Sri Intro

Key points – 4 items

Networking

Programming sensor networks: querying & tasking

Experimentation

Collab Signal Processing

Debate between old school “can’t work” and new school ‘Can work”

Critical to keep this unique and not networking or other DARPA topics

Goal

Identify potential power of collaborative information &  signal processing networked distributed u-sensors

Signal processing level

Info processing

Date horizon

04 & 06Feng Zhao

Proposes to do source separation to limit where and when to sense to avoid exponential growth of possible tracks

Use temporal window to identify time for which to look for data and what to look for (Petri net)

Topics
Sensor fusion & decision theory

Distributed algorithms

Low power comms & processing

Other

Other

Mani Srivastav

Compare nodes . where does power go

Rockwell wins nodes

Berkeley COTS motes – pister mote variant

Rockwell node

Sensor 23 mW

Processor

Active = 360 mW

Sleep = 41 mW

Off 0.9 mW

Transmit/Receive = missed it

Mote

Receive draws more power than transmit

Processor

Active = 8.7 mW

Idle = 5.9 mW

Off = 3 uW

Conclusion

Module level power management

Rx power within 40% of Tx power and sometimes Rx< Tx power

MAC protocols that do not listen a lot

Low power wakeup channel

Processor power fairly significant (30-50%) of overall power

Sensor power negligible

What can you do to CPU power

Traditional

Select fixed optimized voltage (quadratic improvement)

Shut down when not used (linear improvement)

Problem: traditional approach focuses on WCET (worst case execution time)

Their strategy

Predict execution time from prior runs & set voltage as appropriate to meet processing deadline and minimize shutdown

Some deadlines will be missed but adaptive control loop keeps missed deadlines under control

Provides adaptive power-fidelity trade-off

1.5 to 3 x power performance versus traditional approaches

Prasanna USC - energy efficient adaptive beamforming on sensor networks

Memory access consume a lot of power

Developed optimizations to reduce bus traffic & memory access

Make FFT algorithm dynamic instead of fixed process – it is data independent

WINS node power – comms much more expensive than computation

Xmit 32 bits over 100 m = 288 e-6 Joule

Computation = ?

No guidance n how to overcome this

Network power issues

Topology is unknown

Estimation of comms cost

Task allocation

Broadcast communication model

Need: framework for energy efficient computation in ad hoc networks

Discussion

Mani – 1 bit over 100m is about = to 100 instructions.  Depends on range and bit error rate.

Chris Kyriakakis – array audio Signal Processing and virtual microphones

Ref Picinbono from France about dimensionality reduction by reporting “scalars” instead of “vectors”

Use of S-alpha-S noise modeling instead of Gausian noise modeling to better model amplitude distribution of impulsive noise events

Use FLOS-PHAT method (fractional lower order correlation) rather than cross-correlation to identify source of sound.

For non-gausion cases FLOS-PHAT performs much better than PHAT

Virtual microphones

Basically the issues of the filter generation for a feed forward controller.  Must measure response at two locations

Kung Yao – Blind beamforming on randomly distributed sensors

Weights picked by covariance matrix principal components => picks loudest source – adaptive beamformer.  Assumes fixed location (angle) source

Papadoulous – UMD – resource efficient encoding

Ramchandran – Berkeley – Distributed compression for sensor nets

Goal – Data compression in distributed manner

Compress correlated observations without doing any internode communication

Requires sensors to be based close relative to correlation distances – i.e. wavenumber nyquist is well above the wavenumber bandwidth

Seems to be the same as a brief given at the Oct 99 PI brief

Fisher – information theoretic approaches to data fusion

High dimensional data

Video processing & looking for joint statistics between audio & video

Wants more data

Guibas – from tracking pixels to tracking predicates – Xerox PARC

Key idea

Use sensors to track elementary relations

Others as well

Kinetic data structures (KDS)

Big challenges

Design smoothly varying certificate sets

Tailoring proofs to sensor capabilities

Dealing with uncertainty with sensing

Other I missed

Sussman – MIT – biologically inspired organization

Questions

Deb Estrin

What/when will platform be ready for testing ideas

Ans – depends on how hard your problem.  I want to write in LISP or other high level language

Sri

Can we do this stuff on Pister motes

Pister ans – underlying structure 

Sussman – each transmitted message includes the number of hops so far.  Can change Boolean state based on messages received

Pister – what do we want algorithms to be.  

????? – what are topological structures of interests

Sri – it depends

Pister how does this trade off computational & power resources compared to their approaches

?? – how universal

Sussman – any circuit topology can be implemented – has been proved

Has been proven that it is not exponential complexity

Sri to Guibas

What are the relations of the variables that need to be maintained.

Sri to Gary

What are relations you want to track in a MOUT environment

Gary – traffic patterns ..

Guibas – tell me what tactical situation needs to be solved ?

Guibas – focus on minimal amount of info that is related to your goal and ignore the rest

Blatt – relations related to relative vehicle locations

Beck – in SP relations in data change and may need to be tracked

Feng – what are global and which are local relationships

AlphaTec – have you looked at ways to resolve ambiguity

Guibas – particle filters 

Guibas, must have way to distinguish between to objects to resolve some ambiguities

Steve Blatt to Fisher

Need to build up statistics to identify patterns and distinguish between targets

Ken to Fisher

Can you handle non-overlapping targets

Fisher – beginning to work this, requires hypothesis testing

Fisher

How much data is needed, wood-chuck chuck demo only required ¾ of a seconds

Interested in disambiguating multiple speakers from one mic.  2 speakers (M&F) requires 8 seconds to disambiguate

AlphaTec – Herric – continuous track & identity

Some work done with GMTI, SIGINT, IMINT, etc

Showed results from Eglin experiment

Sensor nets needed for

Gave examples

Reich – Xerox – Benchmarks for tracking

Questions

Pister – 

great start, need some that are more theoretical.  Needs to address other issues besides location accuracy (i.e. network load, etc.).  Building primitives to build up to high level demo.

