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Figure(1): Genetic Algorithm flow shop systent
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Table (4): Distance matrixof the FSNIS problem of table (3).

Ja Jh Ic Jd
Ja 0 a R &
Jh 12 i i i
Je 13 14 0 11
Jd i 1% iy {

Table {5): Cost matrixof the FSNIS problem of table (3).
Ja Jb | Jc Jd

Ja o q - | L] I
Jh fi il | 4 2
Je £ T i 4
Jd 13 y 3 i

Table {(6): First Genetic algorithm Generation using OX, PMX, and
X crossover operators. six candidate solutions.

I O Operutor

Echedule a T F i
hdew i 10 25 3

,Eﬂﬁfl 1% L 02z 3
albics 2l fi ni? 3
heda Xl L 017 3
dcha zl 7 07 e
abed i 0 1, LKl Il

PMX Operator

Echedule d I F |:iC

| baden E I Fors |3
ciba ] o jex 13

| dben zl 7107 3
beita 21 7 .17 3
ichkn 21 o B 3
ahed 25 ] 0. (M) |

CX CDperator
Echadule d I ¥ C
bica 3 THRLFE 3
cdba E g o 1
dben Py 7 1617 |3
Leda 21 7 .17 i
ilchn 21 i 1% 1
nbied { 8 LR I
d___ Euclidesn disimono: ¥ Rauetie wheel probabdlity
| f Fuiness vahwe C___ Ueterminisne samping propability
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This machire suffers from
schedule overlaps between job C
and job D. This overiap caused
schedule conflicc in  the
remaining machines schedules,
as can be seen from fgure.
Applying the  schedule
adjustment  algonthm  permits
the use of the same job sequence
of the fittest solution chtaned.
Figure (3) shows the optimal
flow shop schedule obtained
with no intermediate siorage,

5- Co ion

A new approach for solving
flow ship problem using genetic
algorithm was presented. A
Genetic  algonthm Flaw Shop
(GFS) scheduler system was
implemented.

The system consists of, (1) a
stape for formulating the
problem as s TSP problem,
calculate a distance and a cost
matrix for the given problem,
(2} a stage for generabing
randomly a8 population of
machine  sequences, (3} =
genetic  algonthm  subsystem
consisting  of (basket) selection,
(OX, PMX, znd CX) crossover
and (swap) mutation operatons
with a guided search based on &
fitness Hanction reporied earlier,
and {4) a stage for detecting and
adjusting any schedule contlicts

due to the critical path schedule
gverlaps. Svstem output is a
job-maching processing schedule
as that of figure (3).

System performance showed
that genetic algonthm is fast in
converging toward an optimal
solution for such NP-complete
problem. The stopping critena
considered in the system is
either a three time solution
repetition im SUCCESSIVE
generations or  when no
improvemen: in the solution
obrained i SUCCEsEIvVE
generations is found. The effect
of selecting any of the special
CTDSSOVEr OPerators is very
minor in small scale problems
such as the one reported in this
paper. Authors are working on
extending the  proposed/
implemented method for solving
other  machine  scheduling
problem

Relerence

|- Phillipg DT, Rarindran A and
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Ressarch: Principles and Practic”,
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time value fFom the end of
previous job operation, and
cese i1t i5 megauve then the delay
time of current and next jobs is
increased by the difference value
as shown in slgorithm {1). The
schedule  adjustng  algonthm
keeps the same optimal job
sequencing  obtained, deals with
the critical path schedule by
advancing ar  delaying the
specified  job  schedule by the
difference wvalue calculated, and
find owt the optimal-non
conflicting-job-machine

schedule based on the optimal
job sequencing cbiained

4- Experimental Results

Table (3) gives the
processing time of a four job/
five machine flow shop problem.
It iz requires do find out the
optimal sequencing [schedule)
of these jobs on each of the five
machines so that to minmmize the
total processing time on each
machine provided that the job
continues progessed on the
machines in that sequence with
no wait, In other words il job i
(o, b, ..c} iz processed on
machine j (1, 2, ...5) then when
the processing on that machine
ends the successive machine has
te be ready to start processing
jobr i directly after coming ¢ut of

T

43

machine | Table (3} shows an
imbalance machine workload.
After entenng the data of
table (3) to the GES system the
system starts formulating  the
problem as & TSP problem
Table (4) and wable (3) give the
distance and cost matnices
celculated by the svstem. Table
{6) shows the results obtained in
just @ single generation using a
populaton  size of 6, 0.1
mutation rate and the three
considersd tyvpes of crossover
operators. The sysiem using
OX, PAMX, and CX crossover
pperations  converged toward
the solution within just single
generation.  The results using
each of the crossover operations
gre  identical  The  total
Euclidean distance, of each
schedule and the relative fitness
among the population membears

are also given. The result
obtzined from this  stage
represents  the oprimal  job

sequencing on ezch machine
Figura () shows a plat af the
sequence as a schedule of the
four jobs on the five machines
according to the  fittest
{sequence) solution obtained
from table (6). Ne conflict in
Machine MNumber five job
schedule. The critical path can
be seen on machine number 4.



| T o e AT

glse
time = time + difference
endif
start aperation[job]{maching]
at time
time time + P{job][machine]
endlior
endfor

end

3-5 Critical Path Adjustment
It was found from the

different flow shop problems
solved by the systes may have
some problems in the critical
path. An overlap in processing
times was obtained in certan
cases. The GFS system ends
with & population of candidare
solutions for the optimal job
BRqUEensing, Generally  the
salution with the higher fitness
is selected and the job-machine
schedule 5 worked owt
according 1o that sequence. If &
processing time overizp problem
found in the crtical path then it
is suggested to selece the second
candidate ({sequeace) salution
An algorithm for detecting any
such owverlap problem and adjust
that problem by selecting the
second  fittest solution can
developed. Obwviausly, sdecting
the second candidate sclution
means accepting the solution

which 15 not the best in terms of

42

distance,
time.

It worth to mention that even
the second candidate solution
may not necessarily overcome
the overlapping problem. Once
the second candidate solution is
less fit then the total cost is
higher than the first fitest
splution, and  accordingly there
may not be any problem in the
critical path, but that 15 not
guaranteed.

However, it was  found that
even with the first candidate
solutden it is possible to solve
this overlapping problem. An
algorithm  was developed 1o
detect such overlaps and then
determines the difference time
between the staming of job
cperation and the end of
previcus job operation by
applving the following eguation

cost or processing

difference = Dy- By | 4)
where Dy represents the delay in
gtarting of job j (measured from
the start of job i), and Pj
denotes the processing Hme of
job 1 on machine j.

The  schedule  adjusting
algorithm checks difference
value, in case it is positive then
the job  operation starts
execution after the difference
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caleuiated refatively within each
peneration

33 Crossover and Mutation

Orperation
Prablems such as those

imvalving the optimization of a
cerizin order of parameters, are
naturally coded permuzation
preanmisms such as (i, b, & ..., &)
The wuse of crossover and
murtation operators on these is
more subtle, such as(i. b g ...
by, Therefore such problems
involve special crossover and
mutation operstors,  Two point
crogsover operator would have
to be modified to wark with
such  problems.  Exchanging
parts of 1wo solutions will
ustially result an invalid solution.
Three tvpes of special
crassaver operators reported for
permutation  problems  are
selected to be examuned and
used in the GFS svstem. These
are:  order crossover (QX),
partially  matched  erogsover
(PMX), and ¢ycle crossover
(CX) (me child from a pair of
parents is considered”’
Arbitrarily  changing single
allele vaiue would nol preserve
allele uniguenzss. The mutation
method used in GFS system is
the swap mutation; that 15 10
interchange  two  randomly
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selected position, thus
preserving aliele uniquensss.
J-4 Replacement

The wezk parenis

replacement is implemented in
the GFS svstem ln this method
both parents and children are
combined together and &
nember {ecual to the population
sizg) of the fittest individuals 15
selested to represent the new
Eencratian.

