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Introduction

 Road transport has key goals of being safe, efficient, sustainable and 
accessible

 Personal mobility is universally rated to be very important
 Motorcycles and mopeds (PTW) play an enormous role in affordable 

mobility, and are viewed as being efficient in terms of fuel use and 
space utilised on the roadway

 PTW density differs globally and is usage dependent:
 Common mode of transport in many LMIC (e.g. 1 PTW: 3 persons in SE-Asia)

 Popular in high income countries for leisure but also commuting (e.g., Italy 1 
PTW: 7 people; Spain, 1:11)



PTW growth and crash risk

 Motorcycling has increased in popularity, with global estimates finding 
a doubling of the global fleet (2000 – 2008, IMMA)

 In Australia, between 2000 to 2010, 88% increase in registrations, 
with large increase in motor scooter sales in this period

 PTW use is characterised by high rates of fatalities and serious injury
 Australia: 23% of serious injuries (2012) @ 109 per 10,000/vehicles (cf. 13 car 

occupants) 

 Victoria: 17% of road deaths (3.4% of vehicles; 6.8x higher) and 22% serious 
injury



Number of police reported crashes by PTW type, Victoria 2000-2011



PTW crash involvement distribution, Victoria 2000-2011



A role for active safety systems?

 PPE has been a critical part of improving motorcyclist safety, but 
focused on protection once in a crash

 Taking a lead from passenger vehicles, the question of whether active 
safety systems can prevent, and / or mitigate crashes is vital

 ABS for motorcycles has been available since 1992 (see Yeh et al. 
1995) and has been demonstrated to be effective (work by Rizzi and 
colleagues), noting low rates of penetration in fleet
 Australia announced on 1 December 2017 that ABS and CBS will be mandated 

on all new motorcycles from November 2019 under ADR 33, Brake Systems for 
Motorcycles and Mopeds

 Effectiveness of 30% reductions in fatality crashes, translating to an estimated 
saving of 600 lives and $1.6 billion in community costs over 15 years



Active safety systems in development

 Range of other active safety systems currently under development or 
coming to market, including:
 Stability control while corning, under braking (De Filippi et al. 2014, Matschl

2014, Savino et al. 2015)

 Collision warning / intersection support (Biral et al. 2012) 

 Autonomous emergency braking (Savino et al. 2012)

 Curve warning (Biral et al. 2010)

 Need to understand what crash problem these technologies seek to 
solve (i.e., ‘crash field’ or ‘relevance’)

 Development prioritisation follows from this knowledge, given stated 
levels of functionality and likely (or known) ‘effectiveness’



Objective of this research

1. Document relevance of five promising active safety systems (based 
on PISa) to PTW crashes using a population-based dataset
1. Antilock braking (ABS)
2. Autonomous emergency braking for motorcycles (MAEB)
3. Collision warning
4. Curve warning
5. Curve assist

2. Establish a set of heuristics, based on device function and vehicle 
movements, to rate level of relevance (applicability) to crashes

3. Examine technologies alone and in combination using established 
heuristics

4. Estimate the economic cost associated with PTW crashes, and the 
potential benefits of the active safety systems



Method: Setting for study

• Setting: Victoria, Australia (5.6 million people)
• Fast facts on PTW use:

– PTW licence scheme: GDL, 18 years and older (learner), Learner-approved motorcycle 
scheme (LAMS) (<=600cc; pwr 150kw:1 tonne)

– 6% of Victorians hold a PTW licence
– PTW represent 3.8% of vehicles registered (n = 161,261); 62% metropolitan Melbourne
– Victoria has a statutory no-fault insurer, covering medical expenses and rehabilitation 

post-crash, regardless of fault (TAC)
– PTW owners pay surcharge of $50 additional, known as Motorcycle Safety Levy

• Data on crashes from Victoria – approved for use by the Monash University 
Human Research Ethics Committee and VicRoads.

