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OPTIMIZATION OF A PHOTOACOUSTIC GAS SENSOR 
USING MULTIFIDELITY RBF METAMODELING 
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Simulation 
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• Absorption spectroscopy principle is the basis of optical sensors. 
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High fidelity 
Fluids mechanics: 

Navier-Stokes equations 

75 min 

Coarse 

Acoustic : 

Helmholtz equation 
3 min 

• Two different simulation model are available: 
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PRELIMINARY RESULTS  
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High fidelity Low fidelity 

Resonance 
frequency 

RBF 1,07±0,52 0,07±0,01 

Kriging 2,94±0,32 0,12±0,03 

Signal 

RBF 3,26±1,10 0,04±0,01 

Kriging 3,23±1,08 0,08±0,03 



| 7 

OUTLINE 
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• Radial Basis Function 

 

• RBF-based multifidelity metamodel 

 

• Benchmark with co-kriging 

 

• RBF optimization algorithm extended to multifidelity 
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• Objective function is decomposed on a basis of function : 
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Algorithms for Approximation, pages 143-167 Clarendon Press, New York, NY, USA, 1987. 
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RBF-BASED MULTIFIDELITY METAMODEL 
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• Different fidelity level between models involves different 
computational time: 

• 2D and 3D modeling. 

• Multiple physical approaches. 

• Different solver. 

M. C. Kennedy and A. O'Hagan. "Predicting the output from a complex computer 
code when fast approximation are available". Biometrika, 87(1):1-13, 2000. 
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BENCHMARK : ANALYTICAL EXAMPLE  
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Mean value of the prediction error over 20 random initial designs 
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BENCHMARK : PHOTOACOUSTIC SIGNAL 
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BENCHMARK CONCLUSION 
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• Difference in computational time and accuracy: 
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OPTIMIZATION USING CO-RBF 
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• A criterion to refine RBF toward the minimum of the function is 
defined by Gutmann. 

 

H.-M. Gutmann. "A radial basis function method for global optimization". Journal of Global Optimization, 2001. 
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• In the co-RBF framework, only the difference model is refined using 
the detailed simulation. 

 H.-M. Gutmann. "A radial basis function method for global optimization". Journal of Global Optimization, 2001. 
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OPTIMIZATION OF THE PHOTOACOUSTIC GAS SENSOR 
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• Signal optimization: 
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CONCLUSION 
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• A new multifidelity metamodel: 

• RBF-based 

• Optimization method extended to multifidelity framework 

• Validation on a real engineering design problem 

 

• Perspectives: 

• Test on a higher dimensional problem 

• Adapt other RBF-based optimization method to multifidelity framework. 
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