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A Feed Forward Neural Network for Classifving
Information from Landsat Multi-Spectral Scanner (MS55) Imagery

Meural  networks, more  precisely  called
Antficind  Weoral | Wetworks  (ANN),  ame
computationzl models that consest of o number of
simple processing  units  that commumicate by
sending signals to cach other over a large number of
weiphled  conncctions,  They were  originally
developed from the inspiration of human brans. Ina
homan hrain, a biological newron collects: signals
from ather newrons through o st of fine soructares
called dendrires. The neuron sends out spikes of
eicctrical activity through a long, thin stand known
as an gxon, which splits into thousands of branches.
At the end of each branch, a structure called syrapse
converts the activity from the axen into electrical
effects that inhibit or excite actnvity in the connecied
peiriong, When o newron receives an excitatory mput
thot is sufTiciently large compared with its inhibitory
input, it sends 3 spike of electrical activity down its
axom. Learming occurs by changing the efTectiveness
of the synapses s0 that the mfluence of one newron
om anaother changes

Like a human bram, meural netoarks aldo
consist of processing units (artificial pewrons) and
connections (weights) between them. The procesting
units  transport  meoming  information on - their
oulgoing connections to other units. The "clestncal”
information is simulated with specific values stored
it those weights that make these networks have the
capacity to leam, memorize, and create relationships
amongst data,

A very important featurs of these networks is
their adaptive noture where “leaming by example”
replaces “programming” in solving probleme. This
feature renders  these computational models  very

"Marsnpdech Keeratipranom

appealing m appheation domains where one has
litle of incomplete understanding of the problems o
be solved, bl where training data are av=ilable

These are many different tvpes of newral
petworks, and they are being used in many felds.
Mew uscs for peural petworks are devised daily by
researchers. Some  of the most  tradiional
applications inchade classificaton, naoise reducton,
pattcTm m]_u.ihuh. and pr'.‘.lilﬁlll.-l:lrl.

Landsst multi-speciral  scanner  imagery s
pcquired from taking a photo of a scene with Towr
spectral bands, approsimate 1o green and rod regions
of the viible spectrums and two are in the infr-red.

Before the information from the osagery can be
wsed, 1t mnst be processed o extract each component
in the pictare. One effective method to retmeve the
ddatn & using neural networks,

Fundamental of Mewral Metworks
I Artificeal Newral

An artificin] neoral (Figure 1) performs a
relotively simple job; it receives mpats from its
neighbours or external sources and uses fhem i
compute an oulput signal that is propagated o other
wnits. The combingiion function is used fo caleulate

the met inprat, & ; by multiplying each mput, x; with

its corm=ponding weight, w, and add a threshold
ar baas term, Hf . The net mput can be writlen as

“Lectarer in the Depestmen of Competer Engigsering, Faoulty of Engissering, Dhomkijpundii University | BEng. { Cringroier |

Chdalongkom Linivorsity.
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Figure 1: Artificial newral

Adfter thot the net input i3 passed 1o an acivation
Junction, vielding a value called unit's activation,

£, Some of the most commonly used activation
funclions are

I} identity function
gle)=x

21 binary step funclion

glx) ={

forall x 2

1 ifxz0

0 ifx<0 3)
3} - binary sigmoid (Figure 2)
glr)=—— (4)
I+e™*
H o'
Figuze 2: Sigmoid function
4} bipolar sigmoid function (Figure 33
=g
glx)= (%)

[+&7"
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Fagure 3; Bipolar sigmokd function

2 Metwerk Topnlogres

The topobegy of o petwork s defined by the
number of layers, the number of units per laver, and
the mterconnection paflemns botween lmyers, They
are generally divided into three categories based on
the patter of connections |

1} Feed-forward metwork (Figure 4), where the
data flow from ingat unils o output upits s
strictly feed-forward. The data processing con
oxtend over multiple layers of units, but oo
feedback connections are presend. Feed-forwarnd
networks are the main focus of this paper.
Peetadls will be described insection 2.4.

iy

Inpud Layes

10
er-r-

Figure 4: Feed-forward neural network
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2} Recurrend nefworks (Figure 5) confain feedback
contectons.  Contrary to feed-forward
networks,  Lhe  dynamical propesties of the
network are important, In some cases; the
activation values of the units underge a
reloxation process such thar the network will
evolve (o a stehle state in which activation does
nal change further. In other applications in
which the dynamical behaviour constifntes the
ocutput of the network, the changes of the
activation valwes of the outpul unils  are
sipnificon

