Cooperative localization using
angle of arrival measurements in
non-line-of-sight environments
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Why use AoA?




Line-of-sight scenario
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Sequential algorithm

» Given AOA estimates ¢ of variance X, at each receiver
o receivers’ location and orientation known.
o Polar coordinates convenient

o Need globally common reference: x-y coordinates
Y

A

Bootstrap to get initial location
estimate from 2 AoA

Transform location and
covariance to global x-y coords.

Transform to polar coords. of next (Fou: %ol
receiver or stop if no next receiver.

Update location and covariance
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Location & Covariance Update
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» Receive old location estimate in global cartesian coordinates
e Convert to “local” polar coordinates.
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o Old location estimate fold = [Rota Potd]
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and error covariance matrix X4 = ﬁ])% fgf .
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e receiver’s AoA estimate is ¢, and variance 2852

e Use linearized update equations — ML in Gaussian case.
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e Similarly, update the covariance matrix to get Spew



Non-line-of-sight scenario
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Narrowband versus Wideband

O

o Cannot resolve incoming paths spatially

source

e Narrowband model

o0 One estimate from superposition of paths
o Either AoA estimate has LOS

= Use zero-mean symmetric LOS models
o Or, AoA estimate has no LOS

= Use worst-case NLOS model

source

e Wideband model

o Can resolve multiple paths spatially
O Multiple AoA estimates

= One from LOS model (@, 0,,03)
x Other AoA from multipath
o Use worst-case NLOS model (b) Wideband



ML Estimate for Narrow band scenario
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e Gaussian LOS model with blockage
p(¢ l ¢) — a’pblock (¢ I ¢) + (1 B a)'pGaussian (¢ | ¢)
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N
» Solution: X =argmin ) min{[ —¢,(X)*,0;,}
i=1

where threshold ®__ («r,07)

 Insight: Solve least squares problem
o but minimize only errors less than threshold

o Suppresses effect of outliers

e ML estimator is exponentially complex in N




Narrowband NLOS Sl@pression

Modifications to the sequential algorithm

e Randomization

o Start procedure with M random bootstraps

e Thresholding Errors
o At each step, no observed angular errors exceed ®

o Observed angular error = angle between measured AoA and the
bearing of the estimated location.

e Pick solution with lowest ML cost

Note: In wideband setting, introduce virtual receivers




No. of Randomizations ‘M’
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Performance under LOS
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Irmproved performance of Sequential Algorithm in LOS scenarios for N =8

e Circular field of unit radius —

—=— 2 trials

n2r

e 8 receivers

015

» Sequential combining in
random order

01 F

Marmalized RWS localization error

e Gaussian “errors” in AoA
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estimate.
° Close tO ML performance Dz ;1 S%td. devia‘ﬁon 0on1»:’-‘s:Ierran l?llr21 degre;:l 1IB 18
: Mul.tlple bootstraps to Outdoor regime: Indoor regime:
achieve ML

1x1 km area using 8 30x30m area using
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Using additional RSS information

e Easy incorporation of range
information

e Substantial gains at large
AoA spreads
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Zomparison of sequential algarithm in LOS scenarios with/without ranging information

Mormalized rms localization error
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Performance under NLOS
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o fraction of receivers with
NLOS (outliers) using

° Ferformance of NLOS suppression for M = 8 collectors using optimal threshalds
narrowband model with r—nsmws |

. o4l — & MLi{x=05
Gaussian LOS errors. 9 NLOS sup. (o= 0.375
035) —% ML (o=0375)
—E—HNLOS sup. (o=025)
0.3 — B -ML (z=0.25)

—— MLOS sup. (o= 01268)
— ML fo = 0.125)

M = {4,7,11,13} for
o= {0.125,0.25,0.375,0.5}

e NLOS suppression close to ,
brute-force ML performance ¢
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o Poor performance for 1arge a) 1 ’ 53td. deviatdinn of Aod errars (in degrees)

o Need other forms of location
info.?




L.oss due to NLOS
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Ferformance penalty ta identify unknown MLOS collectors for M =8 collectors

. Brute force ML With known 045 1 outlier (unknowm)
outliers much better than ML o4z ostirtom
with unknown outliers O35 3 ters (oo

(
—— 3 outliers (unknowm)
g3l = -3 outliers (known)
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—=—4 outliers (unknowm)
— &= --4 pgutliers (knawn)

e Cost to find outliers
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e Small fraction of
outliers/small angular
spreads, algorithm performs T
well (e.g. outdoors). =
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Alternate AoA measurement models
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Performance of the NLOS suppression for other AoA estimation models
0.2 ‘

—<— Cauchy AoA model
Laplacian AoA model
— - - ML for Laplacian model

e Algorithm robust to other
heavy tailed AoA
measurement models

% 0.14}
. § 0.12¢
e Laplacian model closeto ¢ |
ML % 0.08 |-
. . TE 0.06
e Cauchy with larger tails
performs worse
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Std. deviation of AoA errors (in degrees)
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Conclusions and Future Work

O

e Algorithm for NLOS environments
o Robust and scalable

o Achieves close to ML performance
o Incorporates other localization modalities

e Challenges
o Theoretical guarantees on robust performance
o Using time of arrival information
o Further investigation of correlated scattering scenarios
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QUESTIONS?




Sample Environments
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