Spectral
Signature
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(Training Data)
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(Node)

(Layer)
(Weight) 21

1) (Input layer)

> Output k

Input layer = Hidden layer = Output layer

2) (Hidden layer )

3) (Output layer)
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Radiometric Resolution
8 256

Normalization
(Chong el al., 19%4) Normalization
0 1

21

X - Min

MPUL= fhax - Min (2.3

Max
Min



2.2

2.2

2.2

(0.0141]

109912
00772
00024

10.0300)

*

(0)
1 <€— THATDINITI NN
o
0.
loi

13



213

w41 X1

v/

w32 X2
L

net;

( Activated Function}— Node Output

Win Xn

~W5 (m+1)

2.3

net

netj = Wi Xi+0) mX (-1)
netj =Vi X+ WX+ .. +winXn+o (4 (L)

2.3

13
( )Q)I

netj = (Wi @2 ... Wn o (t)).

Y |
\ -]

net net

Function 01 (1,1

Activated Function 3 24

14

2.3

(25)

Activated



Log- Sigmoidal Function Tan- Sigmoidal Function

2.4 Activated Function

24 Activated Function

(0,1)
Activated Function

0j - f (net))

2.6

214

15

Hard Lim it Function

2.5
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Teacher

Learning Signal

Input Output
" Weight Adjustment
<€— learningSignal
Learning Rate
2.5
25
ACl R.X
N
Learning Rate
01 09
R Learning Signal
X
AV 2.6

0(t+ 1) = (1) +

R.X

27)
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2.15

71 (X) !
! gi(X) >gj(X) it
2.6

2.6

26 (2) 26 (1)

g(X)= x\- 12 (2.9)
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18

g (X) Activated Function
01 (LY Activation Function

Log-Sigmoidal Function Activation Function

2.8

0 ¢fi(x) <0
0i =Sgn (gi (X)) =
{ 1 Qi >0 2.10,
2.8 g (X)
Wi
2
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217 Error-Back Propagation

Q
0]
2.1
2.1
0=r(Wr(VX))
X neti wr (VX netj
Activated Function 0
d
Mean Square
Error

FE=2C " =2 (2.12)
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2.13 2.14
L, &)
Error Gradient (VE)
=ve = -0 wo X (2.13)
VE
(-)
28
—>»> w1
VE
Y
2.8 Error Gradient (V£)
Error Gradient
€~0)

Learning Rate

A= (1-00) 1" (wh) X (2.14)



K YIS <ft"*
< mw 1T] .
wt 2 5 4115 W
Learning rate 0 1

VE

2.9

2.9

2.9

2 EmB

Learning Rate { )
2" 2.10 1

(E<£ )

Learning Rate
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218 Activated Function

Activated Function

[0,1] log-sigmoidal function
[-11] tan-sigmoidal function Activated Function

log-sigmoidal function Activated Function net
0 0 net
0 log-sigmoidal function
1 2.10

1/—
e

0

net

2.10 Log-Sigmoidal Function Activated Function

2.1.9 Momentum term
Momentum term

Momentum term
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t 2.14 t
Momentum term
an (1) = WE(f) +a.aw (t-]) (2 14)
a.aw (-1 Momentum term a Momentum constant
01 08 momentum
211
E
A
G-Ml(t—l)v/ \ a.Mwy (t-1)
n.VE (t) \\
n.VE; (t)/
\\»//
11 ; Momentum term
211
1
1
Momentum term
(Oscillation) 1
Momentum term
momentum term

2 211



24

2.1.10 Resilient Back Propagation

Resilient Back Propagation
Error Back Propagation Martin et al. (1993)

Resilient Back Propagation

Error Back Propagation Resilient Back Propagation

2.12 Resilient Back Propagation
Error Back Propagation

Resilient Back Propagation

Error Back Propagation



Resilient Back Propagation

Resilient Back Propagation Error Back Propagation

2.2
(Paola et al., 1993)
Signature
Ci(X) =p (X1 1)p (Y
) b 6-(12) (X- )T 1(X- 1)
(2tt) 12]£1 11/2 »
X
Ui

25

2.13

(2 15)
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(u) (Z)
1 &
o= ;j X; (2.16)
Zj= pil— ] Z(Xr Up) (Xi- 0T (217)
Pi
gi (X)