• Crash and injury costs used as per Office of Best Practice Regulation 
(OBPR), and uses a hybrid HCA-WTP per incidence case: fatality 
($AU4,938,964); ‘serious’ ($AU 804,618); ‘minor’ injuries ($AU 29,709)



Step 1: establishing the technology ‘reference 
system’

(i.e., what does the technology do…)



Establishing the technology ‘reference system’
• A-priori established rules around functionality, purpose and applicability 

for each technology
Technology Functionality Purpose Applicability
ABS. Anti-lock brake Prevents wheel lock under abrupt or 

intense braking, and/or in conditions of 
low adherence between tire and road 
surface 

Avoids loss of control and consequent 
capsizing on straights and mild curves (at 
low roll angles). Helps achieving 
maximum decelerations in poor road 
conditions

Applicable when plausible that 
the rider applies brakes 
incurring in wheel lock

MAEB. Motorcycle 
autonomous 
emergency braking

Monitors the frontal surroundings of the 
host motorcycle and anticipates possible 
collisions with other vehicles or 
obstacles. 

As soon as the system identifies an 
inevitable collision event, a mild, 
autonomous deceleration of the host 
vehicle is deployed. 

If at that point the rider has already 
started braking, the system deploys 
enhanced braking, assisting the rider in 
achieving the highest deceleration 

Mitigates collision outcomes by 
reducing impact speed of PTW when the 
rider does not react to imminent crash, or 
assists the rider minimising the impact 
speed in case of emergency braking

Applicable when obstacle in 
the field of view

Detection and triggering are 
feasible with a lean angle up 
to 8 degrees; triggering when 
collision becomes inevitable; 
steering or narrow obstacles 
(< 1 m wide) would hardly 
trigger MAEB. 

Further development may 
activate in crossing scenarios



Establishing the technology ‘reference system’
Technology Functionality Purpose Applicability
Collision warning Monitors the frontal surroundings of the 

vehicle, issuing a warning to the rider 
when computed risk for collision exceeds 
a given threshold

Warns the rider in the risk of a 
collision with an object or vehicle in the 
front surroundings, so that the rider can 
take adequate countermeasures and 
possibly avoid the crash  

Applicable when plausible that 
the rider has not fully 
identified/considered an 
obstacle close to trajectory

Curve warning Utilises a mathematical model of the 
vehicle, information from a detailed digital 
map, accurate global positioning system 
(GPS), and other on-board sensors 
estimating the real-time state of the host 
PTW, to compute the control actions 
required to safely maintain the vehicle 
on the road and in the correct lane.
When thresholds for safe negotiation 
exceeded, warnings are issued to the 
rider

Warns the rider in the risk of a loss of 
control while approaching or negotiating 
a curve, so that the rider can take 
adequate countermeasures and possibly 
avoid the crash  

Applicable when plausible that 
the rider is approaching or 
negotiating a curve in excess 
of speed. Reference system is 
the one proposedin (Biral et al. 
2010) 

Curve assistance Monitors the dynamic state of the host 
vehicle and intervenes with a series of 
adjustments on the engine torque/ brakes 
when a potential loss of control is 
detected. 
Keeps vehicle under control along the 
rider’s intended direction 

Helps the rider maintain the control of 
the vehicle in high demanding 
circumstances involving intense lateral 
and longitudinal control actions, such as 
hard braking while negotiating a curve

Applicable when plausible that 
the rider has incurred 
difficulties in negotiating a 
bend or in keeping the 
motorcycle stable (also due 
to reacting to an obstacle on 
the carriageway)



Step 2: defining crashes and vehicle 
movements



Method: Crash Data and coding

• Data: Road Crash Information System (RCIS) 2000-2010 
– Relies on police report of crash, data supplied to VicRoads for enhancements 

(road network, licence information, injury)

• Crashes and vehicle 
movements defined 
according to the  ‘Definition 
for Classifying Accidents 
(DCA) code includes a map 
and schematic of each crash 
with multiple vehicle 
movements coded

• DCA code is key to analysis



Method: Applying technology function to DCA codes

• 82 DCA codes, but account for vehicle movements are 
152 crash configurations (“crash configuration 
taxonomy”)

• Question is: would the technology influence the 
crash, given the vehicle movements?



