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Definitions

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Normal Danger Crash In Post
Unavoidable

SECONDARY** TERTIARY

PRIMARY*

Ergonomics
Lighting
Visibility

Braking
Handling
*: “Active” or “Primary” Safety
**: “Passive” or “Secondary” Safety

Accident Avoidance and/or Severity Reduction
Injury Avoidance and/or Severity Reduction

L

eSafety Systems, where vehicles —

‘See, Listen, Talk and React’




Primary Safety

“Top-down’ approach (ASSP) ‘Bottom-up’ approach (EASS
TRL PPR579 ™ pproach (ASSP) o approach (EASS) TRL PPR586
What are the Advanced Assessment of Safety Systems
Safety System Priorities? costs and benefits

Macro: National accident Macro: National accident
data (STATS19) data (STATS19)

Literature review Micro: Micro: Micro: In-

and stakeholder In-depth In-depth | depth fatal
consultation OTSdata | ccis data jlleldata

Literature review
and stakeholder
consultation

Four specific Primary Safety
Systems: passenger car AEBS,
pedestrian AEBS, LDWs and
Youth key

se and rank Safety
Functions based on benefits
and costs
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High level national priorities and causation
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High level national priorities and causation
All Casualties
Fatal=2,569
Sarious = 26,166
slight = 204,576
| 1 | i " 1 1 - - __.
Car Occupants Pedestrians WMV PedalCyclists | | LGV Occupants | HGV Occupants “;;“I;::"
Fatal=1.249 Fatal =573 Fatal=518 Fatal=118 Fatal = 46 Fatal = 320 Fatal=11
|Serious = 10,766 Serlous=5,964 Serious=15,685 Serfous= 2,495 Seriaus = 406 Serious=234 Serfous= 308
|sm=1mu; slight = 21,983 Slight = 15,701 slight = 13,906 slight = 4,537 slight = 1,711 ‘ Sight = 5,355
MVA MVA MVA
Fatal =775 Fatal = 87 Fatal= 396
| serious=7,300 | [ | Serlous=439 |[ | Serious=4,289
slight = 117,567 slight=1.253 | | slight=13,045
SVAa SVAa SVA
Fatal = 474 Fatal = 485 Fatal= 122
| Serlous=3467 | Serous=5526 | | Serious= 1396
J slight = 21,761 slight = 20,730 slight = 2,656

(GB casualties 2007-2009)
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High level national priorities and causation

Accident Group Annual KSI Costs % Annual Costs %
(million) (million)
no pedestrian, 2 vehicle £3,671 42% £5,390 47%
no pedestrian, single £1,993 23% £2,377 21%
vehicle
no pedestrian, 3+ £1,061 12% £1,455 13%
vehicle
Total for accidents with £6,725 77% £9,222 80%
no pedestrians involved
with pedestrian, 2 £179 2% £197 2%
vehicle
with pedestrian, single £1,773 20% £2,068 18%
vehicle
with pedestrian, 3+ £58 1% £62 1%
vehicle
Total for pedestrian £2,009 23% £2,327 20%
involved accidents
Total £8,734 100% £11,549 100%
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Literature review: System effectiveness & risks

Safety system C:;::flitty Risk Tl(r;::f:)le Acceptance
Driver status monitoring Medium Medium Oto 3 Medium
Forward collision warning High Medium Oto 3 High
Lane change assistant (LCA) Low Medium Oto 3 High
Lane departure warning (LDW) Medium-High  Medium Oto 3 High
Overtake assistant ? Medium 3to5 Medium
Pedestrian detection systems Medium-High Medium Oto 3 High
Adaptive Cruise Control (ACC) Medium Medium Oto 3 High
Auto- pilot ? High =10 Low
Automated emergency braking systems (AEBS) High Medium Oto 3 Medium
Brake assist Medium Low Oto 3 High
Brake assist plus Medium Low Oto 3 High
Electronic stability control (ESC) High Low Oto 3 High
Electronically controlled braking systems (EBS) Low Low Oto 3 High
Speed alert systems High Medium Oto 3 Low
Intersection assistance Medium Medium 25 Medium
Lane keeping assistant (LKA) Medium Medium Oto 3 Medium
Stop & go Low Medium Oto3 High
Traction control ? Low Oto 3 High
Vehicle interlock High Low Oto 3 Medium
Youth Key Low Low 0 to 3 High
Advanced front lighting systems Medium Low Oto 3 High
Emergency brake light displays Low- Medium Low Oto 3 High

