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

© 1992-2008 R. C. Gonzalez & R. E. Woods



Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

Vv

SN il (salivue

EPgolS b

S os sl s Jbe

PATTERN CLASSIFICATION

/\

Buildings

N

High
densitity

P

Large
structures

Satellite image of
a heavily built
downtown area
(Washington,
D.C.) and
surrounding
residential areas.

Image

Downtown

Highways Housing

Multiple Numerous Loops

intersections Low Small
density structures

Residential

Shopping

/ ‘ \ malls

Wooded
areas

el

Highways

N

Single

Few
intersections






\4 EPgolS b

(i~ I (sLagl gy g (sHiae (oulid il

RECOGNITION BASED ON DECISION-THEORETIC METHODS

- ~o

S0 U2

— T

X = (X, X2,.-.,Xp)

S olaidb 1 a7 s KU (S5 Ll S
S st Wil paraai—g b g &I anliddh o 0l sdlin

w1, W, ..., Wy

dl(X), dz(X), ceey dw(X)

ST sl W 4k & 3late X g &I SIS el (S35 0l b

d,(x), dy(x),. .., dy(x) (<S85) psasl (slagals

Decision (Discriminant) Functions

Prepared by Kazim Fouladi | Fall 2016 | 2" Edition

P



Y. SrgolS mlin
(ataai—da 5 (SLAGh gy g3 (sHiss (oulidils
e
RECOGNITION BASED ON DECISION-THEORETIC METHODS

VS Slaslaa X 5aal8e Gubil 53 W Gk 311, W 48 (il e 000
e T - At ) ol Decision Boundary

4x) = d(x)
di(x) — dj(X) =0

Jﬁwwb@dyAA‘J@BSfL.uJ:MJJ&W\)JA(J&JJ

dij(x) = di(x) — di(x) = 0.

W; Gk e X s < dj(X) >0
Wj Gk 4 3l X 5 dji(x) < 0

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

P



1) $r9uaolS ilins

(i~ I (sLagl gy g (sHiae (oulid il
Sullss

MATCHING

..Ajdgﬁlﬁﬁjﬁcsd/&“‘)bxé‘ﬁﬁaﬂ
FaS 3 g oo 89l i (laBls 4 e slasls (g SISl s o Bl Jae Ha
il i (Teuligig s b o Galks
(Golad Hlaro 4 5L5)

W1, W, ...,  Seess

Pattern Classes

ml’ mz, s o mW Lyl g3 g 4o

Prototypes

Prepared by Kazim Fouladi | Fall 2016 | 2" Edition

P



YY $r9uaolS ilins

(i~ I (sLagl gy g (sHiae (oulid il
ﬂml_q—‘am:u‘_;c L;b.A.n.SL;.A.h‘CQ.Ja é.;UQS

MATCHING: MINIMUM DISTANCE CLASSIFIER

Als (T sl oS s 530 51050 1050 B 8500 s S Hla s Ko o4l 5a
PaS 3 g oo 89l i (laBls @ e slasls (5 SISl s o Bl Jae Ha
cails pan o b g5 B O (abiols tasly s (O ulisisn b OF 3ol
(Aduald 135 jlans ¢ 5L)

W1, W, ...,  Seess

Pattern Classes

ml’ mz, s o mW Lyl g3 g 4o

Prototypes

X

Prepared by Kazim Fouladi | Fall 2016 | 2" Edition

P



Yy EPgolS b

(i~ I (sLagl gy g (sHiae (oulid il
Loli—pas oo ot guisalils : 3Ll

MATCHING: MINIMUM DISTANCE CLASSIFIER

i o 53 4 T 518 50 b g3l sy |y i L ll 55 5
=12, W

rals il | alials Cp 3eS T ol 555 b 4S 0 5t g a0l et (14l 0 X laals s
Dix) =[x -my j=12,...,w J|a]=(a"a)"?

() S50 0 X olaiil) el 5 aneal il 5 (stalae b Jalas liald (3 Al

1
di(x) = mej — Eijmj j=12,.... W

W) 5 Wi sladhub SSE (g 3 araas 5 0
dij(x) = di(x) — dj(X)

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

1
= x(m; — my) = - (m; — m))” (m; + m;) = 0

P



Digital Image Processing, 3rd ed.

