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SUMMARY

Preamble

Experience in presenting research results is of increasing importance to our postgraduate
students. Sharing the results within the university and with industry is also critically
important.

Consequently, in January 1997 before the Flood (BF), | proposed the concept of a Ph.D.
Student Conference to the deans of the Faculty of Graduate Studies (with approximately
77 programs in postgraduate studies, including 42 Ph.D. programs) and the Faculty of
Engineering (with approximately 100 to 120 Ph.D. students) who approved the concept in
principle.
On February 6, 1997, the idea was approved by the Graduate Studies Committee of the
Faculty of Engineering, and later by the Department of Electrical & Computer
Engineering. Thisfirst Graduate Student Conference, GRADCON’ 98, involved Ph.D.
students only, and had following objectives:

Objectives

1. Toprovideaforum for senior Ph.D. students to share their research results with others,

2. To strengthen links between the various engineering departments, and al so between the
university, industry and genera public;

3. Toprovide aconvenient means of evaluating students for the Annual Review Form;
4. To provide arecord of current research in the form of Proceedings;
Conference For mat
The conference format included the following three parts:
(i) Ora presentation (15 minutes),
(i1) Poster presentation (105 minutes); and
(iif) Anextended summary (up to four pages) for the Proceedings which appearsin an
electronic form on the Web, and in a printed form.
Gradcon’ 98 had 32 papers submitted, and 30 presented (as two students were out of town).
A printed version of the Gradcon’ 98 Proceedings can be obtained from the Department of

Electrical & Computer Engineering. An electronic version of Gradcon’ 98 Proceedingsis
located at

http://www.ee.umanitoba.ca/~gradcon/

W. Kinsner <kinsner@ee.umanitoba.ca>
Conference Chair & Editor
May 15, 1998
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GAIN CONTROL OF ANNULAR SLOT ARR AY ANTENNA

Sima Noghanian
Department of Electrical and Computer Engineering,
The University of ManitobaNinnipeg, MB R3T 5V6, Canada
sima@ee.umanitoba.ca
Advisor: Professor Lot. Shafébhafai@ee.umanitoba.ca

Abstract-Two methods of gain impovement

have been studied and compa&d. The effect

of these methods on the bandwidth of
antenna ae studied.

|. INTRODUCTION

Wireless and satellite communication are
becoming important for business and private use.
A wireless system requiredfieient and high gain
antenna at low cost. Printed antenna such as micro-__ ) )
strip antennas are attractive in wireless communi- Fig. 1. Annular slot array antenna configuration
cation because of light weight, low profile and
compatibility with MMIC circuits. However one of
their major disadvantages is low gain. Annular slot

. All the simulations have been done by the
array antennas enjoy all the advantages of planar ~ . :
. . : “Multi-Body Electromagnetic Scattering”
structure, while they have high gain.

. . (MBES) package developed by the University of
In this paper annular slot array antenna workin _ _
.Manitoba. This software uses the method of

in TM1; mode is studied and some methods of gain _ _
. moment for bodies of revolution. The antenna
improvement are suggested. _ ) ) _
fields are expanded in terms of Fourier series of the
Il . ANTENNA CONFIGURATION azimuthal angle and three dimensional problem is

! . broken into several two dimensional ones. The
The configuration of annular slot array antenna

is shown in Fig. 1. The basic element is a sIottet‘JaXClt"’ltIon is simulated by dipoleo cancel higher

radial waveguide. Slots are co-centred and c:ontinQrder modes two dipoles with80" phase dfer-

ues. Radiation is in broadside. The radial o &'° used. The location of feeds are:
waveguide can be filled by a dielectric, but in this® = 102X,z = 0.1A,.
study it is filled with ai The slots are located at

multiples d Ag from the centre. Slot width is O\d

and waveguide height is Qg Thickness of

waveguide walls is 0.0D.

. ANALYSIS METHOD

Proceedings of the 1998 Graduate Student Conference, GRADCOM®&@peg, MB, Canada; May 15, 1998
© Copyright retained by the author and collaborators



V. RESULTS AND DISCUSSION

Two methods for gain improvement are sug- Strips

|
gested. First one is by adding a radome made of lw t
dielectric material with dielectric constagt The T‘D rl:l_ :.:%
effects of dielectric constant and dielectric thick- |_ — + — _I
ness are studied. The simulations have been done '
for two and three slot antennas. Fig. 2 shows the [
gain for different dielectric constants and different !
thicknesses. The improvement of up to 2dB for
two-slot antenna and 5dB for three slot antenna can
be observed.

Annular ring antenna

Fig. 3. Antenna configuration with conducting
strips

@) Table (1) shows the results for different combi-
nations of strip widthw) and strip thicknesg)( It

™ can be observed that for= 0.2\, , for all strip

L widths gain is maximum. The best results for both

v two and three slot antenna are given by
w = 0.4)\O andt = 0.2)\0 , which is about 2.4
dB improvement for 2-slot antenna and 3.3 dB for

o 02 o4 o6 08 1 12 14 three slot antenna.

N 2-slots | 3-slots
/Ao |Gain(dBi)|Gain(dBi)

7 Sy without 15.971 | 17.837

Sis- VAR strips

AR o 0.1| 16.693| 19.255
Y s 03\ | 02| 17.550| 20.160
%5 02 o4 05 o8 1 12 14 1s 1s 03] 17.162| 19.044

Fig. 2. Gai inti Ed' lectric thick 0.1| 17.122| 20.508
ig. 2. Gain variation vs. dielectric thickness 0.4, | 02| 18367 21111

(a) two-slot antenna (b) three-slot antenna
0.3| 17.126 18.592

0.1 16.961| 20.952
The first method is expensive and makes the 05\ | 02| 17.719| 20.982

antenna heavy and bulky. The other method which 03| 16.276| 18.503
is low cost, is adding conducting strips at a dis-Taple (1)Gain(dBi) for different combinations
tance of quarter free-space wavelength, as shown of strip sizes

in Fig. 3.
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Fig. 4. Gain variation vs. frequency change
(a) two-slot antenna (b) three-slot antenna

For some selected cases the effect of frequency
change is studied. Fig. 4 shows the results. It
can be seen that both adding a radome and
strips slightly shift the centre frequency and
decreases the bandwidth, but adding strips
have less effects on bandwidth than dielectric
radome.

V. CONCULSION

Two methods of gain improvement for annular
slot array antenna are discussed. Results for two
and three slot antennas are given. Effects of these
methods on the bandwidth are studied. In general
both methods show good improvement in gain, but
they cause frequency shift and decrease bandwidth.
Adding conducting strips has advantage of less
cost and weight and effect on the bandwidth.

AcknowledgementThe financial support provided
by the University of Manitoba through Graduate
Fellowship is highly appreciated.
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SUBSTRATE THICKNESS IN A MICROSTRIP REFLECTARRAY

K.Y.Sze
(Advisor: L. Shafai)

Department of Electrical and Computer Engineering
University of Manitoba, Winnipeg, Manitoba, Canada R3T 5V6

Abstract: The effects of substrate thickness on the perfor-

mance of a microstrip reflectarray are investigated. These

effects are analyzed in terms of specular reflection coeffi-
cients due to incident plane waves. Numerous plots for dif-
ferent substrate thicknesses are generated for discussion in
this article.

I. INTRODUCTION

Substrate thickness is indeed an important consideration
in the design of a microstrip reflectarray. A thick dielec-
tric sheet as substrate provides an improved bandwidth
performance, but it is much heavier. As such, honeycomb
substrates, which have relative permittivities of approxi-
mately equal to that of free spacg & 1.0 ), are very
widely used because of its light-weight considerations. It
is also more durable than other substrate materials in spa-
ceborne environment.

However, a thick substrate has a large unattainable phase
range [1][2]. In fact, more investigation is required to fur-
ther understand the effects of thick substrate on the per-
formance of a microstrip reflectarray. This is thus the
objective of this article. To approximate the honeycomb
substrate here;, = 1.0 s utilized.

IIl. THEORY

Fig. 1 illustrates the cross-section schematic of a reflec-
tarray. The feed is positioned at= z along the z-axis,
with the wave from the feed incident on the n-th patch
through a path length , . The approach of the analysis
employed here is similar to that discussed in [2].

It is generally known that an electrically thick microstrip
substrate can sustain a considerable amount of surface
wave energy. As a result, significant effects of substrate
surface coupling appear, and thus, is especially strong for
a substrate thickness of greater titai , where is
the free space wavelength [3].

The required electrical thickness for a grounded infinite
dielectric sheet corresponding to a certain surface wave
cut-off frequency is derived from [4] as

n

h
o = 1
he 4,[e—1 @

;yn=012..

whereh/} . is the substrate electrical thickness in terms
of the cut-off wavelength anel  is the relative permittiv-

ity of the substrate. This formulation will be used to com-

pare with the results produced from the reflectarray
modeling.

Region 2: v
Dielectric.
substrate

Ground plane \ g,

/— Patch element

Region 1: Free space

Fig. 1: Schematic of microstrip reflectarray (cross-sec-
tion).

Ill. NUMERICAL RESULTS

A TE-to-z incident plane wave gt = 89.9 is assumed
in the analysis. For thiss is x-directed and the fre-
quency utilized i, . The conductive patch dimensions a
and b are fixed aa = b = 0.75cn . The element spac-
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ings for the x- and y- directions are
S, =S, = 1.25cm, respectively. Also in this article,
the specular reflection coefficient magnitude is
denoted adA; , and its phaseyas , respectively.

From Fig. 2, it is observed that the patch resonances
are unattainable at lower frequencies for normal inci-
dent plane waves, given the above mentioned physi-
cal parameters. However, as the frequency is
increased, the phase minima extend downwards with
very slight shifts to the left. Such changes are most
sensitive in the first minima. Fig. 3 compares the dif-
ference in sensitivities between the first and second
minima. A marked difference in reflection phagg

is observed for higher frequencies.

An increase in relative permittivitg,  lowers the
reflection phase curve, as can be seen from Fig. 4.
This is especially significant for a very thick sub-
strate. Plots for highes,  will be addressed in the pre-
sentation. A correlation is found between the
locations of minima and maxima of Fig. 4 and the
required electrical thicknessés’a . of a grounded
infinite dielectric sheet given in Table 1. That is, the
h/. values coincide closely with the locations of
minima and maxima in the figure. Of course, the
array of thin conducting patches does contribute to
the small shifts of values from those given in the
table.

The critical angled,. at the onset of higher-order

mode propagations is independent of substrate thick-
ness, as illustrated in Fig. 5 through Fig. 8. In fact, all
these cases satisfy the well-known phased array grat-

ing lobe criterion‘sinem’ <h,/s—-1 ,wher®, is
the phase maximum scan angle, s is the element spac-
ing and’ is the free space wavelength [5]. For

instance, in Fig. 5 and Fig. 6;, ~ 22.63 , and this

matches well witho | = 22.69 . (It should be noted
from Fig. 5 that, for the case af = 0.0798cm (i.e.

z,/h, = 0.0461), a resonance is attained for

0, = 0° at f, = 17.320GHz.) It is verified here
that, for the case af, = 0.0798cm and within the

range of0,, <9, < 75° | both the specular(00-th) and

the 01-th Floquet modes propagate, thus contributing
to a very significant decrease (more than 50%) in
specular reflection magnitude, as is shown in Fig. 6.

As for the thick substrate case xo;f = 0.3175cm

(i.e. z,/x, = 0.1833), this problem is further com-

plicated by the possibility of strong substrate surface
wave. Nevertheless, full specular reflections occur for
all the substrate thicknesses considered when

0, <9,.. For reflectarray applications as such, the

subtended (half) angle of the reflectarray must be
much less thag,

Except for the shift in critical anglg;,,  due to the
phased array grating lobe effects, the reflection phase
curve computed for resonance@t= 0° generally
remains unaffected as the substrate thickizgg
increases. However, for a thick enough substrate in
which higher-order surface wave modes propagate,
interference phenomena between surface wave cou-
pling and direct radiation coupling [3] tends to verti-
cally shift the reflection phase curve. These behaviors

are as illustrated in Fig. 7.

Referring to Fig. 8, the critical frequenéy,  at the
onset of higher-order mode propagations due to grat-
ing lobe effects is found to be approximately
23.97GHez for all the substrate thicknesses consid-
ered, for whiche, = 2.5 . Again, full specular reflec-
tions are observed from the figure priorftg. . As
observed in Fig. 9, the first resonant frequencies for
these cases fall between the range8&Hz and
12GHez. In fact, the resonant frequency decreases as
the substrate thickness increases. In doing so, the fre-
guency bandwidth around the resonant frequency
increases as well and this supports the bandwidth
widening claims in [1].

IV. CONCLUSION

The effects of substrate thickness in a microstrip
reflectarray are analyzed in terms of specular reflec-
tion coefficient due to an incident plane wave.

The resonance cannot always be achieved by just
changingz, alone. However, it can be attained by
increasing the frequency or relative permittivity and
varying z, such that the phase minimum crosses over
the zero-phase line. Except for the shifting effect on
the reflection phase, the change in substrate thickness
has negligible effect on the reflection magnitude
before the onset of grating lobes. In other words, the
substrate surface wave influences only the reflection
phase before the onset. It is also confirmed that a
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thick substrate increases the frequency bandwidth
around the resonant frequency.
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Table 1: The required electrical thicknesses for a
grounded infinite dielectric sheet corresponding to a
surface wave cut-off frequency @f..761GHz

Surface

wave Substrate thickness/ A,

mode
n g = 250| g = 3.27| g, = 450
0 0.0000 0.0000 0.0000
1 0.2041 0.1659 0.1336
2 0.4082 0.3319 0.2673
3 0.6124 0.4978 0.4009
4 0.8165 0.6637 0.5345
5 1.0206 0.8297 0.6682
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Fig. 4: Effects of increasing substrate thickness for
different relative permittivities, with
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DEVELOPMENT OF ALGORITHMS FOR SQ.VING

ELECTROMAGNETIC INTERACTIONS WITH LARGE STRUCTURES

QiuboYe
Computational Electromagnetics Lab., E-mails: giuboye@ee.umanitoba.ca
Advisor: L.Shafai, E-mail:shafai@ee.umanitoba.ca
Abstract- Techniques for solving elesbmagnetic scattering  reduced to a matrix equation of the form,
from electrically large and perfectly conducting strucas [G][1] = [E] 1)

are studied.Two methods ee applied to study the 2-dimen- where[ E] is the excitation matrix[1] is the unknown
sional poblems and can depss the internalresonances.

One method is applied to 3-dimensional cases. The guide- current distribution, anfiG] is an N x N square matrix
line for the use of these methods to obtain the accurate representing the céficients obtained from expanding
solutions ae provided. the unknown function. Expanding the matrix in its com-
ponent forms, equation (1) can be written as

[. INTRODUCTION I
The method of moment (MoM) is a common numerical[G,,] [G,] < ¢ ¢ [G,]||[l] [E]
technigue for solving integral equations. A limitation of [G,;] [G,)] =+ =« « [G,]||[l,] [E,]
this method, when used to analyse scattering problems,. . e e e . =@
is that the electrical dimensions of the scattering body , . . . . . . .
cannot be lmer than a few wavelengths sinceglabod- . . . . . . . .
ies result in lege matrices which dictate excessive com [Gal [Gal + + = [GJ][1]] |IE]]

puter storage and execution time. In addition, th N )
accumulation of errors while invertingrgee matrices WNedGul, [Gzl, ..., [G,]are MxM square matri-
greatly impairs the accuracy of the solution. ces withM « N. Geometrical, this is equivalent to sub-
Among the various approaches which are proposed dividing an object into several small sub-regions. Using
circumvent the computational ficulties, the progres- PNM, field relation in the first region, while neglecting
sive numerical method (PNM) [Shaf77] and the spatidhe interactions from the remaining sections of the
decomposition technique (SDT) [Umas92] reduce thebject, can be simplified to
matrix size and retain all the physics of the scattering [G.] [1] = [E] 3)

and interaction. The basic idea is dividing @éobject and the solution of which gives approximately the
into small regions and calculating the small regions ONRquired current distributiofl,] . Similarly, assuming

by one, but still considering the couplingeet among the current distribution in the second region can be deter-

all the regionsWe find that the SDT should be modified,ine 4 mainly by the contribution of the first region and
to get the conwgent results and then becomes a spemgle excitation, the unknown field relation can be
case of the PNMWe will show that the PNM carffe o, occoq ag

ciently depress the internal resonances. _
In 3-dimensional case, it was observed that a straight- ) [Gz] _[IZ] - ,[ Ea - [Gél] [l ) 4)

forward application of PNM to tge scatterers does notThe solution of this equation then gives the required cur-

yield an accurate solution. A Projection lterative Methodentll2]. This process can be applied successively until

(PIM) [B092] is a convegent guaranteed method whichthe required current distribution for the last region is

is not widely introduced and applied in electromagnetopund. In general, for thd'Iregion, the field relation is

ics. In this method, the solution is improved by means of -1

an orthographic projection procedure. The decomposi- [G][1] = [E] - iZ[Gn] (1 (5)

tion technique is that the unknowns are not decomposet\gte that the solution of the field problem by using the

in space. A series of sub-equations defined on subdgs,ye method gives increasinglydar errors towards

mains are solved in each iterative step. The computgls quter edge of each region because of the coupling
memory is much less than that of the direct method ftect from the adjoining region. In order to have a rea-
the original equation when the sub-equation size ignaple solution an overlapping region may be used to
small. The iteration can be accelerated by the use of igqoye the accuracy of the solution. Considering region
relaxation facto . : .
R,, one may discard P inaccurate solutions at the edge

II. NUMERICAL METHODS FOR 2-D OBJECTS from its all M solutions and retain the rest. The second
A. Algorithms of PNM and modified SDT region R, begins from where the inaccurate solutions are

It is known that the solutions of the electric or mageiscarded. This procedure continues until the entire
netic field integral equations, using the MoM, can bebject has been covered.

©1998 IEEE, IEEE 1998 Ph.D. Students Conference
GRADCON'98 ProceedingsWinnipeg, MB, Canada; May 8, 1998



The procedures to calculate scattering problem usifgoM solution. The PNM, when incoporated with itera-
the SDT are suggested in [Umas92]. While using th#ve procedureYe96], needs much less iteration number
SDT to calculate scattering problem, we found that th® achieve the same accuracy as that of modifiell SD
concept of the virtual interface currents was not realiz- 495
able and it made the results digent. It was also found
that the given initial current distribution had no obvious
effect on the computing time and results. Also when 1 245
applying the SDT to TE cases, the iterative procedure / ?(p
could not make the results more accurate, except for the 950"
infinite strip caseWe hence modified the SDT by: ) i =
1) eliminating the virtual interface current.

2) setting the initial currents to zero. This procedur ‘_J_ v
saved the time andfert needed to compute these cur- [H"

rents. |
3) eliminating the iteration step for the TE case, as it CeT e e _weo e oo :
could not result in convgence of the solution.