2.3

. .1988 (Kanellopoulos et al., 1995)
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2.3.1
)
LANDSAT
SPQT, HIRIS, AVHRR, SMMR, SSMI
Kanellopoulos et al. (1996)
Activated function Principle
component analysis, Temperature coding, Binary coding etc.
[0,1] (Saturate) Sigmoidal
function 0 1 Chong et . (1994)
train
Normalizing
Normalize
[0,259] [0.1]
2)
1 1
0.998 1 0



Benediktsson et al. (1990) 2

Binary output node log2m M
temperature coding
1 1
Civco (1993)
Binary output  Benediktsson et al. (1990)
232
)
Lippmann (1987)
( )
(hyperplane) 2.9
(convex region)
AND
OR
4 3

28
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EXCLUSIVE OR CLASSES WITH MOST GENERAL

STRUCTURE DECISION REGIONS PROBLEM MESHED REGIONS REGION SHAPES
SINGLE-LAYER /
HALF PLANE
BOUNDED B
A HYPERPLANE (
AN
® ©
TWO-LAYER
TYPICALLY
CONVEX

THR TE-LAY ER

ARBITRARY

(Complexity
Limited By w k
Number at Nodes)
%

2.13 hidden layer
(Paola et al., 1995)

Lippmann
(1988) 2.13

Paola étal. (1994)
21



Authors

Benediktsson
etal.(1990a)
Benediktsson
etal.(1990b)

Bishof
étal. (1992)

Civco (1993)

Dreyer (1993)

Heermann
Khazenie (1992)
Hepner et al.
(1990)
Kannellopoulos
étal. (1991)
Key et al.
(1990)

and Si (1992)

Wilkinson

étal. (1992)

21

Imagery

MSS, elevation
slope,aspect data
60 bands of
Simulated HIRIS

7TM bands

6 TM bands

3 SPOT bands,
texture
calculation

3 TM bands

4 TM bands

2 date SPOT

Merged AVHRR
and SMMR

10 band airborne
Spectrometer

2 dates of 3 SPOT

Bands

21

Input data
Encoding
Grey coding

Binary coding,

12 bits per band

Coarse coding
requiring 13 inputs
per band. Also
with 5 by 5,7 by 7
window in band 5

Individual pixel values

Individual pixel values

Binary data, 8 bits per band

3 by 3window of pixel values in

each band

Individual pixel values

Individual pixel values

Individual pixel values. Input

patterns are normalized first

Individual pixel values

Output data
Encoding
Temperature and
hinary coding

3 outputs, one per

class

4 outputs, one per

class

15 outputs, one per
class
9 outputs, one per

class

5outputs, one per
class

4 outputs, one per
class

20 outputs, one per
class

12 outputs, one per
class

3 outputs for 5 classes,
coding unspecified
7 outputs, one per

class

Paola et al. (1994)

30

Network
Structure
56-32-10
56-32-4
240-15-3
480-15-3
720-20-3
91-5-4
116-8-4
140-8-4

6-15-15
3-13-12-9
6-8-8-9
42-7-7-9
24-24-5
36-10-4
6-18-54-20
7-10-12

10-7-3

3-15-7
6-21-7
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Learning rate

Rumelhart et al. (1986)

train
rate

Li et al. (1993)
rate train
(oscillation) learning rate

learning rate
Resilient propagation

Adaptive learning

234

(1994): Mulder and Spreeuwers (1991))

Herrmann and Khazenie(1992)

3

train
momentum term
learning rate train
train momentum term leaming
momentum term leaming rate

adaptive learning

learning

Martin et al. (1993)

A

du
train

( Solaiman and Machot
Mulder (1994)
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K-nearest neighbor
minimum distance LANDSAT T™M
300
K-nearest neighbor ~ 30%

Solaiman and Mouchot (1994)
LANDSATTM 2

K-Means  K-Nearest Neighbor ~ Maximum Likelihood
Multi Layer Perceptron ~ Competitive tearing ~ non
supervised learning hybrid non supervised leaming

( Blonda et
al. (1993); Fierens et al. (1994); Yoshida and Omatu (1994); Kenellopoulos et al. (1993);
Bichof et al. (1992); Heermann and Khazenie (1992); Hepner (1990); Key et al. (1989))
Bichof et
a. (1992)
LANDSAT T™™
texture

Kanellopoulos et al. (1993)



Hepner (1990)

LANDSATTM

Paola and Schowengert (1995)
LANDSATTM 2

Heermann and Khazenie (1992)
LANDSAT TM Adaptive Back Propagation

train

Benediktsson et al. (1990)
LANDSAT MSS
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