Gonzalez & Woods
www.ImageProcessingPlace.com

Chapter 12
. Object Recognition

O [ris versicolor FIGURE 12.6
o [ris setosa Decision
boundary of
20— Via 28x + 1.0x; —89=0 minimum distance
classifier for the
. classes of Iris
8 15 versicolor and Iris
= setosa. The dark
E dot and square
=2 7ol are the means.
it
05+
0 I L. 5

Petal length (cm)

© 1992-2008 R. C. Gonzalez & R. E. Woods



Yo $r9uaolS ilins
(ataai—da 5 (SLAGh gy g3 (sHiss (oulidils
dtm ddals—‘s.azuw GQ.A.\SSLs.A.u‘CA.Jo é.nUcS

MATCHING: MINIMUM DISTANCE CLASSIFIER

oS 5o b gunadils
2 m, = (4.3,1.3)7
0 [Iris versicolor T
o Iris setosa m; = (1.5, 0.3)
2.0 2.8x; +1.0x, =89 =0 1
’/_ di(x) = x'm; — Em{ml
T = 43x; + 1.3x, — 10.1
. 815
2 -~ 1
g ) d ) AT
L H(x) = x'my 211121112
: 3'r = 1.5%, + 03x, — 1.17
- dip(x) = dy(x) — da(x)
3 0.5~ =28x; + 1.0x, — 89 =0
S
g 0 | L, x,
g 0 6 7

Petal length (cm)

P
JU}(@/



Digital Image Processing, 3rd ed.
Gonzalez & Woods

www.ImageProcessingPlace.com

Chapter 12
Object Recognition

FIGURE 12.7

\ N American

\ Bankers

Association

E-13B font
character set and

@i pa corresponding

\V waveforms.

L
‘F—[L
T

hirY
N

0 HJHH
T
-

-]
-

[EEEEE
% e B
=
-
o008 P
TTT
I
NN =
T
=

P

(mi 111 1]
111 m
=
{
§
=
we 50

P

]
by
~
Fep D
% ﬁ -
1T

© 1992-2008 R. C. Gonzalez & R. E. Woods



YV $r9uaolS ilins
(saaali—aa 4183 Slag g g3 (sise (oulidi il
(LaSSILIS ualide wlisl) Jlhie  abali—pass co (soaiiS (suisdib : 3oll3
MATCHING: MINIMUM DISTANCE CLASSIFIER

\
\ \ \ N
\Jr’ \ /N\/
L;;LA:) 4.‘.4.4‘.1:—‘&&3364 (55.}1\5(5..3..\.}43*]0 (‘_J.A.C o8
Gwd 5 3 g3 (SSubal [ 3,58 b dunlie WWA ZiLIN \
cail ol T b sie 4 e ‘
z P . ] N
oo oS s 538 g laka gie ul) sablals iE A “»/ \
‘Jﬁ‘u_a éu:"(LA.CJJ C;‘)J..l‘\_.i A uy -H \
. | A
S S, ga sy <ld H W\ gl A
g . s 5 T | S
£ (E'I3B S g8 d.ua) O ;
L
& A
© NN o NN
S u |74 I
= \ n v
$ t
- 0 o)
ks H n
2 American ﬁ N LV
£ Bankers HHH \ U \\/ ‘\,/
8 Association -
= E-13B font N b
5 character set and e yi N a MR
£ corresponding T\ B WIS
waveforms.

S
-



YA $r9uaolS ilins
(i~ I (sLagl gy g (sHiae (oulid il
Siad b Gl
RECOGNITION BASED ON DECISION-THEORETIC METHODS: MATCHING BY CORRELATION

9 padaen oSoa [ guat Bbl& (595 5015 T 5 paSioe SB3 Ha W Sile K LB Ha 1 S5 55 90 5 S
i aes 3Sho ¢ (Siuian Hlade «S 1331 o 3LEI gladads Ho Gallas
c(x,y) = >, dwls, )f(x + 5,y +1)
s 1
fCx, y)ew(x, y) & F (u, v)W(u, v)

z [w(s,t)— @}EZ[f(x +s5,y+t)— f(x+s,y+ t)]

