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Abstract

This paper addresses the modelling of the ra-
dioelectric properties of wireless terminals, tak-
ing into account the numerous sources of vari-
abilities which can be encountered in a real use
context. After an introduction about the major
issues, it first concentrates on antenna statisti-
cal modelling and secondly on the combina-
tion of terminal and radio channel variabilities.
Antenna statistical modelling is tackled through
a small signal approach which is valid when the
randomness is “small” and also more generally
by using modal expansion methods for the elec-
tromagnetic fields, which allows carrying out
the statistical analysis on the parameters of the
modes. Combined terminal and channel mod-
elling is approached by analysing the statistics
of the “effective gain” of the terminal in its local
propagation context and by modelling it with
simple and suitably approximate distributions
such as the lognormal.

Keywords: Antennas, mobile communications,
wireless terminals, statistical modelling, radio
channel.

1. Introduction

Traditionally, antennas are designed, simulated
and measured in isolation, i.e. in a rather ideal
case which is not realized when the antenna is

used in practice. More or less strong disturbanc-
es appear on the antenna characteristics when
the true ground plane and the casing are taken
into account or when electromagnetic objects
are present in the vicinity of the antenna. While
some of these disturbances can properly be
computed using deterministic techniques, oth-
ers are highly variable by nature and do not lend
themselves easily to deterministic modelling.
Most generally these effects are just ignored or
described very roughly by assuming an ad hoc
gain margin. However the growing complexity
of nowadays wireless communication systems,
the greater variability of application contexts
and the greater needs for enhanced perform-
ance plead for better taking into account the ter-
minal in the performance evaluation of physical
layer schemes and of radio access networks in
general. Thus advanced approaches intended to
achieve a trade-off between complexity and ac-
curacy are needed. Statistical methods provide a
suitable framework for this purpose, since they
intend to condense this complexity into a small
number of statistical quantities, such as mo-
ments of distributions functions. In this section
we address such issues, by first concentrating on
the statistical modelling of antennas themselves,
then by including the radio channel variability
in order to combine both antenna and channel
variabilities into a single statistical description of
anantennain its local propagation environment.
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Figure 1. A view of wireless terminals in contact with theirimmediate environment.
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Figure 2. Input-output relation between random terminals parameters and the antenna quantities of

interest.

Generally speaking, a statistical model can be
seen as an input-output relation: the input in-
cludes the set of stochastic variables which con-
stitutes the input stochastic space and the mul-
tivariate law of probability for these variables.
This law may factorize if the various variables are
independent, but most often this will not be the
case. For instance if the size of a casing is allowed
to vary widely, the length and width will not be
entirely independent. In this case, a suitable
choice or transformation of the input variables
may be useful, such as keeping the length but
using the aspect ratio rather than the width. The
output is the set of antenna characteristics of
interest, together with their probability density
function (PDF). In the general case again, these
characteristics will not be independent. The in-
put-output relation embodies the complex elec-
tromagnetic phenomena involved in the change
of output characteristics with a modification of
the input variables.

2. Statistical antenna
modelling

In this part we address the elaboration of statis-
tical methods accounting for the variabilities of
antenna characteristics. Early works in another
context have been carried out a long time ago
already, although not very much popularized [1].
However, providing representative and simple
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Table 1. Natural frequencies empirical mean (DFMM “class”)
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Figure 3. Satistics of a dipole reflection coeffi-
cient at 0.9 GHz (top) and 1.04 GHz (bottom).

statistical models of antennas in their use context
is all but a simple problem. Several general issues
have been discussed in [2], such as the relevance
of categorizing antennas through major antenna
characteristics. Another question is the choice of
the maximum distance within which disturbing
objects may be considered to be part of the anten-
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Figure 4. DFMM design (left) and DFMM design parameters (right).

na, as close disturbances both increase the com-
plexity and much affect the antenna behaviour.
Last but not least the quality criteria for statistical
antenna modelling were also addressed. The sta-
tistical approach for antennas is part of a general
trend and progress nowadays as regards the incor-
poration of uncertainty in electromagnetism [3].