Night vision Low Medium Oto3 High
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Literature review: System effectiveness & risks

= According to published literature, the generic safety functions
likely to influence casualties most effectively were:

- Forward Collision Warning

- Pedestrian detection systems

- Lane Departure Warning

- AEBS (first generation)

- Electronic Stability Control

- Intelligent Speed Adaptation (Mandatory ISA)
- Vehicle interlocks

= Other systems with longer estimated timescales of introduction
(e.g. Intersection assistance) also had high predicted benefits,
although much of the published information for this particular
technology related to ‘car to infrastructure’ systems.
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High level national priorities and causation
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no pedestrian 2 vehicle 5% 1% 5% 16% 17% 5% 11% | 38%
no pedestrian single vehicle 16% 3% 9% 30% 52% 6% 6% | 38%
no pedestrian 3+ vehicle 7% 1% 7% 22% 22% 4% 8% | 45%
Total for accidents with no 8% 2% 6% 21% 27% 5% 9% | 39%
pedestrians involved
with pedestrian 2 vehicle 4% 1% 3% 11% 8% 1% 5% | 28%
with pedestrian single vehicle 2% 1% 2% 6% 2% 1% 3% | 17%
with pedestrian 3+ vehicle 7% 3% 7% 20% 18% 1% 3% | 32%
Total for pedestrian involved 3% 1% 2% 7% 3% 1% 3% 19%
accidents
Total 7% 1% 5% 18% 22% 4% 8% |35%
(GB casualties 2007-2009)




Cost benefit evaluation of advanced primary safety
systems

= Pedestrian Advanced Emergency Brake Systems — specification

- System 1 would act at a maximum 2 seconds prior to impact. This
would give the maximum opportunity for impact speed reduction or
collision avoidance, but have the highest propensity for false alarms.

- System 2 would act at a maximum of 1 second prior to impact. This
would be less susceptible to false alarms but would, in consequence,
provide less impact speed reduction and a reduced likelihood of
collision avoidance.

- System 3 is seen as a mitigation-only system and would only act at
0.6 seconds prior to impact. This would slow the impact speed a little
but would not give sufficient time for avoidance manoeuvres, though
it would be the least prone to false alarms.
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Pedestrian AEBS: Effectiveness & cost benefit

Fatalities Serious Slight Cost (Em) Saving
(Em)
Original 174 5,805-7,095 20,623-25,205 £1,593-1,886m 0
Casualties Prevented
0.6s system 52 1,247-1,527 1,661-2,039 £327-383m
1s system 71 2,478-3,031 8,666-10,596 £673-798m
2s system 85 2,821-3,448 10,023-12,250 £775-917m
Per vehicle Total annual costs Total annual Benefit:cost
costs savings ratio
0.6s system £400-£800 £880-1,760m £327-383m 0.19-0.44
1s system £400-£800 £880-1,760m £673-798m 0.38-0.91
2s system £400-£800 £880-1,760m £775-917m 0.44-1.04
|
Youth key

= Use of parent’s car

= Seat belt use

= Speeding (vehicle performance)

= Night time driving

= Multiple accident and injury causation factors

= Cultural and demographic issues
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Youth key
Youth Key Fatalities Serious Slight
Accident prevention or Target population 92 2,541-3,105 26,044-31,832
mitigation
Prevented 2-12 64-388 651-3,979
Value (Em) £3-19m £11-69m £9-55m
Seat belt compliance  Target population 106 1,858-2,270 13,052-15,952
Prevented 16-29 148-327 0
Value (Em) £25-46m £26-58m 6]
Totals Prevented 18-41 212-715 651-3,979
Saving (Em) £29-65m £38-127m £9-55m
12U
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Cost benefit evaluation of advanced primary safety

systems

Conclusions

Technology Overall System costs Annual Benefit- Burden of
effective- (per vehicle) casualty cost ratios proof
ness savings (Em)

