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» indoor localization next big thing in

U,
navigation mobile
|
» IR-UWB enables high accuracy ToF anchor
(time-of-flight) ranging x X

» bottlenecks are NLOS anchor

(non-line-of-sight) effects (cf. [5])

T

S

» ensuring sufficient LOS (line-of-sight) brick walls
links often not feasible

» frequent and critical NLOS case: anchorx
penetration of material (typically Figure: exemplary indoor localization

walls) scenario
> distortion of pulse shape (cf. [4])
> attenuation of signal energy
> bias in ranging (cf. [2, 1])

o (w1 =
T. Wehs Detection of Distorted IR-UWB Pulses with Low SNR 1. September 2014




‘ University of Applied Sciences Introduction

N Proposed algorithm
= HOCHSCHULE poxperiment
erformance

EMDEN-LEER Summary and outlook

Preliminary thought(s)

Pulse detection in frequency domain

>

>

>

>

relative/different shift of containing frequencies
reduced correlation coefficient with pulse template in time domain
amplitude spectrum less affected than phase spectrum

idea: correlation of amplitude spectrums often outperforms correlation in
time domain

Distance candidates in ranging

>

strong attenuation results in low SNR

» distinct determination of first received pulse not possible (cf. [3])

» detect serveral sample values with high probability to be an UWB pulse

T. Wehs
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Aim of the algorithm

Aim of the proposed algorithm:

(1) reduce the number of pulse candidates for a defined detection quality

or

(2) improve the detection quality with a defined number of pulse candidates
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Pulse candidate detection on |F|-correlation

Algorithm details

received/
synthetic
waveform

» core operation: short-time Fourier
transform (STFT) on received signal
» STFT with different window sizes

(reducing leakage effects) o short-time Fourier
> e. g ?"L,r. — 3: transform (STFT)
{1,1.5, 1.7} - pulse width s
> amp“tUde spectrograms Sn'r': n, * amplitude transmitted
Snr [27 k}] — |X['L, k”Q spectrogram pulse
» column-wise Pearson correlation v v
with spectrum of pulse template: " comelatonel .
B amplitude spectrogram [€ amplitude spectrum
pfs[’L] = and spectrum
C >0 pce(Cs,as) v
pCC( (2] CLS) < find local maxima
< 00 ’“e;’r‘r‘g;‘:;::" I ab;:,; :::ilr;ed possible pulse samples
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Pulse candidate detection on |F|-correlation

Algorithm details

» matrix of correlation values:

received/
synthetic
[’i u] waveform
Pfalis =
0f51[1] Pfsl[Q] Pfsl[”s]
ﬂfsz[ll ﬂfsz[2] PfSy [ns]
n, * short-time Fourier
transform (STFT)
Pfsy-w[ll Pfsy-w[2] Pfsn.T["s] *
» column-wise average of coefficients:
— n, * amplitude transmitted
PFA [’L] — R,L spectrogram pulse
» detection of local maxima:

o o

Zli] = " orrelationof
. amplitude spectrogram [€

<0 local maximum

and spectrum

=0 other fct. value v

>0 local minimum

amplitude spectrum

sgnlpsa’l

mean value of n find local maxima
" —»  above defined possible pulse samples
correlations
threshold
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Dielectric material paramet

Exemplary material: brick ] S
. . . .§ 1_6’7+++ 4
> dielectric material parameters g **++++++++
° L t+ 1
. o 14 trtg
> bandwidth from 2GHz to 11GHz  § **+++++++++
o 121 +++++*
> based on Jing et al. [4] ° e
2 3 4 5 6 7 8 9 10 11
» frequency dependent frequency [Hz] <10
> non-linear impact on propagation 0.12 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ |
. ++
> amplitude constant g 01r +++++* E
> phase constant £ o8l ++++++++ ]
@ ++T
< 0061 T 1
S+
+++++++
0.0 R
3 4 5 6 7 8 10 1
frequency [Hz] x 10
Figure: dielectric parameters material
brick
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Pulse distortion with wall of brick

» distortion of pulse in time domain
and amplitude spectrum

» wall of brick with thickness of 5cm

magnitude (standardized)

—+— transmitted pulse (template)

magnitude (standardized)

—+— distorted pulse (5 cm brick) -0.8 —+— transmitted pulse (template)
0 . . : ; ; : . . : ;
5 3 . T . ; A S m . —+— distorted pulse (5 cm brick)
frequency [Hz] x10° 0 05 1 15
time [s] x10°
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Comparison of correlation coefficients over wall thickness
. . 1.051
> material: brick —+— time based
1k —+— frequency based (amplitude)
. )
> thickness: Ocm to 25cm Q 0957
5 ool
k]
> time domain: B
. . . 8 o085t
discontinuous decaying ¢
. .. S
correlation coefficient T 08}
[}
5}
S 075¢
» amplitude spectrum: 8
: . 8 0.7
continuous deca}/lng K
correlation coefficient 0,651
0.6 ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25
thickness of slab (brick) [cm]
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Results from proposed algorithm (exemplary)

T T T
waveform w/ AWGN H
== = waveform w/o AWGN

O distance candidates |F| correlation
correlation coefficient (|F|)

. O distance candidates correlation time domain
» ground truth of distorted
pulse: t = —25.02ns

» 5cm wall of brick 1

» SNR: —11.67dB

and correlation

» red marker: candidates
|F|-correlation

» blue marker: candidates
t-correlation (matched . 2.5020-008

flt ) Y:-11.67

Hiter u

I I I I wﬁ I I I I

-26 -2.58 -2.56 -2.54 -2.52 -25 -2.48 -2.46 -2.44 -2.42 -24
time [s]
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Performance analysis

» quality criterion: deviation
of closest candidate to
ground truth

> SNR range:
—34dB to —6dB

» cumulative improvement in
this test case (brick, 5cm,
SNR range) is 37 %

» means: with same number
of candidates, detection
accuracy increases by 37 %
(average)

T. Wehs Detection of Distorted IR-UWB Pulses with Low SNR 1. September 2014

rformance analysis (SNR)

351
+ \ —©&— based on t-correlation (median)
T /\ / \ —&— based on |F|-correlation (median)
| % | \ // \ — 4+ — based on t-correlation (mean)
| N | v \ — 4+ — based on |F|-correlation (mean)
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Deviation from true position of pulses [samples]
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Summary and outlook

The aim of the paper was to depict a new approach for the detection of
distorted and low SNR pulses in frequency domain to improve indoor

localization.
Summary Outlook
» UWB pulses often strongly > analyse impact of angle of
distorted and attenuated in indoor incidence on the wall
environments >

» distortion reduces correlation in
time domain

. . >
» correlation of amplitude spectrums
instead can improve this >
> experiment shows improvement up
to 37%
T. Wehs Detection of Distorted IR-UWB Pulses with Low SNR

further evaluation of the approach

> other pulse shapes
> different materials

additional quality criteria

runtime analysis
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ormance analysis (wall thickness)

> blue: general ratio of
correlation coefficients 0.95f
t-correlationyp i ckness
|Fl-correlation, ;, ; .1 e ss 0.9}
) 0.85f
» improvement follows
course of general ratio 08¢
o
B 0.75r-
» different STFT windows o7l
results in additional
improvement 0.85¢
06 ' —c—pasis ratio T/|F)|
0551 —o—ratio, (L={42})
—o— ratio,__(L={40,60,70})
05 ‘ ‘ ‘ ‘ ‘
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