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The Safe System



The Safe System

At its heart is the tolerance of the human body to crash forces
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Example: using autonomous system to avoid pedestrian conflicts

Definition of a pedestrian conflict: The risk of collision is acute and high

Severity of the impact depends crucially on two things

The energy in the impact

How that energy is transferred between the vehicle and the pedestrian



Approaches to mitigating conflicts
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Understanding real-world benefits

Step 1: Understand real world safety conflicts!



Reaction times and braking are very important

Autonomous emergency braking systems “see” the pedestrian conflict 

before the driver does and brakes earlier than the driver can.





Evaluation through simulation of actual crashes

Combining information about 

real crashes to examine what 

characteristics of such 

systems should be measured

In depth crash investigation

Reconstruction and 

simulation of autonomous 

systems
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Figure 5.8 
FCAT model response to in-depth crash investigation case CN172 (c.f. Figure 5.3 and Figure 5.4); the action point 

precedes the driver brake point resulting in a reduction in impact speed 

 

5.1.6 Injury risk analysis 

For the purpose of examining the benefit of FCATs, the probability, or risk, of injury or death at various 

speeds was considered with respect to the actual crash injury outcome.  

Injury categories 

Within the NSW mass data there are three categories for degree of crash; fatal, injury or no injury, 

where injury is any level of injury without consideration of severity. 

The CASR in-depth crash studies include several levels of injury severity. These levels are: 

· No injury 

· Minor injury (no ambulance transport) 

· Transport to Hospital (no hospital treatment) 

· Hospital Treatment (treatment of casualty without hospital admission) 

· Hospital Admission (treatment exceeds 4 hours) 

· Fatality (death resulting form crash occurs within 30 days of crash) 

 



Development of testing capability





Cushioning the impact is still important
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Figure 2. The source of the danger to a pedestrian’s head is not so much the bonnet, 
but the structures underneath. 
 
 
2.1   Bonnet design for pedestrian protection 
 
Partly as a result of several years of pedestrian impact testing, general principles of 
bonnet design are now well understood (Figure 2).  

· Projections and sharp corners and edges should be eliminated.  

· There should be plenty of clearance distance between the underside of the 
bonnet and very stiff structures such as the engine and the suspension 
towers. 

· The bonnet should be yielding, but not so much so that it deforms too easily 
and fails to prevent the pedestrian’s head striking a very stiff structure. This 
dilemma requires some intermediate, optimal, degree of stiffness to be found. 

· The very stiff structures underneath the bonnet should be made less stiff, or 
frangible. 

· The coefficient of restitution is a quantity reflecting the proportion of its original 
speed that a striking object (a pedestrian, in this case) retains after an impact. 
This should be low: the bonnet should undergo plastic deformation, rather 
than elastic. 

· If it is practicable to exercise some control over the shape of the acceleration 
pulse, the peak of this should be early rather than late in the impact. That is, 
the bonnet should be damped, i.e., be stiffer early in the impact (when speed 
is high and bonnet deflection is low) than later. On its own, the exponent 2.5 in 
the formula for the Head Injury Criterion (HIC) would suggest that in order for 
HIC to be low, the acceleration should be constant over the time the pulse 
lasts. However, high acceleration occurring early also disproportionately 
reduces the distance travelled. Thus to minimise HIC under the constraint of a 
given available clearance distance, acceleration should be higher early in the 
impact (Okamoto et al., 1994). 



Pedestrian subsystem impact test lab





Understanding real world benefits: integrated 

assessment
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INFORMATION ABOUT REAL CONFLICTS

AUTONOMOUS SYSTEM ASSESSMENT IMPACT TEST



Summary

The benefits of autonomous systems will be significant, but understanding 

benefits is challenging

Autonomous systems assume functions within the safe system that are normally 

thought of as road safety

Safety benefits can no longer be measured with a crash test

Integration of several components of assessment will be needed



CASR’s contribution



Areas

Safer roads – infrastructure treatments

Safer vehicles – trends in the fleet, testing primary and secondary safety, 

modelling, injury biomechanics

Safer people – human factors in road safety: age, impairment

Information – policy support, literature reviews

National and international focus.
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Other research

Analysis of large crash datasets 

Human factors research (young drivers, drug impairment, phone use)

Simulation 

autonomous emergency braking effects

Crash simulation

Occupant and pedestrian simulation