N

{2 [ [w(S,t)_ EFEZU(}C +s,y+0)— flx +s,y+ t)}z}

y(x,y) =

1
2

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

P



Digital Image Processing, 3rd ed.
Gonzalez & Woods

www.ImageProcessingPlace.com

Chapter 12
Object Recognition

¥
A FIGURE 12.8
=-1)/2
i i The mechanics of
N Origin t temp]gte
(n-1/2+ |~ matching.
len
t
n| e
i (x,y)
Template w —/

centered at an arbitrary
location (x, y)

© 1992-2008 R. C. Gonzalez & R. E. Woods



Prepared by Kazim Fouladi | Fall 2016 | 2" Edition

$r9uaolS ilins
(i~ I (sLagl gy g (sHiae (oulid il
Siad b Gl

RECOGNITION BASED ON DECISION-THEORETIC METHODS: MATCHING BY CORRELATION

5 pediee S f o guat Bl (555 5315 0T pasSioe S5 S W Sale S LB o1, L3 3 50 5 55!
i aes 3Sho ¢ (Siuian Hlade «S 1331 o 3LEI gladads Ho Gallas

location (x, y)

x=012,..M-1
y=0,12,...N-1

T T T T T, I w(s, t) —w fx+s,y+0)—flx+sy+1)

| (m—l)/2 : y(x,y)= st [ ]22[ ] ;
! . Origin f | {E , [w(& 1) — W]ZE Z[f(x toy+to—flx+sy+ f)]z}z
' (n—1)/2~ =

: _ |« 1| |

: f I

1 m ° I

! [RIES) | 5 s

| Template w v | . & '

! centered at an arbitrary | Iemplate Matching



Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

EPgolS b
(saaali—aa 4183 Slag g g3 (sise (oulidi il
Jhe: (Suusaa b 5ol
RECOGNITION BASED ON DECISION-THEORETIC METHODS: MATCHING BY CORRELATION

abec

(a) Image.

(b) Subimage.

(c) Correlation
coefficient of (a)
and (b). Note that
the highest
(brighter) point in
{c) occurs when
subimage (b) is
coincident with the
letter *D™ in (a).

.0

¢/

1



© 1992-2008 R. C. Gonzalez & R. E. Woods

Digital Image Processing, 3rd ed.

Gonzalez & Woods
www.ImageProcessingPlace.com

Chapter 12
Object Recognition

ab
cd

FIGURE 12.9

(a) Satellite image:
of Hurricane
Andrew, taken on
August 24, 1992.
(b) Template of
the eye of the
storm. (c¢) Corre-
lation coefficient
shown as an
image (note the
brightest point).
(d) Location of
the best match.
This point is a
single pixel, but
its size was
enlarged to make
it easier to see.
(Original image
courtesy of
NOAA.)
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FIGURE 12.10
- el Probability
density functions
for two 1-D
pattern classes.
The point xg
shown is the
decision boundary
if the two classes
are equally likely
to occur.
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Probability density
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FIGURE 12.12
Formation of a
pattern vector
from registered

easses
o pixels of four
Py digital images
epese generaled by a
i multispectral
scanner.
Xy
X3 Spectral band 4
X=|x,
Xy Spectral band 3
Spectral band 2
Spectral band 1
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FIGURE 12.13 Bayes classification of multispectral data. (a)-(d) Images in the visible blue, visible green,
visible red, and near infrared wavelengths. (e) Mask showing sample regions of water (1), urban
development (2), and vegetation (3). (f) Results of classification; the black dots denote points classified
incorrectly. The other (white) points were classified correctly. (g) All image pixels classified as water (in
white). (h) All image pixels classified as urban development (in white). (i) All image pixels classified as
vegetations (in white).
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Bayes classification of multispectral data.

(a)—(d) Images in the visible blue, visible
green,visible red, and near infrared
wavelengths.
(e) Mask showing sample regions of water (1),
urban development (2), and vegetation (3).
(f) Results of classification; the black dots
: denote points classified
. incorrectly. The other (white) points were
classified correctly.
. (g) All image pixels classified as water (in
- white).
(h) All image pixels classified as urban
- development (in white).

% (1) All image pixels classified as vegetations (in
28 white).
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TABLE 12.1
Bayes classification of multispectral image data.
Training Patterns Independent Patterns
No. of Classified into Class o No. of Classified into Class o,
Class  Samples 1 2 3 Correct | Class Samples 1 2 3 Correct
1 484 482 2 0 99.6 1 483 478 3 2 989
2 933 0 885 43 94.9 2 932 0 880 52 944
3 483 0 19 464 96.1 3 482 0 16 466 96.7

© 1992-2008 R. C. Gonzalez & R. E. Woods
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Bayes classification of multispectral image data.