250

0.5\

245\

500

After these modifications the SDT became, acyuall 5 proreiea—
special case of the PNM in which there are no overlaps - ‘ {
ping regions. é) - i,un m Iﬂ'v“

B. Computed Results e y!lvf\'f\unvnvnw ; i

Consider two dimensional scattering problems by% S M D i T
assuming that the perfect conducting rectangular cylin@ ==
der is infinitely long. The incident field is taken as a o
plane wave. The cross section of a cylipndbe sub- Fig.2 (a)Current distribution and (b)bistatic RCS of Infi-
shown in Fig. 1. MoM (TM case), M = 100, P = 20,total number of cur-

In order to show theffectiveness of the PNM, the rent pulsesN = 500.
current distribution and bistatic RCS of a TM plane The procedures similar to the TM case discussed ear-
wave incident on an infinite rectangular scatterer usirlgr are carried out for TE case. The performance of the
MoM and PNM are plotted in Fig. 2(a) and (b) resped®NM is examined here for an infinite circular cylinde
tively. The results by MoM and PNM agree well. The results are provided in Fig. 3(a) and (b). It should be
As mentioned before, the modified SDT is the PNNMmentioned that the sub-region distribution should begin
without the discarded current pulse samples. In the TRom the illuminating side and spread out to non-illumi-
case iteration procedure works well with modifiedTSD nating side. Otherwise insignificant results would come
The modified SDT solutions could be very close to theut.
full matrix MoM’ s by increasing the iteration nummbe A large amount of computational work has been done

AY R, | - geometry for infinite cylindersWe tried to use dfierent sub-region
o - R / sizes and diierent discarded pulse samples. It appeared
that the results were basically not dependent on both of
| | overlapping | them. From our work we found that for small objects the
[ »f/ region | PNM' s current distribution does not agree well with the
| | MoM’ s, but the main lobes of the bistatic RCS agree
| excellenty.
- - R It was found that, the iteration case in the SDT does
Rl |t 2 — not work, and the results remain relatively the same.
_ ¢ X This is contrary to the TM case, where iteration contin-
(0] ues to improve the solution accuyac
Fg.1 The cross section of a conductmg cyllpdhe C. Depressing the Internal Resonances
sub-regionsR, R, ..., and the overlapping regions.

It is well known that using MoM in conjunction with

. It ShOL.'Id bg mentioned tTtat. in PNMrgar ovterlap— Ieither the EFIE or MFIE produces spurious surface cur-
PINg region sizes can result In more accurale resulia o o conducting bodies at the internal resonance fre-
Usually the overlapping region size equal to 1/4 - 1/5

) o encies which correspond to waveguide modes at
the sub-region size is good enough to reach the qu P 9
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cutdf in the interior of the cylinde since the determi- and equation (6) can not be solved by simple numerical
nant of [G] becomes zero. Many methods have been proethod on the ordinary computers. The formulation of
posed to overcome this problem, but have their owgsing PIM to solve it is given belo.

deficiencies. By handling each sub-region sepasatel 25
PNM avoids to calculate the whole ill-conditioned MoM
matrix equation and therefor depresses the internal re:
nances.

J

Hin

Geometry\ )
| 1+
¢
- Lo
05 \
P PNM
X A MoM

15 7

= o
‘Hi" / —
S
° < o 70 > (@]
¢ p
—~ \ MOM T :¢=§,
m 0
c | s
5 I
O
14 ——— WA g NN
Q
3 Fig.4 Infinite circular cylindé s (a)current distribution
% and (b)bistatic RCS using PNM, compared with analytic

‘‘‘‘‘ solution and MoM at internal resonance (TE case),
ka=13.324, N=266, M=53, p=8.

Fig.3 Infinite circular cylinde s (a)current distribution By dividing the coficient matrix into N sub-matrixes

and (b)bistatic RCS using PNM, compared with MoMyhich is equal to dividing the scatterer into N subre-

(TE case), ka=100,N = 2000, M = 100, P = 20. gions, (6) can be rewritten into the following component
To illustrate this an example of the TE plane wavenatrix equations,
normally incident on an infinite circular cylinder is [(z111] = [V], i=1,2, .., N (7)

shown, in which the internal resonance takes place ifh V1 is th . hdisubreai fh
ka=13.324. The results are provided in Fig. 4(a) and (B’)’. ere [Vi] is the excitation on the'isubregion of the

As we can observe, the PNM results depress the inters§pttere [Z] is the corresponding sub-matrix which is
resonance and reasonable agreement with the analytfd square.

solutions is achieved Let D be the set of solutions satisfying equation (7)
(0) H ] : (1)
3. NUMERICAL METHOD EOR 3-D OBJECTS: and [ l,’] be arbitrary initial solution. Denoté 1,”]
PROJECTION ITERTIVE METHOD (PIM) the orthographic projection df 1;”] on D.. Then
This section includes the formulation of PIM, the O [z11191 = [v
> - ) [Z][17] = [Vi]
application of PIM to sphere and finite cylimdiae anal- 0 o ol (8)
ysis of its convegence and accurgcand the use of the g ]_ = [ 17 = min
relaxation factor to accelerate the iteration. Based on equation (8), the current can be calculated by

the iterative formula,
A. PIM Formulation

Based on the conventional 3-D (MoM) with triangular X
surface patches [Rao82], a matrix equation calculatinghere[Z,] is the adjoint operator dfz,]. Once[ 1§’]
the surface currents can be obtained for a perfect cqgobtained] 15”] can be calculated based on the second
ducting scatterer by a[nzinﬁ'?e?t |[35\]ne wave, ©) component matrix equation, ... , ahd;"’] can be calcu-

71 ] - } ) lated based on the”Ncomponent matrix equation. Then
where[Z] is an impedance matrixV] is a column vec- e newly updated current is used as the initial value for
tor due to incident field, and] is the unknown current. the second iteration. This process continues and the
When the scatterer is electricallyda, [Z] is also lage number of the iteration depends on the desired acgurac

%= 11871 +1z0 B 1zdizd BBivi-1za0™ 8 (9)
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The iteration can be accelerated by relaxation factor sushve the computer storage, but more subregions will
as that in Gauss-Seidel iterative method. result in slow convgence rate.
The convegence rate can be accelerated by introduc-

B. Numerical Results and Analysis o ing the relaxation factow to the PIM formulation. The
The current distributions on the sphere illuminated bXPtimum value ofw is 1.5< k<18

B . s e P Wi opimum . rarmal e han 5 e
. ' ) . 1dns are needed to obtained cament results regard-

provided on the same graphs. It is obvious that the cyr- o

rents are gradually consgent to their MoM solutions ess of the matrix size.

and very close to them after 40 iterations. The relative #k

errors are calculated using PIM and analytical solutions

and after 40 iterations they actually become the errors j_

between the analytical and MoM solutions. These errors h

can be improved using more triangular surface patches

while segmenting the sphere. }_

2.5

Analytical solution
MoM
[ PIM 20 iterations
2.0 = e T o PIM 40 iterations
J - - Error 20 iterations
\ N Error 40 iterations
in| 15 lse
H \
1.0 \ J
f\ Hin
Vg
0.0 %1 0.2
. o
P X/* w R ST
X X e g ey 00 o
(o] 20 40 60 80 100 120 140 160 180 e} 0.2 0.4 0.6 0.8 1

Fig.5 The current on the sphere illuminated by a plarfdg-6 J by PIM with 2 subregions, 50 iterations, and dif-

wave axially by PIM withw = 1.8 and 2 subregions for ferentw, compared with MoM solutian

20 and 40 iterations, compared with the analytical and

MoM solutions. The relative errors are also provided.
PIM is also applied to a finite cylinder with top andI

bottom diameter2a = 0.55A and heighth = 0.1A.
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Reconstruction of Three Dimensional Inhomogeneous Bodies
Using Unrelated Illlumination
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Department of Electrical and Computer Engineering
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Abstract-The unrelated illumination method is used to In this paper, the unrelated illumination method
estimate the complex permittivities of three-dimensionalvhich has been tested before with two-dimensional bod-
inhomogeneous dielectric bodies. Starting from the inteies [5], is extended to handle three-dimensional inhomo-
gral representation of the electric field and using theyeneous dielectric bodies. The method utilizes the
method of moments, the object under investigation isnethod of moments (MoM) to discretize the nonlinear
illuminated by a group of unrelated incident fields. integral equation which relates the scattered field data
Computer simulations show that the method can be useahd the complex permittivity. Yet, it differs from the
to overcome the severe ill-posedness of the three-dimewther previous techniques in that the way of acquiring
sional problem even in the presence of noise and witinformation helps overcoming the ill-posedness nature
the use of only one detector to measure the external scatf the problem. This is maintained by the proper
tered field. arrangement of the polarization and the direction of the
incident electric fields aiming to illuminate the body
1 INTRODUCTION with a group of un_related incident fields. Numerical
simulations are carried out to assess the method and to

In the last decade several numerical technique§ . )
. X est its robustness in the presence of measured data
have been developed for solving the inverse eIectroma%—ncertaIinties

netic scattering problems and microwave imaging o
inhomogeneous dielectric bodies. In particular two

approaches have been utilized. The first is the micro- 2 MATHEMATICAL FORMULATION

wave diffraction tomography [1]. It is a generalization Consider an inhomogeneous dielectric body of
of the classical x-ray computed tomography by takingarbitrary shape that is characterized by a dielectric con-
into consideration the diffraction effects. This methodstamgr (r) and an electric conductivity(r) , both

can only handle low contrast, lossless bodies. ] ) ) o
The second approach aims to solve the exad@enerally variable from point to point. The body is illu-

equation of the electromagnetic inverse scattering proglinated in free space by an incident wave with electric
lem by numerical methods such as the method ofield E'. The total electric fieldE at an arbitrary point
moments (MoM) [2]. In which the problem solution is can be expressed as:

reduced to the solution of linear system of algebraic _

equations. Unfortunately the scattering matrix whichE (r) = E'(r) +E°(r) (1)
governs the external scattered field induced by an inter-
nal equivalent current is highly ill-conditioned. Thus W
any attempt to compute its inverse makes the system il -rent modelling, the external scattered fieEla(r)
posed especially in the presence of noise. Several reglz 1 be written as:

larization techniques have been used [3], [4] aiming to
reduce the effect of ill-conditioning. These employ pri- _s _ —— N A
ori information either to select a suitable regularization B = I‘]eq(r ) BB () v )
parameter or to enforce convergence in iterative tech- v

nigues. Moreover, most of these techniques require th(?/vhere(zs denotes the free space dyadic Green's func-
presence of a few number of scatterers and employ mul- ) ] o
tiview illumination and some are only applicable to two- 10N @andJg (r) is the equivalent current density given
dimensional problems. by:

here Es(r) is the scattered field. Using the equivalent

©1998 IEEE, IEEE 1998 Ph.D. Students Conference
GRADCON'98 Proceedings; Winnipeg, MB, Canada; May 8, 1998
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Jeg(n = K2, () -1+ T LE )

—joe,

= T(nNE()

3)

andsubstituting (9)nto (8):
[G,] [T ([Gy] [1] - 1) IE] = ~[E]

Making use of th fact that the incident atrix is well

(10)

Whete T (r) is usually referred to as the contrast or theconditioned and thuswertible, (10) can be further writ-

object function Using equationgl) and(2), the total
electricfield E (r) can thus bexpressd as:

E(r) = [Ioq(r) B(r, ) dv +E' (1) @)
\'

Dividing the body into N cells and using the
MoM [2] with pulse basis function aqmbint matching

procedureequation (4) is transfmed into:
_ [
E = [Gl]Jeq+E (5)

Substitutirg for the eqivalent current densit this can
be rewritten &:

(IG,][1 -[I1])E = —E' (6)

where T isa 3N x 3N diagonal matrixvhose elements
are the compk permitivities of eab cell in the body:

o(n)

we O ™
[0}

Similarly, the scatterefield can be expressed rimatrix

form &s:

S
[G,][TIE = E (8)
The matrix G1 which is a 3N x 3N matrix,

2 .
T = Ko, (M) = 1) +]

deperts on the operating frequercy and geomety of the
cells. Tre matrix (G;t—1) is aways well posed. The
matrix G, is 3M x 3N, where M is the number of

measiring points,depers on he operating fregercy,
geometry of the ckd and the relate positions of the

cells and tle measuring pointsG,, is highly ill-condi-
tioned especially when a rige dielectric body is

tenin the form:

IES [E] 1G] + [G,1 A1)

(11)
s i1
= [E][E]
where the only unkown is t . Denoting

S i1

[W] = [ET[E] [Gy] +[Gy] (12)
and L

[®] = [E”][E] (13)

Equation(9) can be written i simplified form as:

(W] [1] = [@] (14)
and tre elements bthe diagonal matxit are obtained
by comparing the corresponding elemeatsny row of
[®] and[y] . Thecompkx permitivity of the " cell
is given by:

Tnn = (Dmn/lpmn (15)

3 NUMERICAL SIMULATIONS AND RESUTS

In this section we report and discuss numerical
results of compute simulations thathave besn per-
formed toassess the capéties of this techigue The
numericé simulations ae carried out using only one
detector. Because of the three-dimensional natfrthe
problem, thee are thee measur@ values. A phased
planne array is usedb illuminate tke bodywith a group
of unrelagd incidentfield. Thevalues of the scattered
electricfield at the detector is obtained via a numerical
program that aa determine th dired scattering fom
three-dimensional inhomogenesdielectric bodies.

In the absence aficise ad irrespedive of the

involved. Thus trying to solve the system by computingyermitivity distribution within the body undemiesti-

its inverse rendexthe system ill-posed and forces the

useof regularization tedniques.

Usually E'isa 3N x 1 vectorbut by using a3N
unrelated incident fields (unrdated illumination

method), E' is a 3N x 3N matrix which can benverted.
To obtain thes 3N unrelated incidenfields aplanar

phased array is used aogladjusting the polarization of

its elements we can obtain a diagonaminant inci-
dent matrix.
Writing equatior(6) in the form:

[E] =—([G1][T]—[|])_1[Ei] (9)

gation the relaive mean square error of the recon-
structed permitvity de, and condudtity &0, is found

to benegligide.

(16)
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Wher ¢, and € stand for tl values of the original

relaive dielectric permitvity and of the reconstructed

relative dielectric permitvity in thent cell respedvely.
Similarly,
1/2

N
I
z (Orn_orn
n=1

oo a7

ro 172

N
2
Zorn
n=1

Where o, ando, stand for thevalues ofthe original

conducivity and ofthe reconstructed condugty in the

n cell respedvely.

In order to study the Hect d the measured data
uncertainities on the reconstruction process, we added t
the scatteed field at the detecto a random noise com-
plex array. The real and imagimga parts @ this aray are
constituted by two indepandent sequaces of random
variables wih zero mean andvariance thacan bevar-
ied to obtain dferent signal to noise (8) ratios.

Numericd simulations were caled out to test
the method sensivity to cell size, numbeof scatterers
within the body and thetrength of these scatterers [6].
The obtained results hasquen the method tobe relia-
ble in remnstucting the pemittivity distribution of
lossless bodiesven in the presene of noisy scattered
field data.

In the following numerical simulations the
method is appliel to lossy aad geometrically conplex
inhomogeneous dielectric bodies.

We strt with a ough model of the humanhead.
The head isigided inb five layas and 209 cells edtis
2x 2x2cm. Fig. 1 shows the consecute layers con-
stituting the head and the filtrent kinds of tissue
involved. Thevalues of the conduieity andthe permit-
tivity of differert tissues areigen inTable 1. Numerical
simulation is carried out.

TABLE 1. Dielectric constant& conducivities and
for human tissue at BMHz.

skin
bone
brain
eye

Figl Fivedifferent layesforming the human head

SI/N dB

Tissue P ermitt ivity, conductivity
Bone 5.7 0.072
Skin 176 044
Muscle/Brain 530 133
Eye 80.0 19

Fig.2 Percentage emdin the permitivity (a), and
corductivity (b) versaus S/N.

Fig. 2a) slows the pecentage eor for the
reconstructé permitivity versus the ignal to noise
ratio and Fig. 2(b) shows the percetage eror for the
reconstructed condueity. As stown the eror is very
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low even for small S/Nratios thusallowing accurate
reconstructia of both.

The following dmulation nvolves the us of a
180 cell malel of human body (Fig. 3). This malel is
characterizedby a variable cell size togethewith the
fact that theweragevalues for the condudvity andper-
mittivity for the dfferent tssus have be@a substituted
in certan cells. Fig 4(a) slows the percentagerror in
the permitivity versus tle signal tonoise r&io, and Fig.
4(b) shows the percentage error in the condltityt ver-
susthe signal to nise ratio. As stwn by the plds, good
reconstructionin the presence ofery noisy datafor
both the condutivity and the perntiivity were
obtained.

0.7

[ []1]

b %

Fig4. Percentagerrorin the permitivity (a), and
L] I | conducivity (b) versus S/N.

[ | |
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4 CONCLUSION

The unrelatedllumination methodis used fo sdving
three-dinensional electronagnetic nlinea inverse
scattering problems'he method requires thdhe body
under nvedigation is illuminatedby a group of unre-
lated inédentfields, thus foréng the incident matrix to
be nonsingula The method although similar to the
multi-view illumination methods has the \attage of
providing accurat reconstruction for geometrically
complex lossy balies usihg only one measurig point or
detetor and without ay iterations.
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Abstact--This article provides an accurate and
computationally efficient method for the analysis of
aperture coupling fom microstrip line to microstrip
patch, which is of sgnificant interestin applications
involving multilayered media. The accuray of this
method is ersured by satisfyng all the boundary
conditions through a mixed electric-magnetic
current integral equation formulation, combined
with themomentmethod. Computationd efficiency is
achieved by limiting the disaetization to only the
strips and apetures and by using tle accurate and
rapidly convergent complex images. Close agement
has been obtained &ween our resultsfor the input
impedance, publishedreaults, and experiment, over a
wide frequencyrange.

I. INTRODUCTION

In the fields of microwave integrated circuits and
antennas, tere is a growing trend toward
fabricating circuits made of rmre than one
dielectric layer. These multilayered circuits have
smaller size ard lessparasiticcoupling between the
active and passve elements which are separaed by
a ground plane.To achéve optimum design ofthe

multilayered stuctures, it is important that an

accurate ad computatinally efficient method be
developed which can ke easly interfaced with
available optimization desiqy software. Sveral
methals have been preented in he literatre to
analyze the fundamentd transition betwen a
microstrip line and a miarstrip patch though an
apertre, as slown in Fig. 1. Some ofthese
methods, ke the TLM [1],
discretization of the entire volume of the cicuit.
They are, therefore,very sbwly convergent and
require excessve memoy. Also, the aplication of
the integral eaiation technigue of electrt current
only EFIE [2], requires sgmenting the entire
conducting surbce of he transition, ncluding the

infinite microstrip ground plane. Therefore, the
EFIE is numerically indficient for solving the

apertrre cowling problem.
A more dficient form of the irtegral equaion

require the

technigue was gplied in [3] for the aralysis of the
aperturecoupled microstrip anteas. Unlke the
EFE, which uses ony €lectric current, this
technique uses both electric and megnetic currents
which flow on the strips and apertures,
respectively. This limits the discretzation to only
the strips and perturesand therefore saves a lotof
memory and computation timeHowever, [3]
evaluates the timeansuming numerical
integration of Sommerfeld mtegrals b obtain the
spetial Greev's functions of the structure.
Therefoe, there is still ned for a technique that is
faster aml hence nore suitble for use with current
CAD programs.

Inthisarticle, weuseamixed electric-magatic
current integrd equetion formulation & in [3].
However, our Greens functions for the copling
betwee the electriccurrents of he microstrip line
and the patd), magretic currentsof the apertures,
and for the cross-mupling between the el ectric and
magretic currents are al caculated wsing the
accurate ad rapidly convergert compkx image
technige [4],[5]. This techique avoids the time-
consuming numerical inggration of Sommerfeld
integralsand yields at leat a tenfold reduction in
computation timewith less than 1% error as
compared with th numeric4 integration. These
compkx images includethe dfect of the surface
waves ad leky waves ad, therefore have no
restriction on the sibstrate thickress. Other
techniqgues &/e been usedn the lIteratue to
erhane the speed of the ®mmerfeld integrals
such ashe asymptotic subtractiomethod.