Algorithm (1) Adjusting
critical path schedule.
bewn
input deta: distance matrix
"D"; input processing time
matrix "P"
tme=1|; job =1
for machine=1tem -
start operation[job][machinc]
at Lime
time = time + P[job]|machine]
endfos
forjoh=2ton
for mackine =1tom
time = fime [job-1]|maching]
difference = D[job] [machine]-
P[iob][maching]
if (difference < 0) {
D[job][maching}=
D[job][machin:]-difference
Djob+1][machines}=
D{job][machine]-diflerence
time = time - difference



previous sequence generation
As shown in figure 1 & current
generation being acted upan by
the three cperators to produce
the successive generation.

3-1 Problem Formulation and
Fitness Function
The n job FSKIS problem
cen be formulated as an (n+l)
gity traveling salesman problem
There are several ways of
representing  the  eguivaient
cistance matrix for the TSP
Dakers' matrix"' is one of these,
and it is shown in table (1). In
the  distance  matrix, D
represents the delay in starting
of job k (measured from the
start of job 1) and the total value
of any tour represenis the
makespan for the corresponding
sequence. Using the following
squation’ o compute Dy,
Dy =Py #man {0, Pz =Py Pz =
Fig =Py — Pz 2By -'iflpkj
=1 =
A
where P; denotes the processing

time of job i i1 =1, ..., n)on
machinej(G=1, ... m).
Subiracting Py from cach

row t (= n)iniable (1) reduces
the matnx at ‘able (1) to table
(2) a5 in the rallowing egquation

4l

D =L =8 A1)
The reduced matrix zpplies
ta any FSMIS as well as any
open  How shop no intermediate
storage (OFSNIS) problem.

The finess function uvsed
here computed by using the
following eguartion and the cost
mkLtrx
£ = dinax - i + diat - diim A3)
where last and first are related
1o schedule i.

3-2 Selection Operation
The  selection  operagor

chooses two  members of the
presen: generation to participacs
in the later operations; crossover
and mutation. there are two
popular approaches for
implementing selection. The Arst
15 the roulefte selection, and the
second i3 the determimistic
sampiing. Sysiam performancs
using =2pch of the above two
selection methods was  poor,
Convérgence {measured in time
umits  or number of generations)
ig found slow. The basket
selection method suggested in '
18 adopted. The  newly
eveloped method 3 a modified
combingtion of the above twe
methods.  The  lilness, s
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randomly  with  a  Jow

proaability

1-2 The Differences Detween
Genetic and Conventional
Almori

GaAs  differentiate from
conventionel  algornthms in the
fallowing poirs™"

GAs work with parameters

coding. To solve the problem
with GAs, the first step is to
code the parameter as a finite

length SO, while
tradimional  algorithms work
on the parameters them-
selves,

- GAs search from a population
of points simultanecusiy. The
probability of finding a false
peak iz reduced because of
climbing * many peaks I
parallel,  while traditional
glgorithms move from 2
single point in  the search
space o the next using some
transition rule to determine
the next point which may
located  false pesk In
multimodal spaces.

GAs use objective function
values associated  with
individual sirings, 0ol
derivatives or other auxiliary
knowledge but  traditional
methods need dervatives like
in  gradient technigques 1o
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climb the currem: peck, and
require  auxilisry knowledge
like in greedy techniguesto

access to¢ most if not all
tabular parameters

- (GAs use probabilistc
transition  rules. GAR use
random choice to guide 2
search  toward  tmproved
regions of search while

LUsE

tradiional  algomthms
deternunistic mies.

3- Genetic Algorithm Flow

Shop System

The developed  Genetic
algorithm Flow Shap (GFS)
svistem consists of the stages
shown in figure 1. The machine
sejuencing problem is
represented in the earfy stages
of the system as stings O
pryanisms. Each organism may
represent a sequence of the
aiphaber  indicating machine
sequencing,  The  following
subsections describe  the
different stapes of the sysiem.
System  input is 8 malnx
representing the processing time
of each job on each machine.

An initial tours population is
randomly generated  and
successive sequence populations
called generations are derived by
applying the selection, crossover
and mutation operators to the
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reported  genetic  algorithm
system™  for  solving  the
traveling  salesman  problem
(TSP).

2- Genetic Algorithm
The  so-called
Algonthms (GAs) are new
algorithms  than can  altack
difficult (NP-Complete) comp-
utation  problems  such  as
TSP®*"  These algorithms
developed by John Holland at
the University of Michizgan in
the mid-1970s, As the name

Genetic

implies, it 5 an erative
procedure  based on vanous
biclogical  principles.  GA

encodes information into sinngs
just as living organisms encode
characteristics im0  strands of
DNA™ A string in GA s
analogous to a chromosome i
biology. are
composed of genss which take
some  values celled alleles,
strings are composed of feztures
which may take different values,
one ar more chromosomes are

chromosomes

sombined 1o form  genotype,
combined  stings are called a
sLrociure.

In nawral sysiems, the

organisms formed by interaction
of the genotype with its
epvironment i3 called pheno-
type, m artihcal genstic, the

structures Jecode 1o Torm a
parumetes gel.  As  with
hiological — parameters, two
girings combine and contribute
part of ther characteristics 10
create their child. This child
juing the pool and fight to
produce the next generation™.

2-1 Genetic Alporithm Cyele
A GA 15 one of search

algonthms that use probability
to  guide their sezrch with no
constraints within the search
space (like the existence of
derivasives)'”, its componens
are!™

- An iniial population of
random chromosomes, coded
in a relevant form.

- An objective function Lo
measure the near of each
chromosomes to the solution
of the problem.
A selection operation to select
chromosomes based on their
objective function values, the
hetler ones are  with high
probability of contributing
one or more ofspring.

- A Crossover operation which
takes pair ol selected
chromosomes and randomly
combines elements of each to
produce offspring,

- A mutation operation wmch
changes offspring  alleles

i
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jobs Ji.....Js has o be processed
ar m machines M;, .. Al
thay order. Job X, 1 =1, ..m
thus consistz of a sequence of
m operations Oy, .. O O
correspond 1o the processing of
% on M. during an uninternzpled
processing time Pa. Mo E =1,
..., m can handls at most one job
at & time. It i5 to find &
processing order on each M,
such that the time required to
complete all jobs is minimized.
Flow shop problem ¢an be
classified inte Two catégories
depending on the availability {or
the requircment) of intermediate
storage. These categories are,
the FSKIS (Flow Shop, Mo
Intermediate  Storage) and the
FSIIS (Flow Shop. Infinite
intermediate  Storagse)  The
former i3 more complicated due
to the additional constramt of

the siorage availabilmy, The
FSNIS is the concern of this
DE[ET.

Marnw researchers worked on
the flow shop problem as an
NP-problem.  Teofilo Gonzalez,
and Sartaj Sahai™ tried to find
minimum finish time preemptive
and non preemptive schedules
for flow shops. Bounds on
the performance of various
heuristics to generate reasonably
good schedules wers
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considered. BJ. Lageweg, JK.
Lensma, and AH.G. Rinnooy
Kan™ reported that, branch-
anl-bound methods are
commonly used 1w find a
permutation  schedule  that
minimizes maximum completion
time in an m-machine flow shop.
They described a classificenon
scheme for lower hounds.

