
SA calibration by real-time extremum seeking 
Extremum seeking based SA on-board calibration achieves the maximal 
thermal efficiency ( ) of engine:  distributes around the vertex of . 
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CA50-  distribution before SA extremum seeking
CA50-  distribution after SA extremum seeking

Experimental condition: Throttle: 8 deg., Speed: 1200 rpm, Water temp.: 100  
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Experimental conditions: Throttle: 8 deg, Speed: 1200 rpm, CA50 set point: 10 deg
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Statistical control
Conventional cyclic control

 = 1.4 = 1.2 = 1.0

Variation rejection control of combustion phase based 
on statistical criterion 

1. Both methods can  control CA50 to track their set points accurately; 
2. Statistical CA50 control has better performance which can reduce variations; 
3. When the target of AFR is increased, the variations of CA50 will increase 

correspondingly, it is meaningful to constrain CA50 variations by other variables. 
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           {SA: Pr(misfire)<0.01, 
                   Pr(knock)<0.01} 
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SA boundary at coolant temp 85  

On-board boundary detection based on likelihood 
estimation 
The feasible region of spark advance under certain knock/misfire rate constraints has been 
calibrated online. 

SA boundary at coolant temp 75  


