12.3 (a) Staircase structure. (b) Structure coded in terms of the primitives a and
b to vield the string description ... ababab ... .
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FIGURE 12.4
Satellite image of
a heavily built
downtown area
(Washington,
D.C.) and
surrounding
residential areas.
(Courtesy of
NASA.)
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[mage
Downtown Residential
Buildings Highways Housing shopping Highways
/ \\\\ //-r-’ ‘ \\\ /|\ malls / \
High Large  Multiple Numerous Loops , )
densitity structures intersections Low Small Wooded Single _Tew
’ density  structures  areas intersections

FIGURE 12.5 A tree description of the image in Fig. 12.4.
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Recognition Based on

Decision-Theoretic Methods
Letx =(X,,X,,....x. )’ for W pattern classesa, @,,..., @,
di(x)>d(x) j=12..W;j=]

www.imageprocessingbook.com

* |n other words, an unknown pattern X Is said to
belong to the ith pattern class If, upon
substitution of x into all decision functions,
d;(x) yields the largest numerical value.

© 2002 R. C. Gonzalez & R. E. Woods
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Matching
Minimum distance classifier

« Suppose that we define the prototype of each
pattern class to be the mean vector of the
patterns of that class: m, —Zx j=12,...,W

Jxa)

e \We then assign x to class wi If Di(X) Is the
smallest distance. D;(x)=|x—m|

© 2002 R. C. Gonzalez & R. E. Woods
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Minimum distance classifier

* |t is not difficult to show (Problem 12.2) that
selecting the smallest distance Is equivalent to
evaluating the functions d,(x)=x"m, -%m}mj j=12,.,W

e assign X to class wi If di(X) Is the largest
numerical value.

« This formulation agrees with the concept of a
decision function, as defined in Eq. (12.2-1).

© 2002 R. C. Gonzalez & R. E. Woods
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X, FIGURE 12.6
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=
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Matching by correlation

c(x,y)= ZZ f(s,t)w(x+s,y+t)

. correlafion coefficient, which i1s defined as

ZZ{f (s,t)- st][vv(x+s y+1)— ]
{;Z[f(s,t)—?(s,t)]zzslzt:[W(XH,y+t)—v_v]2}2

y(x y)=
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A
=
¥

Origin

w(x, + 8 ¥ +1)

f(x.y)

Y

FIGURE 12.8 Arrangement for obtaining the correlation of f and w at point (x,, y[]).
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abc

FIGURE 12.9

(a) Image.

(b) Subimage.

(c) Correlation
coefficient of (a)
and (b). Note that
the highest
(brighter) point in
(¢) occurs when
subimage (b) is
coincident with the
letter “D™ in (a).
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e r,(x)=> L,p(o /x) the equation often called
the conditional average risk or loss in
decision-theory terminology.

* The classifier that minimizes the total average
loss Is called the Bayes classifier.

e Thus the Bayes classifier assigns an unknown
pattern X to class wiifr(x)<r;(x) for j=12,...W;j=i

In other words, X Is assigned to class wi If
ZL p(w, X P (@, )< z Ly p(x/ 0, P(o,)

© 2002 R. C. Gonzalez & R. E. Woods
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_(X—mj)z
d,(x)=p(x/ o, (o, )= 21 e " Plo,) j=12
no;
B 1 > lx=m; J et (x-m;)
p(X/a)J)_ (272_)”/2 C, n/2 i mj = EJ {X}

Bayes decision function for class @; is d,(x)= p(x/e, P(@,)

d,(x)=InP(w, )+ x"Cm, —%m}C‘lmj

© 2002 R. C. Gonzalez & R. E. Woods
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FIGURE 12.10 }
Probability
density functions
for two 1-D
pattern classes.
The point x
shown is the
decision boundary
il the two classes
are equally likely
L0 occur.

Probability density

¥
=
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X3 FIGURE 12.11
' Two simple
pattern classes
and their Bayes
decision boundary

(0,0,1) (shown shaded).
(0.1, 1)

(1,0.1)
= s
(0, 1.0)
(1,0.0)
e iy
X € g
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FIGURE 12.12
Formation of a aw

A

pattern vector sees”
from registered nesue
pixels of four i
digital images naena
generated by a saes”
multispectral susss
scanner. ,:)E::

Xy -n

X3 Spectral band 4

X =10
X4 Spectral band 3
Spectral band 2
Spectral band 1
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FIGURE 12.13 (a) Multispectral image. {b) Printout of machine classification results using a Bayes classifier. (Courtesy of the Lab-

oratory for Applications of Remote Sensing, Purdue University.)
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w(k +1)=w(k)-«a
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a
b *
FIGURE 12.14
Two equivalent
H u X n
representations of 2
dix) =Y + w
the perceptron S et
model for two Pattten?
pattern classes. ‘ECXO“' +1 1 if d(x) >0
X; —_— | =
- =1 if dix)=<10
|
Activation element
Xy
1
[ —
Weights
. w,
Xy
X5
Pattern .
vectors 4 +1 if E Wik; = — Wy
X i=1
x5 —
n
—1 if ZI Wiy < — Wy
i=
Activation element
_t’”
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d(x) = —2x; +1 =10
X X3
4 i
10 B 10 =
- )
FIGURE 12.15
(a) Patterns
belonging to two
classes. @ (C—= X @ (O—= X
(b) Decision 0 1 0 1

boundary

determined by O € w
training. € oy
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vertor 3

Layer 0
(output layer)
N,__, =W nodes

Layer A Layer B Layer K LayerJ Layer P
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FIGURE 12.16 Multilayer feedforward neural network model. The blowup shows the basic structure of each neuron element throughout the network.
The offset. ;. is treated as just another weight.

