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Abstract: Antenna arrays are considered as important type used today for long distance
communication with a very high gain. The design of such antenna depends on parameters and desired
behavior performing the task, this project handle the application of a new type of nature-inspired global
optimization methodology in the design of an optimized planar antenna array which ensures minimum side
lobes and high directivity, this new optimization method is based on the atmospheric motion and it is known
as Wind Driven Optimization (WDO) a population based iterative heuristic global optimization algorithm
technique for multi-dimensional and multi-modal problems with the potential to implement constraints on the
search domain. The optimal values obtained results in a good suppression of the side lobe level for the
different antenna configurations with several sorts of excitation: Amplitude only, phase only, both
amplitude and phase. Besides, the directivity is not worse than that of the uniform one.

Keywords: Rectangular antenna arrays, wind driven optimization, sidelobe level, directivity.

1. INTRODUCTION
In long distance communication, there is great need for very directive antennas with very high gain
due to the radiation pattern limitations of a single antenna; several single antenna elements can be
combined to form an array [1]. Arrays of antennas are used to direct radiated power towards a
desired angular sector. The number, geometrical arrangement, and relative amplitudes and phases
of the array elements depend on the angular pattern that must be achieved. Once an array has
been designed to focus towards a particular direction, it becomes a simple matter to steer it
towards some other direction by changing the relative phase of the array elements.
The designed array should allow signals from a desired direction to add constructively while
simultaneously adding destructively in the undesired directions, hence an array may be regarded
as a spatial filter with high gain in the desired signal direction and low gain elsewhere.
Theoretically, the array should be designed with a maximum directivity and minimum side lobe
level so as to achieve maximum signal to noise plus interference ratio at the output of the array
antenna. However, this is only true if the interferences are evenly distributed, or assume certain
distribution patterns over the whole spatial domain, the maximum directivity design may not be
the best design. Therefore, if the designer of the array does not know the distribution of the
directions of the interferences, an alternative design such as side-lobe level reduction may be
preferred. In this project we concentrated on designing directivity and side-lobe levels of uniformly
and non-uniformly distributed antenna elements along a planar, circular and a concentric ring by
varying the amplitude only, the phase-only, amplitude and phase simultaneously using specific
optimization techniques [2].
Over the decades, several researchers have generated different solutions to linear and non-liner
optimization problems. For that purpose there is no known single optimization method available for
solving all optimization problems. A lot of optimization methods have been developed for solving
different types of optimization problems in recent years. The modern optimization methods
(sometimes called nontraditional optimization methods) are very powerful and popular methods for
solving complex engineering problems , some of these methods are nature inspired techniques
such as Simulated Annealing (SA) [8,9], Genetic Algorithm (GA) [10], Particle Swarm Optimization
(PSO) [11] and Ant Colony System (ANS) [12] — as systems based on animal behavior, and
Invasive Weed Optimization (IWO) [13] — from emulation for the vegetal growing patterns. More
recently, a new optimization algorithm was invented called Galaxy Based Search Algorithm [14].
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Synthesis and optimization problems in electromagnetics have long utilized these nature-inspired
techniques to varying degrees of success. Application areas within the field of electromagnetics are
very wide, ranging from antenna design to metamaterial synthesis. In the search for new methods,
a novel nature-inspired optimization algorithm called the Wind Driven Optimization (WDO)
technique is introduced in this chapter. In essence, the WDO is a population based iterative
heuristic global numerical optimization technique for multi-dimensional and multi-modal problems
with the ability to implement constraints on the search domain. The inspiration for WDO comes
from atmospheric motion in which the trajectory of an infinitesimally small air parcel can be
described via Newton’s second law of motion. In the next sections we structure to give the
description of WDO technique in detail along with the underlying physical equations of atmospheric
motion, and a parameter study will be conducted to aid in tuning the WDO algorithm [15].

This work addresses the problem of finding the optimum, that is the minimum SLL and maximum
Directivity using Wind Driven Optimization (WDO), In essence, WDO is a population based
iterative heuristic global optimization technique for multi-dimensional and multimodal problems with
the potential to implement constraints on the search domain. The inspiration for WDO comes from
atmospheric motion in which the trajectory of an infinitesimally small air parcel can be described via
Newton’s second law of motion.

