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Motivation - Diesel engine-out emission
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Motivation - Emission control using feedback control
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Motivation - world energy usage 

World total final consumption by sector2Total energy supply by fuel2

2 IEA (2020), World Energy Balances: Overview, IEA, Paris
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Motivation - world energy usage 

Total final consumption: 2018 change by source and region in OECD 
(Organization for Economic Co-operation and Development)2

2 IEA (2020), World Energy Balances: Overview, IEA, Paris
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Motivation - Hybridization and electrification
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Scope of the presentation

Part I: Model order reduction using Machine 

Learning to model emission

Part II: NOx reduction using learning-based 

controller
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Part I: Diesel engine experimental setup
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Part I: Modeling procedure based on SVM
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Part I: Model order reduction: Steady-state NOx prediction 

Maximum error (R2), squared correlation coefficient (R2), and cost function (J(Emax , R2 )) vs number of features
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Part I: NOx model- FOM, HOM, and LOM- ANN vs SVM
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Transient response at engine 
speed= 1250rpm

Transient response at engine 
speed= 1500rpm

Transient response at engine 
speed= 2000 rpm

Part I: NOx and BMEP Control Oriented Model
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Part I: Emission and performance Control Oriented Model (COM)
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• Correlation-based model order 
reduction:
• Two model for NOx and BMEP: 

• High accuracy of the high-order 
mode

• Acceptable accuracy of low-order 
mode

• NOx and BMEP models are valid for 
large range of operating points

• CO and HC model: 
• limited operation points

• Control oriented model:
• BMEP, NOx, UHC and CO

Part I: summary

Published article:
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• Iterative Learning Control4:

• ILC is used to improve the tracking performance of systems with 
repeated dynamics

• ILC uses previous control inputs and errors to generate new control 
input:

• Key benefits5:
• Model-free design

• Simple structure

• Add-on controller

Part II: learning-based controller

4 Owens, David H. “Iterative learning control: an optimization paradigm,” Springer , 2015.
5 Xu, Jian-Xin, et. al. “Real-time iterative learning control: design and applications.” Springer Science & Business Media, 2008.
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Part II: Plug-in Iterative Learning Controller with parallel structure
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Part II: Plug-in ILC for NOx reduction and BMEP tracking (ILC+PID)

Target = 5 percent NOx reduction Target = 10 percent NOx reduction
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Part II: Plug-in ILC for NOx reduction and BMEP tracking- Results and Discussions

NOx Reduction vs CO and UHC change in steady state 
for both 5 percent and 10 percent NOx reduction goal
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Part II: Summary 

• Learning-based controller design,

• NOx reduction levels while maintaining the desired engine load,

• Advantage of considering UHC and CO in NOx reduction strategy.

Published article:
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Future study- Updated experimental setup 
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Future study: Experimental results
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Future study: GT-power modeling for hybrid emission modeling



SAE International®
SAE WCX Digital Summit

Machine Learning-Based Diesel Engine-Out Emissions Model and Control Using the Learning-
Based Control Technique

23


