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Introduction (1)

The context of this work is to contribute to the response to Chemical, Biological,

Radiological and Nuclear (CBRN) threats

The identification of a possible CBRN source is important in order to evaluate

the consequences of such an event and support the first-response teams

The goal of the source term estimation (STE) is to detect the source and assess

the parameters of the CBRN release

─ With sufficient accuracy

─ With a quantification of the uncertainty

─ Within a reasonable amount of time
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Introduction (2)

There are several approaches for the same objective in the field of STE

1) Adjoint transport modelling and retro-transport

─ Pudykiewicz (1998)

─ Issartel and Baverel (2003)

2) Data assimilation and deterministic Bayesian inference

─ Issartel (2005)

─ Winiarek et al. (2012)

3) Genetic algorithms

─ Haupt (2005)

─ Rodriguez et al. (2011)

4) Bayesian inference coupled with stochastic sampling

─ Delle Monache et al. (2008)

─ Chow et al. (2008)

─ Keats et al. (2007)

─ Yee (2008)

Mainly focused on

Markov Chain Monte Carlo (MCMC) 

methods
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The Bayesian framework (1)
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Source-receptor matrix

Observations



About the source-receptor matrix, at a given position …

The vector q is a discretization in time of the emitted

quantity during the continuous release

Each element of the matrix C is the concentration

obtained from a unitary realease for a source at 

Each column i can be seen as the result of

an instantaneous release qi

The Bayesian framework (2)
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The Bayesian framework (3)
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The Bayesian framework (4)
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Sampling and the AMIS algorithm (1)

HARMO’16 Conference  |  Rajaona et al.  |  Estimating source term parameters through probabilistic inference: an approach based on AMIS algorithm  | Page 8/16



Sampling and the AMIS algorithm (2)
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Sampling and the AMIS algorithm (3)
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Simulations and results (1)
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A synthetic case is carried out with a grid of 25 sensors on a square domain

D = 4 (number of mixture components in the proposal)

Source is located at (10, 20)

Dispersion model is a simple Gaussian puff model

View of the source and the sensors

making detections

and making no detection



Simulations and results (2)
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Probability density function of the posterior:

- 5 iterations

- 100 particles sampled per iteration

Histogram of the posterior:

- 5000 iterations

- Random initialization

AMISMCMC (Metropolis-Hastings)



Simulations and results (3)
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Averaged concentration measurements

for the trial #7 of FFT07 experiment

View of the simulation domain, the source, the sub-array

of sensors and the positions of the initial particles

Experimental case: trial #7 of the FUSION Field Trial 07 experiment

Study on a subset of the 25 sensors (the whole network contains 100 sensors)

closest to the source

Dispersion model is a simple Gaussian puff model



First results of the AMIS algorithm provide a satisfying estimation of the source position

D = 4 – 10 iterations – 100 particles per iteration – Computation time = 502 s

Estimated position (Minimum Mean Square Error) at 12.7 m of the real source

Simulations and results (4)
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Map of the weighted particles

approximating the posterior distribution

PDF of the posteriors for the position

(in green: coordinates of the real source)



AMIS is an original Bayesian stochastic approach to solve Source Term Estimation

problems in non-instantaneous cases

The first results on synthetic data are encouraging, and more results with FFT07

experimental data are yet to come to validate the method, as well as the validation

of the temporal aspect (retrieving the form of the release rate)

Other improvement projects are on the table

─ Using a more accurate dispersion model to factor in urban conditions (LPDM)

─ Taking into account the wind uncertainty into the estimation

─ Build a parallel version for large-scale computations

Conclusion and perspectives
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