The objective of S5
panwalker, and C.R. Woallam'™
work was 10 minimize makespan
for & special case of flow shop
problems  subject o the
constrainl 4l no-in process
waiting is allowed. L Adn, and
N, Amit™ deall with special
cases of permutation flow shop
scheduling where the objective
function was minimum sum of
completion times. They
presented O (m") algorithms for
open shaop scheduling where all
Operations have equal
procassing times,

This work presents 2 selufion
to the flow shop problem with
no intermediate storage (FSNIS)
based on genetic algorithm. A
Genetic  algorithm Flow Shop
(GFS) scheduler system is
presented,  The system  deals
with the problem of FENIS a5 4
treveling salesman problem. The
presented GFS system 15 an
extension to & previously
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A Genetic Algorithm Appreach for Solving Flow Shop Prohlem

Prof, Dr, E_5, Maocum
Department of Computer Science
Unmversity of Baghdad

Dr. Hisham Al-Rawi
Department of Computer
and 5/W Engineenng
Unreersity of Technology

Buthynna F. Abid
Mutional Computer center

Baghdad-Irag
Abstract 1- Introduction
A new approach for solving The Flow Shop Problam may
Slow shop problem is presented, be stated as a scheduling

The developed and implemented
sysremm based om gemenic
alporithm  formulae  the flow
shop problem  as o traveling
saiesman  problem and  solve
the  machine-fob scheduling
problem  accordingly.  Special
selection, crossover,  cond
muranion  operafors  are  used

withinn ~ the genefic  sysiem.
Resulis showed st
convergence  foward  opiimal
schedule,

problem in which n jobs have 1o
be processed onm machines’,
In a machine shop a batch of
jobs iz 0 be assigned to a group
of machines in a ray to maximize
the total efficiency of the shop.
Flow shops are ordered sets
of m processors {or machines)
<Py, Pe=.mzl, the processing
time required by task j ofjob i i3
denoted by Py, 1 £ j=m. For
any job 1, task j, is performed on
processa Py, For any job ithe
processing of task §, | 22 can
bepin only after task j-1 has
been completed. The general
fiow shop problem can be
tormuleted as follows. Each of n
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Fig.(6): The behavior of quality measures being used and thelr
equivalent average codeword length using mon isotropic
pulynomial predictor for Fos mmage.
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Fig.(7): The examples of the reconstructed images using sefi-uniform
quantization with 2* order palynomial predictor.
g. Using isotropic polynomial predictor
k. Uzing non isotropic polynomial predictor.
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Fig.(4): The examples of the reconstructed images using 2 order
isotropic & non isotropic polynomial predictor with lossy
enceding method and different quantizer gutput range values,

= L I—
MI | 1.04 |
] | ol § Larvwin :-m —na—__-_-,..-.-:n
BAE 1 LaFela L I —_-,_\_\_“- =ar—11 =l
Lk | — L | ‘:"“:'“w.&_ ——1 avals
D —r
18 1.3
L1} L
W OH MM T 23 % 49 53 43 Tm
Guintirar rafgpa Taentamer Cusng
EH'I-.I_'—-—-—-.'—-——I e e e
=000 4 I 18+
D 5 Lisvedn §a A8 | o ELsssl
08 4 5 - |
L =13 | e+ Lapami -'\-'FRLI-E % ——11 L
L] s Lk Hc-}-q__}__&___; e L
A0 [ 134 .
1 e =
W W 4 M oW S = IR T
T ‘il R P

Fig.(5): The behavior of the quality measures being used anc their
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polynomial predictor for Cell image.
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Fig.(3): The behavior of g-values with respect to the average
codeword length using 2* order palynomial predictors and
. errorless encoding method.

-
Y



L

_'@i.,-nm-ﬂ.i«u-” 17

Table (1}: The results of applving 2™ order polynomial predictors
using semi=uniform quantization method,
Where P21 = Isotropic predictor, P22 = Nen isotropic

predictor.
| MAE MSE SNR Exact
IMG | Pred. |Alphs| MAE | AVR |Alpha | MSE | AVR [Alpha| SNE | AVRE | AVE
Twpe i
Call | P21 |0.730] 3,192 |2.330 |0.730 [15.085) 2.330 [ 0.730 [36.345] 2.330 | 5.234
Cell | P21 |0490]3.227[2.414 |0.450 [15.354] 2.414 [ 0.45%0 36265 2 414 | 5.411
Rose | P21 10370 3.072[ 1,051 |0.370 [14.367] 1.95] [ 0,370 36,245 1,931 [ 4.673
Rose | P22 | 1000|3086 {2030 1000 [14.634] 2.120( 1.000 36,165 2. 170 1 4.77
Rird | P21 l0.6803.318(3.527 |0.470 [16.027] 3.535 [ 0.470 [34.560[ 3.535 | 6.8251
Bird | P22 |0.420]3349]3.7% [0.380 [16.273] 3.762 [ 0.380 [34.494] 3.782 | 7.191 |
Gfx-dy-2) | Gix-l.y-2} | Gixy-2) I a2 (3
Gix-2.v-1) | Gix=1.y-1] | Gixv-1} o2 7 4] X6
Gix-2y) O x=d.v) Gl ra s
. Adiacent points i Isotropic predietive coefficients
(Symmetry around 43%)
der ig fr=1 i F T
12
| =502 1{er-E) A-ir I-= -2 |+
- Seix e | Z-ax -

d. Mon-isotropic predictive

c. Equivalent predictive
coefficients

coefficients

Fig.(1: The 2™ order polynomial surface points and the equivalent
predictive coefficients.
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predictors  that were used in the
literature which suffer from the
possibility of determination
failure. Furthermore, it is much
essier to  caleulated (he
sugpested  predicior coefficients
(since only one wariable had to
be calculated) than to find all
predictor parameters required to

define  ordinary  polynomial
prediciors,
In this research different

guantizer rmange values have
been tested, These values were
(25, 30, 40, 50, 70, $0. 100,
110, 120, 150 and 160) which
represents the range of he
quantized emmor. When this
range is below 40 (or 50 with
the busy mmage), the optimal
objectrve  quality  measures
values have been oblained, hut
subjectively the images have
been damaged. This is due to
the fact that the small values of
quantizer range will force the
quantizer input to be in this
limited ranwe which in turmn will
cause error accumulalion in the

reconstructed  images.  These
accumulated &FTOrE wWere
imcreased  as  the quantizer
outpul  range was decreased.

But for error range betwesen 40
(or 30 with the busy image) and
130, the reconstructed images
were acceptable and no error

30

accumulebion was happened.

Some  examples of the
reconstructs]  images  using
isotropic and  non-isotropic
palynemial predictors are shown
in figure {4). Furthermore, the
quality measures that have been
calenlated mdicates  that
ingreasing the number of the
quantizer levels leads to better
quelity measures vielues but this
15 on the aceount of the average
codeword length values.

Figure (3) and figure (4),

demonstrate this  behavior
with rtespect o each error
range  being used using

isotropic polynomial predictors
respectively,

Table (1) present the results
of applying the semi-uniform
quantization using 2™ order
predicier on the three selected
images. The table shows that
the semi-umiform quantization
method gives better compress-
ion parameter results (average
codeword  length) than the
errorless method but thisis on
the account of the reconstructed
inage  visihility  (quality). The
reconstiucied  images  using
seri-umtorm  quantization with
2 order polvnomial prediciors
arg shown in figure (7},
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The second method has been
used inour work

4-3 Entrany

Thea entropy concept wWas one
of the most popular measures
utilized to indicate the degree of
randomness™ & 7 The existence
of statistical redundancy inthe
image could be evaluated by
considering the entropy values.
Suppose we have a set of (m)
random variables ), @3, ... Om
with probabilities P; = Plag)
.P. = Pl then the entropy,
m bits, 13 defined as,

m -
H=-Y P logy B, ~09
k=l

The entropy for (m) random
variables can range from O o
log, (m).

