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RDE – A Challenge for …

 The Authorities

 The PEMS Manfacturers

 The OEMs

Content
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RDE IMPLEMENTATION WORLDWIDE

USA:
PEMS for detection of 

defeat devices

EU: 
Monitoring: 04/2016
Conformity factors: 09/2017

South Korea: 
09/2017 (diesel only)

China: China 6
Monitoring from 

07/2020
CFs from 07/2023

India: BS VI 
04/2020: monitoring

04/2023: CFs

Japan: 
2022 CF 2 (diesel only)

Up to
2.400m!

Low Speeds 
& 35°C++

Brazil: Proconve L7
2019: national RDE 

procedure to be 
published + THC 

limit?

Low 
Speeds
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RDE –
A REAL challenge for the authorities

RANDOMNESS

Driving style has a strong impact on 
emission results.

AMBIENT TEMPERATURE

Changing ambient temperatures can 
strongly impact the efficiency of exhaust 

aftertreatment systems.

AMBIENT PRESSURE

Changing ambient pressure has strong 
impact on engine behavior, raw emissions, 

and exhaust aftertreatment systems.

TRAFFIC EXTREME CONDITIONS MOUNTAIN

URBAN RURAL HIGHWAY
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RDE – A Challenge for the Authorities

 Challenge: Definitions needed!!!
 What is “Real Driving” or “Normal Driving”? 
 What are normal operating conditions? High 

altitudes? Cold start?
 What is an outlier? Statistics? What is a 

„Defeat Device“?
 PEMS testing during initial type approval 

only? In Service Conformity? Third party 
testing? Member State Surveillance?

 Task:
 Develop a set of regulations with 

involvement of several strong stakeholders.
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Speaking about „Normality“…

… the NTE concept defines
normality in the engine map … RDE for LD vehicles defines

normality based on vehicle
operation and dynamics

715/2007
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Example: RDE in Europe

Slide shown by R. Wanker at the CRC Conference, 2013

 Step by Step Introduction: 
 Packages 1-3: Gas+PN Emissions 

at Type Approval
 Package 4: In Service Conformity 

and Surveillance Testing (in work!)

 RDE Legislation…
 300+ pages
 Amendments being released 

regularly…

 Work in Progress:
 Procedure for qualification of PEMS 

systems under all environmental 
conditions.

 Annual review of conformity 
factors.

 …  
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RDE –
A REAL challenge for on road emissions testing

RANDOMNESS

Driving style has a strong impact on the 
equipment – shocks and vibrations.

AMBIENT TEMPERATURE

Changing ambient temperatures can 
strongly impact the quality of 

RDE test data.

AMBIENT PRESSURE

Changing ambient pressure is the 
key decision criterion 

for the selection of PEMS analyzers..

TRAFFIC EXTREME CONDITIONS MOUNTAIN

URBAN RURAL HIGHWAY
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What is a PEMS?
What is required by legislation?

A PEMS needs to measure:

• Ambient Conditions (Temperature, Humidity, Pressure)
• GPS Position (Latitude, Longitude, Altitude)
• OBD / CAN Bus Data (Vehicle Speed, RPM, …)
• Exhaust Mass Flow
• Gaseous Emissions (NOx, CO, CO2)
• PN/PM Emissions

The Legislation defines under Lab Conditions: 

• Requirements on the performance (accuracy, noise, 
repeatability, linearity, …) for every single data channel

• Measurement principles (NDIR, CLD, NDUV, …)
• Rise Time/Data rate
• Zero & Span response drift
• Chiller penetration
• Cross sensitivities
• Overall system verification (1065 Subpart J)
• Chassis Dyno verification (RDE)
• …
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What is a PEMS?
What is required by legislation?

A PEMS needs to measure:

• Ambient Conditions (Temperature, Humidity, Pressure)
• GPS Position (Latitude, Longitude, Altitude)
• OBD / CAN Bus Data (Vehicle Speed, RPM, …)
• Exhaust Mass Flow
• Gaseous Emissions (NOx, CO, CO2)
• PN/PM Emissions

Legislation defines under Real World Driving: 

• Cyclic Zero Checks (US HDIUT only)
• Pre&Post Test: Zero & Span response drift

 No quality criterion on span/audit during the 
test at all!

 Can the 0.2g/bhphr NOx be ensured by this?
 Is this sufficient as a concept for traceable 

0.02g/bhphr NOx limit?
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RANDOMNESS

Driving style has a strong impact on the 
equipment – shocks and vibrations.

AMBIENT TEMPERATURE

Changing ambient temperatures can 
strongly impact the quality of 

RDE test data.

AMBIENT PRESSURE

Changing ambient pressure is the 
key decision criterion 

for the selection of PEMS analyzers..

TRAFFIC

RDE –
A REAL challenge for on road emissions testing

EXTREME CONDITIONS MOUNTAIN

URBAN RURAL HIGHWAY

This is where the challenge comes from!

• Measurement principles – not all suitable under changing ambient conditions
• Sample conditioning – as important as the analyzer, not checked at all
• Measurement of velocity/distance – direct impact on g/mi limit…
• Measurement of engine power – direct impact on g/bhphr limit…
• …..
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RDE –
A REAL challenge for vehicle development

RANDOMNESS

Driving style has a strong impact on 
emission results.

AMBIENT TEMPERATURE

Changing ambient temperatures can 
strongly impact the efficiency of exhaust 

aftertreatment systems.

AMBIENT PRESSURE

Changing ambient pressure has strong 
impact on engine behavior, raw emissions, 

and exhaust aftertreatment systems.

TRAFFIC EXTREME CONDITIONS MOUNTAIN

URBAN RURAL HIGHWAY
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Impact of driving style

Moderate Driving Style 
PNNOx

14 x

5 x Limit

Dynamic Driving Style 

Impact of driving style in the AVL Graz RDE route on
• Drive dynamic
• Engine map
• Emissions
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Impact of drive cycles
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RANDOMNESS

Driving style has a strong impact on the 
equipment – shocks and vibrations.

AMBIENT TEMPERATURE

Changing ambient temperatures can 
strongly impact the quality of 

RDE test data.

AMBIENT PRESSURE

Changing ambient pressure is the 
key decision criterion 

for the selection of PEMS analyzers..

TRAFFIC

RDE –
A REAL challenge for vehicle development

EXTREME CONDITIONS MOUNTAIN

URBAN RURAL HIGHWAY

RDE is a game changer for passenger car development!

• Development efforts – strongly increasing
• Development process – to be re-designed and implemented
• Infrastructure – to be updated and extended
• Skills – to be developed

• A clear set of regulations is required!
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RDE is us! 
Visit us at CE-CERT!
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