Training Patterns Independent Patterns
No. of Classified into Class o, No. of Classified into Class o,
Class Samples 1 2 3 Correct | Class Samples 1 2 3 Correct
1 484 482 2 0 99.6 1 483 478 3 2 98.9
2 933 0 885 48 94.9 2 932 0 880 52 94.4
3 483 0 19 464 96.1 3 482 0 16 466 96.7
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d(x) = E Wik + Wy
i=1

Pattern
vectors

+1 +1 if d(x)>0
X w; v
Y. - |t 0=
s -1 =1 if d(x)<0
4 I E—
Activation element
w,
X

Weights

w,
Ne—

wy

"
X2
r Z WX
. i=l "
Pattern . e . «
vectors +1 | +1 if 2 Wk, > = W,
x w, i=1
——— Y 0=
=W "
: =1 =1 if 2 wx; < — w,
Activation element i=l
w,
Xp

a FIGURE 12.14 Two equivalent representations of the perceptron model for two pattern
b  classes.
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FIGURE 12.15
(a) Patterns
belonging to two
classes.

(b) Decision
boundary
determined by
training.
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(output layer)
.’\-}___. =W nodes

Class wy

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.
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FIGURE 12.17
The sigmoidal
activation
function of
Eq. (12.2-47).
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A4 A A

Shape 1

.‘

Shape 2 Shape 3 Shape 4
Shape 1 Shape 2 Shape 3 Shape 4

a
b

FIGURE 12.18

(a) Reference
shapes and

(b) typical noisy
shapes used in
training the
neural network of
Fig. 12.19.
(Courtesy of Dr.
Lalit Gupta, ECE
Department,
Southern Illinois
University.)
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Pattern vectors were generated by computing the normalized signatures of the shapes
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FIGURE 12.19
Three-layer
neural network
used to recognize
the shapes in Fig.
12.18.

(Courtesy of Dr.
Lalit Gupta, ECE
Department,
Southern Illinois
University.)
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FIGURE 12.20
Performance of
the neural
network as a
function of noise
level. (Courtesy
of Dr. Lalit
Gupta, ECE
Department,
Southern Illinois
University.)
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Performance of
the neural
network as a
function of noise
level.

R, denote a value of R
used to generate training data.
R, = 0 implies noise-free training.
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FIGURE 12.21
Improvement in
performance for
R, = 04 by
increasing the
number of
R=04,N=20 training patterns
r (the curve for
R, = 0.3 is shown
/e— R,=03,N=10 for reference).
(Courtesy of Dr.
R,=04,N=40 Lalit Gupta, ECE
Department,
Southern Illinois
University.)
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FIGURE 12.22
(a) A two-input,
two-layer,
feedforward
neural network.
(b) and (¢)
Examples of
decision
boundaries that
can be
implemented with
this network.
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FIGURE 12.23
Types of decision
regions that can
be formed by
single- and
multilayer feed-
forward networks
with one and two
layers of hidden
units and two
inputs.
(Lippman.)
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FIGURE 12.24
(a) Shapes.

(b) Hypothetical
similarity tree.
(c) Similarity
matrix.
(Bribiesca and
Guzman.)
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FIGURE 12.25
(a) and (b)
Sample
boundaries of two
different object
classes; (c) and
(d) their
corresponding
polygonal
approximations;
(e)-(g) tabula-
tions of R.

(Sze and Yang.)
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Production Semantic Information

S — aA Connections to @ are made only at the dot. The direction of a,
denoted #, is given by the direction of the perpendicular
bisector of the line joining the end points of the two undotted
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 a. The length of b is 0.25 cm. This production
cannot be applied more than 10 times.

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

simple and made only at the dots,
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Processing stages
of a frontier-to-
root tree
automaton:

(a) Input tree.
(b) State
assignment to
frontier nodes.
(c) State
assignment to
intermediate
nodes. (d) State
assignment to
root node.
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A bubble chamber photograph

Coded event
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FIGURE 12.30 A
bubble chamber
photograph. (Fu
and Bhargava.)
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Rafael C. Gonzalez, Richard E. Woods,
Digital Image Processing,

Third Edition, Pearson Prentice Hall, 2008.
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