In the coding apphcations,
entropy  Tepresents the amount
of informetion associated with
the set of coder input values and
gives a lower bound on the
average number of buis fo
encode those inputs, The
entropy defined above is the first
erder entropy, which was taken
into consaderation throughout
the curment rezearch work.

20

5- Polynomial ictive Filt
The second order pohmomial
predictors have been derived in
5.1. These filiers were applied
to the thres suggested images
shown in figure (2}, The results
are discussed in the following

paragraphs.

5. The Results ol The 2nd Order

Folynomial Predictive

This type of predictors has
only parameter variable (o) that
controls  the effect of cach
predictor (sce figure 1). The
application of these predictors
on different images using
different values for ci-parameter
leads to the fact thet alpha has a
stationery efiect on the values
of the quality measures,
furthermore, only one optimal
a-value 5 needed to be stored
as a book note information. The
behavior  of o-values with
respect 1o the average codeword
length using errorless encoding
method is shown in figure (3).
This figure shows that (o) has
stationary behavior {around 0.4-
0.6), which means that a-values
will never cause any failure in
the  predictor  coefficients
calculation and this could be
considered as an Lmprovemant
over the ordinary polynomial
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(3) The Signai-to-Moise-Ratio
(SNR): This parameter Is
defined as,

[ F e e
m:wliosf{mmq,ﬁzmnj J

W18}

4-2 Subjective Fidelity Criteria
This tvpe of measurement is
usually uwsed when the ourput
images are to be viewed by
peaple as i the case of TV
images. It s interested in how
good the images look to human
observers. The human visual
system  (HVS) ‘has special
charactenstics so that two
pictures having the same emount
of an objective cnterion (MSE
erTor) may appear to have very
different wisusl qualities The
most important characteristics
of the (HYS) isits logarithmic
sensitivity to light intensity so
that errors in dark areas of an

tmages are  much  more
noticeable than errors in bright
areas’™ Another  (HVS)

characteristic is its sensitivity to
abrupt spatial changes in grav
level of the adjacent pixels, so
1080 erfars om or near the edges
are more hathersome |han errors
i the background texture, many
subjective  methods have been
uzed For evaluating images. This

evaluation is done by showing
the images to a number of
observers and averaging their
cvaluztions,.  The  abserver
evaluation can be made by using
for example:

(1} An absolute scale such as the
one suggested by'™" in which
each word give a specific
evaluation fur the image.

-Excelleat: An  image of
extremely high quality, as
good as you could desire.

-Fine: Animage of high quality,
providing  enjovable viewing.

Imterference i5 ot
abjectionable.

-Passable;  An  image of
gcceptable  quality. Imter-

ference is not objectionable
-Marginal:  An imsge of poor
quality; vou wish vou could
improve il. Interfarence is
somewhat objectionabls,

-lnferior: A very poor image,

but you could watch it
Objectionable  inference  is
definively present

-Unusable: An image so bad that
vou cauld nos watch L

2y Or by using the pair
comparizon method  where
observers  are shown two

unages (the orignal and the
reconstructed) al @ time and
asked  to Express 2
preference
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= -0 -£13.d)
s =1-u {13.e)
gle = =2 (136
gs= 130 {13.a)
ey =2-0 24T )

as shown in figure (1.4}

Tn both cases (isctropic &
non-isotropic) the eguivalent
prediciive  coeflicients  ore
represented  in terms of the
parameter {o), which can have
any possible resl value

4- Quality Measurement

The sceeptable Jevel of
guality of any picture depends
n the purpose for which the
picture is intended to be used.
The picrurs may be intended for
casunl human viewing as in the
case of a TV umages of it may

be needed for  precise and
quantitative  measurement  of
same sort.  The types =nd

degress of degradanon  tha
would  be  acceptable or
chjectionable might be guite
differgnt in these two Cases
There are many ways fof
measuring the "Adelity" of o
picture @x, v) 1o its criginal fx,

=2
-

vl  These methods were
classified i two calegoTIEs:
1- Objective Ldeliry eriteria,
2- Subjective Odelity eriteria,

4-1 Ohijective Fidelitv Criferia

In same image LAANSTISSON
SYSIems  SOMC  eITors in Lhe
reconstructed  images can be
iolersted, In this case a fidelity
criterion  can be used as B
measure  of system  qualiry.
Differant  ermor  measurement
parametars were propesad n the
literature™™ ¥, some of these
parameters have been utilized in
Lhis work.

Suppose  thal the orginal
image and the reconstrucied
Imege arrays are fix, v) and gix,
v) respeciively with M rows and
N columns then:

(13 The Mean Absoiute Error

l:."'a'I_""!IEJZ Thizs parameter 13
defined as,

| M-IE-]
MAE w ——— T El_i[:i.'l-']' HES )

M*N S0 v
414
(2) The Mean Square Error
(MSE): This parameter s
defined as,

1 M=l k=] ;
T Fimley) - EHoph

"MTH =
ALY

BASE

=0 :.-If
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a3 = 2 (@-D Lk, eaTlratm A110)
By assuming oy = |- athe
s = 2 (-1 ~(10.2) above equations could be
[ewTIiten as,
: 10.d
L e a2 (3-a) FRHRY oz =a - 3o ~(12.3)
These isotropic predictive — T 7 2mi-a@ (12
coefficients are shawn in figure
(1.e). a=]-0 £12.6)
3-1-1-2 Non-lsotropic (g @ -2+ 2ax A12.d)
The non-isotropic property
may implies special cases in =l -day+ao (128}
which there is 2 directional
bigsed trend in relsting the ey ==t -l +a& Rk
brightness of point (x, ¥) with
the adjacent points. In such a oy =2+t 12

case the equations (13.a-f) arc
solved directly by treating oy
and £z4 35 knawn parameters and
try to describe other parameters
in  terms of them A

stezightforward  sclution  will
lead to

a=1-3a -0y a1 11.3)
oy =-1+2a oy {11.h)
o = =2 + 2 LD
O =2 =200~ A1Ld)

My = =0ty -0 {11.8)

The above equation (13)
chow thar the predictive filcer
coethcents  depends on [wo
parameters  (onon), and  for
gmplicity we will reduce the
problem complexaty by
considering the case o =10, in
such a ¢ase the predictive
coefficients will be,

oy =0 ~A13:a)
Qr=ot =] LA13.k)
fry = it A13.c)
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FLin g

Gy l=a: G2 o2 bma Gix-1Ly-2 14
oala i y-2 e Gix-2 -1
regEn=1, v i =1
a2 e Gix-1,1

)

Substituting equations (4.a-I)
in equation (3], we get,

G ¥ r=ee, o= -2 (v-2 1
Az %20 titga(y=2 ) "y (-2 Hv-2)
O § Bt By K- 18 (v-2 gl x- 177+
Bnely-207+ 3 (x-105- 1)
w
=
+y o § A8 o -1 e gl 11+
Ay ta ) (X-17¥]

| {6}

From equanan () we get,
2 sk et L = | A7)
PotoartodastacroEl - L(Th
s B s bt B F e b A H i |
Zanpeirphding b e =) ind)
duizy gty it = {T.2]
dopgt Qi rt M= R
Since the number of a

cocfhcients (B) 15 greater than
the number ofthe simultaneous
equations {1.&-f) (6 equations),
thus a number of assumptions
have to be $BL10 overcoms ths

23

problem.  Different sets of
assumptions may be considered
for relating the value of G{x, ¥)
with G's wvalues at the adjacent
TS,

3-1-1-1 Jsotropic

Az 1t is shown in figure (1.5},
the values of the 3-coefficients
were assumed to have a sort of
symmetry arcund the direction
(45%), ie

o =4
Oz =0 8]
s = Gy
g = (L

Substituting in equation (7.&-
fi, lead to the following
equation,
o+ 2o+ Doy +ag+ o= 1 L)
Ja+daz+an +dmtwe=0 L 40b)
4+ Sa =+ oy 4 doy T og =0 (9.ch
dog + Jog— s = 0 I

A straightforward  solution will
l2ad 1o

(1-3a) (10.8)

Qe =

b | e
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actual pixe! values should be
periodically transmitied (o avoid
large errors.

