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List of Abbreviations and Terminology
Abbreviated Injury Score (AIS)
Advanced Driver Assistance Systems (ADAS)
Advanced Emergency Braking (AEB)
AfterMarket (AM)
Automated Emergency Steering (AES)
Closed Circuit TeleVision (CCTV)
Collision Avoidance System (CAS)
Collision Investigator (CI)
Emergency Braking System (EBS)
Front Underrun Protection (FUP)
Heavy Goods Vehicle (HGV)
Heavy Vehicle Crash Injury Study (HVCIS)
Intelligent Speed Assistance (ISA)
Large Passenger Vehicle (LPV)
LIght Detection And Ranging (LIDAR)
Metropolitan Police Service (MPS)
Nearside = left/passenger/kerb- side in the UK
Offside = right/driver/road- side in the UK
On The Spot (OTS)
Original Equipment Manufacturer (OEM)
Road Accident In Depth Studies (RAIDS)
Transport for London (TfL)
TRL Limited (TRL)
Truck Crash Injury Study (TCIS)
Vehicle and Operator Services Agency (VOSA)
Vehicle Restraint System (VRS)
Vulnerable Road Users (VRUs)
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1 Executive Summary
Transport for London (TfL) is working through a programme of research designed to
develop a Bus Safety Standard (BSS) with the objective of reducing the frequency of
collisions involving buses in London and the associated bus casualties. This report is
the first phase of that research and is focussed on examining casualties involving
buses and their potential countermeasures in detail.

Data from Stats19, the Police Fatal Archive (police fatal files) the Road Accident In
Depth Studies (RAIDS), and the Heavy Vehicle Crash Injury Study (HVCIS), plus
research and evidence from literature, stakeholders, and experts in the field, have all
been combined to examine bus collisions. The first step was to analyse the
distributions of bus collisions, their configurations, circumstances, and the associated
casualties. According to Stats19, around two-thirds of injuries occur on buses without
a collision; for example from slips, trips and falls. Bus operator data supplied to TfL
indicates this is even higher at 76%. Whilst the focus of this work is on the casualties
occurring from collisions, the countermeasures proposed for the BSS do overlap. In
collisions involving buses, bus occupants are the most frequently injured. However,
in bus collisions, pedestrians account for the greatest share of fatalities and serious
injuries. The pedestrians involved are mainly crossing the road from the nearside,
leaving only a very short time available for the bus driver to react. Overall, collisions
involving buses show a declining trend in frequency, both at UK and European levels,
and the Bus Safety Standard will help to continue this reduction in collisions and
casualties.

The second step was to then use the in-depth collision details to assign, using
engineering judgement, countermeasures that might help to avoid or mitigate the
severity of each collision. The approach was based on the Haddon matrix and
assigned countermeasures in the pre-crash and crash phases. Causation factors
and Countermeasures were classified as related either to the vehicle, human or
environment. The causation factors were mainly human or environmental, because
vehicle based causes such as defects or blind spots were rare. However, the
countermeasures assigned were mainly vehicle based. There are a number of
reasons for this but it is at least in part because where human error was involved in
the cause of the collision, it was most frequently on the part of a pedestrian or other
road user rather than the bus driver. Thus, any behavioural countermeasure applied
to that group must effectively be applied to the whole population and would be
difficult to target specifically at the bus problem (i.e. pedestrians also walk out in front
of other vehicle types too). It would normally be expected that ‘human’
countermeasures would be targeted at the bus driver. However in these most
common pedestrian situations, there was little extra the bus driver could reasonably
be expected to do to avoid the collision.

Finally, the countermeasures that had been assigned were then analysed to quantify
the number of fatalities that they might prevent and to develop a prioritised list of
countermeasures to be considered as part of the Bus Safety Standard.

