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Starting this year, vehicles to be registered in EU countries must have their real 

driving emissions (RDE) checked. ETAS has developed an assistant that allows test 

drivers to track the status of measurements in real time. This will make it possible 

to monitor whether RDE measurements comply with statutory limits. This assis-

tant has been seamlessly integrated into ETAS INCA so that specialists can con-

tinue conducting RDE tests in the same working environment. Available starting in 

July 2017, this product can be used to execute RDE driving tests in a controlled and 

reproducible manner.

Determination of Vehicle Emissions 
under Real-world Driving Conditions 

©
 E

TA
S



T I T L E

3HANSER automotive  5-6 / 2017www.hanser-automotive.de

E xperts must consider many parameters when they take 
RDE measurements. Parameters include the duration of 
measurement-collection drives, distances that must be 

covered in urban or rural areas or on motorways, permissible 
speed ranges, and requirements for driving performance; see 
Table 1. In addition, test and calibration engineers need the 
latest emission measurements.   

Effective September 2017, type approval tests of new ve-
hicles will include RDE measurements. As of 2018, these 
measurements will play a role in type approval of all new pas-
senger and freight-transport vehicles on the market. A roller 
dynamometer has traditionally been used to quantify pollut-
ant emissions as per the New European Driving Cycle 
(NEDC). Starting in September of this year, a portable emis-
sions measurement system (PEMS) must be used to deter-
mine vehicle emissions on public roads. PEMS units will be 
calibrated and validated on a roller dynamometer. The dynam-
ics of the RDE test vehicle will reflect the CO2 emissions that 
are measured as per the World-wide harmonized Light duty 
Test Cycle (WLTC) on a roller dynamometer [1].

The RDE measurements are designed to ensure that 
emissions of carbon monoxide and hydrocarbons under 
real-world driving conditions comply with Euro 6 limits. By 
contrast, nitrogen-oxide and particulate emissions may devi-
ate from Euro 6 limits by something known as the conformity 
factor. A factor of 1.5 will apply for nitrogen oxides starting in 
January 2020. Until then, nitrogen-oxide emissions will be 
deemed compliant if they do not exceed the limit multiplied 
by a factor of 2.1. The European Commission’s Technical 
Committee of Motor Vehicles (TCMV) has proposed a confor-
mity factor of 1.5 for particulate emissions in the draft bill for 
the third RDE package, which legislators are currently consid-
ering.

INCA-RDE

The RDE assistant, which ETAS will market as INCA-RDE, 
evaluates measurement data in real time during a driving test. 

Table 1: Test conditions for measuring real driving emis-

sions (RDE) in comparison to using a roller dynamometer to 

measure emissions as per the New European Driving Cycle 

(NEDC). (© ETAS)

Figure 1: Represen-

tation of distances 

traveled by catego-

ry in meters.   

(© ETAS)

Test environment Roller dynamometer, real-world driving tests Roller
dynamometer

Test duration t t 90 min ≤ tt ≤ 120 min t t = 20 min

Total distance dt dt ≥ 48 km dt = 11 km

Top speed 100 km/h ≤ vmax ≤ 145 km/h 120 km/h

Downtime t s Not specified t s = 267s

Elevation profile The respective elevations of the starting point
and the destination must not differ by more than
100 m above sea level. The proportional cumu-
lative positive difference in elevation must not
exceed 1.200 m/100 km.

None

Ambient
temperature Tenv

Moderate: 0 °C to 30 °C
Extreme:   -7 °C to 0 °C 
or  30 °C to 35 °C

18 °C to 24 °C

Speed ranges v–u ≤ 60 km/h, 60km/h < v–r ≤ 90km/h,
90km/h < v–m ≤ 110km/h and
v–m > 100km/h for at least 5 minutes

15 km/h ≤ v–u < 40 km/h (with downtime)

Specified by driv-
ing cycle (with-
out downtime)

Elevation (above
sea level)

Moderate conditions: up to 700 m  
Extreme conditions: 700 m to 1300 m

0 m to 2400 m

Maximum 
incline of road

No restriction 0 m/km

Starting tempera-
ture of engine

Tenv Tenv

Distances traveled
by category [a]

dk ≥ 16 km and du : dr : dm =
(29% to 54%) : (23% to 43%) : (23% to 43%)

tu / t r = 2 : 1

Average speeds v–t = 33.4 km/h
(with downtime),
v–t = 43.1km/h
(without down-
time)

The following applies to each speed range:
either v–k > 74.6 km/h and
(v · apos)k_[95] ≤ (0.136 h/km · v–k + 14.44) m2/s3

or v–k ≤ 74.6 km/h and
(v · apos)k_[95] ≤ (0.0742 h/km · v–k + 18.966) m2/s3

Driving style /
v · apos [b]