The next section explains our theoretica
formulation The thid section provides
comparisons betwea our resilts ard severa
experimertal ard theoretcd resuts. The final
sectionprovides caclusions.

©1998IEEE, IEEE 1998h.D. Studen€onference
GRADCONDY8 Proeedings; Winnipeg, MB, Canadg; May 15, P98
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half-space/ / / patch
feed-line
aperture
ground plane

lower
half-space

Fig. 1. Aperture-couptépatch antenna

Il. THEORY

To sole the gerture oupling problem, we split
the structure of Fig. 1 into two subproblens,
equivalent b the upper and dwer Half- spaces, as
shown in sane figure. Equivalent electric and
magnetic currents flow on the microstrip line,
microstip patch and apaiures, respedely, of
both subproblems to aisfy the boundary
conditions asdll ows:

Boundary ondition 1 The caitinuity of the
tangential electric field on theaperure isenforced
by choosing the magnaticurrert on the aperture of
the lbwer subproblem, which dlvs along the x-
direction, to be eual ard oppdaite to that on the
apertre d the uppe subproblem.

Boundary ondition 2 The catinuity of the
tangential magnetic field on theaperture issatidfied
by thefollowing equation:

Y 0 +rP =2 09 + 1 0
(1)

where 1D, 1@, ae the dectric currents
flowing on the wper am lower microstrips,
respedwely, while 1,3, 1.,.(2) are the x-directed
magnetic currents fowing on the aperure in the
upper ad lower suibproblems, respeiotly.

HO D) HG (D) is the  x-directed
magnetic field on the aperture of the ith
subproblem cause by an y-directed electric

current o the microstrip Ine or a x-diected
magnetic current on theaperture, respectively.

Thefieldsin eg. (1) can beexpressd in termsof
the mixed potentials of electric and magretic
curens|[6], as fdlows:

RO 08 = 4w [ 68 (/mal)as

Fxx
Aper

L (0) (2)
1o 0] o, T mx
+iw | ax{eqm(r/r) X }dS’
Aper

H 0= RS, 00 #1008 @)
where:

H )= {Dyj’ G (r/rmal (mgds | & (4)

M\

H 09)= {Dyj’ G (r/ryal? (r’)ZdS} % (5)
M\

In eq. 2, use haveen made of the comtuity
equation for magnetic current and charge [6].

Gl in eq.(2) is the Greens fundion for the
x-direction electric vector potenl due to an x-

directed magretic current in the ith gbproblem ],
whereas Gy is the s@lar potental dueto magretic

charge [7]. Gal in eg. (4) is the Grees function
for thex-direaded magndic vector paenfal due to
an x-directea electric curent in theith subproblem,
whereas G,V in eq. 5 isthe Green's function br
the z-directed magetic vectorpotential due to an
x-directed electric current, with both source and
field located inside a mirostrip substrate. Thee
Greens functions areigen n [7].

%,9 are unit vectors in the x- and y-directions,
respetively, and M; is the microstip of the ith
sulproblem.

Boundary condition 3. The vanishing of the
tangential kecric field onthe microdrip lines of
the upper andolver sulproblems is satféed by:

E,0 0+l bl =" (6)

where i=1, 2 orregpond to he uer and dwer
subproblems, respectively. EQ). and E" are the
scattered and  impressed dectric  fields,
respetively. The éectic and magndic curent
densities are exparded as follows:
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N M-1

Jopuy) V) = 3 'Q,rngg,y) (xy) (7)

n=1m=1

and

L
Ine® = T KPP0 (8)

=1

where N, M and L are the numkber of ssgments
on the micrastrip and gerture, repectvely. Py, Py,

are raf top basis functios.

The Galekin moment mdtod [8] is then
applied to es. (1) ard (6), using he expansion
functions of ecs. (7) and (8 also as weighting
funcions. Thisresuts in the fdlowing matix
equation:

1 1 1
ol 1z 1zéh o] [

— 1 1 2 2 1
O1= [ Znel 1Znad * 1Zna] ~Znel | 1| ()
in (2) (2) (2)
(0] [Zmel [Zee'] | |ley

whereZ V. andz,(?). are thedwer ard upper
microstrip impedance matricesespedtely [4].
ZonrPand Z,,,?. are the lower and upper

magneitc-magneiic apeture impedance mates,
respecively. These repreent the dual of the

electric-electric impedance matrices in []. Zy oY
and Z,{? are the matrice for the magnetic

voltages on he aperture dweto unit electric currents

on the microstips 0. Z,,Pamd Z,,Pare he

matrices for the electricvoltages on the microstrips
of the lower and upper subproblems, respectively,
due to unit magnetic currents onte aperture. The
detals of the expresions and calalations of he
self-terms of the matrice&.q Zy,in €. (9)may
be fourdin [7].

It is impatant to menion that the Greers
functions in this article areevaluatedusing the
complex images method (DCIM) [4], [5].
Sanmefeldintegrals are namally used to grform
the inverse Fourier transform of the spectral
functions Instead, he spectral dnctions are
approximated as finite sums of compkx
exponaitials. The quasistatic images and the
surface wave poles areextracted from the integrand
of the Senmerfeld integral. Their contibution is
handlal through the residuetlieorem.

A -
| _
‘D
|e|
v —
W | R B B
A o
I
|
h=16 mm £1=2.22
hezls/mm £,=10.2

Fig. 2. Geomey for an aperture coupled
microstip patch A=4cm, B=3cm w=1.16mm,
D=1.1cm, Slot width=1.1mm,length=1cm

Next the remaining irggrard is goproximated
via a finite set of complex images with complex
amplitudes and compkx locations throuly the
generalized pencibf functions (GPOF) metod[7].
Finaly the Senmerfeld integral is peformedin a
closed form using the Sommemdld identity.

Our numertcal tests lave revealed tlat the
compkx images provide at leastatenfold reduction
in computation time with dss than 1% eror as
compred with the numerica integration of
Sommerfeld integrals.

The arrentanalysis uss the DCIM as gplied
to a single layer of didlectric, in either of the Half
spaces studied The nethod itself was extende to
handle several layers of dielectric materias for
staked patbes [9]. Reearch is cumently being
madeto handle vettical conductes in a mitilayer
environment, the resuls will be published on.

I11. NUMERICAL RESULTS

To test thevalidity of the numerical model, the
geometry in Fg.2 is analyzed using the technique
described atwe. The cordiguration used fortthe
substrate thtkness ard dielectric constants mimics
the nonolithic phased arey applications. The feed
slbstrate ould be Gallium Arsenide dr phase
shiftersand other active circuitry.

The esuts for the Smith chart for thecdculated
input impedace are fiown in Fig. 3 in which the
results are compred with the results punlished in
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[10]. We roticethat we have a good agreemat with
the measurenmts over the freuercy bard width
simulated. The figues onthe smith chart are the
frequency in MHz.

several other exampks are ésted, with he
results also are n good agreement with other

commercial numerical sdtware. Same of the
resuts of these ests will be included in the
presentaton.

While, our ®sting for the dficiency of the
methals was done & compared to theconventional
methal of analyzhg printed antenas New
commercial CAD programs apply numerous
acceleration scherres to eaharce to speed of the
executin of ther code. Stil] our cos compares
favorably in execution speedven with commercial
software. The samexample discussedbave on
the same madine was analyzed usirg both
methals, air techniquevas almost twice as fast.

Care should be k&n also, thaas he gometry
of the poblem gds mae complex, the tmeforthe
matrix soltion becomes the domant facor, and

not the evaluation of the Green’'s furction. of

X ---- Measured [10]
0 ---- This Method

Fig. 2. The Smithchartplot for the input impedance
the antena in Fig. 2. comparedwith the

measurements10]

IV. CONCLUSION

In this stug we have presated an accuratand g

computatiaally efficient method for solving the
problem of aperture cquling from microstrip Ine
to micrastrip patch. This metha uses a mixed
potential integral eqution, wsing both electriand
magnetic currents with the method of mments.
Comparise  with the measured rels
demonstrates thaccuray of the prosed method.

Unlike other methods presented in therature
to solve this trarsition (like TLM and EFIE), our

[2

(3]

[4]

efficient application of the mment method (of [5]
discretizing only the strips ad apertures)
combined with the accurate and bally convergent
compkx images Greem functions, m&es this [
method more suitable fouse with CAD/CAE (7]
software to abieve optimumdesigrs for aperture
coupled microstripatches. (8]
[9]
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AbstractTwo methods to improve the commercially available MOM software,
aperture efficiency of a type of triplate Zeland™ version 4.2.
array are presented. aperture top metal

/ plate

feed network
& patches

1. INTRODUCTION

Triplate line fed arrays have been
researched extensively over the last 10 years
for DBS television subscriber antenna in Japan
and Europe. The chief advantage of this type ~e—Dbottom metha
of planar array is the reduction of radiation fo“/ﬁ.,
from the array's feedlines. One class of triplate
fed array employs a thin metal sheet with
apertures punched for radiation from patches Figure 1: A Triplate Array Configuration
on the triplate layer [1], Figure 1. This type of

an

triplate array is considered as a candidate for
LMCS subscriber antenna. The focus of this
increasing the aperture efficiency of this type
of triplate fed array, in order to counter the - - F
losses that are expected to occur at EHF.
With careful spacing of the radiating ‘
suppressed, and an aperture efficiency of 730/- 1
can be achieved [2]. Addition of a small
shown to raise the aperture efficiency to 86% . A standard configuration (_:orporate
feeding system has been used for triplate array
reflector [2]. However, this requires an'" the past [1], Figure 2. It has been shown
additional foam spacer ’and thin film layer that replacing this standard configuration with
layers. Alignment is also a concern 2 sub-arrays gives an improvement in aperture
' ' efficiency [3]. When applied to triplate array,
this paper were obtained from the'educed and the radiation efficiency is
increased over that of the normal

research is to identify different methods for2: FEED NETWORK CONFIGURATIONS
elements, the parallel plate mode can be
parasitic patch above each aperture has been Figure 2 Figure 3
rivalling the aperture efficiency of a parabolic.
which are difficult to laminate to subsequen"® Incorporating a 180" delay line for th&2
The computational results presented iffigureé 3, the sidelobes in the E-plane are
configuration. This translates to an increase in

0 1998 IEEE, IEEE 1998 Ph.D. Students Conference GRADCON'98 Proceedings; Winnipeg, MB, Canada; May 8, 1998
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3. PARASITIC T ELEMENTS

The computational results presented
show that the parasitic patches can be replaced
by parasitic dipole elements punched out of the e
top ground plane, Figure 4. These parasitic = -%7 -
elements give a similar improvement to
aperture efficiency as gained by the parasitic
patches, Figure 6. The main effect of the
parasitic elements is an increase in the
directivity of the 2X 2 sub-array, Figure 5,
which results from lower sidelobes in the E-
plane and H-plane. The numerically
controlled milling machines used to stamp out
the apertures in the top ground plane are
capable of punching the parasitic dipole
elements. Thus a possible means of increasing | et
aperture efficiency of triplate array has been { RN
found, that requires little additional )
manufacturing steps.

16

H
o
o

directivity (dB)
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Figure 6
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Abstract - The Transmission-Line Mod- found to be in close agreement to those in the
elling Method is used to characterise a slot diterature. Currenty, this method is being ex-
the ground-plane of a non-radiating dielectritended to evaluate thg ef the slot on the ground
waveguide (NRDXAnN approach based on mo-plane of the NRD.
dal decomposition is developed to extract the
generalised scattering parameters for a
waveguide discontinuit II. PERFORMANCEOF THE 3-D TLMB asep PML

[. INTRODUCTION The PML was implemented in the same
manner as in [Duba97]. For validation, the PML
NRD has received considerable attentiowas first applied to a rectangular metallic
due to its low loss nature and the ability to supvaveguide and the results compared with previ-
press radiation at bends and discontinuities. Itausly published data [Bere97]. Based on this
proposed to exploit the above properties to deuccess, the PML was then applied to the termi-
sign a NRD based slot aryaPrevious work re- nation of the NRD.
lied on measured data for the admittance of a  The rectangular metallic waveguide was
single slot in the ground plane of the NRD. lexcited by ta TE,omode with both ends termi-
this pape, a single slot in the NRD ground plan@ated by PMLs, as shown in FigTlvo obse-
is characterised using éhTLM method The vation points were placed on one side of the ex-
perfectly matched layer (PMLAbsorbing citation and the total field was observed in the
Boundary Condition was used to ensure minfrequency domain at these points. Using the ap-
mal reflection from the exterior boundaries oproach in [Krup93], the reflection cdfecient was
the computational domain. It is also shown thdlhen obtained. Fig.2 shows that for most of the
a s,0f -40 dB is achieved when the PM used operating range, a reflection cfiigient of bet-
to terminate the NRD. ter than -40 dB was obtained. Using a similar
Modal decomposition was used to dete approach, the reflection ciecient obtained for
mine the scattering parameters for a discontinthe case of the NRD with PML terminations on
ity in a rectangular waveguide in the presendmth ends was of the order of -40 dB, as shown
of evanescent modes. Results obtained weareFig. 3.
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mode, Bis the wave amplitude of thd'mode
[ll. Stot INn NRDGRouND PLANE reflected from the discontinyjt3; and 3, are the
propagation constants of the dominant mode and
Fig. 4 shows the configuration of the slothe A" mode respectivel Yi(x,y) ard g, (x,y)
in the NRD ground plane. PMLs were used tare the potential functions of the dominant mode
terminate the computational domain in the asend the Bmode respectivelMultiplying equa-
region above the slot. Fig. 5 shows the compation (1) by the eigenfunction of the incident
son between the simulated results and measudeminant mode and applying orthogonality
ments performed using &8510 NetwdkAna- yields one of a pair of equations relajid, and
lyse. B;. A similar operation on fields on the other
surface g yields another equation invohgi\
and B, from which the g of the dominant mode
IV. ExTRACTION OF ScaTTERING MATRIX CoEFR- can be obtained. Fig.6 shows the comparison
CIENTS FOR A WavEGUIDE DisconTiNnuiTY IN THE  between results obtained for theg sf the
PrRESENCEOF EVANESCENT MODES waveguide discontinuity when the observation
points were placed 5 cells from the discontinu-
In the computation of the scattering maiy as compared to the case when the observa-
trix coeficients for the case of a rectangulation points were placed 94 cells from the dis-
waveguide or the NRD, the observation pointsontinuity. The principle of conservation of
were placed a guided wavelength from the dipower was used to further validate our approach
continuity to ensure that the evanescent modas shownn Table 1.
from the discontinuity have decayedfisiently.
This necessitated the use of @computational V. ConcLusION
domain. In the method developed below , the
scattering matrix cd@icients for the case of a In this pape, the reflection cdécient from
waveguide discontinuity were obtained close ta single slot on the ground plane of the NRD has
the discontinuit. At this location, both higher been studiedlhis enables us to design an NRD
order propagating as well as evanescent modassed slot array without the need for using the
are presentA method similar to that outlined inexperimental design curves for a single slot in
[Haff92] for the FDTD method was used. [Malh84]. Thereafte, the reflection cdéicient
The transient EM fields computed by thef a waveguide discontinuity was obtained for
TLM simulation were transformed to the frethe case when the observation points were lo-
guency domain at two surfaces,&@d S, on cated close to the discontingithus significantly
the incident side of the discontinui©n the s+ reducing the computational burdeWe intend
face S, the EM fields can be determined fronto apply the same approach to NRD

the potential function : discontinuities.
F(w) = Ay, (x y)e ™ ACKNOWLEDGEMENT
+ X, eiﬁlz
%%( y) The authors would like to acknowledge J.
+ Z T ) ) Bradley of the Communications Research Cen-
=2 tre for the measurements with the NRD and to

where A and B are the incident and reflectedthe r_eviewers for their scrutiny and helpful sug-
wave amplitudes respectively of the dominar#€stions.
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Fig. 2 Return loss for rectangular waveguide
with PML termination.

Fig. 1 Rectangular waveguide terminated
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Fig. 3 Return loss for NRD with PML
termination.
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Fig. 4 Configuration of an NRD slot.



-25-

0
—— Measured
x  Simulated
@ -10
JE
¥ 20
-30

95 10 105 11

115 12 125 13

Frequency (GHz)

Fig. 5a Return loss for NRD with slot Gt
50°.

Magnitude S,, (dB)

—X— TLM Far From Discontinuity
———- Benchmark : Marcuvitz
—©~— TLM Near Discontinuity

T
25 30

35
Frequency (Hz) (x10°%)

40

Fig. 6 Return loss for a waveguide

discontinuiy.

S11((dB)

— Measured
x x ' Simulated

-30

95 10 105 11 115 12 125 13
Frequency (GHz)

Fig. 5b Return loss for NRD with slot at g =
80.5.

Freg. | Reflected+Transmitted power
(GH2) as % of incident power

43.0 99.99

435 99.98

440 99.98

445 99.98

45.0 99.98

455 99.98

46.0 99.98

Table 1 Conservation of Power for a
waveguide with multiple propagation
modes.
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Abstrad-- A review of TCP performance over
wireless networks is presented. This paper Because of the communication characteris-

includes a literature review, an overview oftics of wireless links such as limited band-

proposed techniques designed to improve th\é{idth, high latencies, high bit error rates, and

. emporary disconnection caused by user
performa"ge of TCF;] " wireless networks, an(’nobility and handoffs [3-6], the modification
a proposed research plan.

of the TCP protocol to provide reliable con-
nection for the transfer of data between appli-
cations in wireless networks is a challenging
1. Introduction problem. Many papers address this topic. Pro-
, , , posed solutions include introducing a new ses-
With the rapid growth of the mobile com- g javer protocol on top of TCP at both base
puters in recent years, the study of reliableyaiiong and mobile hosts without changing the
transport protocols such as TCP [1, 2] in Wireyq600] software on ordinary station hosts [7],
less networks has become an important angl,qitving network-layer software at the base
active area of research. The Transmission CORyatinn and mobile host without violating end-
trol Protocol (TCP) is a reliable transport pro-,_and TCP semantics [8], splitting the TCP
tocol turned to perform very well in traditional .;nnection into two separate connections at
wired networks by providing flow, COngestion, y,e pase station-- one between the fixed host

and error control mechanisms. The increasegnd the base station. and other between the

interest in TCP over Wireless links is Moti- o ca station and the mobile host [11], combin-
vated by the need of emerging network techy, torward error correction with link-layer

nology, the popular application of TCP in &gtransmissions [6], the snoop protocol [8, 9],
Wlde_varlety of networks as We_II as eCconOMiGse|ective acknowledgments approach [14,15],
considerations. A number of simulations andy. tast-retransmit approach [10] and link-

experiments have shown that TCP performyg, o retransmissions [13] etc. These protocols

ance degrades in the wireless networks [5-7¢ classified into three broad categories [12]:

10]. The main reason is that errors (e.g. packgh |aver protocols, that provide local reliabil-

loss) in the wired networks are usuallyjry. gpjit connection protocols, that break the

assumed to be as a result of congestion due Iy 1_end connection into parts at the base
the relatively low transmission errors, howevelg iion- and end-to-end proposals, where loss
in the wireless networks errors are often cove’ry is performed by sender. ’A compari-
caused by many other factors that are unrel_at n and analysis of the mechanism for improv-
to congestion, such as the effects of fading,y tcp performance over wireless link is also
interference and mobility. provided in [12]. From their experimental

(C) 1998 IEEE, IEEE 1998 Ph.D. Students Conference
GRADCON'98 Proceedings; Winnipeg, MB, Canada; May 8, 1998
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results, a reliable link-layer protocol that is  tems and Applications, December 1994.
TCP-aware prov|des Very good performanc@] E.Amir, H.Balakrishnan, S. Seshan, and R.H. Katz,
and selective acknowledgments and explicit Efficient TCP over Networks witlVireless Linisin

e - S Proc. Fifth IEEE Workshop of Hot Topics in Oper-
loss notlflgatlons also result in significant per- ating System, May 1995
formance Improvements.

