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THE CHALLENGE

ACCURATE AND REPRODUCIBLE BRAKING DISTANCE MEASUREMENT

Ensuring the shortest possible and most reliable braking distances is a key objective in modern vehicle

development, particularly in safety-critical emergency situations. To achieve this, OEMs and Tier 1suppliers

continuously optimize braking systems and vehicle safety technologies. As braking performance
approaches its physical limits, highly accurate and reproducible braking distance measurements become

essential for validating even the smallest improvements and ensuring compliance with industry standards.

A high-performance braking measurement system must provide:
Highly accurate, reliable and easy-to-use measurement data
Precise compensation of the vehicle pitch effects during braking maneuvers
Easy and quick installation on the vehicle under test (VUT)
Drift compensation at standstill

Conformity to industry standards and norms (e.g. Euro 7 emission standard)

Advanced GNSS and inertial sensor technology enable highly accurate, reliable,
and reproducible braking performance measurements.
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BREAKING MEASUREMENT METHODS
ONE SOLUTION FOR ALL BRAKE TESTS

The Addon Braking offers a flexible and standards-compliant solution for a wide range of brake tests.
Supporting measurement methods such as externally triggered braking, velocity-triggered braking, and
fading brake tests according to DIN 70028, it enables accurate and repeatable braking distance
measurements for standards including ECE R90, ECE R13H, and FMVSS 135. A single, unified toolchain
ensures efficient testing, reliable results, and seamless integration into development and validation

workflows.

MAIN BRAKING MEASUREMENTS

Braking via brake pedal trigger

Velocity triggered braking via velocity limit
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TRIGGERED BRAKING VIA BRAKE PEDAL TRIGGER

The ADMA-Speed detects the brake pedal activation with nanosecond-
level precision using an externally mounted pedal trigger. Braking
distance is measured from the exact trigger event to the configured
lower velocity threshold, delivering highly accurate and repeatable

results with an accuracy of up to 2 cm.

This method enables reliable braking performance measurements for
development, validation, and certification tests while ensuring

maximum reproducibility across repeated test runs.

WINDOWED BRAKING VIA VELOCITY LIMITS

Windowed braking measurements allow flexible brake testing based
on configurable speed thresholds, either independently or in
combination with brake pedal triggering. By combining GNSS
positioning, Doppler velocity measurement, and inertial sensor

technology, the ADMA-Speed delivers highly accurate and repeatable

speed data throughout the entire braking maneuver.

This ensures consistent and comparable braking performance
measurements, enabling reliable evaluation of the complete brake

system, including chassis, hydraulics, electronics, and tires.
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FADING MEASUREMENT

To support fading brake tests and advanced braking performance analysis, the ADMA-Speed can
simultaneously output braking data for both primary and intermediate velocity windows. This enables
precise evaluation of braking behavior throughout repeated braking cycles as well as during the final

braking event.

When configured for both external trigger and velocity-triggered braking, with the “Stop at External
Trigger” function enabled, the system seamlessly captures all relevant test phases in a single
measurement setup. This ensures accurate, repeatable, and standards-compliant brake test data while

simplifying the execution of complex fading test procedures.
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MANDATORY DATA
ENSURING ACCURACY THROUGH COMPLETE TEST DATA

KEY BRAKING PERFORMANCE METRICS

External triggered braking distance and time

_ (P~ ﬁ
m 5 (@[!Hég) g“\\

- \

Windowed triggered braking distance and time

Intermediate braking distance and time
Vehicle velocity z
Velocity at external trigger start |
Vehicle deceleration | 7
Mean deceleration windowed

MFDD (Mean Fully Developed Deceleration)
Normalized brake distance

Estimated brake distance error

=
N m g
OPTIONALLY I g =
Roll, Pitch and Yaw angle

MFDD (MEAN FULLY DEVELOPED DECELERATION)

MFDD is a key braking performance metric that describes the vehicle’s average deceleration during the
most effective phase of a braking maneuver, typically between 80% and 10% of the trigger activation

speed.

Depending on the test setup, the calculation is based on either the brake trigger speed or the configured
start velocity. Using precise GNSS/INS measurements, the ADMA-Speed delivers accurate and

repeatable MFDD values for reliable brake performance evaluation and standards-compliant testing.

