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Motivation

Multipath propagation imposes challenges on any radio communication

UWB and Phase-based Ranging are no exceptions

In free space (outdoors) distance estimation works perfectly

= Scenarios with multipath/NLOS conditions perform much worse

Realistic scenarios are mostly indoors with lots of multipath propagation
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= Obtain distance in meters between two wireless sensor nodes
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= Obtain distance in meters between two wireless sensor nodes
» Radio transceivers with Phase Measurement Units (e.g. AT86RF233)
= Measure phase response of radio channel between nodes
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Obtain distance in meters between two wireless sensor nodes
Radio transceivers with Phase Measurement Units (e.g. AT86RF233)
Measure phase response of radio channel between nodes

Exemplary phase data for 5 meter distance:
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Obtain distance in meters between two wireless sensor nodes
Radio transceivers with Phase Measurement Units (e.g. AT86RF233)
Measure phase response of radio channel between nodes

Exemplary phase data for 10 meter distance:
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Phase-based Ranging CDE Algorithm ltip

Phase-based Ranging

Obtain distance in meters between two wireless sensor nodes
Radio transceivers with Phase Measurement Units (e.g. AT86RF233)
Measure phase response of radio channel between nodes

= Exemplary phase data for 10 meter distance:
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= Distance is proportional to slope/frequency of phase response
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= Compute Fast Fourier Transform (FFT) from complex signal
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= Compute Fast Fourier Transform (FFT) from complex signal
®» Result is the time-domain impulse response of the radio channel

» Exemplary impulse response for 5 meter distance:
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Complex-valued Distance Estimation (CDE)
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= Compute Fast Fourier Transform (FFT) from complex signal

= Result is the time-domain impulse response of the radio channel
» Maximum peak indicates the distance (via propagation speed )

= Exemplary impulse response for 5 meter distance:
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Phase-based Ranging CDE Algorithm

Complex-valued Distance Estimation (CDE)
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= Compute Fast Fourier Transform (FFT) from complex signal

= Result is the time-domain impulse response of the radio channel
» Maximum peak indicates the distance (via propagation speed )
= Peak height = Distance Quality Indicator (DQI)

= Exemplary impulse response for 5 meter distance:
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Complex-valued Distance Estimation (CDE)

Compute Fast Fourier Transform (FFT) from complex signal
Result is the time-domain impulse response of the radio channel
» Maximum peak indicates the distance (via propagation speed )

= Peak height = Distance Quality Indicator (DQI)

Exemplary impulse response for 5 and 10 meter distance:
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= How does multipath propagation interact with the measurement?
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= How does multipath propagation interact with the measurement?
= Do we measure dgj,t or 2 - d,?
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= How does multipath propagation interact with the measurement?
= Do we measure dgj,t or 2 - d,?
= Or something completely different?

ddirect
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= 1000 measurements with/without reflective surface
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= 1000 measurements with/without reflective surface
= dgirect = 10m
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= 1000 measurements with/without reflective surface
= dgirect = 10m
=2-d =40m
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= 1000 measurements with/without reflective surface
= dgirect = 10m
=2-d =40m

—— w/o reflector
—— with reflector
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= Median FFT of 1000 measurements
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= Median FFT of 1000 measurements
= Without reflective surface: distinct peak
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= Median FFT of 1000 measurements
= Without reflective surface: distinct peak
= With reflective surface: multiple peaks
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= Median FFT of 1000 measurements

= Without reflective surface: distinct peak

= With reflective surface: multiple peaks

» Correct peak is not the highest one — CDE fails!
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= 10 sensor nodes, 9 links each, 1000 measurements per link
— 90000 measurements
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= 10 sensor nodes, 9 links each, 1000 measurements per link
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= Categorized into LOS, Multipath, and NLOS conditions
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= 10 sensor nodes, 9 links each, 1000 measurements per link

—> 90000 measurements
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= 10 sensor nodes, 9 links each, 1000 measurements per link

—> 90000 measurements
= Categorized into LOS, Multipath, and NLOS conditions
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= 10 sensor nodes, 9 links each, 1000 measurements per link
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= Find first peak instead of highest peak
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= Find first peak instead of highest peak
» Which one is the first peak?
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= Find first peak instead of highest peak
» Which one is the first peak?
= Find the first peak that is high enough
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= Find first peak instead of highest peak

» Which one is the first peak?

= Find the first peak that is high enough
— Multipath-aware iCDE (MP iCDE)
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= Find first peak instead of highest peak

» Which one is the first peak?

= Find the first peak that is high enough
— Multipath-aware iCDE (MP iCDE)
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= similar results in LOS conditions
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= similar (adverse) results in NLOS conditions

1.00 9 NLOS
0.75
A 0.50
0-25 7 == iCDE
—— MP iCDE
0.00
T T T T T
—-20 —10 0 10 20 30 40
Error [m]
Non-Line-of-Sight
Yannic Schréder, Daniel Heidorn and Lars Wolf | igation of Multipath Effects on Phase-based Ranging | Page 16

Braunschweig

Institute of Operating Systems
and Computer Networks



= better results in Multipath conditions: Mean Absolute Error (MAE) from 43 m to 2.1 m
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= Multipath Effects on Phase-based Ranging experimentally shown
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= Multipath Effects on Phase-based Ranging experimentally shown
= MP iCDE algorithm to reduce errors by multipath propagation
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= Multipath Effects on Phase-based Ranging experimentally shown
= MP iCDE algorithm to reduce errors by multipath propagation
= NLOS errors can’t be reduced
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Multipath Effects on Phase-based Ranging experimentally shown
MP iCDE algorithm to reduce errors by multipath propagation
NLOS errors can’t be reduced

Multipath errors reduced from 4.3 m to 2.1m
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Phase-based Ranging CDE Algorithm ~ Multipath Effects Mitigation Conclusion

Conclusion

Multipath Effects on Phase-based Ranging experimentally shown
MP iCDE algorithm to reduce errors by multipath propagation
NLOS errors can’t be reduced

Multipath errors reduced from 4.3 m to 2.1m

Whats more in the paper?

= Math of MP iCDE

= Evaluation of MP iCDE parameters « and j3
= More evaluation details

Thank you for your attention!
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= MAE reduced by 51 %

| min. [m] max. [m] median [m] MAE[m] o [m]
-8.576  155.616 1.863 4347 6.518
-10.108  152.760 0.524 2.138 3.834

iCDE
MP iCDE
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