In the literature, many
predictive schemes have been
designed and implemented™ ~*
L 1 R |"..?'I. I lhis‘ "r"n'-ﬁ['l:.'. we h-a-‘l'":-'
degigned & new type of
predictors by using polmomial
function a5 will be shown 1 the
followang paragraphs.

3-1 Polvnomial Predictors

Basically, the process of 2-D
linear prediction could be
considerad as & 2D
extrapolation method governed
by & hinear constraint, e,

m n=i

GF(:-:,'.']= z EL'I:L_{J (%=1, ¥—1
=0 =i
- with digy =0

.y
where G(x, y) and Gy, v) are
the actual and predicted gray
values at the point (x, ¥)
respectively, while (m) and (n)
reprasent the predictor order in
horzontal and vertical
direciions, respectively.
(Geometneally smoothed surface
passing through a sct of points
could be conmidered as a 2-D
constraint  governs the spatial
behavior of the poinzs of the sel.
As declarative examples, we will
consider the cases of Znd order

24

of 2-D polynomials.

3=1-1 Second Order
Polvnomial Predictors

Now if we consider the 2™
order pobmomial surface (i.e.,
quadratic  surface). passing
through the &adjacent points
demonstrated in figure (1.2).
thus, all these poants satisfv the
2" order polynomial equation,
{i.e. equation 1 for n=2),

Gix, ¥) = St ok + gy 4

o+ AY < d Xy e

Gx-1, 30 = g *+ 2y x-1) +
¥ + amin-1)° + A4
" =y x-1p

Gix, y-1) = oot o
(=1} + ™ + LA4c)
acdy- 11+ &pxly-1)

L] ] L] L] L] L]

L] L] L] -

Gilx=1, v=1) = apo® ol x=1) +
ale1) F i1+ (4d)
aga(y-17" + ayy(x=1)0y=1)

According to the linear
predictor  definition  {3), the

predicted value of Gi{x, y)can
be eveluated from the previous
points, Le.,
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3- Select the higher 256 error
frequencies.

~ 4- Let FIXP = The probabality
of the remaining 255 erTors.

5- Using Huffman code methad,
find the probability and

length of the higher 256

errors being selected.

G- Calculate the average lenglh
as follows,

a- Let Long = The position
of the longest code word
which hes the lowest
probablity.

b- Far T= 010 255 do
If (FTXP > 0)
and
{Long = [) then
AVR=AVRHp([HFIXP) *

(D) + 1)

else AVR=AVE+p(I}*

bi1).
where p(T} and b{L} are the
probability and  length  of
codeward associated with the

input (T).

The present paper starts with
a descripion  of pobynomial
rEpresentation, then the
polynomial  prediciors  arc
derived, and a subsection is
devoted 1o the  quality
measurements and implementa-

tiopn mechanism  being  used.
Finally, some experimental
results  are  reporied  and
discussed.

23

2- Polynomial Representation
The mathematical formula

representing 2-D poly amial of
nth degree is given as™;

T 'y’ A1)
=il

Pixyr=
=i

where (&) représent the
polynomial coefficients.

The number of polynomial
coefficients depends on the
order (n) of the polynomial™,
in+) in+3%

Nl. o (2}

-~

While, the walue of [ag)
coefficientrs may be calculated
using amy well-knowm
palynarmial Giting method.

3- Predictive Coding

Since picure elements in a
logal  region are  highly
correlated, one mught expect
that a currently considered pixel
might be accurately predicted
from knowledoe of predicted
from knowledge of previous
pixels (prediction). If accurate
prediction 5 possible, then it
should not be necessary 10
transmit the pixel but a predictor
eould be placed at the receiver.
Of course, some starting valce
might be required or some
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a high frequency of
czzurrence,  and  longer
codewords are given to those
having  low  frequency of
ocourrence.  The  average
length (AVR) of codewords
could be caleulgted from

AVR = T2 pli)b b(i)

where pli) and b{) are the
probability and length of
codeword associated with the
mnput(i}. This type of codes is
somelmmes  called  Entropy
codes. Il is suitable when the
mstogram  of inputs shows s
biased tendency ioward certain
values, An example of such
codes 15 the Huffiman code,
which was used in this work.
The efficiency of & coding
methed could be estimated from
the degree of closeness between
its average codeword length and
the actual entropy of the source
generating  the  sequence  of
codes inpums. This is based on
the fact thet firsl order entrapy
of & certwin input set gives a
lower bound on  the average
number  of  bits required o
en¢ode gach input separately

Hulfman Code
Huffman coding is the most

efficient entropy coding method
compared with othes fypes of
coding. The average length of
15 cadeword set is very close o
the waluc of the first order
entropy. lts code could be
gencrated by recomstructing a
suitable binary tree'™ The roots
length depends completely upon
the probabiliy of sach possible
mpul  value, such  that
the shortest roots  should
corespond  te inputs  having
the  lighest  probability  of
occurrence The disadvantage of
Huffinan coding lies in tha
a lomg  Lbrary should be
constructed  when the inputs set
has a long extent In this case,
the codeword of least likely
inputs will be extremelv long
which, In turn, will Impose

unacceptable  delay i the
decoding process.  In this
research  this  problem  was

solved by using Huffman coding
for only 2506 inputs having the
nigher frequency. A fixed length
coding methad was applied to
the rest of the inpots, The
algorithm for finding the totel
average codeword length was as
follows,
1- Caleulate the quantized ermor
histogram.
2-  Sort the histogram
descending order.

in
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quantizer value) is QE =
Round (§ * IDX - D).

{2y Only, the bin around zerc
have differeat width, such
quantizer (s called semi-
uniform  quantizer. The bin
width i3 allocated eccording
to the nature of the inputs.
For exampie,

If the input to the quantizer is
the mapped digital image
pixels themselves, then the
bins width muy depend on
the behavior of  the
probability  density lunction
such that the bins are narrow
in the regions of histogram
shows a high probebility and
such mechanism wail lead to
aon-umierm quantizes,

-If the input o the quantzer is
the mapped ecrors Deiwes
the crignal image and the
reconstructed  one, then ke
bins are taken wide around
zero value while they should
be narrow in far regions
(because far regions means i
high erroes which may lead to
unaceeplable distertion). This
means that errors near Zerd
are  neglected while other
values  are  taken  into
congideration, This concept
was adopted in this work.
The algorithm of the semi-

uniform quantization appiied in

our wark was based on the idea
of using mask shcing as a
cricerion for performing the
wanted quantization,
1-Let E = The error value.
T = 11111000 in binary =
248 in decimal Where |
represents the mask that is
used i the Quantization
operation  in order to neglect
Uie lowest thres bits values of
the efror
2- IFE <1 then QE =-(E AND
)
else QE = {E AND T).
where  AMND  represents  the
logicel ANTY aperation and OF
is the quantizer cutput value.

