Computer simulation: Fig. 2 shows a turbo-coded W-CDMA
reverse link transmission model. The single mobile user is assumed
to continuously transmit information data at 64kbit/s. The data
are divided into a sequence of 5120bit data frames. Frame data
are first 16bit CRC encoded and then turbo encoded with coding
rate of 1/3 and generator polynomials of 1, 5/7, 5/7 in octal nota-
tion (the two RSC encoders are the same and have a constraint
length of 3 bits (see Fig. la). A multistage interleaver (termed
MIL) [4] realises turbo internal interleaving and channel interleav-
ing. At the W-CDMA transmitter, the coded binary data sequence
is transformed into a quaternary phase shift keying (QPSK)-mod-
ulated symbol sequence after some non-information bearing data
have been appended. Four pilot symbols are appended to the
resultant 128ksymbol/s QPSK-modulated symbol sequence every
0.625ms (the time interval beginning with four pilot symbols fol-
lowed by 76 data symbols is called the time slot) and is QPSK-
spread using a 4.096Mchip/s complex long pseudo-random
spreading sequence (spreading factor 32) to be transmitted over a
frequency-selective fading channel [1]. The fading channel is mod-
elled as a frequency selective Rayleigh channel having an ITU-
specified vehicular B power delay profile [5]. Two spatially sepa-
rated antennas and a four-finger (two fingers/antenna) coherent
RAKE combiner are assumed at the base station receiver. Chan-
nel estimation for coherent RAKE combining is performed by
averaging eight received pilot symbols of two consecutive slots.
The RAKE combiner output sample sequence is de-interleaved
and turbo decoded as described previously. Signal-to-interference
plus background noise power ratio (SIR) measurement based fast
transmit power control (TPC) described in [6] is assumed; the
power up/down step size is 1dB and the power-control rate is
1600Hz.

We measured the average bit error rate (BER), average received
E,/I, per antenna (since the single user is assumed in the simula-
tion, I, is equal to the background noise spectrum density N,), and
average number of decoding iterations for various values of target
SIR for fast TPC. The measured average BER and the average
number of decoding iterations are plotted in Fig. 3 against the
average E,/N, per antenna for the fading maximum Doppler fre-
quency f, = 5 and 80Hz. The maximum number of decoding iter-
ations is eight (in our simulation, after eight iterations, the
improvement in BER performance is saturated). It can be clearly
seen from Fig. 3 that the introduction of CRC decoding into the
turbo decoding iteration process does not degrade the BER per-
formance at all, while the average number of decoding iterations
can be reduced by half at average BER = 10 and by 75% at aver-
age BER = 10-. Similar results were gained under slow fading
rates, i.e. f, = SHz.

Conclusions: A method for reducing the average number of itera-
tions has been addressed in this Letter. To reduce the average
number of decoding iterations, the CRC error check is incorpo-
rated into the decoding iteration process in the turbo decoder and
further iterations are stopped when CRC decoding finds that there
is no error in the decoded data. Simulations showed that the W-
CDMA reverse link suffers no performance degradation even if
the average number of iterations is reduced by 75% at BER = 10
under frequency selective Rayleigh fading.
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Dual band FSS with fractal elements

J. Romeu and Y. Rahmat-Samii

Experimental and computed results of a frequency selective
surface (FSS) based on a certain type of fractal element are
presented. The fractal element is a two iteration Sierpinski gasket
dipole. Owing to the dual band behaviour of the two iteration
Sierpinski gasket dipole, two stopbands are exhibited within the
operating frequency band. This behaviour is obtained by arraying
one simple element in a single layer frequency selective surface
(FSS).

Introduction: The use of certain fractal elements such as the
Hubert curve has been proposed for the building of frequency
selective surfaces (FSSs) [1]. In this case the space filling properties
of certain fractal curves were exploited in order to obtain resonant
elements that occupied a small volume. In this Letter we propose
making use of the self-similar properties of certain fractal objects
to design a dual band FSS. The design of a multiband FSS is usu-
ally accomplished by multilayer surfaces or by perturbing the ele-
ments or the spacing between elements. One possible approach is
to use multiband elements in the construction of the FSS. The
multiband properties of antennas designed using fractal shapes
have been recently demonstrated [2], and it would appear natural
to explore the feasibility of a dual-band FSS based on fractal ele-
ments. The FSS is designed by periodically arraying a two itera-
tion Sierpinski dipole. A fundamental constraint of this approach
is the band limitation imposed by the excitation of grating lobes.
It will be shown that it is possible to array the Sierpinski gasket
dipole in such a way that a dual band FSS is obtained. The result
is a dual band FSS that has the advantage of comprising a single
element and single layer.

Ik

dxy |

Fig. 1 Two iteration Sierpinski gasket dipole FSS

Sierpinski FSS: The multiband behaviour of the Sierpinski dipole
has been well described in [2]. Fig. 1 shows the two iteration Sier-
pinski gasket dipole and the way it has been arrayed to design the
FSS. The self-similarity scale factor for the equiangular Sierpinski
gasket is 2, and a spacing by a factor of 2 should be expected
between resonant frequencies. On the contrary, it is known that
for a free standing Sierpinski dipole the first two resonances are
spaced by a factor of 3.5. The explanation has to be found in the
truncation effect of the first iteration that moves the resonant fre-
quency to lower frequencies. The first and second resonances
appear at

(2x h)/A =0.306 (2x h)/As=1.032 (1)

where A, and A, are the wavelengths of the first and the second
resonances. For generality throughout this Letter all frequency
references have been normalised to the dipole to wavelength ratio.

