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Problem Statement Constrained Edge-Kernel, proposed approach

Comparison with state-of-the-art

Goal: multimodal self-localization of nodes in a sensor network

Constrained E-MDS State-of-the-art
Approach: recover the locations of the nodes given distance and angle o N | _
measurements  Our contribution: enforce additional constraints on K  Distance-only: MDS [1]
Contributions: two algorithms that outperform the state-of-the art * Constraints: (1) K is PSD and of rank 2  Distance + angles: E-MDS [3]
(2) the entries of K satisfy the triangle equality Experiment
e Solution: lift-and-project, alternative projections onto the sets satisfying constraints e 6 points chosen uniformly in the unit square
(1) and (2) e Compute RMSE on reconstructed points
RMSE vs. angular noise
Coordinate Difference Matrices (CDMS) « RMSE vs. angular noise for two representative distance noise levels
"low” distance noise: o4 = 0.06 "high” distance noise: o4 = 0.17
L. 0.0 11.5%[] 22.9 0.0 11.5%[] 22.9
Deflnltlons CDM S — S]l—l_ - ]ls—r v I—Ei—' constrain;d E-MDS | T | I
-=-- MDS
Noise matrix Z 0.3 0.3
Mask matrix %4 7 o
= 0.2 = 0.2
Background | - = = Z
Degree matrix A = diag (nz_:l Wmn) 01 014
Distance-based approaches 3
Input Incomplete noisy measurements S =(S+Z)oW
e How to measure distances: time-of-arrival, received signal Y00 01 02 03 04 05 00 01 02 03 04 05
2 oq[rad] oq[rad]
strength Cost function min W o (s17 ~ 157 - §)| . .
s F RMSE vs. distance noise

e Methods: Euclidean distance matrices, MDS [1]

* RMSE vs. distance noise for two representative angle noise levels

Algorithm Decompose the edge vectors V into 1D coordinate differences s, and s,,.
Angle-based approaches g P : y

For each dimension 08 ”low” angle noise: o, = 0.11 (6.2°) 0.8 “high” angle noise: o, = 0.50 (28.6°)
* How to measure angles: antenna arrays, leveraging phase - | | _ —5— constrained E-MDS A
_ Compute W', S and A’ by removing the first row and column of W, S and A. 0.71 - MDS 0.7 1 o
differences d = A(§ oW1 061 —— CDM ~ 2:,,4——' 06- .‘;;.ﬁ\___*/’
 Methods: angle-of-arrival [2] A — T — AW . a B-MDS :’ &
Ea
- 5 = (A’)~1d’ where (A’)~! has a closed form. ZIe
Hybrid approaches 5= =0
y PP Return |0 é]T = 0.5
e Combination of distances and angles - |
e Method: edge-multidimensional scaling [3] Output The 2D points |3, 3, ol AT
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Comparison of the two methods 7il] it

Edge-Kernel, prior work

Conclusion

difference CDM - constrained E-MDS

Experiment: measure the RMSE =
-0. -0.06

of the reconstructed locations for We proposed two algorithms for multimodal sensor localization:
different noise on distances (o) or | » Constrained Edge-Kernel improves on the existing Edge-Kernel

S method by adding geometric constraints on triplets of points.
Outcome: CDM better for high Coordinate Difference Matrices allow us to estimate the sensors’
coordinates independently for each dimension.

dIStance nOISes ConStralned E-MDS ‘) -0.00( ’(‘ )(:j )03; 0.042 | 0.05 0.063 | 0.078 [ 0.083 [OXILE
better with high angular noise ‘ - Numerical simulations demonstrate that both proposed methods significantly

01 (0.6°) 0.5 (28.6°) outperform existing distance-based and multimodal localization algorithms.

Oq

Edge-multidimensional scaling (E-MDS) [3]

e Edge kernel matrix

0.047

angles (o)

0.063

( LI <vivvj> — <wm — Lp, Lg — wp>

* Solution: recover V via eigenvalue decomposition of K
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