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Outline 

• Math 

– Simulation tools for statistical analysis 

– Adaptive importance sampling  

– Convergence of Markov Chain Monte Carlo & 

Parallelization Multicanonical Monte Carlo  

• Skulls 

– Low-power impulse radio telemetry for neuroscience 

applications 

– Antennas designed to operate within the skull 
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Research Team 

Charles Brunet 

MSc student 



Problem Statement 
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Simulating Rare Events 

• Analytical solutions: fast but not generalizable 

• Traditional Monte Carlo 

– Extremely general approach 

– Computationally inefficient  

• 1012 samples to reach 10-10 BER 

• Importance Sampling 

– Somewhere in between on complexity 

– Not at all general 

• Multicanonical Monte Carlo 

– Adaptive importance sampling 
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general 

1012 samples 

general 
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Toy Problem 

 

Monte 
Carlo 

truth 



Toy Problem 

 

adaptation 

good enough!! 

truth 

When can I stop adapting ?? 



Adaptation 
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“weird” distributions 



Parallelization of MMC 

9 

great for “weird” 
distributions! 

Given multiple uncertainties on convergence, how to capture 
efficiency of parallelization??? 



Challenges 

• Capturing convergence 

– When you know the right answer 

– When “truth” is NOT known 

 

• Quantifying Efficiency 

– When you know the right answer 

– How results vary with the system under test 



Poster 

• Charles Brunet 

 

• Coherent Detection & Phase Noise 

 

• Radio Over Fiber 



 Background 

• Proceedings of the IEEE  
Vol. 98, No. 3,  

March 2010, 

pp. 375-388 



Research Trends 

• High density 

sensors 

– 100 per array 

– Single neural 

cell resolution 

– 100 signals to 

capture & 

transmit 

• Tethered vs. 

untethered 

 



Antenna Placement  

• Transition from infrared to radio signals 
– No ”line of sight” required 

• Antenna instead of VCSELS 
– Ideally under skull 

– Under skin is a practical compromise 



Antennas for the brain … 
•  Model the channel from inside skull to an 

outside body receiver 

•  Design antenna arrays for UWB 

transmissions 

•  Avoid tissue damage while increasing bit 

rate of transmissions 
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modeling RF 
propagation in the 
skull 



Poster 

• Antenna design 

results (simulation) 

– under skull and on 

cortex 

– top skull and inside 

head 

 

 

 


