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1 Background and Objectives

Environment measurement is an important issue
for various applications including household robots.
Radars utilizing ultra-wide-band (UWB) pulses, for
which FCC has recently set a standard, is a promising
candidate in a near future.

Noise reduction is essential for a precise location-
ing, but accurate noise reduction with Wiener filter re-
quires information of the scattered waveform. On the
other hand, target location estimation is indispens-
able to the waveform estimation. Here, we propose
a method which simultaneously estimates target loca-
tion and scattered waveforms, and examine its perfor-
mance.

2 System Model

We deal with a 2-dimensional problem. We assume
an 11-element linear sensor array with intervals of half-
wavelength, and one point target located within its
near field. We assume that we have no information
of scattered waveforms, which we model as the dif-
ferential of the transmitted waveform. We define the
received signal for the m-th sensor as s, (t). We also
define s(z,y) as s((m— (M —1)/2)d/X, ct/)) = s, (),
where ¢ is speed of the light, A\ is the center wave-
length, M = 11, d = A\/2. We define the estimated
target location for i-th iteration as T'; = (x4, ;).

3 The Proposed Method

We define Hyperbolic Coherent Transform (HCT)
as
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where we define u(z,T;) = |Ti| + /(z — x;)? + y2,
and initial value H(3,Ty) as the Fourier transform of
the transmitted waveform. HCT is an approximate of
the Fourier transform of a scattered waveform F(/3).
We describe the target location estimation methods as
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where P;(f) is estimated dominant-frequency wave-
forms after denoising. We set P;(3) for each method
as in Table 1, where we also define IHCTW (IHCT
Without waveform estimation) which is a conventional
method, and THCTK (IHCT with Known scattered
waveform) which needs ideal assumptions.

4 Performance Evaluation

Figure 1 illustrates the center-frequency waveforms
estimated at the 1st, 5th and 10th iteration of THCT.
Figure 2 shows the performance of each method com-
pared to Cramer-Rao Lower Bound (CRLB). IHCTK
achieves CRLB for S/N > 11dB. ITHCTW has a floor
of estimation error caused by biases due to the fixed
reference waveforms. On the other hand, the per-
formance of IHCT is near to CRLB. The precision
of THCT is 140 times better then that of THCTW.
Moreover IHCT achieves an accuracy of 1073\ for
S/N > 34dB.

Consequently, we clarified that our proposed
method has a remarkable performance, which is close
to the theoretical limit.

Table 1: HCT P;(3) for each method.

THCT [ (H(3,T%) » sinc(taB)) [H (B, Tr1)]
IHCTW | H(B,To) (Transmitted waveform)
IHCTK | F(8) (Unknown in actual cases)
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Figure 1: Estimated dominant-frequency waveforms.
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Figure 2: Estimation error of the target location.



