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Reduction of Observation Er

Introduction

* Wireless acoustic sensor network (WASN) e |dea: ldentification of large scale error via Kalman Filter
> Task: Acoustic sensor network for cooperative signal > Assumption: Kalman filter prediction é(n|n — 1) is close to true
processing value ¢(n) :
> Problem: Diverging clocks cause sampling rate mismatch E(njn—1) —e(N)| K 5 He
* Proposed approach: Gossiping of Kalman Filter state » Large-scale observation error can be uniquely determined

estimates for WASN synchronization h=argmin |é(njn—1) — (&(n) = h- u.)]

h

- Gossiping Algorithm

* _ocal message exchange

Time Stamp Exchange

* [wo-way message i
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exchange every T Master — . AR Ak results in global conver-
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* femporal relationship between message exchanges * Gossip message exchange between Ny and N,
7R,k _ (tR,k 1 fR,k) (1 +e)+o 1.Node N, sends information [ey, exy] tO N,
;L (tak — Ear)- (1 +6) + 2.Node N, calculates
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* Clock synchronization between master and slave node ¢ Deviation after adjustment e\") = (ex — €5 + €xv)
- L . . e
measured in terms of frequency deviation e and phase 3.Node updates deviation towards virtual master e, < e, + %

offset ¢ with i, = (1 1 E) - fg
* Estimate of deviation ¢ between oscillator frequencies

. AT — AP { ~ e (Erk+1 — ERrk) + (Eak — EAk+1) Simulation Results

AtT — At~ (Rt — trk) + (Tak+t — Tak) o |
with AT" = (faxet — Tax) and AT = (fax — faxet) * Network synchronization example: 25 nodes

> Deviation from virtual master remains below 0.2 ppm
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4.Node N, sends information H,f‘), e,\,} to N for updating ¢4,

Observation Error Distributio
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* Model unknown transmission times & over ZigBee network
as sum of three contributions: £ = Tc+1- Tg+ T,
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Deviation from master [ppm]
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e~e+ h-(Tq/(2T)) + (T,/(2T)) =:e+ V.
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‘|'M — Simulated number of nodes
e Gaussian Mixture Model: p(v.) = > ~v4-N(v.; h- p, 0?) o S ‘
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Kalman filter o L T et
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e Observations: z(n) = [3(n) — h- p,,é(n) — h- p]" .
e System equation: x(n+ 1) = F - ( n) + vs(n) Conclusions

* Measurement equation: z(n

x(n) + v(n) * Synchronization of acoustic sensor networks via gossiping

1 T-f 1 . . .
Folo 1 (% H— 0(1) E[vsv] = 88 8 ElvvT] = (oé O) * Kalman filter for improved estimates of e and ¢
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