2. PROBLEM FORMULATION
For an NxM retangular two dimensional arrays, the array factor is expressed as:

N M
AF (0, ¢) = | | ej(m1)(kdxsin9cos¢+ﬂx)}ej(n1)(kdysin95in¢+ﬁ'y) Q)
( ¢) ; In |:z=1 ml
The antenna array is seen as the product of two linear array factors. The idea of the optimization
task is similar to the one dimensional (linear) array described in the previous equations with the
exception that the overall performance parameters are taken to be the worst of the two
dimensions.
Each element contribute to the overall radiation pattern by three controls that can be acted upon to
shape the pattern. This suggests many strategies of pattern synthesis that are dealt with in this
work.
The work starts by finding the element excitation amplitudes to have a radiation pattern with the
least sidelobe level. The adoption of the amplitude-only control of sidelobe level has been due to
the fact that it produced the best performance in terms of sidelobe level than the two other
alternatives (position-only and phase-only). The fitness function used to achieve this is:
N 1 aui )
=) v [[AF©)?]d0 @

i=1 I
Where 6;and 6, are the boundaries of the spatial regions where the radiation pattern maxima are
intended to be suppressed, A, represents the bandwidth ( 6,; —6,;).

It should be noted that the amplitudes are confined in the interval [0,1] which might lead to values
that are very far from each other. This is problem as the feeding network becomes complex and
difficult to implement. An attempt to overcome this problem is to include the dynamic range (DR) of
these amplitudes into the optimization process. The dynamic range is defined simply to be:

a
DR = Smex.
3 ®3)

min
with its contribution to the fitness function being

Where wy is a weighting factor to adjust the dynamic range and can be defined as:
{O if DR < some value
Wd =

1 elsewhere
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Once the excitation amplitudes that produce the lowest possible sidelobe level have been found,
the next level of optimization is to incorporate a null steering capability to the array. The forcing on
null placement leads automatically to a loss in performance in terms of sidelobe level. This needs
to be taken into account in the optimization process. The idea is to perform perturbations on the
three controls (amplitude, phase and position) and their combinations to place nulls in some
desired directions while preserving the sidelobe level at some acceptable level. For null placement,
the fitness function is defined as:
6=180
f, = D W(O)|F (6)—Fy (6) +SLL (6)
6=0

Where w(6) is a weighting vector to force the array to place the null(s) in their desired directions
and is defined as:

100 if @ = desired direction
1 Elswhere

w(0) = { (7

Fo(0) is the initial pattern and F4(6) is the desired pattern which is merely the initial pattern except at
the desired nulls where it is forced to be zero. This is summarized as:

0 for null directions
Fq(0) =

Lo 8
initial pattern elsewhere ®

The term SLL accounts for the maximum allowable increase in sidelobe level due to null
placement. This is done by introducing a penalty on the increase in sidelobe level as:

10 if SLL > some value
SLL = 9)

otherwise

3. THE WIND DRIVEN OPTIMIZATION TECHNIQUE

In the Earth's atmosphere, the wind blows in an attempt to equalize horizontal imbalances in air
pressure [16], it blows in the direction from a region of high pressure to low pressure at a velocity
which is proportional to the pressure gradient [55, 81] that from where the WDO technique is
inspired. The term "wind" actually refers to the large-scale horizontal air motion particularly in the
lowest layer of the Earth's atmosphere called the troposphere. The troposphere is the lowest layer
which extends from the surface of the earth's crust up to 18 km, where the layer thickness may
vary based on the location's latitude [17]. Due to differences in the solar energy reaching to the
different locations on earth surface, the temperature can vary significantly among regions. Areas
with higher temperature would have rising warm air and regions with lower temperatures would
have sinking cold air causing the air density to decrease in high temperature areas and to increase
in low temperature areas. Due to earth's gravitational field, g, the mass of atmosphere applies a
force on the earth's crust, where the air pressure can simply be defined by the force exerted per
unit area [18]. Since temperature differences lead to variations in air pressure at different locations,
horizontal differences in air pressure causes the air to move from high pressure regions to low
pressure regions [19]. This movement is due to the pressure gradient VP which can be calculated
as the pressure change over a distance [20].