Specified by
driving cycle

The following applies to each speed range:
either v–k > 94.05 km/h and
RPAk ≥ (-0.0016 h/km · v–k + 0.1755) m/s2

or v–k ≤ 94.05 km/h and RPAk ≥ 0.025 m/s2

Driving style /
RPA [c]

Specified by
driving cycle

Test parameters RDE NEDC
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surements online as well as OBD and GPS data likewise col-
lected by the PEMS. In this context, two methods are used 
to check the vehicle-dynamics conditions of INCA-RDE: the 
method of moving averages (EMROAD) and ratings per per-
formance class (CLEAR). The results of analysis – the actual 
RDE data – are displayed on RDE-specific instruments in the 
INCA experiment. This data is also recorded every ten milli-
seconds in synchronicity with signals from the INCA engine 

In the INCA experiment, the test driver will see the follow-
ing INCA-RDE information displayed on virtual RDE-specific 
instruments:

 W GPS location data

 W Start of emission measurement 

 W Measurement results

 W Monitoring of measurement equipment .
The following test parameters will also be shown:

 W Environmental conditions and 
engine status

 W Distance and duration of route 
per route category 

 W Vehicle speed and acceleration

 W Assessment of the conformity 
of measurements with RDE 
requirements

Figures 1 and 2 show screenshots 
of two virtual instruments that dis-
play RDE data collected during an 
INCA experiment.

Mode of operation

An ES59x interface module is used 
to connect the INCA-RDE software 
tool to the PEMS hardware via CAN. 
INCA-RDE evaluates emission mea-

Figure 2: Top graph and center 

graph:  CO2 and NOx emissions in 

g/km and vehicle speed as well as 

duration of measurement in sec-

onds. Bottom graphs: CO2 and NOx 

emissions as well as vehicle 

speed. The bottom-left graph 

displays the characteristic CO2 

curve (black line) of the test vehi-

cle and the corresponding toler-

ance ranges (yellow and red lines). 

In RDE testing, half of the CO2 

values that are averaged within a 

window of variable breadth (MAW, 

or moving average window) should 

be within the inner tolerance range.  

(© ETAS)

Figure 3: Overview of the system. (© ETAS)
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control unit (ECU); see Figure 3. This makes it easy to cor-
relate recorded RDE data with the ECU measurement signals 
once measuring has completed.

Summary

Starting in fall 2017, type approval tests of new vehicles will 
include RDE measurements. INCA-RDE provides test engi-
neers with real-time information on uncluttered display in-
struments regarding the execution and evaluation of RDE 
measurements during driving tests. This solution is integrat-
ed into the familiar tool environment for taking in-vehicle 
measurements, calibrating control units, and diagnostics. 
INCA-RDE makes it possible to efficiently determine RDE 
emissions and correlate them with signals from the ECU.  W 
(oe)

 » www.etas.com
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Table 1
[a] The index k refers to the type of route. k = t refers to entire routes, k = u 

urban routes, k = r rural routes and k = m motorway routes. 

[b] v∙apos measures the specific power that must be generated during acceler-
ation so that the vehicle can overcome the inertial force per unit of mass. 
The quantity is expressed either in m2/s3 or W/kg. apos refers to positive 
acceleration greater than 0.1 m/s2. (v∙apos)k_[95] refers to that quantity of 
specific acceleration power not exceeded during 95% of the test on a cer-
tain section of a route.

[c] RPA refers to the relative positive acceleration that is calculated as 
RPAk = 1/dk∫v apos dt for each category of route and expressed using the 
unit m/s2.

Dr. Ulrich Lauff is Senior Marketing Communication Expert 
for Testing and Calibration Solutions at ETAS GmbH. 

Rajesh Reddy is a Product Manager responsible for the 
ETAS INCA tool at ETAS GmbH.

Trans lated by ETAS GmbH

In order to meet the strict new 

RDE testing conditions, the behavior 

of combustion engines must be 

optimized across the entire speed-

load range (“global”). 

This goal can be achieved with 

the help of Gaussian processes. 

These machine learning methods

allow the engine behavior at the 

test bed to be simulated with

maximum probability.

With the help of the new method, 

the measurement effort at the 

engine test stand could be reduced 

by 75 percent in a specific calibration

project.
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How can you integrate electronic systems into cars efficiently – without 

compromising on functionality, safety, or quality? ETAS’ open and scalable 

solutions are the right choice, especially if you are open to efficient  

development. Our competent experts support you throughout the entire 

process starting with consulting and design, then testing and validation, 

right up through integrating the software on PCs, in the lab, and in the 

car. See for yourself at www.etas.com/solutions

Open to Anything
Except Compromise


