





To quantify the error energy of UWB pulse signal estimation, a pulse width
definition is proposed. The minimum x dB-energy pulse width (or the minimum
y %-energy pulse width, where y = 107%/19¥2) of a UWB pulse signal is defined
as the minimum partial time interval of the pulse signal, where y % of the signal
energy is contained. For the calibration measurement estimation in Figure A.14,
the minimum 90 %-energy pulse width (the minimum 10 dB pulse width) is from
5.811x107% to 5.898x107% s, and the normalized estimation error over the pulse
width” is 0.1193. The minimum 85 %-energy pulse width is from 5.825x107% to
5.870x107% s, and the normalized estimation error over the pulse width is 0.1013.
For the FD measurement estimation in Figure A.13, the minimum 90 %-energy
pulse width is from 1.671x1077 to 1.684x10~" s, and the normalized estimation
error over the pulse width is 0.2888 (3.84 dB above the calibration estimation error).
The minimum 85 %-energy pulse width is from 1.672x10~7 to 1.676x10~" s, and
the normalized estimation error over the pulse width is 0.1647 (2.11 dB above the
calibration estimation error). The minimum 85 %-energy pulse width is close to
the time width between the second zero crossing points from the signal peak.

The estimation error in the TEM measurement was smaller than the estimator
error in the FD measurement. Compared to the polarization estimation process in
the TEM measurement with Equation (A.14), the polarization estimation process
in the FD measurement with Equation (A.13) requires more complex frequency-
domain calculations of antenna sensitivities, where some of antenna sensitivities
were interpolated with antenna sensitivities derived from Equation (A.2). Mea-
sured data of the FD measurement have lower SNR than that of the TEM mea-

surement, which is caused by using lower gain receiving antenna. To improve the

"The normalized estimation error over the pulse width 7, is defined as ¢ =
(Jp P2@)dt)= [, |Ir(t) — #(2)[|2dt, where r(t) is a measured signal, 7#(t) is a estimate of r(t) ,
P p
and the integrations are over the pulse width Tj,.
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estimator result in the FD measurement, we must repeat Sy;(f) measurements in
Equation (A.2) with different transmitting or receiving antenna positions and aver-
age the measured Sy (f) over the repeated measurement data to acquire accurate
antenna sensitivities. A reference antenna with known characteristics can be used

to simplify antenna sensitivity measurements for a better result.

A.4.4 Conclusion

In the anechoic chamber measurement, two types of measurements were conducted
for the polarization estimation process. The first measurement, the TEM horn
measurement, is based on a UWDB radar system channel scale model. The direc-
tional TEM horn antenna was used to maximize received signal strength at the
boresight. The second measurement, the FD measurement, is based on a simpli-
fied UWB wireless communication system channel model. The simplified channel
is a single-path channel extracted from a UWB multipath channel. Hence, even
with the knowledge of the transmitter location, the wave in the single-path channel
does not always impinge in the receiving antenna boresight direction. Therefore,
three orthogonal antenna orientation measurements were conducted, and the omni-
directional FD antenna was used in the second measurement. Based on the result of
the FD measurement, the polarization estimation process in the single-path chan-
nel may be extended to the polarization estimation process in a UWB multipath
channel with a proper decomposition algorithm.

The accuracy of the estimation algorithm should depend on the effective band-
width of the transmitted pulse, antenna bandwidth, antenna transfer function, and
so on. For a higher frequency UWB signal than our test setup, for example 3.1 - 10.6
GHz frequency band signal fitting FCC Mask [12], the algorithm should be valid,
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but a more refined receiving antenna placement technique for different orientations

will be necessary.
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