© 2002 R. C. Gonzalez & R. E. Woods



Digital Image Processing, 2nd ed.

Chapter 12
Object Recognition

© 2002 R. C. Gonzalez & R. E. Woods

www.imageprocessingbook.com

FIGURE 12.17 The
sigmoidal
activation
function of

Eq. (12.2-47).
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a
§

FIGURE 12.18

(a) Reference
shapes and

{(b) typical noisy
shapes used in
training the
neural network of
Fig. 12.19.

(Courtesy of Dr. Shape 1 Shape 2 Shape 3 Shape 4
Lalit Gupta, ECE

Department,

Southern [llinois

University.) l l

Shape 1 Shape 2 Shape 3 Shape 4
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FIGURE 12.20
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FIGURE 12.21

[mprovement in
10 performance for
R, = 04 by
increasing the
number of
training patterns
(the curve for
R, = 0.3 is shown
for reference).
(Courtesy of Dr.
Lalit Gupta, ECE
Department,
Southern lllinois
University.)
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FIGURE 12.22 (a) A two-inpult, two-layer, feedforward neural network. (b} and (c¢) Ex-
amples of decision boundaries that can be implemented with this network.
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igital
Image
Processing

Digital Image Processing, 2nd ed.
Chapter 12

www.imageprocessingbook.com

Object Recognition

MNetwork
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Type of
decision region

Solution to
exclusive-OR
problem

Classes with
meshed regions
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decision surface
shapes

Single layer

FIGURE 12.23
Types of decision
regions that can
be formed by
single- and

Single @ @ multilayer
/3\ hyperplane feed-forward
networks with
@ one and two
lavers of hidden
Two layers units and two
Open or @ @ inputs. (Lippman)
closed
convex
regions @
Three lavers
Arbitrary @ @ O
(complexity

limited by the
number of
nodes)
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a
b ¢
FIGURE 12.24
(a) Shapes.
(b) Hypothetical

similarity tree.
(c) Similarity

matrix. (Bribiesca
and Guzman.)
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ab

c d
— e f
5 g

FIGURE 12.25 (a)

and (b) Sample
boundaries of two
different object
classes; (¢) and

(d) their
corresponding
polygonal
approximations;
(e)—(g) tabulations

R 14 1b 1c 1d 1g 1i E| 21 3n 2¢ 3Jd 3e i of R. (Sze and
Yang.)

].a =2 2_3 o

Lb| 160 = 2b| 335 o

le| 96 263 - 2¢| 48 58 =

1d| 51 81 103 = 2d| 36 42 193 -

le| 47 72 103 142 = 2e| 28 33 92 183 =

Lf| 47 72 103 84 237 == 2f| 26 30 77 135 270 -

2a| 124 150 132 147 155 148
2b| 118 143 132 147 155 148
2| 102 118 119 132 139 148
2d| 102 118 119 132 129 140
Ze| 093 107 1.08 119 124 1.25
2f| 089 1.02 1.02 124 122 1.18
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a
b

C

FIGURE 12.26

(a) Object
represented by its
(pruned)
skeleton.

(b) Primitives

(c) Structure
eenerated by

B using a regular
N L) 5 string grammar.
L . L L
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TABLE 12.1 : : :
_ i Production Semantic Information
Example ol
semantic S — aA Connections to a are made only at the dot. The direction of a,

information denoted 4, is given by the direction of the perpendicular

attached to bisector of the line joining the end points of the two undotted

production rules. segments. The line segments are 3 cm each.

A — bA Connections to b are made only at the dots. No multiple
connections are allowed. The direction of b must be the same
as the direction of @. The length of b is 0.25 cm. This production
cannot be applied more than 10 times.

A — bR The direction of @ and b must be the same. Connections must be
simple and made only at the dots.
B — ¢ The direction of ¢ and a must be the same. Connections must be

simple and made only at the dots.

© 2002 R. C. Gonzalez & R. E. Woods
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b FIGURE 12.27 A
finite automaton.
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|
b

FIGURE 12.28

(a) An object and
(b) primitives
used for
representing the
skeleton by
means of a tree
grammar.
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d
e
/ \ FIGURE 12.29
[ X] a C

\

(X]b

Processing stages
of a frontier-to-
root tree
automaton:

(a) Input tree.
(b) State
assignment Lo
frontier nodes.
(c) State
assignment Lo
intermediate
nodes. (d) State
assignment to
rool node.
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FIGURE 12.30 A
bubble chamber
photograph. (Fu
and Bhargava.)
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ab

FIGURE 12.31

(a) Coded event
from Fig. 12.30.

(b) Corresponding
tree representation.
(Fu and Bhargava.)
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— o —
T
o —
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T—hE—R—E——5h —8—5
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FIGURE 12.32
State diagram for
the finite
automaton
inferred from the
sample set

R = {a, ab,
abb}.
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FIGURE 12.33 +
Relationship LLAH(R,0)]
between

L[A/{R", k)] and
k.'The value of k,,
18 such that

k,. = (length of
the longest string
in R).

L{A/(R",2)]

LLA/(R*. k)]

.
-

-
-

L[A_I{ R+'~ ku.l}]
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Processing

FIGURE 12.34 State diagram for the automaton Ay R", 1) inferred from the sample
set R = {caaab, bbaab. caab, bbab. cab, bbb. cb}.
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