{3) The Coding Operation
It is 1 one-lp-cne MaBpping

process,  which  assign each
passible input value a umgue
sequence of braary digits (ealled
codeword). The coding methods
could he classified inta'™ ™,

{1 Fixed length coding in which
all cadewords have the same
length, whick is sometimes
called (Matural codes)

(2) Variable length coding i1is a
mapping process leads to
codewords  have  different
lengths. It depends on the
probabilities of the inputs,
such that short codewords
are given 1o the inpurs have
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amount of fidelity be preserved.

The encading process can be
modeled gs a sequence of three
operations,

(1) The Mapping Operation

It meps the origing dighal
mage  data  from  the pixel
domain into  another domain,
such that fewer bits are reguired
to  code the mapped digal
image than would be reguired
to code the original one In
the [literature many mEpPIng
techniques have been
1'rn]-J]ue’:n-JI::nls:fy:ﬂ“'”“""rJ {e.g. predic-
tive mapping, interpolatve
MEPPING and transform
mBpmng)

(2) The Quantization Operation
The oguantizer used for
rounding off each mapped
datum 1o one of a smaller of
possible valuss so lhat fewer
codewords with [ewer bats are
rn:-:ju':rl:d:i T In this research
scalar quantzation has been
used which can be defined as
[ollows, each input value (which
15 the error between the real
image and the reconstructed
one) 15 forced to one allowable
output  valwe:., One way 1o
accomplish this 15 to divide the
mpul range into number of bins
The gistribution of bins over the

whole range of the guantizer

input (i.e. mapping cutputs) was

kandied i two different ways:

(1) All bins are equal such
guantizer 15 called a uniform
guantizer in which the bins
width iz constant. In the
curment  work the uniform
guantization algorithm was,

A- Let N = The number of the
guentizer level (bins), {that
may be one of the following
values 5, 11 or 13).

Iy = The guaniizer reEnge
velue, (tha: may be one of
the following values 25,
30, 40, 50 0r T, 80, 100,
110, 120, 150, 160). For
example, When D = 25
this means that
the maximum guantizer
output value 15 25 and the
minmum quantizer outpat
valee i5 -25 and may value
out of this range wil be
clipped to be in the renge.

E = The error value.

B- Then the number of bins on
each side of the error range
{I). could be evaluated from
the equation WD = (N-1) div,

C- The bins width(s) 15 5=2%
Dy (-1}

D- The bins number which starts
from 0, isIDX = Round ((E
+ D) 5)

E- The quantized error (i e. the
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Absiraet 1= Introduction
The  objecthve  of spatial image Digital repressntations of

coing L to affecrvell reduce  fhe
FRRTEE @ DI Recessary fo represeni g
dipnal prefure sod 30l maniein some
Jileline guodity refaning the pre and past
coced  imager  ir IRis paper, Aew
predicive  soiemes frave heen deripred
el implemenied. The  derivation of
these  sels  wos  bamed  gn ceriain
peomemrioal soneirains, The exislance o
spaited correlarion Swlveei the aalacemd
image elaments was explouted via dhe
arsumplier . thal oe velkes  aof
neiphbored pivels could be represenied
by stmple 2-D relarigakips fke (20
A, Appiving such
weareratical formalay o sereribe the
spantel varlatlon of adiscent picel's
voiwes Wil imply  dhe  process of
CERNUPARE o CEFLEN CORSTEIRIE N i
apaniad variadon. s o conseguencd o
there  ansumptions  Jdifferéai sers of
podimame preciciars were derived ang
imptemerted o JiSERANT ROV IRAEES

The remil ore CROCUTOEINE orimyg
shfgoinve amd sbfeclive guallly
AREATMTES,

2

images usually require a very
large number of bits. [n many
applications, it is important to
consider technigues far
representing an image, or the
information  conteced i the
image, with fewer bits. In the
termunclogy  of  information
theory this is referred to 2
source  encoding. Appheations
of source encoding in the field
of image processing generally
fall into one of three categorics:
1- Image data compressicn.
Z- Image transmission.
3~ Feature extraction

This paper concerns with the
second application in which the
goal i to achieve maximum
reduction in the guality of deta
10 be transmitted subject to the
constraint  that 2 reasonable
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system to any degree of
accuracy. Figure (6a) and
Figure {£b) shows complete
gimilarity ~ between  the
unknown gvstem {actual) and
the simulated system.

LM training algorithm has
been proved experimentally
te be more effective in MLFF
networks ireining especially
for larme degree of accuracy.
More owver it cian COnNVETgE
cven  with  less  hidden
neurons  than the optimal
number, bug with much more
epachs.

4- The critical point In designing

MLEF nerworks is the choice
decision of the number of
neuron in the hidden kayers.
Clearly  there is an optimal
nymber on which training
algorithm  can  reach  the
desired  accuracy in optimal
time. However if the number
af neurons of the hidden
layers is below the optimal
number, moee epocas will be
nesded 1o converge the
desired accuracy. The golden
rule is that; do not rock the
boat zny mere. Increasing the
hidden layer newrons will
give  more Jexibility 1o
simulgie  the  underlying
Manping.
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The learning rate 7 is varying
according o the wvalus of ercor
before  and after wpdeting the
paremeters in each iweraton™
Cme of the advantages of LM is
that; nat all the iterations in LM
algorithm are used to upiae the
network's  parameters, Just the
iteretion which  dscreases
the eror 15 used in up-
dating the nerwark’s parameters.
Therefore, the emmor will never
increase through the learning
process, and hence we wall have
a stair-like performance surfice

Simulation  results  showed
that, LM tamng agorthm
could reach any degree of

accuracy with more epochs

4 Experiment Resulis

Experiment  resulis  shows
tha: LM training algorithm is
much more powerful then BP*
tramming algorithm in terms of
convergence tune and nomber of
neurons o the hidden layver

neeced 1o approxamate  the
underlving function  (transfer
function of the unknown
SYETEm).

Figure {4a) shows that the
BF  alporithm ook (9851
epoche® to reach the error goal
of (10" with (70) nodes, while
it took (668 epochs 1o reach the

12

same  error goal with (100)
nodes, as shown in Figure (4b).

Figure (3a) shows that the
LM  algorithm  took (145)
epochs to reach the error goal of
(107) with (10) nodes, while it
ook (12) epochs to reach the
same error goal with (267 nodes
as shown in Figure (5b).

Also it 1s shown that leaming
curve of LM trasming algorithm
has stair like shape. that is
because the algorithm decreases
the error in each epoch, while in
BP algonithm the leamning curve
15 wvibrated around descending
line, because of the unstabifity of
the error surface.

5= Conclusions

1- Black boy idemtification
midels are often used when
no  information was available
about the system except its
mput and  output.  This
constraint  becomes  very
sever fof nonlinedr svaléms,
and make Black Box madels
the only choice and most
promising model

Meural nerworks have shovn
more capabilities in nonlinear

systems  identification ower
the conventional adaptive
algorithms. With 3 pood

approximaton algorithm we
can dentify the unknown
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layers, wvarable learmung rate,
momentum  term, and dynamic
hackpropagation™, with the
addition of error approximation
for nonlinear systems™ Those
enhancements with no doubt,
have increase the efficiency and
the convergence speed of the

algorithm. For these reasons OP

algonithm  have been used
efficiemtly for many linear
systems  and  some  simple

nonlinear systems identification
problems. The wetahil
adaptation in BP is given by

AWi(k+1] = ndjui + pAWIi(k)

where
AW Currection matnx of
welghls.
: Momentum term.
Portion of error correction
due 1o BP of error.
7 . Leaming rate.
i [opur tramng vector,

=0 T

Among  the difficuines of BI
algorithm in nonlinear systems
arg; long maining  sequences,
large quantities of computing
time, lake of convergence dus to
local minima plateaus and
ditferentiability requiresent for
aonlinear activation functions'™.

