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The EU has adopted the Euro 7 regulation, taking a further step towards stricter control of  

compliance with emission limits. For the first time, digital monitoring of emissions and energy 

data during operation is mandated. As APL shows in the following, this requires new analysis 

tools, validation methods, as well as adapted testing and verification procedures throughout  

the development cycle.

g  The Euro 7 regulation, adopted 
by the EU on April 24, 2024, covers ve­
hicles with all major powertrain tech­
nologies: Internal combustion Engine 
Vehicles (ICEVs), Battery Electric Vehi­
cles (BEVs), and Plug-in Hybrid Electric 
Vehicles (PHEVs). From November 29, 
2026, all newly type-approved and from 
November 29, 2027, all newly registered 
M1 vehicles must be equipped with an 
On-Board Monitor (OBM) [1].

The OBM plays a central role in 
the digital monitoring of emissions-

related vehicle parameters. For con­
ventional powertrains, the focus lies 
on pollutant emissions; for electri­
fied powertrains, parameters such 
as State of Certified Energy (SOCE) 
and State of Certified Range (SOCR) 
are added. These data are intended 
to provide reliable and standardized 
assessments of energy efficiency 
and range performance under real- 
world driving conditions.

Randomly selected OBM data are 
transmitted to the manufacturer via 

encrypted Over-The-Air (OTA) com­
munication. Manufacturers are obli­
gated to forward this information 
to the relevant regulatory authority. 
The authority then verifies compli­
ance with emission and energy con­
sumption regulations. In the event 
of proven deviations or violations, the 
authority may impose measures such 
as fines, mandatory recalls, or even the 
withdrawal of type approval.

Compliance with limit values, data 
quality, and tamper protection are among 
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the core requirements for the monitoring 
system. These must be validated using 
legally defined test procedures. FIGURE 1 
illustrates the vehicle data that must be 
transmitted via OTA according to the 
Euro 7 regulation. In addition, manufac­
turer-specific parameters may be added 
to enhance system transparency and 
diagnostic capabilities [2].

The continuous transmission of certifi­
cation-relevant emission and consump­
tion data from vehicles is internationally 
unique and presents major technical 
challenges for manufacturers. Moni­
toring systems and their associated 
components – such as high-voltage 
energy storage and exhaust aftertreat­
ment systems – must remain legally 
compliant and functionally reliable 

throughout the vehicle’s lifetime.
This implies that older vehicles 

must also comply with the applicable 
emission limits, which may require the 
replacement of emission-related com­
ponents. In cases of significant exceed­
ance – defined as 2.5 times the permis­
sible limits for particle mass and nitro­
gen oxides [2] the OBM must trigger a 
warning to the driver via the so-called 
Exhaust Emission Exceedance Driver 
Warning System (EEEDWS). If no 
repairs are made, the system may 
prevent the vehicle from starting.

These new monitoring require­
ments call for high measurement 
accuracy under all operating con­
ditions and long-term system sta­
bility. The following methodology 

offers a structured approach to ana­
lyzing regulatory compliance and 
identifying optimization potential.

METHODOLOGY FOR DATA 
ANALYSIS AND EVALUATION

Measurement data from development, 
validation, and homologation require 
efficient methods and integrated 
toolchains for systematic analysis 
and evaluation. FIGURE 2 illustrates 
the process and toolchain used in 
this context.

The combination of proven, modu­
lar software solutions and a structured 
analysis process enables scalable and 
reproducible processing of large data­
sets. This approach has proven robust 

FIGURE 1 Excerpt from OTA data (according to [2]) (© APL)
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and effective in numerous applications 
and forms the foundation for a sound 
assessment of emissions – relevant 
vehicle data throughout the develop­
ment and approval process.

The toolchain includes established 
solutions from Vector, such as CANape, 
vSignalyzer, and vMDM, which sup­

port data acquisition and management, 
automated data mining, and standard­
ized report generation. Specialized com­
plementary software expands the spec­
trum and enables flexible analyses. At 
the core of the system is vMDM, act­
ing as a central data repository that 
enables structured and secure data 

exchange between authorized users. 
Relevant datasets can be efficiently 
identified and retrieved using indexed 
metadata, which is either extracted 
from existing measurement attributes 
or generated through data mining tech­
niques. In the automated data mining 
process in vMDM, variables for the 

FIGURE 2 Process and tool chain for measurement data management, analysis, and reporting  
with special preparation of results for OBM, battery durability, OTA, and Euro 7 topics (© APL)

FIGURE 3 Procedure for validating and developing the OBM system (© APL)
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post-processing evaluation of emis­
sion-related vehicle data are generated.

Data mining analyses are created 
directly in CANape or vSignalyzer 
using the integrated data mining editor 
and assigned to vMDM as preprocess­
ing, which ensures automated analysis 
as soon as the data is uploaded. Based 
on the measurement data stored in 
vMDM, configurable reports can be 
generated containing both indexed 
metadata and aggregated results from 
prior data mining analyses. This itera­
tive process enables the targeted eval­
uation of large datasets, contributing 
significantly to increased efficiency 
during data-intensive development 
and validation phases.

Additional tools such as Tableau, 
Uniplot, Latex, Power BI, and Python 
scripts are used to generate project-
specific and customer-tailored reports. 
These enable flexible visualization 
of analysis results tailored to specific 
requirements, supporting data-based 

decisions. One specific application is 
the validation of OTA data for a PHEV. 
PHEVs require particularly comprehen­
sive analysis, as both exhaust emissions 
and battery-specific characteristics must 
be monitored.

The central task in OBM system vali­
dation is verifying the data intended for 
OTA transmission. FIGURE 3 shows the 
seamless integration of a custom analy­
sis tool into the existing toolchain. This 
tool supports result processing and visu­
alization for OBM, battery durability, 
and OTA data evaluation.

