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Outline 
• Context 

– Nuclear treaty verifica.on using remote sensing 

• Remote sensing challenge … and resource! 

– 2D scene geometry, representa.ve of 3D case 

• Advances in forward modeling 

– Signal = whole image, not just a pixel 

• Advances in inverse problem 

– Mul.‐pixel technique 

– Bayesian posterior inference, not parameter 
retrieval per se 

• Summary & Outlook  2 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Context & Challenge 

• Weaponiza4on processes of special nuclear materials (SNM) 
impact, in par4cular, the atmospheric environment 
– Use remote sensing to detect and quan.fy signature impact 

– In this case, a chemical effluent in a downwind plume 

• Assume a target facility in a deep valley: 

1) a “cos3x” terrain; 

2) a circular plume; 

4) a single crude monochromatic 
imaging sensor at finite range.  
(E.g., an airborne device where 
single spectral band is “informed” 
by a near-IR hyperspectral gas 
absorption database.) 

Let there be:  

3) a partially-known/partially-
unknown background aerosol; 



2D scene, representa4ve of 3D case 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2D scene, representa4ve of 3D case 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nD RTE: 

nD BCs: 

n = 1,2,3 

• Formally, 2D “flatland” RT looks like 3D “real world” RT 

– Henyey‐Greenstein phase func.on sca\ering details are 
different in 2D Monte Carlo (MC) 

– Lamber.an surface reflec.on details are different in 2D MC 

• Path‐recycling MC implementa4on 

– Save (to file) all paths that end in detec.on 

– Recompute path weight as needed: Gaseous plume? Aerosols? 



Signal = whole image, not just a pixel 

• Need fast 2D RT model to address inverse problem of plume 
detec4on/characteriza4on 
– Most things in scene don’t change: use Monte Carlo path recycling 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75 paths,  
all ending in detection 







Inverse problem solu4on 

• 5 parameters to infer 

– 4 for purely absorbing gaseous plume 

– 1 for sca\ering by background aerosol 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Inverse problem solu4on 

• Bayesian posterior inference, rather than 
parameter (value and error) es4ma4on 

10 

Standard Markov chain Monte Carlo (MCMC): 

data 
   ideal (infinite-precision) forward model 

Usual cost function to minimize  
(maximum likelihood approaches) 

SNR control  



Inverse problem solu4on 

• Need to accelerate the standard (Metropolis‐
Has4ngs) algorithm! 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Enhanced multi-level (error-contoled) MCMC: 
 finite-precision model 
(well-known for MC RT) 