There are two distinct descriptions of atmospheric behavior, which are Lagrangian and Euler
descriptions [20]. In the Euler description, the air is treated as a fluid system and a continuum
which is described by the fluid motion governed by the equations of continuum mechanics [20],
[21]. On the other hand, the Lagrangian description represents the atmosphere as the collection of
many infinitesimal fluid parcels [21], [22]. In the derivation of the equations for WDO, the
Lagrangian description is preferred due to fact that it would simplify the numerical algorithm and
reduce computational overhead that the WDO would need during the optimization of a real world
problem.

The starting point for calculating an air parcel’s trajectory is Newton’s second law ofmotion, which
provides accurate results when applied to the analysis of atmospheric motion in the Lagrangian
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description [18], [19], [21]. It states that the total force applied on an air parcel causes it to
accelerate with an acceleration ain the same direction as the applied total force according to:

pa=2F (10)

Where p is the air density for an infinitesimally small air parcel and F; represents all the individual

forces acting on the air parcel. To relate the air pressure to the air parcel’s density and
temperature, the ideal gas law can be utilized and is given by:

P = pRT (11)

Where P is the pressure, R is the universal gas constant and T is the temperature in Kelvin.
In the physical three-dimensional atmosphere, the gravitational force F;is a vertical force directed

toward the earth’s surface. However, if the center of the earth is considered to be the center of the
rectangular coordinate system, then we can claim that the gravitational force simply pulls the air
parcelstowards the origin of the coordinate system in all three dimensions, which is also more
easily mapped to N—dimensional space. For this reason, the gravitational force is included in the
algorithm as a force on all N-dimensions and is directed towards the center of the coordinate

system. In its simplest form, the gravitational force F; can be defined as [22]:
Fs = poVg (12)

Utilizing the ideal gas law, the density can be written in terms of the pressure, the temperature and
the universal gas constant and inserted into yielding:

A population of air parcels would start at random positions in the search space their velocity and
position would be adjusted at each iteration and they would move towards an optimum pressure
location at the end of the last iteration. Considering that actually the optimum pressure point on the
N-dimensional search space corresponds to the optimum solution for the optimization problems,
WDO offers a simple but efficient way to tackle them.

For each dimension, WDO allows the air parcels to travel only in the bounds of [-1, 1] and if an air
parcel tries to travel outside of these bounds at any dimension, then its position at that particular
dimensions is set to the boundary value. For example, if the air parcel tries to go from 0.82 to
beyond 1 at the x-dimension, the position for the next iteration is forced to be 1 on the x-dimension.
In literature, there has been many other boundary conditions proposed [22], yet for the WDO, the
gravitational pull would pull any air parcels that are stuck at the boundaries back in to the feasible
search space.

It should be also pointed out that the updated velocity of the air parcels should be limited to a
maximum value per iteration. The main reason for this is to simply prevent air parcels from taking
large steps and overlook certain regions in the search space. To limit the magnitude of the velocity
following simple rule is implemented:

N
L ]

N
Uax Unew

(13)

Unew =

U new

Where the direction of the motion is preserved but the magnitude is limited to be no more than

- —°

Umax at any dimension and represents the velocity after limited to maximum speed U new . SO far the
theory behind the WDO, the operators of the algorithm and implemented constraints are discussed.
The algorithm starts with the initialization stage where all parameters related to the WDO as well as
the other parameters related to the optimization problem have to be defined. Also, one has to
define a pressure function (fitness function) and define parameter boundaries. Once the
optimization problem is set up, then the population of air parcels are randomly distributed over the
N-Dimensional search space with a random velocity assigned to them. Next step is to evaluate the
pressure (fitness) values of each air parcel at their current positions. Once, the pressure values are
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evaluated, the population is ranked based on their pressure and velocity update is applied along
with the restrictions as given in (13). The positions for the next iteration are updated and the
boundaries are checked to prevent any air parcel from running out of feasible search space. One
all the updates are carried out, the pressure at new locations is to be evaluated once again and this
iterative procedure continues until the maximum number of iterations are reached. Finally, the best
pressure location at the end of the last iteration is the optimization result and the best candidate
solution to the problem.

The flowchart in Fig. 1 illustrates the mechanism of work of the wind driven optimization algorithm.

Initialization: Population size, max. nbr
of iteration, coefficients, boundaries,
define pressure function

Assign random position and velocity I

Evaluate the pressure for each air parcel

Update velocity and check its limits

Update position and check boundaries

Max. number of
iteration ?