The analysis tool facilitates OBM sys­
tem validation and development through 
extensive data processing and automated 
report generation. Its integration into the 
broader toolchain ensures consistent and 
efficient OTA data analysis, shortening 
development cycles and sustainably 
improving data quality.

Measurement data are collected from 
Electronic Control Units (ECUs) via the 
On-Board Diagnostics (OBD) interface 

and external measuring equipment. 
Complementary metadata annotation 
includes critical but non-automatically 
capturable parameters such as test type 
(for example, Real Driving Emissions 
(RDE), Type 1, OBM Trip, Tampering), 
manipulated components, exhaust sys­
tem condition, or driving profile.

For each test, a specific data mining 
analysis is performed in vMDM as a 
preprocessing step. It validates the test 
procedure and checks compliance with 
the framework conditions. In addition, 
emissions are recorded over the 
route, segmented into speed ranges, 
and statistically evaluated. Measure­
ment datasets are automatically en­
riched with these key indicators as 
metadata. The data mining process 
also detects specific events, such as 
when the OBM must trigger a driver 
warning via EEEDWS in case of a limit 
exceedance. Relevant data segments 
before and after the event are extracted 
for targeted analysis and evaluation.

FIGURE 4 OBM dashboard for accuracy evaluation (screenshot) (© APL)
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VALIDATION OF OBM EMISSIONS 
AND EEEDWS

A central element of OBM system vali­
dation involves the analysis of signals 
such as NOx emissions or EEEDWS sta­
tus. Emission values from the OBM sys­
tem are compared against reference sys­
tems like Portable Emissions Measure­
ment System (PEMS) or an exhaust gas 
measuring system to evaluate accuracy 
and robustness under real-world operat­
ing conditions. RDE-compliant emission 
calculations are performed in the back­
ground, which, together with the vehicle 
data and metadata, are used to evaluate 
the EEEDWS status signals.

Various test types are used for vali­
dation, including RDE-compliant routes, 
legally defined Type-1 tests, tampering 
tests, and individual test drives. Spe­
cifically aged or damaged components 
are used to quantify deviations between 
OBM-reported and measured emissions. 
In addition, worst-case scenarios are 
identified in which the operating condi­

tions are outside the acceptable OBM 
limits. These are then calculated back 
to a theoretical emission result under 
valid OBM conditions in order to evalu­
ate the system response.

A key validation criterion is that NOx 
emissions transmitted via OTA must 
not exceed 30 % below the reference 
measurement [2]. In addition, a defined 
range of variation must be maintained. 
The effects of potential error sources, 
such as sensor tolerances, model uncer­
tainties, or system-related deviations, 
must be systematically analyzed and 
evaluated with respect to the required 
accuracy. FIGURE 4 shows an exemplary 
OBM dashboard excerpt supporting the 
validation and calibration process of NOx 
emissions accuracy.

VALIDATION OF SOCE AND SOCR

The parameters SOCE and SOCR char­
acterize the High-Voltage (HV) battery 
and are transmitted via OTA. SOCE is 
directly dependent on the physical state 

of the battery and must be validated 
under real-world conditions. External 
HV measurement modules are used to 
determine actual energy flows during 
driving and charging. Systems from 
Vector CSM enable in-vehicle acquisi­
tion of electric powertrain data. The 
CANape-integrated so-called eMobili­
tyAnalyzer calculates key electrical 
parameters in real time. Additionally, 
ECU signals and bus data are recorded 
time-synchronously via Precision Time 
Protocol (PTP).

For validating electrical quantities 
and communication processes during 
charging, the Vector Charging Test Sys­
tem is used. Reference values are com­
pared with monitor data to verify com­
pliance with the required Minimum Per­
formance Ratio (MPR) for SOCE. Since 
full battery discharge is rare in normal 
driving, validation of SOCE is most effec­
tively with State of Charge (SOC) hubs 
above 70 %. Assuming a linear relation­
ship between SOC and available energy, 
Usable Battery Energy (UBE) can be cal­

FIGURE 5 Dashboard for analyzing battery durability (screenshot) (© APL)
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culated using the measured SOC hub. 
To investigate the correlation between 
SOCE and SOCR, charge and discharge 
cycles with large SOC hubs under real-
world conditions are used. Deviations 
are identified through gradient analysis. 
As SOCR is also influenced by external 
factors (for example, auxiliary loads, 
temperature, route profile, driving 
behavior), these must be considered. 
FIGURE 5 provides a sample dashboard  
for assessing battery durability and 
highlights potential causes of SOCE 
or SOCR degradation.

CONCLUSION AND OUTLOOK

Systematic evaluation of extensive 
measurement data from various test 

procedures and drive cycles enables 
realistic assessments of monitors, 
exhaust aftertreatment systems, and 
energy management. This provides 
robust insights into system perfor­
mance and regulatory compliance. 
These findings not only validate com­
pliance with legal requirements but 
also promote further development 
toward a robust vehicle system. This 
allows vehicle functions to be opti­
mized in terms of efficiency, emis­
sion robustness, and legal compliance. 
The analysis of OTA field data allows 
early detection of trends in emissions, 
energy consumption, and lifetime per­
formance. FIGURE 6 shows an example 
dashboard of OTA data from vehicles 
of the same model series. Abnormal 

emission values can be analyzed and 
their causes identified. Software prob­
lems can be fixed via OTA updates, 
while hardware-related abnormalities 
are communicated to the driver via 
warnings or workshop recommenda­
tions – ensuring early and lasting 
emission and functional safety.
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FIGURE 6 OTA dashboard for analyzing battery durability (screenshot) (© APL)
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