[9] H.Balakrishnan, S. Seshan, and R.H. Kétzorov-

2. Euture Reseech Plans ing ReliableTransport and Handoff Performance in

Cellular Wireless Networ¥ ACM Wireless Net-
Future research plans include a more works, 1(4), December 1995.
through literature review and reliable transport
protocol design over wireless networks byl10] R.Caceres and L. Iftodémproving the Perform-
using digital coding techniques and modifying ~ 2"¢€ of ReliableTransport Rotocols in Mobile
the existing protocols. Following the selection computing Envonmens  IEEE Journal on
o ) Selected Areas in Communications, 13 (5), June

of the most promising protocol design and 1995
modification, a model, implementation, simu-
lation, performance evaluation and usagefll] A.Bakre and B.R. Badrinath;ICP: Indirect TCP

based validation analysis will be undertaken. ~ for Mobile Hosg Technical Report DCS-TR-314,
Rutgers University, October 1994,

Refeences [12] H.Balakrishnan, V. N. Padmanabhan, S. Seshan,
and R.H. KatzA Comparison of Mechanisms for
[1] W.R.StevensTCP/IP lllustratd, Volume 1. Addi- |mpr0ving TCP Performance ové&WVireless Linlg
sonWesleg/, Reading, MA, Nov. 1994. IEEE/ACM Transactions on Networking, Decem-

ber 1997.
[2] J.B. Poste] Transmission Comdl Protocol. REC,

Information Sciences institute, Marana del Rg, [13] S.Paul, E.Ayanoglu, T.F. LaPorta, K.H. Chen, K.K.

CA, September 1981. RFC 793. Sabnani, and R. D. GitlinAn Asymmetric Link-
Layer Rotocol for Digital Cellular Communica-
[3] D. Duchamp and N.F. Reynolddvleasued Per- tions In Proc. InfoComm ‘95, 1995.

formance ofWireless LAN In Proc. of 17th IEEE

Conf. on Local Computer Net- works, pages 494-14] M. Mathis, J. Mahdavi, S. Floyd, and A. Romanw,
499, September 1992. TCP Seletive Acknowledgment Opt®nl1996.
RFC-2018.
[4] A. DeSimone, M.C. Chuah, and O.CYughrough-
put Performance dfransport Layer Rtocols over  [15] S. Keshav and S. MpgarSMART Retransmission:

Wireless LAN; In Proceeding of IEEE GLOBE- Performance with Overload and Random Leske
COM ‘93, November 1993 Proc. Infocom’97, 1997.

[5] R. Caceres and L. Iftodghe effect of mobility on
reliable transport nqotocok, Technical Report
MIT LTR-73-93, Matsu-shita Information Technol-
ogy Laboratory, Princeton, New Jersg, November
1993.

[6] E.Ayanoglu, S. Paul,T.F. LaPorta, K.K Sabnani, and
R.D. Gitlin,AIRMAIL: A Link- Layer Protocol for
Wireless Network ACM ACM/Baltzer Wireless
Networks Journal, 1:47-60, February 1995.

[7] R.Yavatkar and N. Bhagwdmproving End-to- End
Performance of TCP over Mobile Internetwarks
Mobile 94 Workshop on Mobile Computing Sys-
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I. INTRODUCTION additive white Gaussian noise (AWGN)
channel only, its applicationfor digital
Wireless technology is creating a revolutiomommunication over fading channels is
in communications.While systems such asnecessary and worthwhile. Recently, the
broadcast radio andelevision have been concept of turbaecoding has been applied to
around formany years, many new types of thedesign of a receivdor fading channel§3],
wireless communication systerase emerging [9], [10]. This interesting idea can also be
such as digital cellular, personalfurther developed tduild a new receiver for
communications service§PCS), and packet mobile fading channels of Fig. Based on the
radio. Two powerful techniques are wdly above discussiothe next section il outline
employed to make communicatiorover the author's research proposal for the
wireless mobile fading channel reliable, they arapplication of turbo coding technique, in
channel coding and interleaving. Aypical particular andturbo processing technique, in
communication system using these techniqugeneral over mobile fading channels.
is presented in Fig. 1.
Il. RESEARCH PROPOSAL

{ud Channel | 1Y Signal D nter: 115 [Transmit
— > —» L . .
Encoder Mapper leaver Filter A. Turbo Codes for Mobile Fading Channels
l L For successful application ofurbo codes
LFadng in mobile fading channetwo different types of

fading channel need to be treated separately:
1) Frequency-Flat fading ChannelsEarly
() research on thisopic is based orsimplifying
J83[ Channel| {94 [Deinter- | (%) —i Rg;;ive assumptions for thehannel modeljnclgding
Decoder leaver Filter perfect knowledge of the phase andptitude
of the fading process, and uncorrelatéatling
Figure 1 Digital communication over wireless [3], [6]. The receiver structure developed in [7]
mobile channel for the frequency-flat fading channel is valid for
correlated fastading. However this receiver is
Turbo coding, introduced ifi] is acoding not appropriate foiterative decoding of Turbo
technique that uses an iterative decodingbdessince itdoes not produce theecessary
algorithm to give bit error rate (BER) soft-outputextrinsic information. Furthermore
performance neathannel capacity; it isne of it is incompatible withthe presence of the
the most exiting and important developmentinterleaving function in Fig. 1. Therefore

in coding research in recent yeaf#nce most modifications to that receivestructurehave to
of the work on turbo coddsas been related to

YAWGN
an
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be doneto male the application o f Turbo

codes in mobile fading channels possible.

2) Frequency-Selective FadjrChannes$. The

application of Turbo trellis-codedmodulation
(T-TCM) has recently been investigatieg the

authorin [5]. Asfar as theauthor known, iis

the first successful applicatioof Turbo codes
with multi-level modulationover this type of

channelHoweve in that paper it waassumed
that the fading channel variessufficiently

slowly and hence iis possibleto havetheideal

channé estimator at the receiver For

frequency-selective fast fading chanreelnew

receive structue neal to be derivedto make
sure that botlchannel time-varyig coefficients
can bewell estimated and Turbo decodingn

still be done successfully. In thigegards, the
receive structure developeith [2] seemdo be

an attractive candidate.

B. Turbo Equalizatia for Frequency-Selective
Mobile fading Channels

The frequency-selectivefading channel
causs not only the signal attenuation buélso
the severetime dispersion ofthe adjacent
pulses, a phenomenois referred to as
intersymbol interferencgISI). To eliminate
ISI, an equalizers requiredin the receive of
Fig. 1. In [4] various soft-outpu algorithms
were investigated for & equalizer in an
attemp to provide thechanné decoderas
much information as possible.

A new receive structure forfrequency-
selectie fading channel, called turbegjualizer
will be investigated. This receiver associadas
equalizer and asoft-outpu channel decoder
through an iterative processmilar to turbo
decoding. In tk classich approach the
equalizer is fed by the demodulator ougoand
does nouse the redundancy introduckey the
channé coding to improve its performance.
The performance fonew receive structureis
believedto be superio since the equalizeris
fed by both the demodulator outpugsd the

soft decisions provided by the channel decoder.

C. Combined Turbo Equalization and Turbo
Decoding

Basically the receiverstructure proposed
in the previous sectioms applicabé for ary
channé coding techniqueghat can bedecoded
with soft-output decodeHoweve when the
channel encoder employs Turbo cqde®rder
to take into account theffect ofturbo coding,
turbo equalization andurbo decoding should
be carried out in a combined mannerto
optimize the system performance as indicated
in [10].
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Abstract-The upper limb is represented by adynamic analysis [1][2] depends on the
simplified link-segment model composed ofnumber of degrees of freedom considered.
three rigid segments with ten degrees of free- This paper presents a model of the upper
dom. To define appropriate coordinate syshmb in three dimensional space based on the
tems, the upper limb is instrumented by sixmotion data recorded by three cameras (Fig. 1)
markers. Using the motion data, the inverséor dynamic analysis purpose. Ten degrees of
dynamic problem is solved and force andreedom for the upper limb, seven rotational
moments generated in joints are found. Theand three translational, are considered.
using a new approach in this area, fuzzy
logic, total force is distributed between indi- Il. M ETHODS
vidual muscles. A. Kinematic Model

Motion data for the upper limb movements
were collected using the University of Mani-

Understanding the kinematics and kineticioba Motion Analysis System (URS) [3].
of upper limb movement requires motion datal
along with a link-segment model. Body seg- B
ments can be studied from two points of view. // .
Statically, where the body is at rest or moving
with uniform motion. Dynamically, which is a
study of segments moving with accelerated
motion. Dynamics is further subdivided into:
kinematics, a study without consideration of
the forces that produces it and kinetics, which
formulates the relationship between the forces
and the resulting motion. In many human
movement studies because of the lack of an
appropriate model, motion analysis has been
limited to two dimensions. Limited research
has been conducted with respect to the uppe
limb motion analysis in three dimensional
space. In general, the accuracy of the results of Fi9- 1. Diagram of the experimental setup

|. INTRODUCTION

=
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In UM2AS, markes are placedit defined
locations on the uppéimb to desribe the
link-segment model pperly. A diagram 6 the
experimenth sety is shown in Fig.1. The
direct linear transformatiormethod is used to
reconstruct three dimermal data from wo
dimensionalimages.

B. Ten Degees 6 Freedom

The physicalsystem of the uppelimb is
represented by a simplified link-segment
modd compaed of three rigd segments as
shown in Fig. 2.The model has ten degesof
freedom: thee trarslationd and three rda-
tional degees d freedom for the arm, wo
rotational degees of feedom for the farearm
and to rotational degees of freedomfor the
hand.To find the trajectoryof the arm rotation
axis and the Euler angles ahe am, forearm
and hand, the upper limb isstrumented with
six reflectve makers. Markers arearranged in
such a way thtahe upper linb can move with-
out awy constraint.

Fig 2. Link-segment model condsting of three
segments

To perform dynamic aralysis of the upper
limb, the insintaneousposition ofthe shoul-

der joint, i.e., the center obtation of the arm
segment is ecesary. The @nter of rotation is
defined as the point foa moving segment
whose velocity is zero at that time [4
Because, in xperimental masurements,tiis
nearly impossible to determia the velocity of
different points on a body in motiotme center
of rotation is wually approximatd using two
corsecutve frameswithin a short peod of
time. There is anathematical approach to cal-
culate the center of rotationn two dimensional
space [5].

This method does not work in three dimen-
sional space, lecause thrank of[ | — R] istwo
where | is identiy matrix andR is rotation
matrix. It means tlat there isno center of rota-
tion in three dimesional spae far a segment.
In this regarch a new approach tclculate
trajectory @ rotation axis is intodued using
the screw axi§3].

C. Governing Equations

Kinematic equations are obtaineding a
homogeneous coordinaggstem which is esy
to handle when the number of linksncreases
and kinetic equations are rideed using both
Lagrangia and Newtonian methods.

D. Force Distribution Problem

Intersegmental foce and moment are the net
kinetic dfect thda adjoining body segments
have on each oth It is impatant to note that
these farces and momentsare corceptual
kinetic quantties thd are not phgically
presentin any single anatomic joint. They are
deermined mathemically, be@use tley can-
not be edly be measured directl. Determin-
ing the intersegmental foces ard moments
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basd on kinematic dta requiressolution of
the inverg dynamic problem usingeither
Newtonian or Lagrangian equations.

For specific pyposes (n orthopaedicseha-
bilitation, @gonomics, sports, el¢it is neces-
sary to know th forces in individial muscles.
Partitioning o the inersegmental faces and
momentsis generally called tte force distibu-
tion poblem The number of unknown \ar
bles usally exceeds the numberf @qations.
Mathematielly, this producd an indetermi-
nate poblem th& hasno uniqte solution. The
difference between the numbef unknown
varables and the numlveof equations rag-
sents the degesof redunancy. There are two
bast approaches fosolving this problem;
reducion methodand optimization technique.

In the reduction mhod, tosolve the inde-

terminaie problem, the degree of redundancy 5

must be reduakto zero by either introducing
new equationsroby decreasing tle number of
unknownvariables. Muscles wih similar func-

tions or cormon anatomc insertions and ori-
entation can be groupe together, whereas
electromyogam signalscan fe used to elimi-

nate iractive musles.

The optimizatio appgoach is baed on the
asumpions ttat the load sharing between the
musclesis more @ less unique ding motor
activities, andthat the neural control d the
muscle action is governed by tz@n physio-
logical criteria that guaranteeefficient muscle
actions.The objectivdunction to be optimized
comesponds to these pbylogical criteria.

Here a new technique usgfuzzy logic has
been deweloped. Fo each muscle specificrules
based o the physiologicalfacts ae detr-
mined. Dstribution of the force betwe@& mus-
cles is dom based a thes rules.

[1l. RESULTS

Some d the results from different pas of
the resarch has been  published
[1][2][3][6][ 7]1[8][ 9]. For ingarce, threetrans-
lational degrees dfeedan calculated using a
new method introduced in this reaeh is
shown in Fig.3. The results for the force diri-
bution poblem using a fuzzy logiis in prepa-
ration b be publshed.

-5
0 5
0

5 5
Y

X
Fig. 3. 3D trajedory of the arm segment in
Lab ooordinate system.
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ABSTRACT HARMONIC ELIMIN ATION

A feed forward neural network is used to control a voltage Low harmonic content of the output voltage and current is
source PWM inverter in a way that selected harmonics are always a major concern with voltage source inverters. For
removed from its output and the magnitude of fundamental a two level inverte where the output phase voltage is al-
is set at any desired lev@lwo cases are studied: neurons  ways either +E or -E (Fig. 2), then.s. value of the voltage

with the usual nonlinear (sigmoid) transfer function, and g always B. Since the mean squared of this voltage is

neurons with a piecewise linear characteristic. The latter equal to the sum of the mean squares of all harmonics, then
shows good results and more easily lends itself to hardware ¢, 5 given amplitude of fundamental harmonic, the total

implementation either by digital or analog networks. harmonic distortion is always the same, regardless of the
INTRODUCTION selected switching method. But the switching instants can
Voltage source inverters are widely used in motor drives, be adjusted such Fhat the lower harmonl_cs d|sap;_)ea_r (or
uninterruptable power supplies and bidirectional AC-DC decrease substantially) at the expense of increase in higher
converters. Many @fierent types of voltage source invert- harmonics. Since loads are usually inductive, higher har-
ers with dfferent configurations and control schemes have momcs F:an b? filtered more easily by the load without need
been suggested. Among them the pulse width modulation of additional filters.

1|I||

AC Load

(PWM) inverter is most populaAlthough several ffier- T2 T
ent circuits are proposed to realize the PWM invetie A I I
main operating principle is the same in most cases. The E | [
inverter consists of switches which allow each line of AC -| I |-| |_
load to be one or the other end of the DC source. By suitable : =
selection of switching instants for all switches, the desired | wt
output characteristics can be achieved.There are two major _g | I
al a2 o3 o4 i RIB2 B34 [
| Smayangles ’
s1 / 3 5 primary angles secondary angles
‘( Fig.2 The output phase voltage waveform
I

EEE

Fig. 1 Basic configuration of a three phase bridge

of a two level inverter

There are several methods to push the harmonics ina PWM
waveform to the higher frequencies, but the harmonic elim-
ination technique has the lowest number of switching ac-

two level VSI .
tions.

approaches to find the best switching function: the time 11,4 magnitude of harmonics for a PWM waveform with
domain approach [1-3] and the frequency domain ap- 44 and half wave symmetries, and n switching actions per

proach [4-5]. In the next sections we will concentrate on g arter cycle of fundamental, is obtained from the follow-
the frequency domain approach and will use a neural net-

work for its implementation.
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ing equations:

h1 = BSEEEE[l—Zcosa1+ 2cosor2

— 20050(3...20030(

n]

h3 = 58 [{5{%[{1— 2c0330(1 + 200530(2

—200530(3...2cos3an 1 @

hk = 58 E&Eq:l— 2005k0(1 + 2cosko(2

—Zcoskus...Zcoskan]

where E is half of the DC source voltaggistthe magni-

tude of the'l" harmonic and; is the | primary switching
angle.

To find thea’s needed for elimination of specific harmon-
ics, it is sufficient to set the corresponding h'’s in the above
equations to zero and solve for this. The value of h
could be any desired value between zero and some limit
lower than1.25E (depending on the harmonics to be elim-
inated). For three phase inverters, usually the low order
nontriplen harmonics are eliminated. Triplen harmonics
do not appear in line voltages and currents in a three wire
system.

As the number of eliminated harmonics increases, the
waveform of output current improves, but since the num-
ber of chops also increases proportionately, the switching
losses will be higher. There are also restrictions on the
maximum frequency of switching devices. As a compro-

mise, we decided to eliminate all harmonics up to tife 29
in this study.

NEURAL NETWORK

During the operation of the inverter, the desired value of
h, may change, so eq. (1) must be solved for new values
of hy. These equations are nonlinear and can be solved only
by iterative methods. This process is time consuming, may
diverge, and is therefore not suitable for on-line implemen-
tation. The conventional approach is to solve off-line for
several values of modulation index M ¢#B), and store
solutions in a look-up table. Our new approach is to use a
feed-forward neural network which accepts modulation in-
dex as input, and outputs the primary switching angles

(Fig. 3). The secondary switching angles(Fig.2) can easily
be produced from the primary ones.

T 9T T
T AC Load
L -I{I} i ;
I Firing System frequency
To‘l 10‘2 ----- Torr
Neural Network q—M

Fig. 3 The overall structure of the inverter

The neural network used has one input neuron and n output
neurons (to produce n switching angles). Different num-
bers of hidden neurons were tested and it was found that
about n/2 hidden neurons are usually sufficient. The neu-
rons have sigmoid characteristics and bias. The training
set for the network was produced by off-line solving of
equations for more than one hundred values of M with 0.01
steps. The Newton-Raphson method was used to solve the
equations. To avoid jumping between different possible
solutions and to make sure of convergence, the values of
0; obtained for each M were used as the initial guess for
the next value of M. Using this method, the off-line solu-
tion of eg.(1) is easy and there is no need to use complicated
techniques like the Walsh function method, as suggested
by some authors [6].

For values of M greater than 1.16 we could not find any
solution for eq. (1), but this is not of practical importance,
because, for these values of M, the inverter must produce
such a narrow pulse that it is beyond the capabilities of
most switching devices. The whole system including the
neural network, the firing system, inverter and load was
simulated using PSCAD-EMTDC electromagnetic tran-
sient simulation software. Figures 4 and 5 show the volt-
age and current waveforms and spectra for two arbitrary
values of M. The load has a power factor of 0.8 lagging.
As can be seen, the selected nontriplen harmonics are com-
pletely eliminated and the fundamental harmonic is at the
ordered level.