2.1 Small signal analysis

The input-output relation embodies the com-
plex electromagnetic phenomena involved
in the change of output characteristics with a
modification of the input variables. This relation
may be (highly) non linear if the input param-
eters vary widely. In the work [4], a small signal
analysis of the input-output relation is carried
out, whereby the author expresses the output
variables as a Taylor expansion of the vector of
input variables:

gla+na)=gla)+na’ -vg +%Aa’ -Ag-ha +o(||Aa||z)
(1

where a is the fixed vector of “nominal” param-
eters, Aa is the random vector of perturbations,
Aa' stands for its transpose, and Ag is the hes-
sian. To the first order, any output variable is
Gaussian distributed if the input variables are
Gaussian distributed and independent. The de-
viation to Gaussianity is observed for large input
parameters variations or when the output varia-
ble is e.g. close to an extremum, which requires at
least 2" order expansion and leads to asymmetric
distributions. An example is shown in Figure 3 for
the return loss of a dipole at the frequency of 0.9
GHz where the dipole is imperfectly matched and
at 1.04 GHz corresponding to excellent matching
(minimum return loss). The computation of the
expansion coefficients may require a large data-
base of antennas for sufficient accuracy. Through
a suitable choice of the input variables vectors, it
is possible to minimize the size of this database
(minimal set) or alternatively to increase the ac-
curacy (full set), see e.g. Figure 3.

2.2 Statistical analysis and modelling using
parametric models

Multidimensional models of the Far Field (FF)
radiation characteristics of multiband, wide-

band or UWB antennas - i.e. frequency (or time)
and angular dependent - or Multiple Antenna
System (MAS), can be particularly useful in the
context of end-user applications, mainly com-
munications - i.e. involving small size anten-
nas and/or terminals — provided they are both
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Figure 5. DFMM statistics: 1* poles scatter plot (SEM for P = 12).
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Figure 6. DFMM statistics: empirical means and dispersion of fp (SEMforP=12)

and quadratic fit.
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Figure 7. DFMM statistics (SEM for P = 12): probability plots (left) and CDFs (right) of natural frequencies /s

Estimated parameters
Pole Normal Weibull
n u o LL a b LL
1 1.628 0.139 54.06 1.688 14.525 59.20
2 3.176 0.157 42.34 3.251 21.228 36.77
3 5.591 0.810 -116.6 5.934 8.052 -115.7
4 7.915 0.745 -108.6 8217 14.623 -97.0
5 10.897 0.795 -114.8 11.240 17.874 -107.2
6 14.996 1.008 -137.9 15.406 21427 -123.1

Table 2. Natural frequencies: Estimated parameters (DFMM “class”)

simple and realistic. Such models can advanta-
geously replace in various kind of simulations
(e.g. at the radio link level or in ray tracing solv-
ers, etc.) excessively simplistic, but inaccurate,
models - such as a simple scalar figure, often a
“mean gain” - or complete models (or measure-
ments) both excessively heavy and unnecessar-

f, (GHz)

DFMM - Natural frequency (correlated values from covariance matrix)
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+0.79ix + 0.61

ily precise. As previously pointed out, the topic
is manifold: the modelling of all FF radioelectric
properties of single UWB (or multiband) anten-
nas (belonging to various antenna“classes”) with
an extremely “light” database and at a low com-
putational cost [6], [7], [8], is addressed hereafter.
An indirect approach is used here to reduce
the complexity of the statistical analysis, which
is applied to the parameters extracted from a
parametric modelling based on a drastic order
reduction technique: the Singularity Expansion
Method (SEM) [9], [10] and the Spherical Mode
Expansion Method (SMEM) [11]. This is an alter-
native to the direct approach in which the statis-
tical analysis is directly applied on “primary” rele-
vant radioelectric quantities such as the antenna
efficiency, directional gain or transfer function
(more general for UWB antennas), etc.

To build up the stochastic population of anten-
nas, several generic designs are considered. A
“generic design” is the union of a geometry rep-
resented by a set of design parameters and of
the space these parameters are allowed to span.
For each generic design, a Monte Carlo analysis
is performed: N, “antenna realizations” are gen-
erated from random shots of the design param-
eters (assuming an a priori probabilistic model,
often uniform or Gaussian for the independent
parameters). These antennas are then electro-
magnetically simulated, and some of their prop-
erties — with relaxed constraints w.r.t. the initial
(optimized) design — are verified: for example,
samples which are not sufficiently matched (an-
tenna reflection coefficient S, above an a priori
threshold, -6 dB e.g.) or present an insufficient
realized gain (G, below a threshold, 0 dBi e.g.)
are considered outliers and discarded (and re-
placed by a new random shot if required). The FF
radiation characteristics of any passive antenna
can be fully represented by its Antenna Transfer
Function (ATF), defined here as [12]:

1 15 2 25 3 3.5 4 4.5 5 55 6
pole n° "
3 re 4
H(s,r)= —E”(s,r)
Figure 8. DFMM statistics: randomly generated samples for }; (from correlated a1(s) Y 1o
model). [2]
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where y = s/c (=jk in the harmonic case), r is the
radial vector, 7 the unit radial vector (“7 = (6,¢)”
in the functions argument), and n, the free space
impedance.

