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Abstract: The TOA (time of arrival) estimation algorithms based on match-filtering detection for UWB (ultra
wideband) wireless sensor networks are extensively studied in this paper. Based on the analysis of the drawbacks of
the algorithms in the literature, a three-step algorithm is proposed: first, determine the search region for DP (direct
path) detection; then, a rough detection of DP is made by threshold comparison; and last, the precise location of DP,
i.e., the center of the arriving pulse, is obtained by a refined search process. The threshold factor used to calculate
the threshold in the second step is set dynamically by using a model in terms of the kurtosis of the match-filtering
output. The model is well independent of the channel model, and its effectiveness is proved through the comparison
of the resulted performance with that of using fixed threshold factor. By comparing the performance of this
algorithm with that of other algorithms, it can be observed that the proposed three-step algorithm has achieved a
good trade-off between computational efficiency and estimation accuracy, thus more appropriate for current
applications. In addition, the reliability of TOA estimation result is discussed through statistical analysis. Two levels
of reliability are defined with regard to the corresponding kurtosis of the TOA estimation, and the probability
density function for TOA estimation errors of each level is modeled. Properly incorporating the reliability
information into the positioning algorithm will definitely improve the final location estimation accuracy.

Key words: UWB (ultra wideband); wireless sensor network; positioning; TOA (time of arrival) estimation;

match-filtering
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Fig.2 Possible detection areas of threshold detection on the match-filtering output of
single pulse waveform
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Fig.4 TOA estimation MAE with respect to threshold factor y for different K
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Fig.5 Dependence of the optimal threshold factor y,, on K and its fitting
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Table 1 Settings of simulation parameters
x1 iHZENRE

Parameter name Parameter value
Pulse shape Gaussian doublet
Pulse duration time (T;) 1ns
Pulse bandwidth 2.7GHz
System sampling rate 40GHz
Pulse repetition interval (Tr) 200ns
Max value of time-hoping codes (Cmax) 50
Number of channels 500 for CM1, 500 for CM2
En/No {12,14,16,18,20,22,24,26,28,30}dB
Real TOAs for every channel realization Uniformly distributed within (0,T)

Number of pulses used for a symbol (Ns)
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Fig.8 TOA estimation performances under different kurtosis
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Fig.9 Normalized histograms for the three kinds of unreliable-level errors under
CML1 and the corresponding probability density fittings
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Fig.10 Normalized histograms for the SD_error of the reliable-level under CM1 and
its probability density fitting
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Table 2 Sum up of the PDF modeling results for TOA estimation errors
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Parameter value
Channel model Unreliable-Level (K<3) Reliable-Level (K>3)
EFA MD SD EFA MD SD
PEFA:02364 PMD:O3341 PSD:04295 PEFA:OOOZS PMD:00226 PSD:09749
P;=0.1086 P,=0.0524
11=—0.2240 11=-0.2178
CM1 Hera=0.5570 Hmd=3.2954 | 01=0.03380 N/A N/A 01=0.01467
e1a=5994 omg=1.7675 | P»=0.8914 P»=0.9476
1,=0.02025 1,=0.01710
0»,=0.01926 0,=0.01338
PEFA:02590 PMD:O4045 PSD:03365 PEFA:00024 PMD:00417 PSD:09559
P;=0.1460 P,=0.0720
11=—0.2010 11=—0.1863
CM2 Hera=0.5163 Hmd=3.2842 | 01=0.03516 N/A N/A 01=0.02447
weta=5811 omg=1.6737 P,=0.8540 P,=0.9280
1,=0.05721 11=0.05748
0,=0.03483 5,=0.02906
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