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General Research Interestsand Style:

New algorithmsfor signal processing

Applicationsto speech, oceanography, video,
communications, sensor networks, radar, sonar €tc. etc.

etraditional

especulative directions motivated by metaphorsfrom physics
and biology

o “ Solutionsin search of problems.”



Some Research Themes

Sampling Theory and Signal Representations
Signal M odelling

Some “ New” Mathematics For Signal Processing
Biological Signal Processing

Various applications



Multirate and Nonuniform
Sampling
Efficient reconstruction from nonuniform
samples
Data-dependent Sampling
Sine wave sampling

Efficient samplerate conversion
The“missing pixel” problem
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Compensation for Faulty D/A Converters
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eChoose c[n], such that c[0] = -x[O0]
eChoose c[n] to minimize reconstruction error

eDesire finite length solutions



ted Signal Processing

O

Processor Networks:
* Nodes sense, route, and process signals
« Cooperation between nodes accomplishes pre-defined
signal processing task

Challengesfor Efficient Algorithms:

 |nter-node communication more costly th
computation

* Nodes communicate asynchronousl



Charles Sestok & Alan Oppenheim

Distributed Sensor Networks

e Sensorsconnected with wireless communications collabor atively detect,
track, and classify targetsin the environment.
e Communication cost can limit the network’s signal processing capability.
— RF circuitry consumes valuable battery power.
— Shared communication bandwidth limits data flow rates.

* |n dense networ ks using thousands of simple nodes, position infor mation
may be unavailable to selection algorithms.



eneral Hardware for
Distributed Signal Processing

Hardwarefor Distributed Signal Processing
» Signal Source represents processors input data
e For LTI signal processing, local processors contain
adders, multipliers, and memory
e | nter-processor communication over broadcast

Measur e bus clock cycles per output sampleto
communication complexity of an algorithm



Communication Requirements:

 Direct Computation - N bus clock cycles
- Communication structure is completely parallel

o FFT - approximately N/2 log N bus clock cycles
- Each stage of butterfly computations requires N/2

bus cycles to exchange data between processors
e Communication parallelism of direct computationis
well-matched to broadcast communication bus

Processor L oad:
* Direct Computation - 1 multiply per bus cycle




My Favorite Folk Theorems

* Anything’ soptimum if you pick thecriterion correctly

e Just becauseit’soptimum doesn’t mean it’s good



especulative directions motivated
by metaphors from physics and
biology

e “ Solutionsin search of
problems.”



Cedllular automata

Simulated annealing
Fractalsfor coding, modulation, and scene generation

Chaotic dynamics

Solitons
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Chaotic Signhals and Systems

Nonlinear Dynamical Systems

FIx(t), u(t), t]

X(t)

Deterministic& SDIC < Chaotic Behavior
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Chaotic Communication Concepts

Chaotic Self-Synchronizing
Transmitter Channel Receiver
| X(t, 1) ()
x=f(x,1) —\—o X, = f (X, x(t,1))
Info. Broadband
Hybrid Chaotic Regenerqted
Programmable Drive Signal Programmable .Chao.tlc
‘ ‘ ‘ ‘ Parameters Parameters Drive Signal
Compare
Info.

FaN

Chaotic Systems Provide: | ‘ ‘H

« A Wide Variety of Broadband Waveforms
« A Class of Self-Synchronizing Receivers

Kevin Cuomo, Alan Oppenheim, Steve Strogatz



Generalized FM
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» Carrier waves are generated by dynamical systems that have:
1. A periodic, amost periodic, or chaotic attractor,
2. A known exponentially convergent observer.

« FM isasgspecial case.



Frequency Modulation
orres, Oppenhelm and Rosal es)

haotic)
Gradient Vector

Circuit mplementation

Dynamical System Equations:
Without M odulation With M odulation

X =0(x, —x) X = (e, + fm(t))o(x, — x,)
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Soliton Multiplexing

 Modulatetime-separated solitonswith OOK, PAM
or PPM

Multiplex individual solitonstogether using Toda

lattice
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Multiplexing Demultiplexing



Low-Energy Signaling

Signal Energy Minimized by Multiplexing

=

0.95
0.90|
0.85|
0.80
0.75
0.70"

Normalized Signal Energy




Quantum Signal Processing

Quantum
Computing

Quantum Siagnal
. Sp 9
E Physics } < Q > EProcng

Algorithms




Quantize: 1. To subdivide into small but
measurabl e increments

2. To calculate or express in terms of
guantum mechanics

Merriam-Webster’ s Collegiate Dictionary, Tenth Edition, 1998

e QSP borrows from the principles of
guantum mechanics and some of its




M easurement of the system: probabilistic outcome
M (x) with probabilities dependent on the state x

Consistency of the measurement: repeated
measur ements on a system yield the same outcomes
M (M (X))=cM (x)

Deter minate states. statesfor which M(x) is
determinatei.e. not probabilistic

Variousother constraints imposed by the physics




The QSP framework hasled to interesting new resultsin:
e Quantum detection

Matched filter banks

Multiuser detection

Sampling theory

e Frames




ological Signal .

Biological Signal Processing

Signal
J ransductio

Signal Transduction Modeling



» Formulate underlying principles governing biological
signal transduction pathways using signal processing
theory.

e Deveop signa processing algorithms inspired from signal
transduction pathways.

» Exploit biological hardware to perform signal processing.




How are stream processing and signal processing
related?
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How are stream processing and signal processing
related?

Y esterday | thought | had a guess
Today I’'m confused about the definition

The day after tomorrow |’ m looking forward to
understanding it better