Step 3: establishing rules to link device function 
to crashes 



Establishing applicability of technology to crashes

• Given device functionality and purpose, we then link to crashes to see 
whether in that form it would influence the crash, or, Is the technology 
relevant?
• Also known as: ‘applicable crashes’ (Knipling 1993); ‘sensitive crashes’ (Rizzi et 

al., 2015); ‘field of influence’ (Fitzharris 2013)
• Established a 4-point scale and rules to apply to each of the 152 

crash movements per the DCA codes:
1. Would have definitely NOT applied to crashes belonging to this specific scenario
2. Would possibly have applied (controversial)
3. Would probably have applied (technical challenges still need to be solved)
4. Would have applied (typical configuration)

• Using established rules for each relevance rating (1-4), two raters
independently classified each DCA crash configuration; a third 
moderated disputes (weighted kappa ranged 0.73 to 0.78)



Description of rating scale and rules for the technologies

Tech

Relevance Rating

1 2 3 4
Would have definitely NOT 
applied to crashes belonging 
to this specific scenario

Would possibly have applied 
(controversial)

Would probably have 
applied (technical 
challenges still need to be 
solved)

Would have applied 
(typical configuration)

ABS No brakes involved Opponent vehicle from behind; 
single vehicle & braking may 
have been crash causation

With opponent vehicle & 
braking may have been 
crash causation; braking was 
a relevant countermeasure & 
PTW on curve / turning

Braking was a relevant 
countermeasure & 
PTW on straight 

MAEB No obstacle / no vehicle; other 
vehicle hitting PTW from 
behind; stationary PTW

Narrow obstacle; PTW on 
curve / turning; head on 
collision; other vehicle hitting 
PTW; side swipe

PTW on straight hitting not 
narrow, moving obstacle

Rear end collision; not 
narrow object, fixed 
obstacle & PTW on 
straight

Collision 
warning

No obstacle / no vehicle Obstacle in the scene, not 
clear how the warning could 
have applied (e.g. opponent 
from behind, stationary PTW)

Turning obstacle; PTW on 
curve / turning

Obstacle / vehicle in 
path & PTW on straight

Curve 
warning

No curve; PTW on straight PTW running off at junction PTW turning at junction PTW on curve

Curve 
assistance

No curve / no turn & no stability 
issue

Loss of control in complex 
scenario; loss of control in a 
straight

Collision with obstacle & 
PTW on curve / turning

PTW on curve



Results – PTW crashes

• 12.8% of 183,871 crashes (n=23,517) involved a motorcycle
• Controllers account for 5.1% crash-involved road users (n = 23,955, 

of 473k roadusers); pillions = 0.3%
Injury 
severity

Motorcycle riders Motorcycle pillion passengers
Number Percent of 

motorcycle riders
Number Percent of 

motorcycle pillions

Killed 544 2.3% 17 1.3%
Serious 
injury

10,369 43.3% 512 39.6%

Other 
(minor) 
injury

12,207 50.9% 623 48.2%

Not injured 835 3.5% 140 10.8%
Total 23,955 100% 1292 100%



Results – Proportion of technologies ‘relevant’ to crashes



Combined effects of the technology

Technology Category 4 rating Category 3 or 4 rating
Num. % C% Num. % C%

None apply 10,332 43.1 43.1 9370 39.1 39.1
Single technology

ABS alone (A) 4221 17.6 60.8 169 0.7 39.8
MAEB alone (B) - - - - - -
Collision warning alone (C) 21 0.1 60.8 276 1.2 41
Curve warning alone (D) - - - - - -
Curve assist alone (E) 85 0.4 61.2 197 0.8 41.8

