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Wave Field Analysis and Synthesis

A point source generates a wave eld in space.
The eld is measured at a nite set of locations in space (WFA)

An array of point sources at other locations tries to redreasame eld (WFS).
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A good context in which to look at large scale sensing aatiacproblems...
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Applications

Rendering of virtual acoustic sources, noise cancetiahcar treatment, electronic
countermeasures, distributed transmitters/receineging of solid state objects, ...

In all cases, needvary largenumber of nodes to achieve good performance...
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WFA/WES as a Feedback Control Problem

But... isn't this a classical (and well understood) prddilesied in automatic control?
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Challenges in Sensing/Actuation over Wireless Networks

No: classical control assumes instantaneous and pregseements/actions.

Sampling of distributed signals using a sensor network.

Control of distributed signals using a network of actu&tors routing?

The network design problem cannot be studied disreghsdiagtithat these networks
serve a purpose: the goal is notdonmunicate ciently, it is to controle ciently.
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Some \Network in the Loop" Problems.
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A \Network in the Loop" Problem: Shape Estimation

Can you hear the shape of a roohdeo clip (lab setup).

What information needs to be reported back to the centtabl?

What are the synchronization requirements for this aplica

In this problem, suitable DSP at each node renders theknddsign problem trivial.
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Data Archiving: Network Not in the Loop

Data set:http://db.csail.mit.edu/labdata/labdata.html
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Using a custom designed (but standard) compression rtiethaghores spatial
correlationscan squeeze 16 hours worth of data into 2-5 packets of anhbiza2

Key network design problem: power scheduling.

(Joint work with Y. Yao and J. Gehrke { Cornell/CS.)
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A \Network in the Loop" Problem: Distributed Tomography

Imaging of solid state object¥ideo clip (hammery).

Routing/ ow control/broadcast with an end-to-eswhtrolperformance criterion.

(Design of power-e cient actuators...)
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A \Network in the Loop" Problem: Scalable Synchronization

Goal:distributedgeneration of a timesync signal / carrier wawvigle6p clip.

p(t)

plitud
plitud

Nodes operate autonomously, timesync results from physsa® propagation.

More nodes? Sure... unlike in curnenérently non-scalaliimesync methods.
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A \Network in the Loop" Problem: Distributed Radio

Experiments using GNU Software De ned Radios (purclsiseddh...):

Goal:distributedgeneration of a tone, rst in the AM band, see how far up can go.
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Conclusions

Networks in loops (control loops, that is) are:
{ not like the Internet;

{ not like wireless ad-hoc networks;
{ not like networks of Berkeley motes;

Networks in loops cannot be designed without paying ¢edeatto the signals
that the network must observe/control.

Even if not in the traditional form, the biggest challemgesilding networks in
loops are not in the subdisciplines, they are systatienges!
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Our web page:

http://cn.ece.cornell.edu/
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