PIECEWISE-LINEAR NEURAL NETWORK

Hardware implementation of the neural network is not an
easy task. The commercially available neural network
chips and boards are expensive. Sequential processors can
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Fig.4 Voltage and current waveforms and spectra
for M=0.5
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Fig.5 Voltage and current waveforms and spectra
for M=1

be used to emulate the neural network, but since calcula- rons) as the starting point and chose back propagation as

tion of exponential function and division takes a lot of time

the optimization technique. Since for modulation index M

for each neuron, they are not fast enough. To solve this greater than 1 the variationsa@® with M is highly non-
problem, we replaced the sigmoid transfer function of neu- linear, we limited M to 1. This way we could reduce the

rons with a piecewise-linear transfer function (Fig. 6).
When we use this characteristic for the neurons with the
same weights for the links as before, we obdggmot far
from the previous ones. But since the magnitude of har-
monics in the output voltage is very sensitive to changes
ina’s, we have unacceptably large harmonics in the output.
Fig. 7 shows a typical output voltage waveform and spec-
trum for this case. To solve this problem, we chose to train
the network containing the piecewise-linear characteristic
for neurons. Although in this case the objective function
is not differentiable at all points, it is still continuous and
therefore it is possible to find a global minimum. We used
the weights of the previous network (with nonlinear neu-

O piecewiselinear ct o sigmoidct

o
rd

0.8

/

0.6

0.4

0.2

Fig.6 Piecewise linear characteristic
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number of hidden units to 3 and get quite satisfactory re- ~ ~ \ S L 7
sults. Fig. 8 illustrates the voltage and current waveforms " 1 Wi i J
and spectra for two different values of M. All harmonics - - . . .
up to the 29th are cancelled and the load current has very Fourier Analyss

little ripple

CONCLUSIONS
A neural network can be successfully used to control a
voltage source inverter such that the fundamental compo-
nent of output voltage has the desired magnitude and se- - T S S
lected harmonics are eliminated. The fact that this control
is independent of frequency control, makes this invertera ~ F19-8 Voltage and current waveforms and spectra

. . for piecewise-linear network
suitable tool for motor speed control and other variable
speed-variable frequency applications. The inverter has [3]J.Holtz, B.Beyer, "The trajectory Tracking Approach-
low loss due to the low number of switching actions com- A New Method for Minimum Distortion PWM in Dynamic
pared to other techniques. Using piecewise-linear charac- High Power Drives”, IEEE Trans. Ind. App. Vol. 30, No.
teristic for neurons makes it much easier to implement the 4, july/Aug. 1994.
network in hardware. We are now implementing the net-
work using a digital signal processing board.
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Abstract - This paper presents a method for
solving power system transient stability problem
by multiprocessing computing. A new agorithm
based on system splitting, partitioning and W-
matrix techniques has been developed and
implemented in the High Speed Transient
Stability (HSTS) program. This program has
embedded parallelism and can be executed on
various platforms of paralel and distributed
processing hardware.

Keywords - Transient stability, network
solution, system splitting, current compensation,
paralel processing, distributed processing, real-
time simulation.

|. Introduction

The emergence of parallel processing
architectures has opened new opportunities and
challenges for solving power system problems.
For obtaining the transient stability solution
using parallel processing hardware, suitable
algorithms must be developed if high speed isto
be achieved for large system size. Using these
new algorithmsimplies significant modifications
to existing programs [1,2]. In order to harness
the new technology yet maintaining the
strengths of existing solution methods, a
multiprocessing network solution agorithm is
proposed, which adapts the conventional library
of dynamic models for execution on parallel or
distributed processing hardware.

For transient stability problem the behavior
of power system is typically described by two
sets of equations :

X' f(X,V) D
V*Y I (X,V) (2

where V is a vector of bus voltages, | is a
vector of current injections, Y is a matrix of
system admittances, and X is a vector of state
variables. The first is a set of differential
equations describing system dynamics and the

second is a set algebraic equation describing
network connectivity. Usually the sets of
differential equations (1) is solved first using an
integration method and iterated with the solution
of network equations (2) at every time-step.

There are no obvious parallelisms inherent
in the mathematical structure of the conventional
formulation of a transient stability problem. For
this problem, a parale (or near-parallée)
formulation must be found that is amenable to
multiprocessing implementations on parallel or
distributed processing hardware. The
computational  efficiency of such an
implementation is dependent on the suitability of
the multiprocessing algorithm to the parallel
architecture and the communication network.

There are available various single processor
software packages which perform the traditional
stability program solution at, or near, real-time
speeds for mid-size power systems [6]. High
computational efficiency is usualy hard to
achieve for large systems because admittance
matrices are large and the repetitive solution of
network equations (1 & 2) takes too much time.
High performance computers are available now
but the structure of a conventional stability
programs can not be easily adapted to utilise the
full power of this new technology. Even if such
systems can deliver high performance
computing, they usually require specialised
software and hardware components, which
increase system costs.

Recently, the prospect of building a
supercomputer out of PCs is quickly emerging
and is becoming a redlistic alternative for high
performance computing at low cost. The biggest
challenge in synthesising clusters of commadity
computers to work in parallel is to implement
high performance communication and co-
ordinated  scheduling among  distributed
processors, each running independent operating
system kernels.
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I'1. Multiprocessing Solution Method

The main objective of this project was to
develop an algorithm for solving the power
system transient stability problem on the
existing hardware of a paralel processing
computer such as the Rea Time Digital
Simulator (RTDS), with extensibility to other
multiprocessing computers  (multicomputers)
and Distributed Processing Systems (DPSY).
Various methods were considered and examined
on several candidate platforms. Those methods
included the Gauss-Seiddl (GS) and Bergeron
(BM) [7,8] iterative agorithms as well as
various sparse matrix techniques for the direct
solution of network equations.

Although iterative methods are potentially
suited for paralel processing, they were
abandoned in this project, due to their poor
convergence characteristics for large power
system sizes, in favour of direct methods. In this
paper a suitable multiprocessing method for
high-speed transient stability solution base on
sparse matrix techniques [3,4,5] is presented.
This new agorithm combines severa techniques
useful for paralel processing applications,
which includes the following methods :

LDU-decomposition and LDU-inverse for

processing sparse matrices

W-matrix method for

equations

Node re-ordering scheme to minimise the

number of fill-insin the W-matrices

Bus Tearing method for splitting large

network into smaller subsystems

Partitioning scheme for solving one

subsystem on many parallel processors.

Current Compensation method for handling

the admittance changes

solving network

System splitting divides the whole power
system into smaller subsystems so that the
system admittance matrix Y consists of diagonal
subsystem matrices, an interface matrix, and a
border matrices as shown in Figure 1.

Node ordering and the LDU factorisation are
applied to each subsystem matrix Y to maximise
sparsity. Each subsystem is then assigned for
solving on one single or molti-processor
computer. If computers consist more then one
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processor (such as the RTDS racks) the
partitioning is aso applied. Load balancing
partitioning scheme is developed for this
purpose which takes into account uneven
distribution of matrix sparsity and assigns
different number of row and columns of the
factor matrices so that the work-load for each
participating processors is  approximately
balanced.

In order to avoid matrix re-inversion when
system admittance change take place a Current
Compensation method is applied which
computes equivalent current injections to system
buses using only the initialal LDU inverse factor
matrices.

System Admittance Matrix Y

Y 1 Bl
Y, B>

Y3 Bs

B, | B2 | Bz | Yo

Y1, Y, Y3 - subsystem admittance matrices
Bi, By, B; - boarder matrices
Yo - interface (tearing bus) matrix

Figure 1. System Splitting by Bus Tearing.

The system splitting by the Bus Tearing
method is not only an effective method for
partitioning the problem for multiprocessing but
it can aso produce significant savings even on
single-processor computers. It was found that
the system splitting by fragmenting the large
admittance matrix into a few smaller matrices
improves the overal sparsity of the inverse
matrix and thus reducing the solution time as
presented in Table 1 below.

The system splitting produces an
approximately even-sized subsystem groups and
one additional group consisting the tearing or



interface buses connecting the subsystems. The
size of this subsystem depends on system
topology and generally increases as the number
of subsystem grows.

Tablel: 6-second simulation run on
Sun workstation
Number of Execution Time
Subsystems [ sec]
1 76.3
2 50.8
3 55.0
4 54.3
5 52.1
6 68.9

However, beyond a certain number of
subsystems the gains from improved sparsity
can be overwhelmed because of the additional
computation associated with solving a split
subsystem which is proportional to the number
of interface buses. In the case presented above
this number happened to be 6.

[11.HSTS Program

The multiprocessing agorithm has been
developed and incorporated in a stand-alone
version of the High Speed Transient Stability
(HSTS) program written in the 'C' computer
language. The HSTS program is fully scalable
and can be easily reconfigured for any number
of computers (or RTDS racks) and any number
of paralel processors on multicomputers. The
Message Passing Interface (MPI) based
communication is built in as an integral part of
the program and is used not only for the
distributed processing but aso for the interface
to other programs such the PSCAD/EMTDC
electromagnetic transient simulation program.

The proposed multiprocessing algorithm for
solving transient stability problem deals with
computational and communication efficiency
problems very effectively. In addition to the
conventional LDU methods for processing large
and very sparse admittance matrices other
techniques are applied which allow solving the
problem on many processors operating in
paralel. System splitting, partitioning, and load
balancing schemes are combined together to
maximise the use of computational power of a

multiprocessor hardware. At the same time data
exchange between processors is minimised to
reduce the communication latency.

The network solution applied in the
HSTS program has been tested on a selected
505-bus test system against the conventional,
commercialy available, stability programs such
as BPA, PSS/E, and PSDS. Test results on
workstations match very closely with the steady-
state and post-faults curves obtained using other
stability programs. The computational speed was
comparable with the BPA program, and
promises significant gains in the multi-processor
environments.

V. Implementations

For the parald processing implementations
of the HSTS program, two multiprocessor
environments are considered : the pardlel-
processing based RTDS and a Distributed
Processing System (DPS) of a local area
network (LAN). Those implementations require
specific changes in the original HSTS program
for the specific hardware architectures. The
routines  for  compiling, downloading,
initialization, communication and running the
program in a multiprocessor environment are
included for both applications.

In order to perform transient stability
solution on the RTDS hardware for system size
up to 10,000 buses, it is necessary to utilise
many racks (each consisting of 36 NEC
processors) operating in paralel. Due to
limitations of the RTDS communication
architecture, however, a subsystem not larger
then 500 buses can be processed on one rack.

The network solution part of the HSTS
program was implemented on one rack of the
RTDS paralel processing hardware. Solving the
505-bus test system by a various number of
processors was considered. Results have shown
significant speed improvements when the
number of processors increased from 1 to 15 as
shown in Figure 2. Beyond that number, the
granularity of the problem sowed down any
further speed gains.

Further work is aimed at implementation of
the High Speed Transient Stability program on
Distributed Processing System (DPS) of a PC-



based computer network. This is a
straightforward task because the HSTS program
has been written in C language considering
paralelism and the Message Passing Interface
(MP1) routines for communications between
computers are included in the program.

|I:IOne Time-step Execution Time [msec] |

45
40 1+
35 1
30 +
25 1+
20 1
15 4+
10 4+

5 10 15 20

# processors

30 36

Figure 2. One Time-step Execution Time for
Various Number of RTDS Processors

The DPS implementation of the HSTS
program is based on the Single-Instruction-
Multiple-Data (SIMD) paradigm. This means
that the same program with embedded
parallelism is executed on several processors
which are using parts of a partitioned data.

The execution and communication times are
evaluated for different distributed network
configurations. Gains are observed even when
no high performance communication is applied.

I11. Conclusions

For solving the power system transient
stability problem a method suitable for parallel
and distributed processing has been proposed.
The computational efficiency of the proposed
multiprocessing algorithm is dependent on the
paralel architecture and the communication
network of a given implementation.

It has been shown that, even with high
communication latency, significant speed
improvements can be achieved when the
multiprocessing solution is applied for solving
the transient stability problem. With the use of
high performance computers or special
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communication hardware, computation speeds
approaching real-time.
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Abstarct-This paper presents three projects which
represent work in progress. First, a Computerized
Adaptive Tutor (CAT) using a novel domain knowledge
representation model is discussed. Second, the abstraction
to Web documents is proposed using a self-supervised
backpropagation network which is trained on alpha-
numeric characters. Finally, a data visualization scheme
using a spirally weighted grid layout for Web documents.

Course
Textual
Material

Computer
Adaptive
Tutor

I. CAT PROJECT

The Computerized Adaptive Tutor (CAT) also called an 7 RN
Intelligent Tutoring System (ITS) includes the following 7 S~
computer-resident knowledge attributes: (i) knowledge a~ : =
of the domain (expert model), (i) knowledge of the | sudent || “omaens || instructional Teaching || Mobie
student (student model), (iii) knowledge of teaching |Evaluator | | Knowledge || gyer TEE Agent
strategies, and (iv) ability to diagnose errors and to tailor Model

remediation based on diagnosis. For more information
on ITS and its precursors, refer to [1], [2], and [3]. Fig. 1. Block diagram for the interaction between the student and the

The term CAT is preferred to ITS because ITS implies CAT

that the system is intelligent. In contrast, CAT replaces

the wordintelligencewith adaptivewhich implies that

the system can adapt to the client. The term CAT a|SOSeCQnd, th@(now|edge Representatimdme has two

replaces the wordsystemwith tutor since the CAT  components: (i) it represents the domain knowledge

resembles a human tutor rather than a conventionawhich the CAT relies on to teach and (ii) it represents

Computer Assisted Instruction system. the student's comprehension of the material. This
module is discussed further in the next subsection.

A. Model Third, the Instructional Expertmodule contains the

' different teaching strategies which can be used to
The high level block diagram of the CAT is shown in Fig. convey concepts and ideas. It also determines what
1. The student is given some textual material to read antmaterial to include, when to cover it and in which
may choose to consult other sources of information sequence it is presented. This module also tracks the
through the Web. The CAT is composed of five main student’s progress and misconceptions through the use
components. of questions and by referring to the student knowledge
representation module. It is also responsible for the

First, the Student Evaluatormodule conducts an ) - :
sappropriate type of remedial action to perform.

interactive questionnaire which determines the profile o
the student. Some of the main preferences which itFourth, theTeaching Toolsnodule has access to self-
evaluates are the goal, time commitment, level of enhancement techniques to help improve the student’s
dedication, level of knowledge desired, thinking style, learning capabilities. These include effective time
learning  aptitude, relevant background, and management, speed reading, enhanced memory, and
comprehension skills of the student. Based on theeffective habit building techniques. These techniques
student profile, the CAT suggests a study plan to achieveare accessed by the Instructional Expert module when it
the desired student goals and knowledge level within theis considered appropriate since not all students will
specified time frame. want to spend time improving or developing good

©1998 IEEE, IEEE 1998 Ph.D. Students Conference
GRADCON'98 Proceedings; Winnipeg, MB, Canada; May 8, 1998



-44 -

learning techniques.

Develop Student

Read

Finally, the Mobile Agentmodule gives the &T the mi:tling Pl E Tl Material | ¢
ability to become a dynamic system. A stand-alone Schedule
CAT operates as a personal agent for an individual ‘

. Review
student. Thus, it does not teach other students nor doe with CAT

it acquire additional domain knowledge teaching
A 4

experience from other students and other similar tutors. Brosent

A Mobile CAT (MCAT) operates as aroamingagent. It [~ — =7 "7~ P Question 4]

teaches more than one student, and gains relevar !

teaching feedback from the entire group. It also has the Comrect Student

capability to increase its domain knowledge and even to Solution Solution

collaborate with other M&Ts, thus gaining even more

diversified experience and knowledge. N Con:;are
. . : P Soluti

A typical session between théTand student is shown oL fon

in Fig. 2. The first time the student anéTinteract,

they define their goals and roles. The interaction takes Feedback &

. . . . - —— - —p{ Remedial
place via a conversational style questionnaire. At the r Action

end of the first meeting, they agree upon the goals of the
student, in what time frame these will be accomplished,

and a meeting schedule. The student is also requested
read the assigned material. On the second meeting, th
Tools

Update
Student
Model

CAT reviews what was in the textual material. ThelC
then tests the studestlevel of comprehension using
various styles of questions (fill in the blank, true/false,

and multiple choice). After each question, the student

answer is compared with the correct answié it is Student s path
correct, then a slightly harder question is asked basec
upon the same idea. If the answer is wrong then the Instructa’ s influence

correct answer is identified and explained. THETC _ ) e
. . Fig. 2. Typical session between a studenlt ,

may perform further actions to undo previous and GAT. hstructa” s support sfé

misconceptions or lack of knowledge. The stugent = — — — 7/ 7

knowledge model is updated and the next concept is

addressed. The amount of time spent and the amount ¢

detail covered on each topic adapts to the developing 1) Knowledge Molecule

profile of the student. The student is then assigned théra prief discussion in this section introduces a method

next ma_\terial to read. This process continues until all ¢, systematic knowledge representation based on
the topics necessary to accomplish the goal of theorganic chemisyr. Structural formulas in rganic
student are completed. chemistry are routinely used to represemtaaic
matte. This structural theory is based upon millions of
facts about individual compounds which have been
brought together and arranged in a systematig. wa
The purpose of the knowledge representation model is tcSimilarly, it is conceivable that one can create structural
(i) store the domain information and (i) assist in formulas to represent domain knowledge content.
tracking the gradual comprehension of the domain These formulas are to be determined after the domain
knowledge by a novice learner through iterative cycles. knowledge is analyzed in order to identify the
This model has two main components: (i) the domain interrelationship between the individual concepts.

expert component WhiCh. represents the knowledge.tha'-rhe concept of knowledge moleculis a structural

the GAT employs and (ii) the student comprehension arrangement of knowledge elements or atoms which are
component which represents the information that the primitive ideas that can not be broken down into simpler
student has obtained thus.feBefore discussing these jgeas. Furthermore, a topic is a collection of molecules
components, we digress for a moment to briefly explainith more or less uniform themes. Thus, a knowledge
the concept of a knowledge molecule. molecule is a very small unit of a topic. In order to

B. Knowledge Representation Model
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represent specific domain knowledge content, aA possible solution is to pre-train a neural network to
compound topic or domain tissue is identified which is cluster data into several categorizes using a well defined
made up of two or more topics. data set. If the chosen data set has statistics which are
similar to that of the desired web space of documents
then the trained neural network will be able to
2) Domain Expert Component categorizes the web documents properl

There are three steps to model the domain knowledge
First, identify the knowledge elements (i.e. the simplest
set of ideas) using automatic textual analysis techniques
[4]. Second, combine the elements to form knowledge A self-supervised backpropagation network is shown in
molecules (i.e. building blocks for a topic). Fiyalive Fig. 3. The input pattern and the output pattern are
use the knowledge molecules to create compound topicexactly the same. The network architecture develops a
(i.e. the domain knowledge of the particular subject compact representation in a setganized manner for
area). the input data. Basicgll the network architecture

computes the principal components of the input data.

For more information on neural networks, the reader is

3) Student Comprehension Component referred to [7].

A. Model

The Instructional Expert component uses the above
molecular structure as a blueprint to determine what
action to take in order to best duplicate the knowledge
for the student comprehension model. Questions areThe proposed data set is the alpha-numeric characters.
used to determine which elements have beenThe data set will include characters frorffefient fonts
understood. The instructional expert can then comparewith the addition of gaussian noise (i.e. flip each pixel in
its original blueprint with the dynamic student the character with N% probability) or non-gaussian
knowledge tissue to see which molecules are missingnoise (i.e. flip each pixel and each adjacent pixel in the
which are lacking details or proper atomic structure, andcharacter by N1% and N2% probability respectively).
which should not be present.

B. Implementation

The self-supervised backpropagation network is
The CAT continues to enhance the comprehension of thesimulated using NeuroSolution and the image
student until the knowledge molecule structure of the processing is done in ATLAB’s image processing
student is comparable to the original structure. toolbox.