Applying the SEM and the SMEM to the FF, it has
been shown in [13] that, by linearity, the ATF - and
the Antenna Impulse Response (AIR), given by in-
verse Fourier Transform - can be expanded as:

H(s,F)~ H y p(s,F) =
n 2

P N
Z{Z > ZR,S‘;)p\aﬁqQ(f)](s—s,,rl
[3]

r N n 2
A(1E) = By p(1.F) = z{z Y ZR&%W(?)FP’

p=lLn=lm=—nu=1

(4]

where {s,}is the set of poles, { 11)5,”,,2 }are the vec-
tor spherical wave functions withu = {1, 2} = {TE,
TM} [13], and{ R,(lﬁ’n)p }is the set of modal residues
(for the pole p and the TM or TE (n,m) mode). It is
assumed here that all the poles* s,=0, + jo are
complex, hence appearing in conjugate pairs (as
the AIR f#is real). The modal residues verify the
general relationship Rr(:n) .= (—l)m[R,(l’f_)mjp]*
[6] where p” is the index oFthe conjugate pole
of index p; so that the total number of com-
plex parameters N, of the truncated repre-
sentation is N,=P/2 + PN(N+2) ~ PN(N+2).

Note that NV, is considerably smaller than the ini-
tial dataset {j{(ff‘z’qq’jm)}|n:1,“.l\f/[ g=1,..N0, m=1,...Ng" The
modelling procedure is as follows: 1. The ATF
H(f,F) is computed in the Frequency Domain (FD)
from Electromagnetic (EM) simulations of the FF,
2. The AIR A(1,7) is computed from 7 by inverse
Fourier Transform, after, if required, appropriate
processing (windowing, etc.), 3. The SEM is ap-
plied to /to extract the first Pdominant poles {Sp}
and their residues R, (), with the Generalized
Matrix-Pencil (GMP) algorithm [14]-[16].

The modal residues are computed with the
SMEM of the preceding residues, with a trunca-
tion to order N, and 5.The modelled ATF is re-
constructed following “backward” the previous
procedure, and the Total Mean Squared Error
(TMSE) is assessed. The “free” parameters P and
N are chosen according to a predefined TMSE
threshold during the preliminary step of the
parametric modelling of the initial design —gen-
erally optimized under usual design constraints
such as matching threshold, bandwidth, radia-
tion characteristics, etc.

fRelated to natural frequenciesfl') = %m(sp)/Zn’) and damping
factors¢, = -Re(s ) /s |= -0, /s |.

SDual-Fed Monopole in Microstrip technology.

¢ 0.0194  -0.0006  0.0759 0.0457 0.0489 0.0491
-0.0006  0.0247  -0.0439  0.0132 0.0462  -0.0667
0.0759 -0.0439 0.6554 0.1543 0.2645 0.4426
0.0457 0.0132 0.1543 0.5556 0.4323 0.4168
0.0489 0.0462 0.2645 0.4323 0.6314 0.4231
0.0491 -0.0667  0.4426 0.4168 0.4231 1.0164
For a considered generic design (e.g. the DFMMS,
Figure 4, [17], [18], [19], [20]) a representative
statistical set is generated from EM simulations
(WIPL-D® here), and each realization is submitted
to the abovementioned process and represent-
ed by its parametric model dataset {sp, Ry(,'fnp 1.
For example, a model with P = 12 poles and a
truncation to order N =5 of the SMEM - corre-
sponding to a convenient tradeoff between or-
der reduction and accuracy (TMSE) — gives a data
compression rate of 99.67 % (compression ratio
of ~300), considering the initial simulated data-
set of 129 600 complex parameters (ATF of 200
frequencies x 18 elevations x 36 azimuth) and
the model dataset of N, = P/2 + PN(N+2) = 426
complex parameters.
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Figure 9. DFMM statisics: damping factors fp. Inverse Gaussian fit model.
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models are
evaluated
with the
Maximum
Likehood
Estimation
(MLE) method
and the Akaike
information
criterion (AIC)
is used

First, the poles are analysed: Figure 5 is a scat-
ter plot of the P/2 (= 6) first ones (with positive
natural frequencies f, = Sm(s )/2m). The empirical
distribution of the natural frequencies are then
analysed and fitted with several models: their
empirical means are given Table I.