Car AEBS1 6-40% £100-£500 £80-612m 0.07-2.78 Medium-High
Car AEBS2 6-40% £125-£550 £84-614m 0.07-2.23  Medium-High
Pedn AEBS 0.6s 20-21% £400-£800 £327-382m  0.19-0.43 High

(¢ . ~ .
Pedn AEBS 1s 42% £400-£800 £673-798m 0.38-0.91 High

9 _ _ .
Pedn AEBS 2s 49% £400-£800 £775-917m 0.44-1.04 High
LDWS 12-31% £100-£300 £162-466m 0.25-2.12 High-V. High
Youth Key 5-13% £10-£50 £76-247m 0.69-11.2 Low-Medium
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Secondary Safety

T2

Frontal Impact CC‘L\

UKCCIS ORG

= Aim:

- “...to evaluate how well the 40% offset configuration and the
associated vehicle loading and intrusion factors represent the
real life car occupant injury experience sustained in frontal
impacts”

= Methodology
- Analysis of the UK’s Co-operative Crash Injury Study (CCIS)
- Compare car occupant injury collision characteristics

T2

10



Frontal offset crash tests

1995 Saab 900
1999 Saab 9-3
2003 Saab 9-3

CCIS Methodology (www.ukccis.org) CC \

UKCCIS. ORG
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CCIS — Study Findings

C®

UKCCIS. ORG
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For MAIS 3+ survivors

60% drivers and 24% FSP suffer AIS 3+ lower extremity injury
37% drivers and 45% FSP suffer AIS 3+ thoracic injury

Cuerden et al. ESV (2007)
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Injury risk definition for non-50™" male occupants

Older occupants

1
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;0 5 / / / ——Rib fractures > 6, 30 year old
g / / / —Rib fractures > 6, 70 year old
§ 0.4 / / / Rib fractures > 0, 30 year old
g —Rib fractures > 0, 70 year old

AN
N
N

(o] 10 20 30 40 50 60
Percent chest deflection (Cmax %6)

Injury risk function comparison between 30-year-old and ‘lat
70-year-old (Kent and Patrie, 2005)

Mini Cooper

| 4skm/h 56km/h

Test speed 47.7km/h 56.2km/h

Test vehicle 2002 BMW Mini 2003 BMW Mini
Cooper 1.61 manual Cooper 1.6l manual

Test mass 1422kg 1404kg

Test performer Transport Canada Veridian Engineering

Dummies 2 X Hybridlll 50t 2 X Hybridlll 50t
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Driver

Head acceleration
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Crash Test at 30 mph of pre Euro NCAP vehicle

Side Impact:

EEVC WG13/21 Subgroup Terms of reference

Option A

Option B

Option C
Option D

Option E
Option F

|

Baseline - To do nothing and allow current
measures to propagate throughout the
vehicle fleet, taking account of additional
safety benefits derived from vehicles
complying with EuroNCAP.

Amend the existing Regulation 95 test
with a new barrier face, test conditions
and assessment criteria.

Adopt a pole test, to compliment the
existing Regulation 95 test.

Adopt a head impact test procedure, to
compliment the existing Regulation.
Combination of Option B and Option C

Combination of Option B, C and D.
I‘L
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Cumulative Percent
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EuroNCAP Test 1: No cant-rail airbag
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EuroNCAP Test 2: With cant-rail airbag

Bl
|
EuroNCAP Test 2: With cant-rail airbag
Bl
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Side Impact: Conclusions (TRL PPR510)

|

Options Car Occupant Injury Severity
Fatal Serious Slight
(A) Do nothing 72 (5%) 285 (2%) -357
(B) AE-MDB +28 (2%)| +88 (0.7%) -116
(C) Pole +75 (5%) +230 (2%) -305
(D) FMH +1 (0.07%)| +49 (0.4%) -50
(E) AE-MDB + Pole +75 (5%) +230 (2%) -305
Monetary value

Options £ (million)

(A) Do nothing £166.4

(B) AE-MDB +£60.8

(C) Pole +£161.5

(D) FMH +£9.3

(E) AE-MDB + Pole +£161.5 L

[

Conclusions
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Thank you
Any questions?

The Evidence Base for New Vehicle
Technologies

Presented by Richard Cuerden
Technical Director for Vehicle Safety, TRL

Tel: +44 (0) 1344 770801
Email: rcuerden@trl.co.uk

T2

20