Two technology combinations 
ABS + Collision warning (AC) 4157 17.4 78.5 4022 16.8 58.6
Collision warning + Curve assist (CE) Nil Nil Nil 38 0.2 58.7
Curve warning + Curve assist (DE) 3780 15.8 94.3 3780 15.8 74.5

Three technology combinations
ABS + MAEB + Collision warning (ABC) 1359 5.7 100 5496 22.9 97.5
ABS + Collision warning + Curve assist (ACE) Nil Nil Nil 607 2.5 100

Four technology combinations
ABCD, ABCE, ACDE, BCDE - - - - - -

All five technologies
ABCDE - - - - - -

Total 23,955 100 23,955 100



Economic cost of PTW crashes

• Aggregate cost over the 12 year period 2000 – 2011 of injured motorcyclists was 
$AU 11.07 billion ($AU 2012) (US$7.7 billion; €6.67 billion)
• average yearly cost of $AU 949.378 million (US$663 million; €590 million)

Technology – Category 4 (definitely apply)
Killed Serious Minor Total

($, million) (%) ($, million) (%) ($, million) (%) ($, million) (%)
None apply 701.33 (26.1) 323.94 (38.8) 171.60 (47.3) 4112.3 (36.1)

Single technology
ABS alone (A) 651.94 (24.3) 159.72 (19.1) 60.22 (16.6) 2309.3 (20.3)
Collision warning alone (C) 9.88 (0.4) 0.80 (0.1) 0.27 (0.1) 18.2 (0.2)
Curve assist alone (E) Nil 2.41 (0.3) 1.60 (0.4) 25.7 (0.2)

Two technology combina ons†
ABS + Collision warning (AC) 612.43 (22.8) 146.92 (17.6) 57.40 (15.8) 2139.1 (18.8)
Collision warning + curve assist (CE) ‐ ‐ ‐
Curve warning + curve assist (DE) 577.86 (21.5) 148.37 (17.8) 52.05 (14.4) 2113.6 (18.6)

Three technology combinations
ABS + MAEB + collision warning (ABC) 133.35 (5) 52.14 (6.2) 19.52 (5.4) 674.3 (5.9)

Total 2,686.80 (100) 8,343.08 (100) 362.66 (100) 11,392.5 (100)



Key points
• Significant number of crashes over the 12-year period, with higher level of injury 

severity (i.e., account 13% people killed)

• Total economic cost associated with these injured riders and pillions was estimated 
to be $AU 11 billion (US$7.7 billion; €6.67 billion).

• The five technologies, as single solution or in combination, were relevant to 57% of 
all crashes at Category 4 but 74% of riders killed and 61% SI. 

• Antilock braking (ABS) was found to be relevant to the highest number of crashes (41%) followed 
by collision warning (23%) (Cat.4)

• Higher Cat 4 relevance for fatal crashes: ABS (+11%), ColW (+5%), CuW(+6%), CA(5%)

• Incremental increases in coverage when combined with other technologies, hence recommend 
systems to be fitted in combination which also likely improves BCR

• Economic savings in reductions in injury can be significant (depending on effectiveness)

• Substantial proportion of crashes not influenced by these technologies and will 
require other solutions for the protection of the rider (43%; F: 142, SI: 4026; $4,1 bn
==36% of total costs) 



Uses, Limitations and Future Innovations

Uses
• Findings can be used to inform the process of development and selection of the most 

suitable interventions to improve PTW safety
• Enumerated potential cost savings provides support for R&D and regulation
• Application of taxonomy developed in this study to other jurisdiction, noting % 

relevance will reflect crash problem
Some limitations
• Rating process involved two independent raters
• Uses ‘high level’ population data, relies on crash coding (trained coders) hence 

limited information on braking and speed
• Data represents a ‘base-case’, noting 1.7% of PTW would likely be fitted with ABS
Future Innovations
• Device functionality and decision heuristics (rating scale) could be validated with 

either test-track data or in-depth data and reconstructions
• Apply effectiveness values to determine likely benefits of fitment
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