Hiddan Layer

Input Layer Culput Layer

Figure 5: Recurrent newral nerwork

3} Self-Organising  nebwork i a8 model  for
unsupervised learning. In general the model
consists of a two-dimensional structure of linear
umits, where each unit receives the same inpul,
Each unit in the armey 5 charscterized by an n-
dimenskonal weight vector

3. Ntwork Learaing

The functionality of a neural network 15
determined by the combimation of the topology
(mumber of layers, mimber of units per layer, and the
interconnection pattern between the lzyers) and the
weights of the connections within the network, The
topology is usually held fixed, and the weights ore
determined by & cerfain traming algorithm. The
process of adjusting the weights to make the
network leam the relationship hetween the inputs
and targets i3 called fearning, or raiing. Many
learnmgp alpogithms have been mvented to help find
an optimumn set of weights that resalt in the salution

of the problems. They can roughly be divided o

three main groups :

1} Supervised Leaming - The netwistk is traimed by
providing it wih nputs and  desired oatpuis
{target waloes), These mput-oatpul paos: are
proveded by an extemal reacher, or by the
sysiem containing the network. The differsnce
between the real catputs and the desined oufputs
is nsed by the algorthm to adapd the weights i

the netwioirk.
2} Reinforce Learning The batic whea of
reinforcement  leaming  has its  origins  m

psychology in conmechon wilth experimental
stucties of animal learming. We supply mpast and
regponse, betier or worse, for each action from
the system. If the system receives a betier
signal, then the todency fo produce that action
is strengthened. Otherwise, the tendency of the
syatem 10 produce that action is weakened,

3 Umsupervised Leaming - With unsupervised
leaming, there i no feedbaock from  the
eovironmeni to mdicate o the outpuis of the
petwork are comrect. The network must discover
features, regulations, comelatons, or catecgonies
in the input doto ontomaotically

4. Feed Farward Newral Networks

A layered feed-forward petwork consists of a
certain number of fayers, and each layer contains a
cerwin number of wnits. Thete is an inpoi layer, an
autput layer, and one or more hadilen lavers berwesn
the imput and the sutpat BEaver. Eoch unit recenves ifs
inputs directly from the previous layer (except for
input units) and sznds its outpat directly o units in
ithe next layer (except for outpat units). Obwvicusly,
this  clags of networks & easier b analyse
theorstically compared 1o otber general topologies
because their outputs can be represented with
explicit functions of the inpuis and the weights.

An example of o lnyered network with one
hidden foyer is shown in Figure 4. In this network
these are [ mpists, m hididen units, and & output unils.
The output of the fth hidden umit 15 obtained by first
forming a weighted hnear combination of the | mput
valiwes, then adding a bins,

i
- i
@y = E WX {6}
=il



The activation of hidden wmit § then can be
ohtaimed by transforming the Imear sum using an

activation function g{x)

'Hj = 3{‘;}} L
The outpuets of the network can be obtmned by
transfomming the activation of the hidden units using
a second lover of processing wnits, For each output
unit &, first we pet the lincar combination of the
otitpat of the hidden units,

w= T, ®
j=o
Then applying the asctivation function g2(x)
to (8} we can get the kth output
Wo=gda,) 7}

Combining (6), (), (%), and (9) we pet the
complete representation of the network as

n I
v =220 wilg(3 wilx ) (o)
Jatt =g

The setwork of Figure 4 i5 a network with one
hidden layer. We can extend it to have two or more
hidden lavers easily as long as we make the above
transformation further.

The feed-forward networks provide a general
framework for representing non-linear functional
mapping bebwesn & st of inpuf vanables and & sot of
outpat wariables. The represeniation capabilsty of a
network can be defined as the range of mappings i
can implement when the weights ore varied,

1} Single-layer networks are  capable  of
representing anly hinsarly separable fonctions or
Tesearly separable decision domains.

2) OUme hidden loyered network can arhitrarly
approximate well ooy funcrional  continuoas
mapping from onc finite-dimensionnl space
anather.

1) Two hidden lzvered metworks can represznt an
H-Ihl‘h’-ﬂ-l’f decision |:||:||.1|.1r.1.z||1'_|.l or approximale any
ementh mapping in any accuracy.