Fig. 1 Flowchart of the wind driven optimization (WDO)
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4. RESULTS AND DISCUSSIONS
the variations of the excitation amplitude and the phase in the following way:

o Amplitude (I): It varies in the interval [0, 1].

e Phase: the phase excitation varies in [0, 2T].
An array of 100 elements laying along the x-y plane (10X10 array) is considered, with: (8= 8,=0
and d« = d, = A/ 2 where A = 1 and phi= 0) . Since the number of elements is the same over each
dimension, the optimization task is performed only on one array and the overall 2D array factor can
be found as the multiplication of the two array factors. The overall radiation characteristics (SLL
and DIR) can be found as the linear array characteristics themselves.
For the uniform case (/=1 and a= 0), the array is characterized by : SLL = -12.97dB and a
Directivity of 21.7 dB.
For non-uniform case, different stratagies are adopted. First, only with the variation of the
excitation Amplitudes to optimize the SLL then Directivity separately and then both. Second, we
vary only the excitation phase angles with the same objectives and finally the two paremeters are
varied together (excitation amplitudie and phase) with the same objectives.

A. Excitation amplitude-only variation

Setting the parameters presented above and optimizing for the SLL only, we see from fig. 2 that the
sidelobe level is reduced from -12.7dB to -25.8385dB. However, one notices a reduction in the
Directivity to 19.72dB.

AF ELL = -25.8385

WDo
] o . . : ] e LIMIF ORI

21
= 1
£ H
g -0 . f 3 5
5 : I % g 1 1
NGO —H— it 3
(i : |1 i i 1| @
E sof . R I h
- H . | [ % i
0 ]
60 ;
A0 -
.00 ' L I r I L
80 &0 <0 -20 0 20 40 B0 A0

Fig. 2 Array factor when optimizing for SLL in Amplitude-only variation case

Optimization of only Directivity: It is clear from fig. 3 that the directivity is almost the same. Indeed
the optimized directivity is at 21.2214dB. However, there is a little improvement in the sidelobe
level and the value achieved is SLL = -13.7613dB.
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Fig. 3 Array factor when optimizing for Directivity in Amplitude-only variation case

Optimization of both SLL and Directivity: fig. 4 shows the array factor when optimizing for both SLL
and Directivity. The uniform one has a ratio SLL/DIR of 0.6. In this step, this ratio has been
increasd to 1.1909 as we have obtained a better SLL but a decreasing directivity (Directivity =
19.6328dB and SLL = -23.3810dB).
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Fig. 4 Array factor when optimizing for both SLL and Directivity in Amplitude-only variation case

B. Excitation phase-only variation

In this part and from fig. 5, we see that the optimized array factor is almost like the uniform one with
a small decrease and increase in Directivity and SLL, respectively.
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Fig. 5 Array factor when optimizing for Directivity in phase-only variation case

Optimization of SLL only: when the excitation phases are varied by the WDO, the array factor in
fig. 6 is obtained and a better SLL is achieved. However, the directivity goes in the wrong direction
and decreases instead of increasing. The obtained SLL is -18.5981dB and Directivity 17.0681dB.
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Fig. 6 Array factor when optimizing for SLL in phase-only variation case

Optimization of both SLL and Directivity, fig. 7 show the pattern of the array factor when optimizing
for both SLL and Directivity. The ratio SLL/DIR is optimized from 0.6 to 0.98 so a better SLL is
produced but with a decreasing Directivity. The obtained results are: (SLL = -17.0559dB, Directivity

= 17.3801dB).
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Fig. 7 Array factor when optimizing for both SLL and Directivity in phase-only variation case

C. Excitation Amplitude and Phase variation

In this part, the variation of both Amplitude and Phase to optimize SLL only is done. From fig.8, one
can see that the sidelobe level has been improved compared to the one of the uniform case.
However, the directivity get worst a little bit and decreased also.
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Fig. 8 Array factor when optimizing for SLL in both amplitude and phase variation case

With both Amplitude and Phase variation and optimizing the Directivity only, we see that the
obtained directivity of 21.4078 dB is not a better value than that of the uniform one. However, the
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SLL is changed from -12.96628dB to -13.3491dB.Fig.9 shows the array factor of the optimized
array.
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Fig. 9 Array factor when optimizing for Directivity in both amplitude and phase variation case

