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SP9 Coordination

Technology & Transfer Accidents Scenarios
SP5 

Biomechanics

SP6 

Safety-Systems

SP7 

Virtual  Testing

SP8 
Training

SP1 
Car-Accidents

SP2 
HGV-Accidents

SP3 
VRU-Accidents

SP4 
Motorbike-Accidents

SP2 
HGV-Accidents

• Development of  passive safety 
technologies for road users in all accident 
scenarios
• Enhancing competitiveness of European 
automotive industry

Global Aim

SP2.1-Aim (HGV vs. VRU)

• Development of test procedures to 
access HGV with respect to accidents 
with VRU
• Development of VRU-friendly HGV-
fronts
• Demonstration using numerical 
simulation and prototypes

Vulnerable Road User Safety for Trucks
SP 2.1 Within APROSYS

Advanced PROtection SYStems
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Vulnerable Road User Safety for Trucks
Differences to VRU vs. Car Accidents

CAR:

HGV:

Time

1 Primary Impact

2 Flight Phase

3 Secondary Impact

4 Slight Phase

5 Tertiary Impact

52 4

Contact

Throwing Distance

Flight Sliding

1 3

Relevant for CarRelevant for HGV

• Currently no Pedestrian Safety Requirements 
• High Risk of Run Over
• Increased Mass Ratio
• Larger Contact Area
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Vulnerable Road User Safety for Trucks
VRU vs. HGV Accident Statistics

• 2 - 4 % of all fatal road accidents (A, D, UK, ESP, F): HGV-VRU

• Fatality rate extremely high: 7-10 times higher compared to PC-VRU

• 1.100 – 1.400 fatalities / year in the EU28
• Bicyclist: Turning accident (approx. 45 %)

• Pedestrian: 

• Accident at intersection (approx. 40 %)
• Crosswalk (15 %)
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Approx. 50% of fatal 
accidents might be 
addressed

Assuming an 50 % 
efficiency rate fatalities 
might be reduced by 300 
each year
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HGV vs. VRU Aggressivity Index
Overview

AIHV = f(ISTRUC, IRUN,IACTIVE)

Structural IndexStructural Index Active IndexActive IndexRun Over IndexRun Over Index

HGV Aggressivity Index consists of 3 Parts
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Summary

Run over assessment     Virtual testing
Structural interaction   Hemisphere               

impactor testing
Field of view of driver Geometric   

evaluation
• Each returning a value between 0 to 10 
• Allows the comparison of heavy goods  
vehicles with respect to vulnerable road 
user protection 
• Promotes enhanced VRU protection
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HGV vs. VRU Aggressivity Index
Structural Index
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CHILD ZONE

ADULT ZONE

• 2 impact zones (adult, child) with 6 areas per zone and 4 regions per area

• WG 17 adult and child headform propelled horizontally at 11 m/s towards one 
region per area

• Up to 15 tests per truck, to assess response

• Up to 2 credit-points per area
– 2 points if HIC < 1000

– 1 point if 1000 < HIC < 1350

– 0 points if 1350 < HIC
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HGV vs. VRU Aggressivity Index
Structural Index
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HGV vs. VRU Aggressivety Index
Roll Over Index

• Virtual testing procedure
• Truck approximated by rigid facet surface

• VRU: Human Pedestrian Model w and w/o bicycle

• 21 simulations 
– 2  acc. Scenarios (turning, going straight), 

– 2 road users (bicyclist/pedestrian)

– 7 impact areas – dep. on scenario (2 on front / 5 on side)

• Assess the rate for run-over
• Run over definition: 

– torso,pelvis and/or head contacts tire AND/OR

– COG of head and/or pelvis within predefined “critical area”
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HGV vs. VRU Aggressivity Index
Roll Over Index
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HGV vs. VRU Aggressivity Index
Roll Over Index
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HGV vs. VRU Aggressivity Index
Roll Over Index
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HGV vs. VRU Aggressivity Index
Roll Over Index
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HGV vs. VRU Aggressivity Index
Active Index

• Accident analysis: numerous accidents at low impact speeds

• Passive safety:  limited effect on low speed accidents
• Index geometrically evaluates field of view of 50 % driver, separating in: 

– primary area of interest (in the close surroundings of the vehicle) and 

– secondary area of interest (>5 m away from the right front edge of the HGV)
• Areas covered by different mirrors at the same time in the primary area of 

interest are promoted by so-called modifiers
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Improved Protection Systems Based on AI 
Softening of Primary Impact “Safety Bar”

• Experimental testing and numerical
simulations have shown, that 
enhanced protection to VRU can be 
implemented efficiently:

At little additional weight (20-70 kg)

At little additional dimension (130-200 mm)

At little material costs

• Depending on truck make and model,
dummy measurements 
were reduced up to 97 %. 

• In the few cases with increased measurements
(when fitting the EA front), the respective threshold 
value was not exceeded.

• The struts of the Safety Bar should be distributed tightly and equally 
on the HGV front to support the entire body of the VRU
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Run Over AI
0.3/10

Run Over AI
5.4/10

Improved Protection Systems Based on AI 
Shape for Deflection “Soft Nose”

000 ms 300 ms 500 ms 700 ms 900 ms

Standard

Modified
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Improved Protection Systems Based on AI 
Active Safety by Improved Sight “Mirror Stations”

Example

• Improving sight requires geometrical optimisation of cabin 
structure

• Best trade-off regarding various different requirements has to 
be defined by HVG manufacturer

• This can be supported by:

• Mirror adjustment training at technical support 
organisation

• Mirror adjustment targets at gas stations
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Conclusion
• Aggressivity Index promotes enhanced VRU protection

• Approx. 50 % of fatal accidents might be addressed by safety devices

• Safety devices have successfully been tested virtually and experimentally

• Assuming an 50 % efficiency rate in real life fatalities might be reduced
by 300 each year

• Allowance for additional vehicle length for safety features required

• Safety Systems like Anti-Run-Over Concept “Soft Nose” can be considered
for other vehicles e.g. busses or trams

2020 ?
2008



APROSYS Final Event  Feb 18th, 2009 22

Thanks for your Attention!


