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Sensitivity of different methods for simultaneous evaluation of emissivity and temperature through multispectral infrared thermography simulation

Introduction and nomenclature Results

This study focuses on the simultaneous evaluation of temperature and emissivity with multispectral infrared thermography (IRT). It leans on the study and development of an IRT simulator able to address 3D scene in static or dynamic configuration. The sensitivity of 4 different temperature and emissivity joint estimation methods are then evaluated.

Radiosity equation [START_REF] Cohen | A progressive refinement approach to fast radiosity image generation[END_REF] 𝐵𝐵 𝑘𝑘,Δ𝜆𝜆 𝑖𝑖 = 𝑀𝑀 𝑘𝑘,Δ𝜆𝜆 𝑖𝑖 + 1 -𝜖𝜖 

View factor

Geometrical coefficient for radiative exchange between two diffuse elements 

𝐹𝐹 1→2 = � 𝐴𝐴 1 � 𝐴𝐴 2 cos 𝜃𝜃 1 cos 𝜃𝜃 2 𝜋𝜋𝑟𝑟 2 𝑑𝑑𝐴𝐴 1 𝑑𝑑𝐴𝐴 2
; 0 ≤ 𝜖𝜖 Δ𝜆𝜆 𝑖𝑖 ≤ 1; 200𝐾𝐾 ≤ 𝑇𝑇 1 ≤ 400𝐾𝐾; 200𝐾𝐾 ≤ 𝑇𝑇 2 ≤ 400𝐾𝐾
Compared methods

Bayesian (Monte-Carlo Markov Chain (MCMC)) 𝟓𝟓

A priori known laws: 

Fig. 2 :

 2 Fig. 2 : (a) Spectral emissivity distribution of 4 artificial materials for the target in the 7.5𝜇𝜇𝜇𝜇 -13𝜇𝜇𝜇𝜇 bandwidth (b) Simulation results for 𝑇𝑇 = 313.15𝐾𝐾 (c) Camera, target and environment in the visible (d) Temperature ranges

2 Observations

 2 𝜖𝜖 ≈ 𝒩𝒩 𝜇𝜇 𝜖𝜖 , Σ 𝜖𝜖 𝑇𝑇 ≈ 𝒰𝒰(𝑇𝑇 𝑚𝑚𝑖𝑖𝑠𝑠 , 𝑇𝑇 𝑚𝑚𝑐𝑐𝑚𝑚 ) Draw variables 𝜖𝜖 and 𝑇𝑇 by using the targeted distributions 𝑝𝑝(𝜖𝜖|𝛾𝛾) and 𝑝𝑝(𝑇𝑇|𝛾𝛾) with a Slice-within-Gibbs sampler. Stopping criteria • Optimization algorithms ⟹ local minimum • Metaheuristic ⟹ 10000 iterations Non linear methods find a local minimum without any guarantee on the physical solution  TES relies on a correlation based on a database linked with airborn based applications  MCMC is a metaheuristic that requires a long time and effort to be computed
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 134 Fig. 1 : Geometry for two infinitesimals elements

  𝛾𝛾 Δ𝜆𝜆 𝑖𝑖 -𝐿𝐿 𝑜𝑜𝑠𝑠𝑒𝑒 Δ𝜆𝜆 𝑖𝑖 𝜖𝜖 𝑚𝑚𝑐𝑐𝑚𝑚 + 𝐿𝐿 𝑜𝑜𝑠𝑠𝑒𝑒 Δ𝜆𝜆 𝑖𝑖 ,

	Non linear optimization				
	𝑁𝑁		2			
	argmin � 𝑖𝑖=1 𝑀𝑀	𝛾𝛾 Δ𝜆𝜆 𝑖𝑖 -𝜖𝜖 Δ𝜆𝜆 𝑖𝑖 � Δ𝜆𝜆 𝑖𝑖	𝐿𝐿 𝑜𝑜 𝜆𝜆, 𝑇𝑇 𝑑𝑑𝜆𝜆	� 𝑇𝑇 = max Δ𝜆𝜆 𝑖𝑖 (sgn 𝛾𝛾 Δ𝜆𝜆 𝑖𝑖 -𝐿𝐿 𝑜𝑜𝑠𝑠𝑒𝑒 Δ𝜆𝜆 𝑖𝑖 𝑇𝑇 Δ𝜆𝜆 𝑖𝑖 )	
	𝑗𝑗=0 𝜖𝜖 Δ𝜆𝜆 𝑖𝑖 = �	𝑎𝑎 𝑗𝑗 Φ		ε𝜖 Δ𝜆𝜆 𝑖𝑖 =	𝛾𝛾 Δ𝜆𝜆 𝑖𝑖 -𝐿𝐿 𝑜𝑜𝑠𝑠𝑒𝑒 Δ𝜆𝜆 𝑖𝑖 𝐿𝐿 𝑜𝑜 Δ𝜆𝜆 𝑖𝑖 , � 𝑇𝑇 -𝐿𝐿 𝑜𝑜𝑠𝑠𝑒𝑒 𝛥𝛥𝜆𝜆 𝑖𝑖 ε𝜖 Δ𝜆𝜆 𝑖𝑖 = 𝛽𝛽 Δ𝜆𝜆 𝑖𝑖 𝜖𝜖 𝑚𝑚𝑖𝑖𝑠𝑠 ≈ 𝑎𝑎 -𝑏𝑏 𝛽𝛽 𝑚𝑚𝑐𝑐𝑚𝑚 -𝛽𝛽 𝑚𝑚𝑖𝑖𝑠𝑠 , 𝛽𝛽 Δ𝜆𝜆 𝑖𝑖 = 𝛽𝛽 𝑚𝑚𝑖𝑖𝑠𝑠 𝜖𝜖 𝑚𝑚𝑖𝑖𝑠𝑠 𝑐𝑐	ε𝜖 𝛥𝛥𝜆𝜆 𝑖𝑖 ε𝜖 Δ𝜆𝜆 𝑖𝑖	,

𝑗𝑗 (Δ𝜆𝜆 𝑖𝑖 ) ; 0 ≤ 𝜖𝜖 Δ𝜆𝜆 𝑖𝑖 ≤ 1; Φ 𝑗𝑗 1≤𝑗𝑗≤𝑀𝑀 orthonormal basis (Tchebychev-1) 200𝐾𝐾 ≤ 𝑇𝑇 ≤ 400𝐾𝐾 Multi-temperature 𝟒𝟒 argmin � 𝑖𝑖=1 𝑁𝑁 𝛾𝛾 Δ𝜆𝜆 𝑖𝑖 ,𝑇𝑇 1 -𝜖𝜖 Δ𝜆𝜆 𝑖𝑖 � Δ𝜆𝜆 𝑖𝑖 𝐿𝐿 𝑜𝑜 𝜆𝜆, 𝑇𝑇 1 𝑑𝑑𝜆𝜆 2 + 𝛾𝛾 Δ𝜆𝜆 𝑖𝑖 ,𝑇𝑇 2 -𝜖𝜖 Δ𝜆𝜆 𝑖𝑖 � Δ𝜆𝜆 𝑖𝑖 𝐿𝐿 𝑜𝑜 𝜆𝜆, 𝑇𝑇 2 𝑑𝑑𝜆𝜆 2 𝜖𝜖 Δ𝜆𝜆 𝑖𝑖 = � 𝑗𝑗=0 𝑀𝑀 𝑎𝑎 𝑗𝑗 Δ𝜆𝜆 𝑖𝑖 𝑗𝑗