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Virtual O2 -Concentration Sensor for the Intake Manifold 
of a Diesel Engine with EGR


 

knowledge of the O2 -concentration in the intake manifold 
provides a direct interaction to NOx -emissions



 

with a constant EGR-rate the O2 -concentration varies 
depending on air-fuel ratio



 

real intake manifold O2 -Sensor (hardware)  additional 
costs, slow response, min. operating temperature 

Virtual Intake Manifold O2 -Sensor (software)


 

physical model based on MAF, fuel mass, total engine 
mass flow



 

if exhaust O2 -Sensor available (air-fuel ratio), an 
adaptation with observer is possible

Results & Outlook


 

comparison with stationary 
measurements shows good accuracy



 

closed-loop control of O2 -conc. 
with EGR-valve

Virtual Oxygen Sensor

Excellence in Automotive R&D

Innovative NOx and PM Emission Control Strategies

IMp
IMT

engn
volumetric eff.

air-fuel-ratio
MAFair m

fm

displacement
Engine 

Mass Flow 
Calculation

Observer

Physical 
Model

IMp
IMT

engn
volumetric eff.

air-fuel-ratio
MAFair m

fm

displacement
Engine 

Mass Flow 
Calculation

Engine 
Mass Flow 
Calculation

ObserverObserver

Physical 
Model

Physical 
Model

ai
r m

as
s 

[k
g/

h]

400

900

1400

time [s]
40 45 50 55 60 65 70

O
2-

co
nc

en
tra

tio
n

[%
]

11

16

ai
r/f

ue
l r

at
io

[-]

1.0

2.0

3.0

eg
r v

al
ve

 p
os

iti
on

[%
]

0

40

80


	Virtual Oxygen Sensor�Innovative NOx and PM Emission Control Technologies
	Virtual Oxygen Sensor