MFDD is calculated by:

MFDD =((v80%)* - (v10%)*) / (25.92 * (s10% - s80%))

Where:

v80% is the speed at 80% of the brake trigger activation speed.
v10% is the speed at 10% of the brake trigger activation speed.
s80% is the distance at which the speed is v80%.

s10% is the distance at which the speed is v10%.
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NORMALIZING VELOCITY

To enable meaningful performance comparisons across different test conditions, the normalized braking
distance removes the influence of varying initial vehicle speeds. This provides a consistent base for

evaluating braking performance and identifying trends, independent of dynamic test variations.

By using a defined reference velocity, the normalized braking distance allows engineers to compare
braking results objectively across multiple test runs, vehicle configurations, and development stages. As

aresult, braking system performance can be assessed more accurately and reproducibly.
The normalized braking distance is calculated as follows:

Snorm = (Vnorm) 2/ (2 * am)

Where:
Snorm 1S the normalized braking distance.
am is the mean deceleration.

Vnorm IS the configured normalizing velocity.
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OVERCOMING COMMON MEASUREMENT
CHALLENGES

PROVEN SOLUTIONS FOR COMPLEX BRAKE VALIDATION TASKS

Reliable braking performance validation depends on accurate and repeatable measurement data. To
achieve this, several technical challenges must be addressed and effectively compensated throughout

the braking measurement process:

1. LEVER ARM EFFECT

During a braking maneuver, vehicle dynamics cause different velocity profiles at different measurement
points. As the vehicle pitches forward around its Center of Gravity (COG) under deceleration, the velocity
at the Measurement Reference Point (MRP) can differ from the velocity at the vehicle’s center of mass. If
left uncompensated, this lever arm effect can influence braking distance and deceleration

measurements.

To ensure maximum accuracy and repeatability, the ADMA-Speed automatically compensates for these
dynamic effects by calculating and outputting braking data at a configurable Point of Interest (POl). By
positioning the POl at the vehicle’s Center of Gravity, the system delivers highly precise and consistent

braking performance data, independent of sensor mounting location.

This approach improves measurement accuracy and provides a reliable basis for brake testing, vehicle

dynamics analysis, and standards-compliant braking performance validation.
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2. ROCKBACK EFFECT

During braking, the vehicle pitches forward under deceleration. Once the vehicle comes to a standstill, it
gradually returns to its neutral position, resulting in the so-called rockback effect. This dynamic behavior
can influence low-speed braking distance measurements and reduce measurement accuracy near zero

velocity.

Toensure reliable and repeatable brake testing results, the lower velocity threshold should be set to Tkm/h
or higher. This allows the braking maneuver to be evaluated before rockback effects occur, ensuring

accurate and standards-compliant braking performance measurements.

3. GNSS INSTABILITY

GNSS signal reception can occasionally be affected by environmental conditions such as signal blockage,
multipath reflections, or temporary satellite outages. These effects can reduce the accuracy of braking

distance measurements and vehicle positioning.

By combining GNSS positioning with advanced inertial measurement technology (IMU), the ADMA-Speed
maintains highly accurate and reliable measurement data even during short GNSS interruptions. This
sensor fusion approach compensates for temporary signal degradation and ensures consistent,
repeatable, and standards-compliant results for brake testing, vehicle dynamics analysis, and braking

performance validation.

BENEFITS
OF GNSS/INS-BASED BRAKE TESTING

Higher Measurement accuracy
Improved repeatability

Faster test execution
Reduced test complexity
Standards-compliant results

Future-proof testing platform
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ADMA-SPEED TOOLCHAIN

A COMPLETE WORKFLOW FROM MEASUREMENT TO ANALYSIS

The ADMA-Speed combines a high-precision GNSS receiver and IMU in a single, easy-to-install sensor unit,

enabling fast setup and reliable braking distance measurements without antenna offset calibration.

Configurationis handled through anintuitive web interface, while the GeneSys ADMA Data Logger provides
real-time visualization, driver guidance, and automated data recording. Key metrics such as braking
distance, vehicle speed, MFDD, and yaw angle are available for immediate analysis and can be exported via
Ethernet or CAN.

The system can also be upgraded to a full GNSS / INS solution for vehicle dynamics testing, ADAS

validation, and other advanced automotive testing applications.

THE EXPERT
DOMINIC HUBER, CTO

For further questions: support@genesys-offenburg.de