According to the layout shown in Fig. 1, the spacing between
elements is chosen such that
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de =dy =2xdey =2xdy; dz = 1.058 x(2x h) (2)
For this spatial periodicity, and for normal incidence, four degen-
erated grating lobes appear with a cutoff wavelength given by

dx
)‘cu o == 3
wff = 75 (3)
It is clear from eqns. 1 — 3 that the grating lobes in this structure
will appear for

(2 X h)//\cutoff =1.37 (4)
ie. a frequency above the second resonance of the Sierpinski
dipole.
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Fig. 2 Transmission coefficient of Sierpinski FSS
measured results from 2 to 18 GHz
— — — computed results

Note: Frequency scale of measured results has been scaled to take
into account frequency shift produced by dielectric backing

Analysis and results: The structure in Fig. 1 has been analysed and
the transmission coefficient for an electromagnetic wave with nor-
mal incidence to the surface has been computed. The analysis has
been carried out with the method of moments for periodic struc-
tures with frequency interpolation of the impedance matrix [3].
The results are for an electric field polarised along the axis of the
dipoles. In Fig. 2 the computed results for the Sierpinski FSS are
presented. The surface clearly exhibits two stop-bands centred at

@xRh)/A =039 (2xh)/l=112 (5

with a band spacing factor of almost 2.9. These reflection bands
appear at a frequency above that which would be expected from
eqn. 1. One possible explanation is that the results reported in [2]
were obtained with a dielectric backed dipole. Another possible
cause could be a shift in the resonance frequency due to the
mutual coupling of the different elements. A Sierpinski FSS with
19 by 12 elements (x and y direction) has been built on a 62mil
Cu-clad substrate (¢, = 2.6). The height of the element has been
chosen to be 2 x £ = 1.95cm. The transmission properties of the
FSS have been measured over the frequency range 2-18 GHz. The
measurements were performed in an antenna range. The FSS was
placed Scm in front of a linearly polarised wideband ridge horn
antenna. The receiving antenna was another linear polarised wide-
band horn placed at a distance of 5m. The measurement with the
FSS was simply calibrated against a measurement in which the
FSS was replaced by a 62mil Cu-clad sheet of the same size.

As expected, the measurements exhibit two stop-bands centred
at 4.1 and 15.4GHz. These values are approximately shifted down
2GHz from what would be expected from the computed results,
and correspond to 2 X A/A, = 0.27 and 2 x A/A, = 1. These values
are closer to those reported in [2] and shown in eqn. 1 for a single
dipole than the values computed and shown in Fig. 2, and eqn. S
for the FSS. The difference must be attributed to the dielectric
backing of the measured FSS. For comparison, for the measured
results shown in Fig. 2, the effective electrical permittivity has
been empirically determined. It is also noticeable that the meas-
ured stop-bands are narrower than predicted. Once again, the
presence of the dielectric backing results in an increment in the
stored electric energy and a consequent increase in the Q factor of
the FSS.

Conclusion: Tt has been shown that the multiband properties of
certain fractal elements, such as the Sierpinski dipole, can be
exploited in the design of dual band FSSs. The FSS exhibits two
stop-bands with attenuation > 30dB. Although the behaviour of
the FSS has only been analysed and measured for normal inci-
dence, at the second stop frequency of 15.4GHz grating lobes
appear for an oblique incidence of 22° with respect to normal inci-
dence. Up to a certain degree, it should be possible to modify the
ratio between bands by perturbating the shape of the dipole [4].
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Chord bisection strategy for fast ellipse
location

E.R. Davies

It is shown that a previously proposed rapid sampling technique
can be extended using a strategy based on chord bisection. The
strategy is characterised by very high speed of operation coupled
with accurate location, and can be matched to the level of
robustness required by the application. The new technique has
been tested on images in which the ellipses are cereal grains with
close to 2:1 aspect ratio, but it appears to be suitable for locating
ellipses of any eccentricity with near ultimate speed of processing.

Introduction: In many areas of machine vision there is a need for
algorithms which operate extremely rapidly, so that huge quanti-
ties of input data can be analysed and relevant decisions made in
real time. In certain cases, such as the inspection of grain, the
problem is exacerbated as large consignments may arrive at a mill,
packing station, or ship at irregular intervals, and each will have
to be given a bill of health in as little as 3min. This type of situa-
tion places extreme pressure on the system designer if cost is to be
minimised as well as optimising processing time. For this reason,
there is a need for highly efficient algorithms to implement com-
mon vision tasks, particularly those related to object location.
The location of elliptical objects involves a considerable compu-
tational overhead. Essentially, this is because all the pixels in the
image have first to be visited to determine whether they are edge
points, and those that are then feed data to Hough transforms or
other ellipse detection mechanisms. Recently, an attempt was
made to detect objects such as ellipses from their internal regions
rather than their boundaries, using a sampling approach which
seemed likely to minimise the speed of location [1]. This attempt
was highly successful. However, while it was able to locate objects
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