Figure 6 shows the f empirical means and dis-
persion. To further reduce the number of model
parameters, a quadratic fit as a function of the
pole index is also proposed:

<];> =a (p-1)>+ b(p-1) +<fl>
[5]

To fit the empirical distribution, several mod-
els are tested, in particular Normal, Weibull and
Nakagami. The probability plots and CDFs are
presented in Figure 7: CB (95%) gives the confi-
dence bounds for the normal fit. The parameters
of the models are evaluated with the Maximum
Likehood Estimation (MLE) method and the
Akaike information criterion (AIC) is used (rather
than a hypothesis test) for selecting the best
model among the chosen set. For thefp, Weibull
is generally the winner although the normal fit
performs also well most of the time (Figure 7).

In adfdition, it is clear that the frequencies f are
significantly correlated so that 2" order statistics
are required; the covariance matrix C'is comput-
ed from the following data:

In practice, implementing this model involves
generating P/2 correlated normal variables (for
each pole pair) Y; This can be done from a nor-
malized (unit mean and variance), uncorrelated,
Gaussian vector X; introducing the Cholesky de-
composition of the covariance matrix C, and the
vector M, of mean values, as follows:
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Figure 11. DFMM statistics: normalized modal residues ‘Régff )‘ . Inverse

Gaussian fit model.

Y = Xx*chol(C) + pr

(6]

M, being given in Table I (or from Eq. 5) and C
provided above. Figure 8 gives an example of
random shots generated from this model (which
should be compared to Figure 6). The statistics of
the damping factor and first modal residues are
given in Figure 9-Figure 11.

Note that, to achieve a complete model, the sta-
tistical laws (PDFs and correlations) of all the pa-
rameters, which are complex, should be known:
first, whether the statistics should be considered
regarding a modulus/phase or real/imaginary
parts representation — or any other of repre-
sentation, normalized or not - is still under in-
vestigation; secondly, it is obvious that - like the
natural frequencies — the damping factors on
one hand and the modal residues on the other
hand are strongly correlated (at least as regards
the phase) requiring the computation of several
covariance matrices. This has been partly done
in [8] for the simpler case of a class of omnidi-
rectional antennas, which require many fewer
parameters.

3. Combining antenna and
channel randomness

While in the previous paragraph the analysis
bore on the antennas as such, a series of works
carried out within COST 2100 intend to describe
the effective antenna system behaviour in its
local environment. From a utility perspective in-
deed, a terminal antenna is always operating in
a local propagation environment and both fully
determine the characteristics and performance
of the radio link. For that reason, these works
intend to provide an effective antenna termi-
nal performance from the radioelectric point of
view, which implies to account for the propaga-
tion characteristics in addition to those of the
antenna.

In the work [5] and more completely in [21] the
author addresses this problem in the context of
cognitive radio simulators, which need to take
into account a wide spectrum domain. The ef-
fective gain (EG) combines the angular and po-
larization characteristics of the local propaga-
tion and of the antennas through the following
definition:

EG=E

subject to the normalization z |4,
g

2
G

A,

2
A11H| Gyt E
o

Po]

AnV

2+E
(1]

where 4, , A, are normalized amplitudes of
path n in H and ¥ polarizations incident on the
terminal, with antenna gains G, and G, in