Now, varying the Phase and the Amplitude produces a better SLL and Directivity at the same time.
It is clearly seen that a much better SLL than the uniform case is obtained on one hand with a
deterioration in the directivity in the other hand. Fig. 10 shows the array factor of the optimized

array.
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Fig. 10 Array factor when optimizing for both SLL and Directivity in amplitude-phase variation case

D. Results discussion

From the previous optimization results, we conclude that the best SLLs obtained are —33. 0668 dB
— 25.8385 dB with the corresponding directivities of 18.1059 dB and 19.7209 dB, respectively.
These were generated by the cases of Amplitude and Phase and Amplitude-only variations.
However, the best directivity is of the uniform one followed by 21.6727dB generated from Phase-
only variation. On the other hand, the worst SLL obtained after that of the uniform is -12.9052dB
generated from Phase-only when the objective was to maximize the directivity.

5. CONCLUSIONS

In this paper, a new nature-inspired global optimization technique, called Wind driven
optimization is used in the design of phased antenna arrays. This method is inspired from the
motion of air parcels in wind, and it is a population-based iterative methods aiming to improve the
best candidate solution over time. In terms of having the position and velocity update rules, WDO
could be compared against the Particle Swarm Optimization (PSO), where PSO is based on a
swarm of particles those share information about the search space to achieve better results.
The WDO algorithm generates the non-uniform excitation amplitude & phase for the Rectangular
planar arrays in question with a set of dimension, minimum and maximum boundaries, the
performance of the antennas arrays was observed and studied in terms of side lobe level and
directivity. Also, their subsequent array patterns were generated for observation. From these
results, it was clearly shown that the optimal design is done by finding optimal excitation currents
and phasing of the elements of the array. The simulated results reveal that the optimal design
offers a considerable SLL reduction along with reduction of Directivity compared to the
corresponding uniform arrays.

The WDO algorithm has successfully obtained the minimum SLL and an comparable value of
directivity to the uniform case. Furthermore, WDO can be focused upon exploration of other
parameters like gain, beamwidth and first null to null width by varying more parameters like spacing
and phase shift.

References

[1] Constantine A. Balanis, "Antenna Theory: Analysis and Design”, 3 rd Edition, John Wiley &
Sons, 2005.

Vol.1, Issue 2, December-2016| ISSN-2543-3792 119



ALGERIAN JOURNAL OF SIGNALS AND SYSTEMS (AJSS)

[2] Abdelmadjid Recioui, Pattern Synthesis of Nonuniformly Spaced Arrays Based on Unit Circle
Representation and Taguchi Method, Wireless Personal communications, Volume 75, Issue
4,2014, pp 1969-1981.

[3] A. RECIOUI, Optimization of Circular Antenna Arrays Using a Differential Search Algorithm,
Special Issue of the International Conference on Computational and Experimental Science and
Engineering(ICCESEN-2014), Antalya, Turkey, October 25-29, 2014, ACTA PHISICA POLONICA
A, Vol. 128, N° 2.B, 2015.

[4] Abdelmadjid Recioui, Application of a Hybrid Taguchi-Genetic Algorithm to the Multiobjective
Design Optimization of Yagi—Uda Antennas, Wireless Personal Communications , Volume 71,
Issue 2, 2013, pp 1403-1420

[5] Abdelmadjid Recioui, Application Of A Galaxy-Based Search Algorithm To Mimo System
Capacity Optimization, Arabian Journal For Science And Engineering, Volume 41, Issue 9, Pp
3407-3414 (2015), Doi: 10.1007/S13369-015-1934-0

[6] Abdelmadjid Recioui, Optimization of Antenna Arrays Using Different Strategies Based on
Taguchi Method, Arabian Journal for Science and Engineering, Volume 39, Issue 2, pp 935-944
(2014).

[7] Abdelmadjid Recioui, Sidelobe Level Reduction in Linear Array Pattern Synthesis Using Particle
Swarm Optimization, Journal of Optimization Theory and Applications, Volume 153, Issue 2, 2012,
pp 497-512

[8] Leonora Bianchi, Marco Dorigo, Luca Gambardella, Walter Gutjahr A survey on metaheuristics
for stochastic combinatorial optimization, Natural Computing, doi:10.1007/s11047-008-9098-4

[9] Kirkpatrick S, Gelatt CD Jr, Vecchi MP. Optimization by simulated annealing. Science. 1983
May 13;220(4598):671-80.

