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Noise sources in a vehicle

Aerodynamic wind-noise Interior tire-road noise
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Posterior kernel density estimate plots of parameters and rank plots [2]
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• Towards eco-efficient powertrains and acoustic comfort in automotive sector
• NVH (Noise, Vibration and Harshness) characteristics assessment of electric vehicles and downsized-

IC engines (internal combustion)
• Electrification leads to masking noise (aerodynamic wind-noise, tire-road interaction, HVAC) 

becoming far more audible as they are no longer masked by IC-engines
• Early-stage design assessment of NVH risks is essential

• No precise design/ information available about the vehicle during early-stage design ⟹ (time-consuming) 
physical models no longer useful

• Too many design alternatives ⟹ increased level of uncertainty 
• Quantify the highly uncertain behavior due to manufacturing tolerances, operating conditions, and natural 

variability in measurements [1] 
• Need to have fast computing models to evaluate design alternatives

Context Challenges

Methodology

• Develop stochastic metamodels considering:
o Physical laws ⟹ model parameters with physical sense (interpretable)
o Available measurement databases
o The prior knowledge (domain expert) ⟹ Bayesian modelling approach
o Generalized Additive Models (GAMs)

Bayesian Hierarchical Models

Model assessment and MCMC convergence diagnostics

                                    
 

  

  

  

  

  

  

  

  

  

   

 
 
 
 
  
 
 
 
 

 
 
           

                                    
 

  

  

  

  

  

  

 
 
 
 
  
 
 
 
 

 
 
           

                                    

 
 
       

 

  

  

  

  

  

  

  

 
 
 
 
  
 
 
 
 

    

                                    
 

  

  

  

  

  

  

  

  

 
 
 
 
  
 
 
 
 

 
 
           

Hatchback

Sedan

Deterministic models with 𝐾-fold 
Cross Validation

Posterior Likelihood

𝐾 = 5 𝐾 = 10

𝐾 = 5 𝐾 = 10

Masking 
noise 

sources
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Posterior predictive distribution and Bayesian LOO-CV

𝑊⟹ within-chain variances
𝑁⟹ total number of draws per chain
𝐵⟹ between-chain variances
𝑅 should be 1.0 (ideally)

Bayesian Model 1

Bayesian Model 2

Expected log pointwise predictive density [3]
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Model 2

Bayesian
Model 1

Rank 0 1

LOO -1259.2 -1367.6

Penalization-
LOO
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Standard 
error
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