the incoming directions. This equation express-
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es EG as a simple sum of received powers and it
implies that interference terms between multip-
aths are neglected in order to express long term
averaging of the inter-path interferences. From
the definition of EG, it is clear that a hypotheti-
cal isotropic antenna with unit gain on both po-
larizations verifies EG=1 whatever the channel.
Both the path powers and the antenna gains
are considered as random variables, thus EG is
stochastic in nature and need be statistically de-
scribed. It is indeed possible to statistically ana-
lyse and model the global antenna-channel be-
haviour of the radio terminal in its environment,
by incorporating both the stochastic character
of the terminal and of the channel. In [21] this
has been done for a few examples of terminals
and channels. Personal computers (PC) with an
ultra wide band (UWB) antenna have been inves-
tigated through electromagnetic simulations
on one hand and commercial dual frequency
handsets have been measured on the other. In
the former case both the position and the ori-
entation of the antenna have been randomly
varied, together with random variations of the
size of the PC casing and screen. For the latter,
the orientation, tilt and distance to head of the
handset have been scanned over a small dis-
crete set. Radio channels have been described
using a subset of the WINNER channel model
[22][23], providing the angular power spectrum
and the cross-polarization discrimination and
allowing to generate suitable stochastic reali-
zations of the channel. Such characteristics are
related to the type of local environment (such
as indoor, urban LOS or NLOS etc.), according to
the WINNER channel model or other standard-
ized models.

As a result of the stochastic character of both
the terminal and the local propagation, EG is a
random variable whose statistical distribution is
obtained after combining the terminal random-
ness and the propagation randomness. Since
both are affected by strong variations espe-

cially when there are obstructions, the lognor-
mal distribution may be anticipated as a good

candidate for the EG statistics. This is shown in The effective

Figure 12, where the CDF of the EG over ~1.5 to gain (.EG)

6 GHz every 500 MHz is shown for a simulated combines th
PC. The comparison with a perfect lognormal angu!ar ?nd
distribution is indeed quite acceptable. In the polarization

case of the handset, the mean EG and its spread

are shown in Figure 13. The camel like structure of the local
highlights the dual band performance, with propagation
peak values of the mean EG on the order of -10 and of the
dBi. This small figure has three main origins: i) antennas

the imperfect matching between the antenna
radiation lobes/polarization and the channel
wave angles/polarization ; i) the masking effect
by the head which may hide the antenna from
powerful paths ; iii) the head and hand absorp-
tion and antenna detuning which reduces the
total antenna efficiency. However the spread of
~5 dB shows that large deviations on EG around
its mean can occur, due to the various sources of
randomness. The root mean square error (RMSE)
between the true distribution and the lognor-
mal model is also shown, being smaller than 1
dB in most cases.

This approach was also applied to an electro-
magnetically simulated laptop PC [24], without
or with the presence of a human body. The vari-
ous masking effects produced by parts of the
laptop itself or by the body result in more or less
thick tails in the CDF of the EG, which may pre-
vent a proper fitting by a single lognormal distri-
bution. In such a case a mixture of distributions
is more appropriate, e.g. a mixture of Gaussian
distributions applied to the EG expressed in dB,
which is a generalization of the simple lognor-
mal. Through this slight complication enhance-
ment, the RMSE between the true distribution
can again fall well below 1 dB, which can be
considered very sufficient for many needs. This
can be seen on Figure 14, computed for three
types of channels (indoor NLOS, urban LOS and
highway LOS).

e

characteristics

CDF

CDF

-020 -15 -10 -5 0
Effective gain (dB)

5 -020 -15 -10 -5 0 5
Effective gain (dB)

Figure 12. Statistics of the effective gain every 500 MHz for a desktop PC; left : original data ; right : best fit lognormal distribution
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the spread of
~5 dB shows
that large
deviations on
EG around its
mean can occur,
due to the
various sources
of randomness
to be put at the
appropriate
places
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Figure 13. Handset on a phantom head (left) and corresponding EG vs. frequency computed for an urban

LOS channel.
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Figure 14. PDF of the EG for a laptop without (left) or with (right) the presence of a human body, for three
different channels. The full line is the true PDF and the dashed is the mixture model.

6. Summary and conclusions

In this work we addressed the modelling of com-
plex antenna behaviour in the context of wire-
less terminals operation, taking into account
or not the electromagnetic close disturbances
and the local propagation context. A statistical
approach is a natural way to describe this com-
plexity in the manner it is commonly done for
radio channels.This implies to model the statis-
tics of the considered input parameters and of
the input-output relation in order to properly
describe that of the output parameters. For this
purpose it is necessary to have the availability of
a database of the relevant antenna characteris-
tics, obtained from electromagnetic simulations
or from measurements. Since the size of this
database need be carefully chosen, as it affects
the accuracy of the extracted statistical distribu-
tions, a special attention will have to be given
to efficient methods for this extraction in order
to maximize the accuracy to size ratio. In this
paper, a few examples of the statistical analysis
of antenna behaviour have been presented. As
regards the intrinsic antenna behaviour, it has