????

Guidelines need constraints like # of sensors & bandwidth

Yao

Need to address sensor location based on Cramer-Rao bound

Microphone people have looked at microphone spacing for different applications

??? to Herrick

?????? – talked about their concerns regarding track accuracy metrics

Start with simple scenarios and add complexity.  Similar to Reich’s scenarios.

Herric did not see any that were not credible.  Pretty good set

Yao – two more sets: (1) perimeter defense (2) choke point

Herric – did not include environment

Panel discussion

Ken Theriault

What we should sense depend on what we are trying to achieve and the targets provide.  Must take into account signature variations and missing knowledge.  There are observables besides CPA.  It is robust but has no directionality.  Can look at narrowband CPA: CPA time and speed.  Can also consider transients i.e. gear shifts.  If a gear shift can be measured accurately in a number of nodes then it can be used to compute TDA.  IR gives time of passage & direction.  All these have one real problem… sampling interval driven by target motion.  Need to extend to continuous observations such as intensity observations.    To get direction, we need arrays on each node or to do beamforming across nodes.  Problem is doing battlefield surveillance with simple nodes having no spatial resolution.

Dave Freidlander

Realistic goal: position, time of event, velocity.  Sensors should self organize to do these functions:.  Research issues: cheap platforms versus expensive ones.  S/W versus H/W requirements.  Processing choice on networking & processing.  Also must consider target load on network and target ID (distinguish target from noise, classify, identify).  Experimental variable: target density, processing requirements, bandwidths, thresholds.  Complex relationships between issues.  

Sayeed

Tasks we can perform

Detection

Counting

Classify

Locate

Track

Predict location/trajectory

Put confidences on accuracy

What should we sense

Features to distinguish targets

Energy detection for CPA

Subspace energy detector – 

DAY 2

Sri – what is expected from experiments & demos in SensIT

Should be doing new things that can not be done with today’s technology

WILL IT CATCH THE EYE! WOW FACTOR.  MUST Have a bang

Focus of today is not March but is focus of FY02

Oct Nov 01

March-April 02

What can be done in the lab and what can be done in the filed.  Includes simulation.

Joe – Future will build on legacy WINS 1.0 system

Sri – not much talk about networking, query tasking, etc unless how it affects collab SP

Ken – Other sensors can be considered.

Keith Bromley – Clarify CSP – his description matches the general collab SP but points out that the Day #1 discussion did not address collaboration very much

What is collaboration

Chris Pister – 

There was a flavor of collaboration in yesterdays talks

Ken Theriault

Distinction between distributed and collaborative processing.  We are trying to do collaborative distributed fusion

Yao

IS hierarchical structure okay

Ken 

Yes hierarchical fits

Gary

Distributed – take large computation and put it over many processor.  But cost of communication is high.  This program should not focus on distributing beamformer over many nodes

Jim Reich

Gary

Distributed processing – take computationally intensive algorithm that is shared over many nodes

Collaboration – shared information between nodes to improve solution

Sri discussion on white board

Gary 

Collaboration is to combine information that is provided from multiple nodes, not to spread the computation load.

Ken

“Track” or other object should exist in all the nodes that are in the immediate region.  As target passes through he field, track follows it ans is updated.

Sayeed

Fusion includes multiple modalities.  Everyone says yes

Jim’s Intro

Ken

raises issue of classification

Ken

Exfiltration = get forces out

Chris –

Include sensor delivery and node discovery

Scenario #5

Do not need to observe target every two seconds, need to update position estimate every 2 seconds.

Perimeter violation Breakout Group

Capabilities

Signature database

Feature analysis to differentiate vehicles

Nodes can determine locations, identify topology & perimeter

May be able to learn distracter signature

How to construct PIR perimeter from existing sensors

Leave on all the time trip wires

Quiescent periods: identify & shut off sensors in center

May want PIR pointing in each direction

Build wake-up-analog filter bank

Nodes have steerable nulls/beams

Notes

Use periodicity of distracter

Learn background noise

If tones sufficiently separate may be able to separate into subspaces w/o fancy localization

Worst case: 2 targets reach each other at violation time

Single omni sensor with /r^2 needs range x100 to differentiate

Candidate Approach

Brute force tracking

Null out distracter spectra

Trip wire or other local sensing modality

Conclusions

40 dB distracter/target ratio drives the problem and makes it real hard.

Need the right sensors and the right density/spacing

March Demo

No discussion of VIPs – Sri does not want to discuss it

Schott re Rockwell demo

Will do placement experiment

10-15 Rockwell nodes along road in areas or lines

Heads up display

Physically place nodes using heads up display

GPS PC squirts location to nodes to tell them where they are

Compute coverage as they place nodes

Rockwell tracker/detector

Rockwell nodes have seismic & acoustic sensors

Rockwell will run their energy based detection algorithms

Detections will be sent to PC

9 detection nodes – seismic

1 node acts as gateway to PC

Use groups of three nodes and run synchronous timing algorithm to determine directions from each group of three sensors

Each group send direction to base station and base station computes location via intersection of directions

PC will display locations in real time

BAE

Four nodes at “base” of intersection spanning 100 m

Sensoria will put imager at end of line

Nodes will detect and trigger camera

Seismic & PIR

Algorithm much like Ken’s

Use Kalman filter vice fixed gain LMS

Send image to command post

Sri said it’s a demo not an experiment

Action items

Revise scenarios with inputs from today

Jim sends out revised cases

We comment on revised versions

Feed them into November experiment planning