Though theeretically there exisiz a network that
can simulate a problem 1o ony accoracy, there is no
easy way b find it To define an exact network
architecture such as how many hidden fayers should
be used, how many units should there be within 2
hidden layer for o certnin problem i5 always a

dnduidanu
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pamful pob, There are two main considerptions for
the stnscture: the number of hidden layers ond the
number of hidden units,

Because networks with two hidden layers can
represend functions with any kind of shapes. there is
no theoretical reason to vse oetworks with moee tian
tewo hidden lavers. It has olso been desenmined that
for the vast majenty of practical problems, there is
no reason fo use more than one hidden layer,
Problems that require Iwo hidden layers are only
rarely encountered in practice. Even for problems
requiring msere than one hidden layer theoresically,
most of the time, vsing one hidden bayer performs
musch better than usmg two hsdden fayvers in practice.
When adding more hiddes layers, trainng  offen
shows dramatically and the number of lecal minima
also increases.

Another mportant s 0 designing g neework
& how many wnits fo place in cach laver. Using loo
few units can fall to detect the signals fully in .a
complicated data set, leading 1o widerriing, Using
s many units eall merzpse the training time and
meight cause overflineg, in which case the nepwork
memorises the taining exomples, but il has ot
learmed to gemeralise o new siabions, The best
number of hidden units depends on many faclors —
the murnber of mput and outpur units, the pumber of
fraining coses, the amount of noise m the targets, the
complexsty of the error funchion, the netwock
architecture, and the traiming alporthm. In most
gituations, there i3 no casy way to determine the
optimal number of hidden units without training
wsing  differenst aumbers of lsdden umits and
estimating the generalization emor of each. The best
approach to find the optimal number of hédden wiits
15 throarch trinl and error

3. Back-Propapation Training

Back-propagation &5 the most commonly used
method  for  wrameer  muli-lover  feedsfopward
networks. It can be applied 1o any feed-forward
network with differennable activation functions

For most networks, the learning process is based
on @ spifable eror function which will then
minimise the derivative of the error with Tespect to
the weights and bias, There are many methods 1o
minimize the ermr, gradfos descent, conenane
g.rmfﬁ'r:ll dercend, g pewion 'y werfod, The
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glgorithm for evaluating the derivative of the ermor
function is known as bock-proparaiion, becanse 1
propagates the errorz backward through the network,

Methodology and Hesulis

In this papee, the sample of Landsat mult-
spectral sconner {MSS) mapgery are taken from
Department of Statistics. and Modeling Seience,
Urniversay  of Stathelyde, Scotlnd UK., the
orginal Landsat data was gencrated from data
purchased from MASA by the Australian Centre for
Remote Sensing, and vsed for research at The Centre
fior Remote Sensing University of New South Wales,
Aiistrabia,

COne set of imagery from Landsat MSS consists
of tour different spectral band images from the same
scenc. The goene which & used in ihis paper bas a
total of 6,435 points and can be divided info seven
classes which overlap with each other, shown in
Figuore 6.

T ooad SioslCER RS
apltrh e 10400

Figure b: Characterdstics of Tiata
Using feed forward neural nesworks to classify
cach pixel in the imagery with each class, the main
petwork architecture can be divided inio 3 models;

17 Onpe nelwork with one encoding output. The
output must be converted to map each class, For
example, of the outpat falls in the interval -1 and
-0.75 it means that point 1= class 1, red soil, If it
i= io the interval -0.75 and -0L45 it means that
point = class 2, catlon crop,

2) UOme network with one output for each class.
Therefore this nerwork will has seven outputs,

3)  Each network for each class. The system will
have seven networks with one output.

There are many vanables that can affect the
performance of the system; aumber of hidden layers,
number of msdes, number of training set, and
tratning method. In the next section, the resull of
varying cach variakle will be shown,

. One menaark with one arcoding outpie

When using this model, we first map the outputs
to the range between -1 and 1 according to the
encaded valie in Table 1. The Scaled Conpugate
Gradient i3 then used to tram the network because
this method is suitable for classifying problems with
a large number of nodes and faster than other
comjugaie gradient because no Fne  search s
performead. The networks will use bipolar sigmoeid
function as activation function for all layers, 500
examples are used as the training set. Figure 7
summarizes the resubs of training the networks
using five different network siructures which shown
on X-axis (vehies in parenthesis are time wsed fo
train the petworks). Each enfry i the (shle
represents 10 different irials, where different randomn
mitial weights are ased in each wisl. The simulation
is waing MATLABR 6.0 Release 12 on Toshiba
Satellite 1200, Pentiam M1 1 GHz, 512 MB RAM.

Tuble 1: The encoded value for each class

Llass Encoded Trecoded Range
] -1.00 -1.00 to -0.76
2 060 075 o -0.46
3 (1,30 -0.45 1o -0.16
4 0.00° 01510 D13
5 {0,300 .16 to 045
3 .6l 46 to 0.75
7 1.0 .76 to 1.00
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Figure 7:The results of simadlation for section 3,1

& Chee wevwork witk one oupad for eack elaoss.