been shown that parametric modelling of the
antenna electromagnetic behaviour was a useful
intermediate step, as it provides a strong com-
pression of the amount of data, especially when
the antenna possesses a high symmetry. As re-
gards the effective radioelectric performance of
wireless handsets in voice call mode use case, it
has been shown that using a simple model of the
local radio propagation combined with the full
radiation behaviour of these terminals resulted
in an approximately lognormal distribution of
the effective gain, which could be well approxi-
mated together with its frequency dependence.
In another example (personal computer), the
statistics are not lognormal but exhibit signifi-
cant low gain tails, which clearly stem from to
the masking influence of the user person.

From these results, we conclude that a statistical
approach of antennas behaviour in complex use
cases is both feasible and provides useable mod-
els for the advanced description of antenna sys-
tems in wireless networks. Future work will need
to address more use cases, a variety of types of
antennas and radio terminals, the exploitation
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of these models towards performance evalua-
tion of physical layer techniques and wireless
systems and the finding of methods to maximize
the distribution accuracy/database size ratio.

Acknowledgment

Part of this work has been carried out with the
contribution of Amine Mellah and Enric de Mur.
Some of the simulated data has been provided
by J. Guterman (IST-TUL, Lisbon) [24]. The sup-
port from the lle de France region through the
project “Urbanisme des radiocommunications”
of the System@tic competitiveness cluster is
gratefully acknowledged.

References

[11Y. S. Shifrin, Statistical antenna theory, The
Golem Press, Boulder, Colorado, 1971

[2] A. Sibille, Statistical antenna modelling, 29
th URSI General Assembly. Chicago, USA.
10-16 Aug. 2008.

[3] see for instance session BKF “Stochastic
Modeling and Uncertainty Management
in Electromagnetics” 29 th URSI General
Assembly. Chicago, USA. 10-16 Aug. 2008.

[4] A. Sibille, A small signal analysis of statisti-
cal antenna modelling, EUCAP, March 23-
27, 2009 ; see also TD(08)635, COST 2100
MCM, Lille, France October 6-8, 2008

[5] A. Sibille, “A statistical approach to account
for terminal variability in radio access
simulators’, TD(09)733, COST 2100 MCM,
Braunschweig, Germany February 16-18,
20009.

[6] Ch.Roblin and R. D’Errico, Statistical analysis
of UWB antenna radiation and scattering:
Theory and modelling, TD(08)657, COST
2100, Lille, France, October 2008.

[7] Ch. Roblin & R. D’Errico, Statistical Analysis
of a Parametric Model of a “Population” of
UWB Antennas, EuCAP 2009, Berlin. 23-27
March 2009.

[8] Ch. Roblin & M. A. Yousuf, Statistical models
of wideband and UWB omni-directional
antennas based on a parametric model-
ling, EUCAP 2010, Barcelona, Spain. 12-16
Apr, 2010.

[9] C. E. Baum, “On the Singularity Expansion
Method for the Solution of Electromag-
netic Interaction Problems”, Interaction
Notes, Note 88, 1971.

[10] C. E. Baum, “Singularity Expansion of Elec-
tromagnetic Fields and Potentials Radiated
from Antennas or Scattered from Objects
in Free Space”, Sensor and Simulation
Notes, Note 179, 1973.

[11] J. E. Hansen, “Sperical near-field antenna
measurements”, |[EEE EM waves series,
1988.

[12] Ch. Roblin, S. Bories and A. Sibille, “Char-
acterization tools of antennas in the Time
Domain’, IWUWBS, Oulu, June 2003.

[13] Ch. Roblin, “Ultra compressed paramet-
ric modelling of UWB antenna measure-
ments”, EUCAP 2006, Nice, 6-10 Nov. 2006.

[14] Sarkar T. K., Park S., Koh J.,, and Rao M. S,
“Application of the Matrix Pencil Method
for Estimating the SEM Poles of Source-
Free Transient Responses from Multiple
Look Directions’, IEEE Trans. on Antennas
and Propagation, vol. 48, n° 4, April 2000.

[15]1 Hua Y. and Sarkar T. K., “Matrix Pencil Meth-
od for Estimating Parameters of Exponen-
tially Damped/Undamped Sinusoids in
Noise”, IEEE Trans. on Acoustics, Speech,
and Signal Processing, Vol. 38, n° 5, May
1990.