C. Implementation

The proposed model of theAT is being developed to

tutor novice financial investors usingAVA. The . . . .
domain knowledge for the AT is based on the

Canadian Securities Course (CSC) textbooks [5] which

are produced by the Canadian Securities Institute (the O O m neurons
National Educational f@anization of the Canadian

Securities Industry).

pxq output

. . . . pxq input

Il. DATA ABSTRACTION PROJECT

The Personal AdaptivéVeb (PAW) agent [6] is a
software program which monitors its user and learns the q pixels
category of web documents that the user is interested in
The learning is accomplished by training the agent using
competitive learning. One ffiiculty which arises in
training thePAW agent is that it is time consuming to
collect a sfficient number of web documents to train the Fig. 3. Self-supervised backpropagation neural network.
network on.

p pixels
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[ll. DATA VISUALIZ ATION PROJECT
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significant components. This approach was used
because of the requirements of the competitive learning
algorithm that was implemented.
(1
[2
A. Model
It is proposed that terms with greater importance are
given lager weights than terms with lesser importance. [3]
One possible solution is to place the components of the
vector ona nxn grid starting from the center and spiral
them outwards. The component in the center of the grid[4]
has the Iegest weight and subsequent spiralling [5]
components have weights which are increasingly
smalle. -
Each document is now representedalmxn grid which
can be visualized. As well, a new distance metric which
uses the grid layout is in development which will 7]
categorize th&Veb documents using the self-supervised
back-propagation architecture discussed in section 2.1
A further advantage of placing the document vectors in
a spiral format on a grid is thatffirent fields of
computation can be performed depending on the time
constraint.

If a quick comparison of documents is required then
only the center pixel and its immediate neighbors are
compared. On the other hand, if a thorough comparisor
is required then the complete grid is used.

B. Implementation

The proposed new algorithm is currently being
developed in MATLAB's neural network toolbox.

IV. CONCLUSION

The paper presents three projects which represent worl
in progress. First, theAT is being developed imlAVA

to tutor novice financial investors using a novel
knowledge representation model. Second, a technique
for Web document abstraction from a trained self-
supervised backpropagation ANN using alpha-numeric
characters is presented. Figalh data visualization
technique using a spirally weighted grid layout is
presented fovWeb documents.
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Abstract - We summarize our current research iable bit rate (VBR) sources used throughout the simula-
on the applications of computational intelligence in tions. Section Ill introduces the relationships of the
asynchronous transfer mode networks. Our goal isto three main categories of Cl techniques. ATM CAC is
improve network performance (call blocking, utiliza-  discussed in Section IV. Finally, the simulation environ-

tion) through “intelligent” call admission control. ment is presented in Section V.
We discuss the need for a methodology of applying
computational intelligence in this environment. Il. VBR TRAFFIC MODELS

ON/OFF models are popular choices for modelling
VBR sources in ATM networks. We follow this conven-
Asynchronous transfer mode (ATM) is a key para-tion and implement three categories as summarized in
digm in the delivery of broadband integrated serviceSable | below. ON/OFF sources have two states; corre-
digital networks (B-ISDN) [1,11]. Aside from high-per- sponding to their idle and active periods (see Fig. 1.
formance switching, ATM’s most important feature is its below).
ability to guarantee quality of service (QoS) for all con-
nections. Maintaining QoS guarantees is critical if a net-
work is to successfully carry the demanding traffic of @'@
future multimedia applications.
Since ATM is a cell-switching protocol, a path Fig. 1. ON/OFF model.

through the network is determined at call set-ujraf The state durati babilit d cell i
fic contract including the QoS and other parameters, is € state duration probability and cell generation
te during active periods define the source type.

established between the source and the network. THE
elements of the traffic contract are used by routing and

L . . TABLE |
call admission control (CAC) algorithms in an attempt
to prevent or manage congestion in the network. During

|. INTRODUCTION

CHARACTERIZATION OF VBR SOURCES

transmission, a source is expected to adhere to its tralﬁé“ource Type State Duration ON Rate
contract commitments. The network has the authority fto
invoke policing mechanism&hich may drop non-com- Exponential distribution:
pliant cells. MMFP f(x) = )\.e_AiX PCR
1

In general, our research concerns the roles that
computational intelligence (Cl) techniques can play in

Exponential distribution: Poisson distribution

improving ATM performance (call blocking, network| —,\\np i T
utilization) over conventional versions of the algorithmps f(x) = Ae ' f(x) = € xlu
mentioned above. The main goal is to develop a meth- ]
odology for applying Cl in ATM environments that pro- Pareto distribution:

duces near-optimal results. Heavy tailed  f(x) = paPx Pt PCR

The remainder of this paper is organized as follows

Section Il presents the traffic models describing the var- wherea, =0 x> a

© 1998 IEEE, |IEEE 1998 Ph.D. Students Conference
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The functions listed in second column of the tablerobust solutions, it is anticipated that evolutionary sys-
are the probability density functions for exponential andems combining these techniques will be appropriate for
Pareto random distributions. The function listed in theapplication in arATM environment [13-15].
tablés third column is the probability mass function for There is much research [2,3,4,8,9,14,15] being
the Poisson random distribution. devoted to using CI for improvingTM performance

Markov modulated fluid processes (MMFP) have(throughput, utilization and call blocking) via advancing
exponentially distributed state durations and generatpolicing mechanisms, CAC, and routing algorithms.
traffic at a constant rate (PCR) when active. MarkovTypical research papers quote that by using some rela-
modulated Poisson processes (MMPP) also followtively simple ANN or fuzzy controller for adaptive deci-
exponential distributions for their state durations. How-sion making inside theATM switch, they realize
eva, when active, the MMPB cell generation rate is approximately a ten percent improvement in throughput
specified by a Poisson distribution. over conventional techniques.

Recent work [10,16] has shown ethernetfficao Since it is not yet a matured research field, the stud-
have the self-similar property of burstiness over manyes of Cl applications in data networks still do not
time scales. Such self-similar fiia is typically mod- include detailed in-depth reports on methodologies.
elled by the superposition of multiple heavy tailed ON/Though much of this research is insightful and has
OFF sources. When active, these sources generate calierit, none of it lays down a clear and well documented
at a constant rate. The phrase “heavy tailed” refers to thmethodolog, with well set up experiments and sensitiv-
shape of the probability distribution function specifying ity analysis, to indicate how much of the performance
the sourcks state durations. Here, we use a Pareto distrimprovement promise may be realized.
bution with infinite variance.

IV. ATM CALL ADMISSION CONTROL

IIT. COMPUTATIONAL INTELLIGENCE A good CAC function is critical for avoiding con-

The phrase “computational intelligence”, refers togestion in the network. The CAC function should be
adaptive numerical algorithms for solving traditionally fair; accepting all calls deemed to be serviceable. How-
“hard” problems, such as pattern recognition and optievae, there still exists the potential for increased call
mization of complex systems. There are three compleblocking because admitting one veryga call may pre-
mentary classes of Cl algorithms [12]: artificial neuralvent the admission of many small transmissions. Unfor-
networks (ANN), fuzzy systems, and evolutionarytunatey, such a scenario would require dividing users
(genetic) algorithms. The relationships between thesato classes based on bandwidth usage and allocating
algorithms are summarized in Fig. 2 helo virtual paths in the network.

Fig. 3 below illustrates the modelling of statistical
multiplexing of trdfic from multiple sources onto a sin-
gle output port in alATM switch. This is the environ-
ment that we simulate for analyzing our CAC
algorithms. The source ffec is simulated using the
models described in Section Il

Evolving
Architecture/
Nodes

Tuning
Rules/Labels

GENETIC
ALGORITHMS

Embedding
Knowledge

NEURAL
NETWORKS

FUZZY

SYSTEMS nxn ATM switch

| output
O 71 [T TH>%0n

Facilitate
Learning

N sources O/ one buffer
Fig. 2. Relationships of the CI techniques. (common per output port
destination «
This figure illustrates that neural networks and port)

fuzzy systems may closely interact. Neural network data

processing and learning capabilities can be used to facil-

itate learning in fuzzy systems. Conveysduzzy sys-

tems may be used to embed structured knowledge

within neural networks at initialization. Fig. 3. Modelling tréfic from multiple sources onto a
Though genetic algorithms are somewhat separated common output port.

from the other two, they caiffectively perform the role ) )

of a trainer for both neural networks and fuzzy systems ~ ConventionalATM CAC algorithms range from

to help them be optimized. Since we are interested ifimPlistic PCR pre-booking (guarantees performance,
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but wastes bandwidth), to those based on the concept tbn environment must support the development of a
effective bandwidth (EB) [5,6,7]. methodology for either directly or indirectly establish-
EB is appealing because it is intuitive to think that aing tight upper bounds for these curves. The perform-
VBR source should have somieetive required band- ance improvements of the resulting algorithms can then
width (less than its peak rate) at which its QoS requirebe directly measured, in terms of increased link utiliza-
ments are still met. If so, an EB based CAC algorithntion and/or decreased call blocking probagpilitersus
would simply compare the sum of EBs to the channethe existing algorithms as well as the exact empirical
capaciy. Howeve, it is only computationally practical values.
to approximate the EB. Furthermore, the equations are To date, the model in Fig. 3 has been coded and is
available for only specific (Markovian) families of VBR being tested. A functional model of this simulation envi-
source models. Our simulations show that these convemenment is shown in Fig. 4 be&lo The results of ongo-
tional EB algorithms can still leave the links undéi-  ing simulations, implementing MMFP and MMPP
lized. sources, and conventional EB based CAC algorithms,
In considering the conventional CAC algorithms, will be used as baseline performance measures. Heavy-
we note that they are quite dependent on accuratailed ON/OFF models, used to generate self-similar
assumptions of source models and the ability of sourcesaffic such as ethernet and VBR video sources, are also
to declare their characteristics. Cl based techniqueavailable for simulation.
offer the potential to overcome these dependencies by

using expert knowledge and automated extraction of o o

source characteristics. --»' Trainer ®------ Source traffic
Furthermore, the conventional techniques do not . +

necessarily include simultaneous consideration of multi- .

ple QOS parameters or provide soft control decisions. Y

Here, Cl based techniques include such possibilities. I- Control

Finally, the conventional techniques exhibit little adapt- gont;?jl?eﬂ —action »| ATM port

ability. Cl based techniques may easily be constructed to —‘

be adaptive. Accordingl several measurement based QOsS

CAC algorithms using ClI techniques have been pro- performance

posed [2,3,4,9,14]. Fig. 4. CAC simulation environment.
Chang and Cheng [3,4] describe a system using )

fuzzy logic controllers iPATM for CAC and transmis- Comparative performance analyses versus other

sion rate management. The impetus for this approach figorithms shall be provided throughout the experi-
the dificulty for a network to obtain complete statistics Ments.To develop a methodology for the application of

of its input trdfic, together with the somewhat unclear the Cl based algorithms, the model will be expanded
choices of parameters (under dynamic conditions) 9@ to mglude a monl'torlng/trglnlng process deplcted
conventional techniques. These factors lead to decisioff figure using dashed lines. This hybrid system will be
processes full of uncertajnt The proposed system rlgorously 'e.xamlned, have its performance evaluated
accepts or rejects new calls based upon fuzzy ruledNd sensitivity analyzed. _ _

involving the current bifier state, change in Her state, In_their implementation, the simulation models

a description of how well the existing QOS guarantee&Nust consider the following:

are being, together with estimates of the capacities * choice of models for the sources

required by the call and available in the network. * traffic contract parameters
« buffer capacities
V. SIMUL ATION ENVIRONMENT « output link capacity

As stated previoug) the main goal of this thesis is * choice Of.CAC a}lgorlthm and its associated
parametric requirements

the development of a methodology for applying CI . . .
based algorithms iATM environments. The techniques Megnvyhne, the simulations must keep track of the fol-
: . lowing:
developed using this methodology should outperform . 00S perf i
existing approaches; both conventional and CI based. . Q I thper or:ma;nce metrcs
Ideally, the use of this methodology should lead to solu- . I(?ek t'FIQUgt_ by
tions that provide tight upper bounds on the exact band- . n l;)' |zaf|0n . I
width requirements over the whole range offfica . number Of onlgl]omg C.az
scenarios. The research experimentation and the simula- nNUMDET ot calls service
* number (ratio) of blocked calls
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Abstract

Emergent behaviours have been used in
biology to model construction tasks, and in robotics
to produce control behaviours. Simulations have
been used to show that contructive behaviours
based on existing robot control behaviours is
possible.

Introduction

Emergent behaviour provides a new paradigm
for modelling. The interaction of multiple simple
actions give rise to aggregate results which are
not only more complex than the sum of the
interacting parts, but exhibit a coherency which
is not obvious from the description of the
interactions.

This emergence has been used to model
behaviours of biological systems ranging from bio-
chemical to societal [Beck92, Cale92, Seid92,
Col092, Drog92, Bona96]. These models have been
useful in understanding how complex behaviours
could have arisen from simple reflexive actions.

The model of emergent behaviours has been
successfully applied in robotics [Colo94, Mata95,
Stee94, Ram94, Dona93]. Rather than being used
to explain complex behaviours, it has been used to
define them. Starting from the mechanical
controls available in robots, emergent behaviours
have been developed by searching for the
appropriate responses to environmental stimuli
that give the correct degree of interaction. A
variety of techniques have been used both for
expressing and searching for these behaviours.

The behaviours developed to this stage have,
for the most part, been control behaviours, that is
behaviours which relate to how a robot operates
its own mechanisms.

Current behaviours have been tedious and
difficult to develop. Adding an extra layer of
complexity to the tasks would make such
behaviours too time-consuming and difficult to

develop. It would be advantageous to build on
such behaviours as already exist, and develop
new behaviours which take advantage of what
has gone before. Early behaviours have been
defined on mechanical controls, new behaviours
will be built on virtual controls, the already
existing robotic behaviours.

To determine the possibility of developing
such higher level behaviours, this research has
focussed on one particular type of behaviour, that
of construction. There has already been some
success in applying emergent behaviour to
construction tasks in biological research.
Extending this to the field of robotics seems a
natural extension.

Preliminary experiments have shown that
such higher level behaviour is possible. These
experiments used several basic control behaviours
such as moving and homing and a three
dimensional cellular automata approach to
construct a cube out of cubic blocks in a cubic
lattice. These experiments were based on
hypothetical agents operating in a simplistic and
perfect world.

Objective

The objective of this research is to determine
if a class of behaviours for useful robotic
construction tasks can be modelled as a higher
layer of behaviour on lower level control tasks.
The two basic questions are whether higher level
behaviours can be defined in terms of control
behaviours, and whether constructive behaviours
can be defined, modelled and implemented. This
hierarchy is illustrated in Figure 1.

This paper describes one set of experiments
into producing emergent constructive behaviour.
The target was to have multiple agents produce a
regular structure unlike any normally produced by
agents in nature. A cube was chosen for its
simplicity.

0 1998 IEEE, IEEE 1998 Ph.D. Student Conference
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Constructive Behaviours

fill holes

Control Behaviours

wandering

Robotic Controls

wheel motor

Figure 1. The hierarchy of behaviours, in general, and with an example.

The environment was a three dimensional
cubic lattice. A seed block was placed in center of
the space. Each agent maintained an internal
state and all agents operated from the same set of
rules. The rules were set up as a sequence of masks
on the 26 cells neighbouring the agents current
location in the lattice as well as the agents
current location.

In each time increment, each agent examined
its environment and compared it to each of the
rule masks in turn. When a match was found, the
associated action was performed.

Initial Experiment

The set problem was to build a cube. The
construction behaviours expected were getting the
agents to build straight lines and fill in to make a
solid structure. A simple set of hand crafted rules
were used initially.

The actions which were implemented for the
agents were: forward-movement, turning, placing
a block in the current location, searching for
material and homing.

Perception was based solely on whether there
were blocks in the immediate environment. Agents
were not able to see each other, but the software
ensured that no two agents occupied the same
location at the same time.

Each rule consisted of an 27 position mask and

an action pair. The mask represented the location
the agent was in, and the neighbouring 26
locations. This mask was compared to all of the
different views of the agent’s local environment
when its turn in the time interval arrived. The
mask allowed three states, a block was present, no
block was present, and don’t care. Probabilities
were attached to the rules. This slowed down the
rate of construction, but provided more flexibility
in controlling growth rates.

The three behaviours implemented by the
rules were to extend corners outward, to add along
edges and to fill in surfaces. The cube emerged as
layers were added to the seed cube. The rules
which lead to extension were given a lower
probability than the rules which lead to filling
in.

The flaw in the construction process was that
the expansion would occur before the surface had
been filled in. Also, expansion was not always
even, so the cube would become brick like,
differing in size between the dimensions. The
probabilities which lead to a reasonable balance
between growth and filling in were different
depending on the size of the structure completed.
Finally, there was no way to limit the size of the
cube, except by the length of the simulation.

Extended Experiment

For the second set of experiments, it was

0 1998 IEEE, IEEE 1998 Ph.D. Student Conference
GRADCON’98 Proceedings; Winnipeg, MB, Canada; May 8, 1998



-53-

decided to add some complexity to the agents in
an attempt to address some of the shortcomings
from the initial experiment.

In terms of their interaction with the
environment, rather than simply occupying a
space, their orientation in that space was made to
accommodate the surface. This meant that in
addition to occupying a space, the agents were
standing with their feet on a surface and facing in
a direction. This made their travel on the surface
of the structure more sensitive to it's
irregularities.

The agents were given two sets of rules, one for
expansion and one for cleaning up the surface.
Which rule set to use was based on the agent’s
state. Based on information about honey bees,
which progress through different roles as their
wings wear, the concept of energy level was
introduced to the agents, which was depleted
through time and activity. At lower energy
levels, the robots followed a second set of rules.
Only at high energy levels would more material
be gathered and placed. At lower levels, material
was shifted on the structure. When energy levels
were completely expended, the agents
disappeared. This allowed for restricting the
size of the structure as well. A sample rule set is
provided in figure 3.

1*'k**k‘k*****k‘k*****k‘k*****k‘k****

[é)]

_*********Bx*x*********B****
L KKK koK ok ok kR k Bk ok yk ok ok ok ok ok ok Bk ok ok ok
_*********XBX**********B****
_*k*****k*BBB*********XBX*k*
_*********X************BB*BB
'***********X*********BB*BB*
_******************XXXXBX***

L kR ok kR ok ok ok R R Kk Xk ok ok ok ok WX B XK X

_**********************B****

00 P NONNNNNNNNO©
OR P UUREREREN

—

Figure 2. Sample rule set, showing 10 rules with

mask, action and delay.

To permit the agents to clean up the surface, a
new action, picking up a block, was added to the
model.

Probabilities were taken out of the model, but
a delay was added to replace them. Each agent
was aware of how long it had been in a particular
state, and some rules were not valid until the

agent had been in the correct state long enough. In
some sense, they had to run out of patience.

Observations

The goal is to understand how basic robot
behaviours can be used as actions to evolve higher
level construction behaviours. Several decisions
were made in constructing the model without any
reference to a physical model. Many of the
parameters to the environment and agents
behaviours would not be parameters in a real
solution, but rather would be restrictions.

Instead of trying to solve for one particular
problem without recognizing its relevance or
significance, it was decided that a more structured
approach to the problem of evolving construction
behaviours was desirable.

Conclusions

A literature review has shown that emergent
behaviour can be successfully applied to
modelling observed behaviour in animals, and to
the application of robots in both simulated and
physical environments. In both cases, the
behaviour is based on the interaction of several
basic actions or reflexes.

The difficulties of developing behaviours in
the physical world argues that not only must
simulations be used to develop complex new
behaviours, but that these behaviours must take
advantage of existing behaviours. It must also be
pointed out that there has been limited attempts
in transferring simulated behaviours to physical
robots.