However, it was shown

11

experimentally (our own results)

thar it is not a proper choice

for complicated nonlinearity,

aspecially when a high degree of .
accuracy is needed. Also, the

experimental work showed that;

NP can converge more rapidly

and even avoid local minima if
we  increase the number of
neurons in the hidden laver,

3-2-2 Levenherg-Marquardt
Alzorithm (LM

Levenberg-Marquardt  (LM)
is a training algorithm ased to
rrain MLFF networks based on
linear optimizetion technigue at
minimizing the sum  of squares
of eror (SSEFY The search
dirscticn for the LM algorithm
i5 defined by:

AX =" T+nD). (-I"s)

where:
77 Jacobean matrix of proper
dimension,
i 1 - Covariance matrix of
proped dimension.
AX - Correction matrix of
proper dimension.
- Learning parameter 1 & 0.
Identity matrix
- Difference berwesn net
cutput and deswed cutput,

=3

b
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A1 Mepral Metwork Architectere
The neural identifier consists
of & multilayer feed-forward
network  (MLFF). The term
multilayer involves a set of imput
neurons, connected to a seiof
putput neurons by means of one

or more sets of inlermedate
nevrons, all or some of the
B0 with vaniehle

interconnection weight, Each set
of mneuroms 15 topologically
distnbuted im0 4 lever-like
configuration, with the neuron
ountputs of one laver connected
to some or all of the neumon
mputs of the successive laver.
The network considered in this
paper, consists of one hidden
layer with nonlinear activation
function (sigmoid have been
used) with the addition to the
mnput and output layers.

A welghted bias s used with
the hidden and output layers to
smoothen the adaptation of the
connection weights. Figure {3)
illustrare the  structure of the
multlayer feed-foraard nerwork
considered in this paper.

The siz=e of the neural
petwork (number of neurons in
the hidden laver) is crucizl in
designing  the whole strucmure.
There 15 no  mathemancal
formulation o calculare the
opiimal size of such nerwarks,

1

however, too many free units
will lzermm faster, aveid local
mimmma, and exhibi a hetter
generalization performance
Some theoretical swdies shows
that, FFML networks with a
number of hidden units equals
the number of training examples
15 guaranteed to have no local
minimz™".

3-2 Training Algorithms
Supervised training  algon-
thms are commonly used to train
feed-forward  nerworks.  All
algorithms  should have the
capability to adapt (change) the
nerwork  connection weight in
such eway to nunimize the
output error according Lo some
performance criterion. In this
paper we will discuss rwo types
ol teining  elgorithms; Back
Propagation (BF),. anil
Levenberp-Marquardt (LM),

J=1=1 Back Propagaiion
Aleorithm (BP

The  Back  propagation
algorithm  (BP) is the most
commaonly  traimng  algorithm

uged in the traming of multilayer
feed-Torward netwaorks (MLEFF),
Sinee e inventon, BP
algorithm  has been enhanced by
adding  several choices of
desigr. such 2 number of
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arbitrary  comcepls of MApPPING

hetween  conceps' . The
intercopnections  of all  the
PrOCEssIE elements and

directions of signal flows with in
the network proved essential
information  on the basic system
architecture, The input lnks
connected 1o each cell C, usually
have an associated weight Wy
which is a measure of the
imfluence that an vutput cell C
or input stimulzres has on the
cell. Weights on the connection
between rao layers or groups of
cells are specified by weght
matriges W, Such mances
complerely determine  the
connectivity of networks and the
direction of signal propagation
The wrlues of weights on all
wterconnecting links correspond
to  neural synapse Paramersrs.
The established network stored
distributed  knowledge.  In
general, weights are real valued
numbers that can be modified
through & legrning process. The
general lcarning program then is
to find a weight marrix W that
satisfies the vector equations

Y = F{3p, W)
Fur all input patterns Xp,

P =172 3, .. p, where the
vactor function F s a nonlinear

function.

The  ultimate test of
performance for any network is
the network's ahiity to
accurately produce am oulpul y
that agrees with a target value d
(desired  valug), In  other
meaning, 1o construct a good
egtimator of  the underbying
mapping, function F, Which
maps vector patterns from n-
dimensional space to wvector
patterns in m-dimensional space;

F:R"=R"

The purpose ol the nevwork
iz 1o establish the required
mepping or &t least approxi-
mates 1 to some desired
accuracy. Syslem identification
psing neural networks, is then &
problem of finding some weights
matrices  that represent  the

transfer  function of  the
unkngw sgfstl:m's'.
Becent research has

demonstrated that neural
networks are  effective in the
identification of  dynamic
system. It i3 also concemrated
that identdficztion of nonlinear
dynamic systems s difficult for
conventional theories to deal
with™#
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& =g |~ E[45] - 2EEX] W - WTEMRT pw
= Ed¥j- 20T+ W R
- (13)

where
P=E[d X']

Cross correlation vector.
R=E [X X]

Input correlation matrix.

The eradient (V) of the
mean  square-errar performance

stertace can be obtained by:
& (a0 dol dok
= IRW - 2P

(1)
If W 15 set to its optimal
valoe  (W*),  which satisfies
eguation (%), then:
V=0=2RW*-3p
wWe=Rp . (15)
Muldiply (14} by (122 R
2RV =wR'P

Combiming (14 & 13)
WE=W.12R'¥ .. {18)

We change (16) into adaptive
algorithm as follows:

Wea=We-uR'v.  ..(17

where [ is a constant 10 repulate
the convergence (learning rate)
and (R7V.) iz the adoptive
algorithm or lezrming algorithm
which is wsed to adapt the
coellicients {weights) in order to
achieve the constraing of
equation {9) as shown in fizure
[2)7”3.

3- Artificial Neural Networks

Bvery ANN s composed of 2
sed of n simple neursl computing,
elements. Functionally, there are
tbkree types of cells orpanized
mte: layers, inpuy, cutpot, and
mterior  ©o hidden cells Tnput
cells are comnected to some
form of extemal stimuli, whizh
produce iopul signals, The input
signals are denoted by the n-
dimensionzl vector X, The input
typically  corresponds to & set of
chjects feature values. Output
cells produce an output signal
vector Y of m dimensions
Interior cells &re connected to
esther mpat, output  or other
mterior cals When they receive
inpuis, taese cells compute
values tha: are then passed on
the othe: cells  for further
processinc In general these cells
compute  valees that relate to
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If the system is linear and
line invarant equation (3 & &)
becomes ™
5L

- (8}

(K1) = Ax(k) +Buik)
(i) = Cx(k)

where A, B and C are (nxno),
(oep) anc (ero) matrices.