First, we set up a new matrix with Txn
dimension which relaies 1o the target output. The
vakues of the matrix determine of the outpat vahee at

sample 115X, then the vahoe of the matmix at {x, 1)

is et to .5, The other elements i the same column
will be set to (0.5, After training the petwork, the
class of data i column [ s assined w the row of
the max vahee o that column from the output of the
network. The resebts froon the simulation with the
sime specificaton i section 301, are shown in
Figure §,

Ty of aetwork

Figure &:The results of sinulation for section 3.2
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1. Each HEI'I-I.-'r.Il'i:fE.I‘ eereh elvy

By wsing this method, we will create seven
networks with the same structure but different in
weights and banses, To determine the class Tor each
picel, the outputs From each setwork are combimed

to build a big matrix with dimension 7 . same
size as the oulpul from the petwork in secoon 3.1,
and wse the same alporithm in section 3.2 1o fmd the
exact class for each point. The results are shown in
Figure 9,

A FAREN
{
§

f 1

F {.-F A Y
1""’ P q‘:f' & =
FE A
,‘:'I-'
T of e

Figure . The results of simulation for section 3.3

4. lnprove the performance by varving the monber
of tranmyr set

A we have seen, one of the variables that affiect
the performance of the system s e nomber of
braiming sets. In this zection, we will sfudy fthe
impact of changmp the s@e of faining sei The
madel in section 3.3, each network for each class,
was selected for modification i this study. The
simulotion result, when the network canmot redoce
the mean souared emor anymore, is shown in Figure
1k,

Fipure 10 shows that when the nomber of
traming set 5 1,000, the percent of comeciness is
stable and cannoi be increased anymore by further
enlargernent of the number of training set.
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Figare 10; The resull of changing the sumber of
training set,

Diseussions

From Figore 7, when the networks have more
lavers and more podes in coch hidden laver, the
networks can map the values between the input and
the output betier but the traming Gme will
dramatically merease, When the network has a large
number of nodes, in network four and five, the sign
for overfitting occurs. The evidence being the
percent correction of the dita from simulation s
obviously decreasing  when  compered with  the
percent commection from the traming set. Chverfifting
occurs hecaise the network only remembers the
fraining ¢t but pot learning how the oufput is

e,

In Figure ¥, the percent of correction berween 4-
20-20-7 and 4-30-50-30-7 petwork is similar except
in the pumber of podes. Therefore, adding mors
naodes or hidden lnyers to this model, the system will
nedl improve 118 classification performance.

The tesuli from simulating the network in
model 3, shown i Figure 9, is obviously better than
the other networks. The networks in model } are
herer because they have fewer complexities. Each
petwork just learns bo map each class al one Gme. In

contrast the networks m model | and 2, one netvork
trigs t0 map atl classes at one e,

In Figure 10, when the training set 15 increased
fromn 100 to 1N, the performance b5 seen to redues
because the network ties to map more data m
troining mode. But the overall pesformance 8
increased because the network b traimed in a varying
mnge of mpets that cover all kinds of unseon data.
Then, when we add mose trambge et the network
cannot produse o bester performance,

Conclusions and Fature Waork

The feed forword neural network classifizr can
be used o recognize cach pomt i e Landsar MSS
imagery with the lhigh performance, The result 15
quite good, considering the similar kind of class 1o
recogmise; red soil, grey soil, damp ey soil, and
very damp grey soil,

The system which composes of many nebworks
with one nerwork for each outpul seems 1o be the
best mode] for clasifying this kind of imapgery,
nchieving both accuracy and short training fime. The
network has two hidden lavers. Each laver has 20
nodes, trabnng with the Scaled Conugate Gradient,
and the fraiming set is 1,000 i the mast sutahle in
this paper, It gives a comect classificatpn rate of
Bb 24% For all data seis.

T improve the efficiency of the sysfem, we can
modify the network by changing the number of
hidden layers and the number of nodes, or changing
the number of fraining sel

Further work is directed towards three areas.
Fustly, simulate the network with other unscen
inputs o verify the system performance and train the
system with other classes of ebject. Secondly, apply
other leaming methods o the system such as
Levenberg-Marquardit  Algorithms,  Conjugate
Gradient with Powell/Beale Restaris, or Resilient
Backpropagation. Finally, explore different solutions
based on other neural metwork paradigms, such as
the Kohonen netwark or logical nenrons,
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