Some experimentation has also shown that
basic constructive behaviour, such as building a
cubic structure, can be developed in a simulated
environment. This behaviour made use of lower
level behaviours rather than direct interaction
with the agents primary effectors.

While the experiments indicated possibility,
they did not show how such behaviours could be
implemented using physical agents, such as
robots.

Research has also shown that while a number
of robotic behaviours have been developed, there
is no standard definition of what the behaviours
are, or how to model them for simulations which
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would be based on the behaviours.

References

[Beck92] R. Beckers, J. Deneubourg, S. Goss, Trails
and U-turns in the Selection of a Path by the Ant
Lasius niger. Journal of Theoretical Biology 159,
1992, pp397-415.

[Bona94] E. Bonabeau, et al., The Building
Behavior of Lattice Swarms. Proceedings of the
4th International Workshop on the Synthesis and
Simulation of Living Systems (Artificial Life IV)
(ALIFE94). Cambridge, MA, USA, 1994, pp. 307-
312.

[Bona96] E. Bonabeau, G. Theraulaz, ]J.
Deneubourg, Mathematical Model of Self-
Organizing Hierarchies in Animal Societies.
Bulletin of Mathematical Biology, 1996, Jul, V58
N4:661-717.

[Cale92] V. Calenbubhr, J. Deneubourg, A Model for
Osmotropotactic Orientation.  Journal of
Theoretical Biology 158, 1992, pp359-393.
[Colo94] M. Colombetti, M. Dorigo, Training
Agents to Perform Sequential Behavior, Adaptive
Behavior 2(3), 1994, pp247-276.

[Colo92] A. Colorni, M. Dorigo, V. Maniezzo,
Distributed Optimization by Ant Colonies.
Toward A Practice of Autonomous Systems:
Proceedings of the First European Conference on
Artificial Life, IT Press, 1992, pp. 134-142.
[Dona93] R. Donald, J. Jenning, D. Rus,
Information Invariants for Cooperating
Autonomous Mobile Robots. Proc. International
Symposium on Robotics Research, Hidden Valley,
PA, 1993.

[Down90] H. Downing, R. Jeanne, The regulation
of complex building behaviour in the paper wasp,
Polistes Fuscatus (Insecta, Hymenoptera,
Vespidae). Animal Behav 39, 1990, pp105-124.
[Drog92] A. Drogous, et al. A Behavioral
Simulation Model for the Study of Emergent
Social Structures. Toward A Practice of
Autonomous Systems: Proceedings of the First
European Conference on Artificial Life, MIT Press,
1992, pp. 161-170.

[Kars93] I. Karsai, A. Penzes, Comb Building in
Social Wasps: Self-organization and Stigmergic
Script. Journal of Theoretical Biology 161, 1993,
pp-505-525.

[Mata95] M. Mataric, Issues and Approaches in
the Design of Collective Autonomous Agents.

Robotics and Autonomous Systems, 16, Nos. 2-4,
December 1995, 321-331.

[Ram94] A. Ram, et al. Using Genetic Algorithms
to Learn Reactive Control Parameters for
Autonomous Robotic Navigation. Adaptive
Behavior v2, issue 3, 1994, pp. 277-304.

[Seid92] P. Seiden, F. Celada, A Model for
Simulating Cognate Recognition and Response in
the Immune System. Journal of Theoretical
Biology 158, 1992, pp.329-357.

[Stee94] L. Steels, A case study in the behavior-
oriented design of autonomous agents. From
Animals to Animats, Simulation of Adaptive
Behavior (SAB ‘94), Brighton, UK, MIT Press,
1994.

0 1998 IEEE, IEEE 1998 Ph.D. Student Conference
GRADCON’98 Proceedings; Winnipeg, MB, Canada; May 8, 1998



-55-

PERSONAL PROXY CACHE

Sajid Hussainsajid@ee.umanitoba.ca

Microelectronics and Software Systems Lab
Advisor: Robert D. Mcleogdmcleod@ee.umanitoba.ca

Abstarct--This paper presentsa personal proxy cache at local web browser cache is quite beneficial for users but

the proxy server where objects are pre-fetched from the they still sufer from communication delays. The

:_ntf_ernet to provide faster downloading for bandwidth Internet download time through a modem is very long
imited users. The personal caching agent determines the h d to the d load fi f th
objects to be prefetched. It increases the probability of when compared to [he download time or the Same

getting the desired object at the personal proxy cache thus object from a proxy server

fewer objects are downloaded directly from the Internet. Figure 1 shows that there is a greater bandwidth channel

between the proxy server and the Internet than between
| INTRODUCTION the hqme_user client and the proxy seridus, while

an object is downloaded for a user from the proxy server
The Internet is becoming increasingly popular at home,during the same time several other objects can be pre-
work, school and all other institutions. At home, users fetched from the Internet to the proxy servérese pre-
have bandwidth constraints which delay the retrieval of fetched objects will accelerate the downloading
information. The goal is to bring the source objects process.
closer to the user so that less time is needed to downloa

the data at the bandwidth bottleneck.
Proxy Server

Caching on local browsers helps to reduce the delays fol
reloading recently accessed objects. The retrieval time Personal Proxy Cache
could be further reduced by pre-fetching (push-caching) <—>l//v
[1] the objects that are not requested by the user but ar More Bandwidth
likely to be requested in the future. Since the user at | ldeosvfléllfgaedf%
home have bandwidth constraint channel, pre-fetching
the objects at home computer will not béeefive. Pre- <_’l
fetching could be éctive by providing a personal cache
for the user at the proxy servérhe objects are pre-

Less Bandwidth‘

Internet

fetched to the personal proxy cache usinggdar

bandwidth channel between proxy server and the source moe time for g 2
website downloading

e e s e e = - ul
Pre-fetching

Personal proxy cache agent could be used to determin Objects ae downloaded beferthey ae requested

the objects to be pre-fetched for the uskmre agent
monitors the history of the user and determines the
desired objects. The personal proxy caching increase:
the chances of getting the object from the pre-fetched
objects.

Fig. 1. Pre-fetching to Personal Proxy Cache

The following section discusses the personal proxy A. Hierarchy
cache, section 1l discusses the prototype

implementation and finally the conclusion. A hierarchy of caches improves the sysem’

performance [2]. The personal proxy cache adds an
additional layer in the hierarch¥igure 2 shows the
Il. PERSONAL PROXY CACHE hierarchy of caches in the protqtype implementation of
o personal proxy cache. The first layer is the local
Most home users digf from communication delays. The prowser cache, second is the personal proxy cache and
cost of disk space and computation time is significantly third is the proxy server cache. The fiwént addition
less than the cost of communication. Personal proxyof more layers in the hierarchy of caches may increase
cache provides extra user cache on the proxy séiter  the document retrieval time [3]. When the proxy server

©1998 IEEE, IEEE 1998 Ph.D. Students Conference
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cache is full and an object is replaced then usual leasin the /usr/local/tmp directory for users on the Sun

recently used (LRU) algorithms give poor performance Solaris 2.5 operating system. The users can utilize the

[4]. Since the likelihood of finding the objects in the free disk space (/usr/lodahp)for their pre-fetching and

personal proxy cache is greater than finding the objectsthus download the documents at a faster rate. Squid ve

in the proxy server cache, the addition of an extra layerl.1.21 is used as the proxy server and wgetlvB.0 is

in the hierarchy reduces the objects downloading time. used to pre-fetch the objects from the Internet. The
objects referenced by the links in the current document
are downloaded to the personal proxy cache.

Local Cach Local Cach

) ) A. Algorithm
- - A simple algorithm is proposed to pre-fetch the objects.
@ @ The algorithm is easy to implement and does not require
g g large ove-head.

1. Retrieve the visited link from the log file of the user
2. Pre-fetch the other objects referenced by the links

A . X
in the current object
Personal Personal
. hq 3. IF the user visits some other link THEN terminate

the pre-fetching process

The pre-fetching is proportional to the time spent at the
Proxy Server Cache website by the user.

B. User Request Path

When a user makes a request, the object is first searched
in the local browser cache. If the document is not found
then the request is given to the proxy servae Proxy
Server checks the documents in the personal proxy
cache for the uself the document is available in the
Fig. 2. Hierarchy for Personal Proxy Cache personal proxy cache then it is given to ther.uéehe
document is not located in the personal proxy cache, it
is searched in the proxy server cache and if it is not
available there then the object is retrieved from the

B. Personal Caching Agent Internet.

A Personal caching agent determines the objects to b(/Vhen the object is retrieved from the Internet, then a
copy of the object is stored in the proxy server cache and

pre-fetched. The user browsing history helps to ) .
determine possible candidates. Furthermore, simple2nOther copy is stored in the personal proxy cache.

heuristic rules may also help in determining the possible
candidates. For instance, if the user visits a particular
newspaper or entertainment site everydaen it may IV. CONCLUSION

be required to pre-fetch the objects to the personal proxyObjects are pre-fetched to the personal proxy cache to

cache. As well, if the user visits a list of links then it is get faster downloading. Since the personal caching

better to pre-fetch the other objects in the list while the agent is used, the probability of finding the objects at the

first object is being downloaded [5]. proxy server is greater and fewer objects are
downloaded from the Internet.

Internet

lll. IMPLEMENTATION
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Abstract- This is a digest of the work and research hydro companies, and natural resource institutions and
completed thus far in developing a progressive image usually require high accuracy and resolution for project
transmission scheme. Efficient and quick communi- planning. Uses for these high resolution images include
cation of perceptually important image information  tasks such as deciding where to place new sewer pipe-
is desired resulting in this research with wavelet and lines and telecommunication lines, or analyzing images
fractal techniques for the identification and extrac-  of farm land to determine the best application pattern for
tion of perceptually important features. This is done pesticides, herbicides, and nutrient supplements. Other
with the final goal of interactive control over the pan-  applications for high resolution images include astron-
ning, zooming, and termination of the image recon- omy image warehousing, medical image database distri-
struction with minimal recomputation at progressive  bution, and photographic cartography.
steps. Unfortunately, images of the required resolution
often exceed 25 megabytes. The sheer size and high res-
. INTRODUCTION olution required makes storage, transmission, and
. _ . manipulation of the images prohibitive. To compound
TRANSMlSSlON and manipulation of large images, hese problems there may be hundreds or thousands of
such as satellite or aerial images of naturakpese images in a remote database. This makes search-

resources and city streets, proves to be a time andy through a remote database and zooming on regions
resource consuming task. Images, such as that in Fig. dfinterest in an image even more difficult.

are often used by city planners, telephone companies, \ye therefore investigate and develop new progres-
| : m . o sive image transmission techniques for distributing such
- e r— images efficiently and effectively. Through the proper
h extraction ordering andcontrol of the flow of transmit-

ted data, image compression and transmission can be
improved upon to suit a larger class of image distribu-
tion problems than current progressive image transmis-
sion techniques can efficiently handle. First of all,
image compression by itself can reduce the amount of
data that must be transmitted from source to destination.
If image compression is done such that increasing levels
of perceptually important details are transmitted then
this improves the early recognition of important features
in the image before all of the image is transmitted. If the
user notices that the image is not desired then transmis-
sion is terminated prematurely and the user can move on
to another image. This extra control over the transmis-
sion is useful in helping reduce total transmission time.
Another important feature is the ability to zoom interac-
tively in and out of different regions of an image or pan

- = S B : around in a zoomed image. If zooming and panning is
Fig. 1 Aerial ortho image of urban ar@&48x 2759 (one in a smart way, the data stream can be changed
(courtesy of Linnet Geomatics, Inc.).

" ¥ = B

§.
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Data
y Wavelet Embedded Adaptive | stream
S%f;;';ﬁiisnhOIU—» transform — zero-tree —® arithmetic
9 (Daub-4) coding coding
Fig. 2 Data flow of a basic progressive wavelet image cade
dynamically to send only the image information Il . PROGRESSIVEIMAG E TRANSMISSION

required for the area of the image being viewed. This USING WAVELETS
does require a smarter transmitter/receiver configuration
but the extra flexibility is indispensable for some of the A number of approaches are being investigated and
listed applications. This whole scheme can be classifiede under development to #iciently and effectively per-
as anadaptiveprogressive image transmission model. form the progressive transmission of images. The pri-
The remainder of this paper presents the importarinary approach looked at consists of decomposing
aspects of research and work done so far for achievinghages using the wavelet transform and then selectively
this adaptive progressive image transmission schemé&hoosing and ordering which wavelet cdécients best
Sectim Il outlines some of the work done with waveletsperceptually represent the image. A data flow diagram
in developing progressive image transmissionOf one of the implemented progressive image transmis-
Sectian Ill outlines a new technique developed for thesion schemes using wavelet decomposition is illustrated
representation of image textures through fractal surfac® Fig. 2 [DaKi98a]. Here, we have an image that is
interpolation. Section IV outlines the begins of a quan-feed through a soft-threshold denoiser [Dono95] to
titative measure of image quality based on the fractalemove noise that hinders the compressibility of the
complexity. Sectia V outlines some of the initial work image. This resulting denoised image is passed through
done with image denoising to improve the compressibila wavelet transform filter and then embedded zero-tree
ity of images which will reduce transmission time. Andcoding [Shap93] is used dorder and compess the
finally, Sectim VI briefly describes the client/server wavelet coéficients according to enegy magnitude.

testbed under development to field test the developedinally, adaptive arithmetic coding WINC87], which is
progressive image transmission schemes. a lossless entropy code is used to remove further data

808 bytes (0.308%) 1977 bytes (0.754%

20678 bytes (7.89%) 58173 bytes (22.19% 96359 bytes (36.76%

Fig. 3 Progressive transmission of the aerial ortho image denoised to 35 dB with size in bytes and % of original.
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redundancy left in the data stream before transmission.
A set of sample steps from a progressive image trans-
mission using this scheme is shown in Fi§.

[l . PROGRESSIVEIMAG E TRANSMISSION
THROUGHFRACTAL SURFACEINTERPOLATION [teration #1

Another approach to progressive image transmis-
sion being investigated is to use fractal surfaces to syn-
thesis textures within an image. Work began with
developing techniques dmeaste, represen, and syn-
thesisimage textures using fractal techniques. A new
technique for image compression was developed where
fractal surfaces, such as the one illustrated in Figl, are
used to recreate image surfaces throfigctal surface Iteration #3
interpolation (FSI) [DaKi96]. This is done by measur- Fig. 4 Example of 2D fBm illustrating FSI.
ing the fractal dimension of the surfaces throughout an
image and then recreating these surfaces using 2D frac- L . L
tional Brownian motion (fBm) through the midpoint dis- with the original image in terms of enegy. This is limit-

placement algorithm (MPD) [Saup88]. This teChniqueing and since more appropriate measures can be devel-
was found to work best with random looking textures

oped for evaluating the successive steps in a progressive
due to the nature of the randomness in the MPD. Furi[nage transmissjoq Tq this end, Qevelopment i under
ther work was done with FSI where fractal surfaces &y 9N @ guantltatl\(e image quality measure b_ased on
were overlaid on coarse wavelet compressed represen © Renyl geqergllzed_ entropy  [DaKi98a][Kins94].
tions of images [DaKi97]. This improved the compres- Sing the Rgnyl dimension measure, a range of fractal
sion ratio of the images since wavelets do a better job femensmns is calculated which gives a measure of the

the overall surface tendencies in images while the fract actsIScNoanpleéa'?r/] W;thmt tlhe |ma|ge._t Combining b?tthh
surfaces can represent the random noise texture featu an e fractal complexity measures of the

perceptually present on top of these surfaces. _enyi dimeqsion, qptimal 'selecti.on of wavelt_at céie .
The ideas of FSI for image compression were ther?'ents of an image is possible to improve the its quality

extended to a progressive image transmission schenﬁ% successive steps In the progressive transmission.

[DaKi98b]. The natural progressive nature of the imag sing th'sé STICCESSN? stteps n Ithi. transrr?lssmg Sh%md
reconstruction steps, as illustrated by the three succe € perceptually superior fo a selectlon scheme based on

sive steps in Fig4, lends itself well to the progressive ena gy alone since the fractal complexity within the suc-

transmission of the surface information so that increass€SS!Ve IMages 1S better represented.

ing levels of detail in the surfaces are reconstructed.

Iteration #2

V. SOFT-THRESHOLDDENOISING

IV. MEASURE OFIMAG E COMPLEXITY

Another important aspect of the progressive image
AT PROGRESSIVESTEPS P b brog 9

transmission scheme, or any image compression scheme
Along with the actual progressive image transmis-" general, IS the removal of unwante_d, mcompre_f,smlg
nQise from the image as a preprocessing step. This is in

sion schemes being developed, we are also interestedI ith th Is of th o ¢ ;
the quality of the image at successive steps during the'e Wi € goals ol Ine progressive Image fransmis-

progressive image transmission. This is a primary interSion since identification of perceptually important image

est since understanding how specific progressive imai—%atures Is required which rarely includes noise compo-

transmission schemes break down and order the ima nt_f_‘h I noi f denoising is th | of
information is vital in evaluating the performance of the . € general hotion of denoising 1S the removal o
oise that is present in a signal, leaving only the clean

progressive image transmission. Also, understanding_ : .
how the progression occurs helps in tuning the selectio jgnal. Normall){, .though, the hoise _component IS
of parameters to improve the early steps of the progreé’—nknowr.] S0 denoising seems an impossible task. Using
sive image transmission. the a priori know!edge that noise u_su_aIIy has dferent
Traditionally, only thepeak signal-to-noise ratio statistical properties and chara_cterlstlcs from thosg of
(PSNR) of an image is used to evaluate its qualit the clean image, we can €ffierentiate between the noise

Unfortunately, this only relates the reconstructed imaggn.d Image components in the signal. Removal of this
noise generally improves the compression rate of the
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image and therefore reduces the time required for thand hence is useful as a quantitative quality measure of
progressive transmission of the image. complexity for images. This is useful in the selection of
Research done to date in this area includes usinignage features to more faithfully represent the succes-
soft-threshold denoising [Dono95]. Here, we apply asive images in the progressive transmission. Soft-
nonlinear thresholding scheme to the empirical wavelethreshold denoising proves #ective at removing noise
codficients of a transformed image. This processand improving the compressibility of images though
smooths out noise in the image but tries not to degradeome level of the signal is also removed. Further work
sharp, prevalent structures such as edges which are nof-reintegrating the removed signal is planned. Finaj
mally removed when using classical smoothing operaa client/server testbed for field testing the progressive
tors. Also, soft-threshold denoising does not introducémage transmission schemes has been developed.
spurious artifacts into the denoised image that later may
be interpreted as significant. The denoised image will ACKNOWLEDGMENT

be as smooth as the original. )
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Abstract— This research addresses the problem
of moving object detection in image sequences,
with application to very low bit rate video cod-
ing. An approach to segmentation of moving
objects in facial image sequences is presented.
In this approach a split-and-merge procedure is
used to resolve the difficulties arising out of the
mutual dependence between motion estimation
and segmentation. The basis of the approach
is the segmentation of a given frame based on
edge detection and subsequent merging of regions
based on motion analysis. The edge detection has
been achieved using the wavelet transform. The
motion estimation is based on a geometric model
for the objects to be detected. Preliminary re-
sults obtained with typical head and shoulder im-
ages are presented.