[10] John H. Holland, Adaptation in Natural and Artificial Systems: An Introductory Analysis with
Applications to Biology, Control, and Artificial Intelligence (29 April 1992).

[11] James Kennedy, Russell C. Eberhart Particle swarm optimization Neural Networks, 1995. pp.
1942-1948 vol.4, doi:10.1109/icnn.1995.488968 .

[12] Marco Dorigo, Thomas Stiitzle, Ant Colony Optimization, The MIT press.2004.

[13] Ali Reza Mehrabian, Caro Lucas: A novel numerical optimization algorithm inspired from weed
colonization. Ecological Informatics, Vol. 1, N°4, pp-355-366, 2006.

[14] Hamed Shah-Hosseini, Principal components analysis by the galaxy-based search algorithm:
a novel metaheuristic for continuous optimisation, international journal of computational science
and engineering, Vol. 6, N°1-2, pp-132-140, 2011

[15] ZIKRI BAYRAKTAR , Novel meta-surface design synthesis via nature-inspired optimization
algorithms, PhD dissertation, The Pennsylvania State University, 2011.

[16] - R. D. THOMPSON, Atmospheric Processes and Systems, Routledge, New York,1998.

[17] - NASA Jet Propulsion Laboratory. The Layers of Earth's Atmosphere. [Online].
Available: http://airs.jpl.nasa.gov/maps/satellite_feed/atmosphere_layers/

[18] - H. RIEHL, Introduction to the Atmosphere, McGraw Hill, 1978.

[19] - C. D. AHRENS, Meteorology Today: An Introduction to Weather, Climate, and the
Environment, 7th ed., Thomson —Brook/Cole, 2003.

[20] - M. L. SALBY, Fundamentals of Atmospheric Physics, Academic Press, 1995. San Diego, CA,
USA: Academic Press, 1995.

[21] - R. B. STULL, Meteorology for Scientists and Engineers, 2nd ed., Brooks Cole, 1999.

[22] - P. R. BANNON, the Dynamic Atmosphere, A Theoretical Perspective. Class notes for
Introductory Atmospheric Dynamics, Department of Meteorology, the Pennsylvania State
University, 2003.

Vol.1, Issue 2, December-2016| ISSN-2543-3792 120


http://link.springer.com/search?facet-author=%22Abdelmadjid+Recioui%22
http://link.springer.com/journal/11277/75/4/page/1
http://link.springer.com/journal/11277/75/4/page/1
http://link.springer.com/search?facet-author=%22Abdelmadjid+Recioui%22
http://link.springer.com/journal/11277
http://link.springer.com/journal/11277/71/2/page/1
http://link.springer.com/search?facet-author=%22Abdelmadjid+Recioui%22
http://link.springer.com/article/10.1007/s13369-015-1934-0
http://link.springer.com/article/10.1007/s13369-015-1934-0
http://link.springer.com/journal/13369
http://link.springer.com/journal/13369/41/9/page/1
http://link.springer.com/search?facet-author=%22Abdelmadjid+Recioui%22
http://link.springer.com/journal/13369
http://link.springer.com/journal/13369/39/2/page/1
http://link.springer.com/search?facet-author=%22Abdelmadjid+Recioui%22
http://link.springer.com/journal/10957
http://link.springer.com/journal/10957/153/2/page/1
http://dx.doi.org/10.1007/s11047-008-9098-4
http://www.ncbi.nlm.nih.gov/pubmed?term=Kirkpatrick%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17813860
http://www.ncbi.nlm.nih.gov/pubmed?term=Gelatt%20CD%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=17813860
http://www.ncbi.nlm.nih.gov/pubmed?term=Vecchi%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=17813860
http://www.ncbi.nlm.nih.gov/pubmed/17813860
http://dx.doi.org/10.1109/icnn.1995.488968
http://www.informatik.uni-trier.de/~ley/pers/hd/l/Lucas:Caro.html
http://www.informatik.uni-trier.de/~ley/db/journals/ecoi/ecoi1.html#MehrabianL06
http://inderscience.metapress.com/content/258838h3281783q4/
http://inderscience.metapress.com/content/258838h3281783q4/