2-3 Identification and

Adaptation Theory
The central concept 1n

identification  problems s
identifiability. The problem is
whether  the  idemtilication
procedure will yield a unique
value of the parameter (8], and’
or whether the resulling model

(M) is equal o the true

system'™ In other meaning, o

mode!  structure  is  globally

identified at (87) iF

MIB) = M(8) - {9)
The objective of swstem

identification {black bhox) is to
find the transfer function () of
the wunknown system thar can
maps the given input signals (1,
into  an estimated cutput signals
(ve) with an emor signal (€4}, in
correspondence o some desired
signal (de) such that:

A

E.k-d.}i}",_ 'I:].D}
Consider a physical dynamic,
which may be regarded as
unkngwn  system "Black Box"
having single input (ug), and
single output (yy), as described
in eguation (4). If we can find 2
set of coefficients (weights W)
that replaces marmices A, and B
then equation (4) can be
rewrmten a5
Vi = W X (11
where Wi = [Wee Wik - 1.1.'1-._J|'r
M = Mo ¥z o il

Substitutirg in (1)
g = de - Wi X . (12)
The  objectives of the

adapration process is o sesk the
minimum of the performance
surface by adjusting the weights
{matrices of coefficients) so that
the error single minimized or
disappeared according 1o some
criterion  performance  {mean
square error}

The expected mean square
error [ mse):
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WK = k-1 (k-2 ok-n)
il 1B g k-2, 4 sk )
o rd
where o {i=1,2,... n)
and Bi (i=L2,..m)
are real constants,

Equation (2) can be rewritien
In matrix notation:

y(k) =5 iyl -1 + FBjutk - i
i=L =l

o (3)

For multi-imput muolti-output

(MIMO) and multi-input smgle-

output (MISOY™, equation (1)
can be rewritlen as

rﬂﬂ=_‘,::|hiyl.’k—1)+ 5 Bilick -

Il
- (4
where Ai and Bj an (mxn) and
(mxp) matrices respectively.

1-1 The State-Space Description
The input-outpur description
of a system is applicable only
when  the system is intially
relaxed. If the system is not
initially relexed, say at dme k,,
then equation (1) does nol hold,
In this case the output Wk, =)
depends not only on the input
ulks, o} but also on the initial
conditions &t k.. Henee in order
1o determine the output vk, =)

uniquely, in addition to the input
u(ks,, =o} we need a set of inmal
condiions at k, This set of
mitial  conditions is called the
state  at k,. Hence the state ar k,
15 the information that together
with the input u delermines
umigualy the oulpul v (the
behavior of the system) forall k
= ki By the behavior we mean
that, the responses including the
state of the system. We describe
the relations between the input,
output, and the staie by the
fullowing set eguationg
(dynamical equaticon)™!

k1 J=4iaCk)alk ) state equation (5)
Wi Pyx{k)uk))  output equation (5}

where
(k) [k, %=k, —.. %K)
i5 @ state vector of the system.

u(k): [wi(k), uafk), ... uyfk)]"

15 the sysiem input vector.
vk [yilk), yalk) ... yulk)]'

15 the system output vectos
@, W Auc slatic noalinear mapping,

The dynamical eguation
describes not  oaly the relztion-
ship  betwesn the inputl and
output but also the behavior
inside & System under any
imitial  condition, and hence
it characterizes @&  system
completely.
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ourput models and state-space
models.

Input-output madel is much
less  expensive lo  develop,
besides it is the only chaice ifno
knowledge is available about the
systemy  except its input and
autput™'"

There are well established
techniques for  linear input-
output model  development,
however, non-linear systems is
not quit casy and depends on the
type of non-linearity in the darta.
The task of system identification
is to find suitable mappings,
which can approximate the
mappings implied in a dynamic
system. When inpul-outout data
are used, the dymamic svstem 15
defined by function f(transter
[unction) and ntegers mand n
{order of the system)

2-1 Input-Output Description

The input-output descaiption
of a system gives 4 mathematical
relation between the input and
output  of the system. Ip
developing this deseription, the
knowledge of the internal
structure of 2 system may be
assumed to be unavalable to us;
the only access to the syslem is
by means of the imput and
output  terrainals. Under this

assumption, a sysiem may be
considered as a "black box® as
shown in Figure (1). Clearly
what we can do to a black box;
is to apply all kinds of input and
measure  their  corresponding
ourputs, and then try to
absrract key properties of the
svstem from these input-cutput
pairg ™01

An  input-output  model
assumad  that the new system
output can be predicted by the
past inputs and outputs of the
systen.  If  the system is
supposed 1o be deterministic,
relaxed, Hme imvanant, single
input-single autput (SIS0, then
the input-output model can be
represemted by''™"

yik) = fiyk-1),yik=2),....3(k-n),
ufk-1), ulk-2),..,ulk-m))
A

where uik), wik) represent the
input-output pairs of the system
at time k n and m are the
mmber of past cutput and the
number of past inputs, f iz a
nonlinear function which maps
the past inputs and outputs to a
new  outputs, also  called
"transfer function". If a system
iz linear f is a linear function,
and  eguation {1y can b
FEWTILiEn 85!
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alguri'rhrn“'j'm. Artificial meural
networks  possess  several
preperties  that make tham
particulacly  atracrive  for
applications 1o modeling and
contrel of complex nonlinesr
SVStEmS. Among thess
properties  are their universal
approximation  sbility, ther
parallel ngtwerk structure and
the availability of on and off-ling
learning methods for the mter-
connection weights adaptation.
A neural network is capable
of learning nonlinesr input-
output  mapping  based on
historical  database  of  the
svilem, with out the need 1o
predetermined the structure of
s dynamic eguations (black-
box modeling). The conven-
tional identification theory has
been proved to be efficient in
modeling linear EVSLEMS,
however, 1t failed to formulate
definite  strategy 1o deal with
nonlinear systems™. On the
other hand petworks have been

proved to be efficem in
dentifying  and  controlfing
nonlinear  systems™  The

main  advantage: of neural
networks  over comwvermtiona!
identification methods include
simplicity of implementation and
good appreximetion mezhods.

In this paper we will present

the theoretical backeround of
the system  identification
problem, * then  mathematical
formulation of the adaptetion
theory 15 presented. Also, we
discuss the strocture of neursl
network identifier, then
experimental work of nonlinear
system identification with resules
end conclusions based an
implementing  two  different
traming algorithm are discussed.

2. System Tdentification

The identification thaery is to
determine the characteristics of
4 SVSIEtn 20 85 10 construct a
mathematical model from given
input and  output  sets
Mathematical modeis are the
mast useful in this field. To
build & mathematizal model of a
system, one can use the physical
lows that govemn the systems
behavior. Alternazively one can
observe the sighals produced by
e swstem o known inputs and
find 3 model that best produces
the observed data. The former is
called modeling, the later is
celled identification”™"*

ldemification s necessary
when there is not sufficient
information about the system for
it o be accurately medeled,
Systems can  be described by
two types of medels, input-
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Nonlinear System [dentification Using Neural Networks
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Department of Computer Science,
Hmiversity of Technology,
Baghdad-lrag.

Mahmood Khalel Thrahim Al-Ubaidy
Department of Computer Science,
University of Technology,
Baghdad-lrag.

Ahsiract

Newral networks have o good
putential for system identifica-
tore and modeling dug o (5
capabilities in appreacimanon of
nonlinear  fimcnons and
lecrning systemt choracieristics
threnigh monlinear mappng. In
s paper we will discuss the
theoratical backgronnd  of
SYstEm it fcation
adaptation theory. We present &
MLFF neural network used for
nonlinear spsiem idenificarian.
Newral network stucture gamd
feapming  alporidums wsed in the
gxprerimeanial WOrk cnlsi
presented.  Finally  we iscaiss
the rexuls and the conclustion of
the axperimeiol work

carred

d

1- Introduction

Since the last decade there
hag been a renewed EIOWIOE
interes: of research in the area
of artificial meural networks,
motivated by new  nemwork
paradigms, improved learming
algorithms, and ever increasing
somputational capabilities. This
has lead 1o the application of
neural networks in divers areas

such as; pailem recognition,
apeech processing,  signal
processing,  sysiem  identifica-

tion, and control engineering.
Artificial newral  networks
cansist of many interconnected
working in  parzilel, noniinear
processing  wimits (neurons or
nodes) arranged in layers. The
strength of connsction between
neurons {weights) is adjusted
during the lraining process
usig an  approprate learsing
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