I. INTRODUCTION

HE very low bit rate coding of video (i.e., as

low as 10 Kb/s) has been necessitated by the
ever growing demand for visual communication ser-
vices over the public networks. It has been shown
that object-based coding can be used to achieve
much better perceptual image quality at low bit
rates, compared to the classical block-based coders
[MuHO89]. The fundamental idea behind object-
based coding is to extract and encode messages de-
scribing the moving objects in a video sequence. At
the decoder, the sequence is reconstructed by syn-
thesizing images using the transmitted messages.
This requires modeling of moving objects, and dif-
ferent types of models including 2D and 3D models
have been proposed in the past [LiLF94]. In this pa-
per we use a 2D model to represent the projections
of actual 3D objects on the image plane, and avoid
the problem of dealing with 3D objects . Thus, the
object detection problem reduces to the segmenta-

tion of an image sequence into regions that con-
firm to the given model. In comparison to a block-
based coder, the object based coder uses arbitrarily
shaped regions for motion compensation. This ap-
proach entails certain complexities with respect to
a block-based coder. Firstly, it is necessary to es-
tablish the temporal correspondence of moving re-
gions between frames, and possibly throughout the
entire image sequence. Secondly, it requires, in ad-
dition to motion information, the shape of objects
or segmentation information to be transmitted to
the decoder, leading to an additional coding over-
head compared to a block-based coder. Therefore,
the segmentation of moving objects must be carried
out such that the inter-frame variations of detected
objects are minimal.

This paper presents an approach to object detec-
tion in head and shoulder image sequences. Our
work has been motivated by the application of
object-based video coding to such sequences and
achieving bit rates in the vicinity of 10 Kb/s.
Hence, we attempt to segment the image sequence
into regions that closely corresponds to the actual
objects, i.e., head and shoulders of a person. This
ensures the consistency of objects through the se-
quence, and allows the coding of only the small
inter-frame variations of object-shapes. The pro-
cess can be divided into two steps: (i) short term
analysis that identifies moving objects in two con-
secutive frames, and (ii) long term analysis that en-
sures a temporally coherent “image scene”. This
paper deals with the first step. The second step in-
volves segmentation projection and object tracking.
The main feature of the segmentation method pre-
sented in this paper is the use of an object model.
We use a split-and-merge procedure in finding ac-



-63 -

curately the boundaries of moving objects that con-
firm to the model. In the split phase, a given frame
is segmented into set of regions using wavelet-based
edge detection [MaZh92]. This allows the accurate
location of intensity boundaries in the image. Next,
the motion estimation is carried out to identify the
regions that belong to moving objects. In the merge
phase, the adjacent regions that undergo similar
motion are merged to form complete moving ob-
jects.

II. OBJECT MODEL AND MOTION ESTIMATION

In the context of this paper, an “object” is a re-
gion covered by the projection of a 3D moving ob-
ject onto the image plane. It is desired that images
in a sequence be segmented along the boundaries
of such projections. In order to detect the bound-
aries we have to use some a prior: knowledge about
the underlying objects, expressed in the form of an
object model. Since the purpose of our work is to
detect objects in head-and-shoulders images, it is
necessary to use a model that can best represent
such objects. In this paper, the quadratic surface
model with 3D rigid motion presented in [Diehl91]
has been used. This model is a good approximation
to the general surface shape of human face. Also,
the commonly used affine model is included in this
model as a special case. Let R denote set of pixels
defining a moving region, and let (u,v) be the op-
tical flow field at a point (z,y) € R. Also denote
image intensity function by I(z,y,t) at time ¢. As-
suming that 3D-2D mapping is the parallel projec-
tion, the above object model leads to the parametric
optical flow field given by

(1)
(2)

where a; and b; are the motion parameters that
characterize the region. Let (4,9) be an estimate
for the optical flow field based on some estimates for
motion parameters a; and b;. It is assumed that the
intensity of a point remains constant along its mo-
tion trajectory. Then, if R is known, the optimum
values for motion parameters can be estimated by
minimizing the quadratic error measure

Er = Z[I(wayat) —I(:I)—i—ﬁ,,y—{—’f},t—l)]z. (3)
R

U= ala:z + a2y2 + a3xy + asx + asy + ag
v = bix? + byy? + bszy + baz + bsy + bg

In our experiments, we used the gradient-based
minimization. For this purpose we assume that the
local spatio-temporal variations are linear, which
holds true only if the motion of a region R is small.
We address this problem by using a hierarchical es-
timation, based on a multi-resolution image pyra-
mid [AnBH93|.

The main objective of the image sequence seg-
mentation problem addressed here is the partition
of each frame into regions which are uniform with
respect to the motion parameters in (1) and (2).
This requires the knowledge of motion parameters.
However, we need to know the region boundaries to
estimate the motion parameters. As a solution to
this problem, we propose a split-and-merge proce-
dure, as depicted in Fig. 1. In the split-phase, an
initial partition of the image is obtained by segmen-
tation using spatial-features (texture boundaries in
our case) in a given frame. The regions so obtained
are then used for motion estimation using two con-
secutive frames. Subsequently, the observed motion
is used as a similarity criterion in identifying frag-
mented objects. The complete moving objects are
constructed by merging adjacent regions with sim-
ilar motion.

Current Frame

Spatial Segmentation

Initial Objects

Previous Frame
—

Motion Estimation

Motion
Parameters

Motion-based Region Merging

Final Objects

Fig. 1. Proposed split-and-merge algorithm of moving
object segmentation.

III. SEGMENTATION AND OBJECT DETECTION
A. Wavelet-based Boundary Detection

The objective of this step is to find an initial set of
regions to be used for motion estimation. Therefore
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it is desirable to identify significant texture bound-
aries, a subset of which is likely to be the motion
boundaries. Therefore we adopt segmentation by
boundary detection or “edge” detection. One of
the basic methods of edge detection is the use of
derivatives. An image generally contains details at
different scales. For example, and image may con-
tain several large objects and each of the objects
may contain details at smaller scales. A commonly
used approach to eliminate unwanted details is the
processing of the image using a smoothing opera-
tor, prior to computing the derivatives. This leads
to the idea of multi-scale edge detection. In this
paper, we adopt the wavelet-based multi-scale edge
detection proposed in [MaZh92]. It has been shown
that the edges in an image can be found by detect-
ing the locations of the modulus maxima of wavelet
transform, when the underlying wavelet is a deriva-
tive of a smoothing function. We used a cubic-spline
smoothing function and therefore a quadratic-spline
wavelet [MaZh92].

B. Motion-based Region Merging

In the texture segmentation, the projections of
the same 3D object may be fragmented into several
regions according to texture variations. The bound-
aries corresponding to 3D objects can be found if all
adjacent regions that move coherently are merged
together. Since a similar 3D motion does not al-
ways result in a unique set of motion parameters
on a 2D plane [Adiv89], they cannot be compared
to determine the similarity of regions. In this pa-
per we use an implicit measure based on the image
quality obtained by motion compensated image re-
construction. Specifically, a set of motion parame-
ters is estimated for each pair of adjacent regions.
If the motion compensated prediction error is below
a certain threshold, the two regions are merged to-
gether. The procedure is repeated for each pair of
adjacent moving regions. In deciding upon a suit-
able threshold, we used peak signal-to-noise ratio
(PSNR) within a region as a measure of image qual-
ity. It was assumed that a PSNR greater than 30 dB
corresponds to insignificant perceptual distortion.

IV. EXPERIMENTAL RESULTS

Figures 2 & 3 show the preliminary results ob-
tained by applying the segmentation algorithm de-

scribed in the previous section to the image se-
quence Claire, using three consecutive frames (Fig.
2, a-c) from this sequence (frame rate 12 Hz). The
results obtained after wavelet-based segmentation
of last two frames are shown in Fig. 2 (d-e). These
results have been obtained after post-processing of
the initial segmentation. This involved closing of
gaps in detected boundaries, followed by elimina-
tion of small regions. It was found that all images
in this sequence, as well as other similar sequences,
were segmented into about 30 regions. These re-
gions were then used to the estimate motion ac-
cording to the object model described in the Section
IT. The Figs. 2 (f-g) shows the model-failures de-
tected after motion-compensated image reconstruc-
tion. These regions correspond areas affected by
facial expressions and uncovered background. The
Fig. 2 (h-i) shows the objects formed by motion-
based region merging. We note that the persons
head has been detected in both frames as the mov-
ing object. Finally, Fig. 3 shows the images recon-
structed by motion compensation of objects shown
in Fig. 2 (h-i). These images require coding of only
the 12 motion parameters of the main object, i.e.,
the face, except in the model failure regions shown
in Fig. 2 (f-g). However, since model-failure re-
gions tend to have random shapes, both the shape
and the texture of these regions cannot be easily
predicted. At present texture in model-failure re-
gions is assumed to be coded in a lossless manner.

V. CONCLUSIONS

The experimental results have shown that a typi-
cal head-and-shoulders image sequence can often be
reproduced with acceptable perceptual quality, by
coding only the motion parameters associated with
few large objects (two in most cases). A bottle-
neck, however, is the coding of a few model-failure
regions, and background regions exposed by the mo-
tion of objects. It was observed that the object de-
tection based on the analysis of two frames alone
does not always yield consistent results in the con-
text of an image sequence. Also, it does not allow us
to establish the correspondence between objects de-
tected over an image sequence. Future work in this
direction includes the extension of the method pre-
sented here to incorporate long term object track-
ing.
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(c) Frame #96.

(a) Frame #92. (b) Frame #94.

(f) ()

(h) (i)

Fig. 2. Simulation results: Claire sequences.
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Abstracts ysis is not ideally suited for transient analysis, because Fou-
This paper presents a framework for transients classifi- rier based analysis is based on the sine and cosine
cation using wavelet transform and two specific artificial functions, which are not transients. This results in a very
neural networks, propabilistic neural networks (PNN) wide frequency spectrum in the analysis of transients. A
and resource allocating neural networks (RAN). One sig- solution to the problem is to appeal to the use of transients
nificant feature of wavelet for transients characterization to analyze transients. Wavelet transform is the right tool
is its time-scale two dimensional but compact representa- for transients analysis using a small transient - wavelet.
tion. One distinguishing feature of PNN and RAN is the  The capability of artificial neural networks (ANN) to
ability to adjust their architecture automatically to adapt  learn complex mappings, linear or nonlinear, from the input
to new environment quickly and accurately, which makes space to output space, while remaining robust in a noisy
them the promising candidates for transients classifica- environment, has resulted in their application to power sys-
tion in power system. Some experimental results have tems, ranging from fault classification and localization to
indicated the suitability of this framework for transients  power load prediction. The fundamental feature of neural
classification. networks is the ability of learning, however, in many appli-
cations of neural networks in power systems, the learning
I. INTRODUCTION ability has not been fully realized. Such limitations and cor-
Electromagnetic transients in power systems result fromrasponding improvements are introduced in part Ill.
variety of disturbances on transmission lines, such as switch-
ing, lightning strikes, faults, as well as from other intended dt. W AVELET CHARACTERIZATION OF TRANSIENTS
unintended events. Such transients are extremely importaniWavelet theory is the mathematics which deals with
for it is at such times that the power system components asailding a model for non-stationary signals, using a set of
subjected to the greatest stresses from excessive currentg@mnponents that look like small waves, called wavelets. It
overvoltages[KiSh83][MoKi96]. has become well known as a useful tool in several fields,
In recent years, an increasing demand has been obseruaduding signal processing, image compression, biomedi-
for power system monitoring and transient recording (incluccal applications, speech processing, acoustics, numerical
ing faults) combined with analysis, classification, and reporainalysis[Kins97] [KiLa93].
ing. One important component of such system is the digital Given a time-varying signat(t), a wavelet transform
transient recorder, which has been available in some wetlensists of computing coefficients that are inner products of
equipped substations to record various transients and provithe signal and a family of “wavelets”. In a continuous
assistant information about the transients for system opersavelet transform (CWT), the wavelet corresponding to
tors to analyze them and take actions whenever a fasltalea and locatiorb is

occurs. However, present transient recorders lack classifica- 1 -b

| lity to distinguish “interest - (@b = —=wi =0 &)
tion capability to distinguish “interesting” events from “triv- ' - al a O

ial” events.

where  (t) is the wavelet “prototype”, usually called a
The desired intelligent transient recorder should have the W P P y

. S . . . mother wavelet”. Each wavelety (a,b) , is a scaled
ability to distinguish and classify different kinds of tran- . W (a, b) .
. ; . ) . . (compressed or dilated) and translated version of the same
sients, provide a means to filter out meaningful mformanF\

needed to assess system performance, classify faults nt inal functiony (t) .

other disturbances to help identify stability, fault or other ''e DWT of a simulated single-phase fault waveform
power quality issues, and even more importantly to provide4si"9 Paub4 is shown in Fig. 1. The diagrams show that at
means to look automatically for early anomalies that coul§caes 1. the instantance of important events (fault occur-
cause catastrophic failure. rmg,_cwcun b_reaker opening and reclos_url_ng) are clearly
Transients are signals with a finite life, that is, a transierh?cal'zed' while at scales 5, the local vananons_ of the_ fun-
dies to zero in a finite time. Frequency based analysis hd@mental frequency are clearly shown. The tilling of time-

been common since Fourier’s time; however, frequency anaﬁgale_ plane by wave_let t_ransform _for these two types of
transients are shown in Fig. 3 [MoKi97].

© 1998 IEEE, IEEE1998 Ph.D. Students Conference
GRADCO’98 Proceeding; Winnipeg, MB, Canada; May 15, 1998
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Fig. 2.The tilling of time-scale plane by
wavelets for single-phase fault.

. NEURAL NETWORK APPROACH TO TRAN-

SIENTS CLASSIFICATION

The use of pattern recognition for power system security
analysis was first investigated in 1968. Since neural network
can be fully applied for pattern recognition, it has been
widely investigated for transient classification (including
faults). It was evident even in 1968 that the generation of
training set by off-line simulation would be prohibitively
tedious. All automatic learning approaches to system secu-
rity analysis or transients analysis are confronted by the
obstacle of training-set generation arising from the tremen-
dously large number of combinations of variables and
topologies and the computation required for each simula-
tion. Besides the combinatorial problem, there is the prob-
lem of generating a sufficiently large population of
“insecure” states for a highly meshed network. How to deal
with this problem is still a open problem. One approach is to
develop some on-line instead of off-line training-set genera-
tion technique, at the same time make neural network more
flexible and more suitable for on-line incremental learning.

Among many types of neural networks, the multilayer
feed-forward neural network, also known as backpropaga-
tion (BP) network, and Radial basis function network
(RBFN) have become the main architecture of choice, but
both have some problems like limited flexibility, long time
training, and unsuitability for on-line automatic learning.

One major problem with BP network is its architecture
parameters have to be tried experimentally, which is very
time consuming. Also if the architecture of neural network
is decided after these tries and then fixed, the network will
have difficulties to adapt itself to a new environment. Since
many power systems are expanding and new facilities are
added, new transient types with different appearance must
be added to the neural network. The BP network cannot
incorporate such information easily. One possible way is to
retrain the network with all the past and new training sam-
ples, which would be very time consuming. Another way is
to only use the new samples to train the neural network, but
it may lead to the overall performance degradation caused
by the new training samples. The basic reason for the degra-
dation is that the BP network is a globally connected net-
work, thus new samples affect all the weights globally.

RBFN is based on a set of radial basis functions which
provide the property of localized influence, therefore, the
system can develop and refine its parameters quickly in one
region of the measurement space without affecting its learn-
ing in distant regions, which occurs in BP network. But tra-
ditional implementation of RBFN still has some drawbacks.
The main problem is the number of centroids of RBFN has
to be determined in advance. If the number of centroids is
not decided properly, the accuracy of RBFN is seriously
affected.

An ideal neural network should be capable of adjusting
not only its weights but also its architecture, to match its
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architecture complexity to the complexity of a specific prob- A B
lem in a on-line fashion. At the beginning of work, a neural

) ; ha - Power Suppl Power Suppl
network may just have been trained by a limited training set 2y Zg PRY
obtained off-line with quite simple architecture, but with the
continues exposure to new classes of events, which is una-

voidable in power systems, the neural net may incorporate Fig. 4. Transmission system used for the PNN studies.
into itself new classes of transients by adjusting its architeckhe transients caused by capacitor switching operation are
ture. For transients belonging to same class but with differe@iso included to test if the PNN could distinguish faults
appearance, the network could either adjust its weights witliom switching operation. Different kinds of noise are
only local influence or add new neurons to represent the saradded to simulate real-world effects.
class transients which have big difference. The training time of PNN for the small scale problem is
Two candidates of this ideal neural network are propabilisa couple of seconds. With the optimal window size, the
tic neural networks (PNN) and resource allocating networkBNN can classify samples in testing set with 100% correct

(RAN). rate. In contrast, the BP network took 5 minuets to train,
but achieved only 90% correct classification rate. So, com-
3.1 FROBABILISTIC NEURAL NETWORKS (PNN) pared to the BP network, the PNN has a very fast training

PNN, first proposed by Specht in 1988 [Spec88], waspeed and at the same time achieves high accuracy. Further-
implemented in [MoKi98] for power line faults classification. more, the PNN can easily add new pattern neurons to incor-
With its solid mathematical foundation, the PNN implementgorate new typical transients or even new classes of
the Bayes classification rule, which minimizes the expectetiansients.
error of classification, thus improving its accuracy. Further-
more, due to its modular architecture and fast learning speedl2 RESOURCE ALLOCATING NETWORKS (RAN)

PNN is very suited for learning system which is always The RAN was developed as a means to overcome the
evolving, and the on-line and incremental learning can alsproblem of NP-completeness in learning with fixed-size
be easily achieved. network [Plat91]. Its motivation was coming from the fact

The architecture of the PNN is shown in Fig. 3. The patterthat by allocating new resources, learning could be
layer contains one neuron for each training case. Specificallgchieved in polynomial time. Platt views the task of RAN
it represents a certain number of training samplds [,...) as combining memorization with adaptation, in which
from each ofC different classes for a total Bftraining sam- memorization is achieved by storing the input-output
ples. Each neuron in the pattern layer computes a distanobservation similar to Parzon window estimation method.
measure between the unknown input and the training caste improves on this method by storing fewer observations
represented by the neuron. An activation function, known aghich makes the size of the RAN grow sublinearly and

Output Layer y eventually saturate. The architecture of the RAN is shown
Summation in Fig. 5.
Layer

Pattern
Layer

Input
Layer

O O O ... o) .
Fig. 3. Architecture of the PNN. Hidden
Layer

the Parzen window, is applied to the distance measure. In the
summation layer, there is one neuron for eack afasses.
These neurons sum the values of the pattern layer neurons
corresponding to that class to obtain an estimated density
function of the class. The number of neurons in the output Fig- 5. Network architecture of the RAN. The dashed lin
layer is also equal to the number of clas€esThe output show the addition or deletion of hidden units.
layer is often a simple threshold discriminator which acti- At first, the system creates a coarse representation of the
vates a single neuron to represent the projected class of thction, then refines the representation by allocating units
unknown sample. with smaller and smaller widths. Finally, when the system
To demonstrated the suitability of PNN for fault classifica-Nas learned the entire function to the desired accuracy and
tion, a PNN is employed to identify the different patterns genlength scale, it stops allocating new units.
erated from a simple transmission system which is shown in The RAN is first tested on a particular chaotic time
Fig. 4. series created by the Mackey-Glass delay-difference equa-
The training patterns are created to cover a variety of faulton. The prediction result are shown in Fig. 6.
inception angles, fault resistance, source capacities and loads.
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required for each simulation, a more flexible neural net-
work which is suitable for on-line training is desired. The

....‘

3 : PNN and RAN, with their capability to fast adapt their
= Off RESIAC SEUIRE. architecture to dynamic environment, have been found to
g' : f j , y ! be promising candidates for on-line transients classifica-
< 3 ¥ty f ¥ § TEE Y tion.
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