[16] Sarkar T. K. and Pereira O., “Using the Matrix
Pencil Method to Estimate the Parameters
of a Sum of Complex Exponentials’, IEEE AP
Magazine, Vol. 37, n° 1, Jan. 1995.

[17] Ghannoum H., Bories S., D’Errico R., Small-
size UWB planar antenna and its behaviour
in WBAN/WPAN applications, IEE Seminar
on Ultra Wideband Systems, Technologies
and Applications, London, Apr. 20, 2006.

[18] R. D’Errico, H. Ghannoum, Ch. Roblin, & A.
Sibille, Small Semi Directional Antenna for
UWB Terminal Applications, EuCAP 2006,
Nice, 6-10 Nov., 2006.

[19] H. Ghannoum, Etude conjointe antenne/
canal pour les communications Ultra Large
Bande en présence du corps humain, PhD
thesis, Ecole Doctorale d'Informatique,
Télécommunications et Electronique de
Paris, Paris, France, December 2006, [Ch. 3].

[20] R. D’Errico, Analysis and modeling of mul-
tiple antennas in Ultra Wideband, PhD the-
sis, Ecole Doctorale STITS, Université Paris
SUD 11 and Universita degli Studi di Bolo-
gna, Orsay, France, December 2006, [Ch. 2].

[21] A. Sibille, “A frequency wise statistical
model of the effective gain incorporating
terminals and local propagation variabil-
ity”, TD(09)735, COST 2100 MCM, Braunsch-
weig, Germany February 16-18, 2009.

[22] IST-4-027756 WINNER Il D1.1.1 WINNER I
interim channel models , v1.0, December
2006.( http://www.ist-winner.org/)

[23] IST-4-027756 WINNER Il D1.1.2 V1.2 Part |
Channel Models, September 2007 (http://
www.ist-winner.org/).

[24] A. Sibille, J. Guterman, A. Moreira and C.
Peixeiro, “Performance evaluation of 2.4
GHz laptop antennas using a joint anten-
na-channel statistical model’, TD (09)930,
COST 2100 MCM, Vienna, Austria, Septem-
ber 28-30, 2009.

Waves - 2010 - year 2 /ISSN 1889-8297

47



Biographies

Alain Sibille

is Head of the Electron-
ics and Computer Engi-
neering Department of
ENSTA-ParisTech. He has
received the diploma of
Ecole Polytechnique in
1977 and of Telecom-
ParisTech in 1979, and
has been Docteur dEtat (PhD with research di-
rection habilitation) since 1985. Previously he
had been with France-telecom research centre
for 13 years, then has served as a independent
consultant for this group. In 1994 he initiated
research on electronically controlled antennas
and channel measurements and modelling at
ENSTA-ParisTech, then on ultra wide band sys-
tems. His current research interests concern
statistical modelling of antennas and system
optimization taking into account the combined
channel, antennas and signal processing con-
straints. He authored or co-authored about 180
publications/communications/book chapters.
He chaired the Eurpean Wireless Conference
in 2007 and co-chaired the TPC of PIMRC 2008
and is currently chair of WG2 Radio Channel of
COST 2100 Action on Mobile Communications.
He also holds various positions at URSI-France.

Christophe Roblin

is Head of the Adaptive
Antennas and High Data
Rate  Radiocommunica-
tions Group and Associ-
ate Professor at ENSTA-
ParisTech (Ecole Nationale
Supérieure de Techniques
Avancées ParisTech). He
has graduated in Electrical Engineering from
the Ecole Nationale Supérieure de I'’Aéronautique
etde 'Espace since 1987, and has received a PhD
in sub-millimetre receivers for radio astronomy
in 1992. D' Roblin has a strong experience in mi-
crowave circuit and antenna design and mod-
elling. Since 2002, his research activities have
been in the area of Ultrawideband communica-
tions, focussing on UWB antenna design, char-
acterization and parametric modelling. He is
also currently involved in antenna and channel
topics for Body Area Networks. He has signifi-
cantly contributed to several European projects
— ADAMO (FP4), ULTRAWAVES (FP5) and PULSERS
| & Il - and has been the ENSTA team leader for
PULSERS | and the French National Research
Agency project BANET. Dr Roblin has authored
or co-authored more than 70 publications, com-
munications and technical reports.

48

ISSN 1889-8297/Waves - 2010 - year 2