The countermeasure with the greatest count of relevant cases was Advanced
Emergency Braking System (AEBS). It is important to note that the full list included
detailed notes about potential countermeasure effectiveness, and where any
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countermeasures should be implemented in combination with others. For example, it
was proposed that AEBS should be implemented alongside improved interior design
of the buses, in order to provide the best protection for any standing occupants that
might be at risk of injury during pre-crash braking. Also, AEBS should be
implemented in combination with pedestrian friendly front end structures, particularly
on the front corners of the buses, such that should the AEBS fail to detect a
pedestrian in time to avoid a collision, then protection could be provided to help
mitigate the severity of any injuries. It is also important that any AEBS should be
designed to minimise false activations, and to control/minimise any repair and
calibration costs.

The priority list represents the top ten bus coumtermeasures recommended for the
BSS, and is summarised below. These were prioritised on the basis of: numbers of
fatalities (combined from a range of sources), system effectiveness and system
applicability, with the final list ordered by the frequency count for the police fatal files
becasue this was judged most relevant for the BSS. The arrows on the priority list
below indicate combined/complementary countermeasures that address the same
collisions, or in the case of bus interior design and AEB, those that might be
considered as part of the risk migation straetgy for standing passengers. In addition,
if changes are made for the sake of bus conspicuity, then front end design might be
affected, so these two measures are also combined. ISA is relatively low on the list
because there were few cases where excess speed showed up in the small sample
of 48 police fatal files; however, it has been mandated on the basis of trials showing
that it is effective in reducing speeding.

Combined/complementary countermeasures

1 •Advanced Emergency Braking System (AEBS) for pedestrians and cyclists

2 •Bus conspicuity

3 •Pedestrian Friendly Front End

4 •Improved front/side design (to prevent pedestrian, cyclist and motorcyclist underrun)

5 •Camera/sensor systems for detection of pedestrians, cyclists and motorcyclists

6 •Improve Direct Vision (front and side)

7 •Advaned Emergency Braking System (AEBS) to other vehicle rear

8 •Bus interior design

9 •Intelligent Speed Assistance (ISA)

10 •Energy-absorbing Front Underrun Protection System (FUPS)
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In terms of reducing fatalities in London the prioritised list indicates that AEBS,
improved bus conspicuity, and improved pedestrian friendly front end design are the
top three measures. The next phase of the BSS by TfL is a program of work to
develop the test procedures required to assess the measures, to alter the Bus
Vehicle Specification text and produce relevant guidance notes, and to develop the
business cases and a road map for implementation of the measures. The BSS is an
extensive program of work to be implemented by TfL and will require collaborative
engagement and support from the bus manufacturers and operators as changes are
made to buses in order to reduce fatalities on London’s roads.
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2 Introduction
Transport for London (TfL) has decided to implement a Bus Safety Standard as part
of their strategy to reduce collisions involving buses and to mitigate the severity of
injuries. This will control parts of the design and specification of the vehicles,
including elements of primary, secondary and tertiary safety. Primary safety is
concerned with preventing a collision from occurring (or reducing its severity); for
example by reducing speed, braking or steering to avoid a collision. Secondary
safety is focused on preventing or reducing the severity of injuries in a collision; for
example with improved restraint design, or softened structures. Finally, tertiary safety
is concerned with getting help to injured parties as quickly as possible in order to
improve injury outcomes.

This report sets out the evidence being used to inform the first stage of TfL’s work to
develop a new Bus Safety Standard (BSS). The report provides the evidence base
for robust recommendations to define the vehicle safety interventions that will be
integrated into new buses in order to improve bus safety. The BSS is planned for
implementation from December 2018 so that all new buses introduced after that date
will meet or exceed the Standard.

Where feasible, the data considered injuries of all severities, including slight injuries.
However, due to the nature of the datasets available (e.g. police fatal files), the
findings were focussed on the fatalities associated with bus collisions. The data was
analysed to understand how the accidents and casualties could be most effectively
avoided or mitigated. This was achieved by examining the frequencies of
countermeasures applied to the collision sample.

2.1 Work Plan
The research into bus collisions and the relevant countermeasures was split into
three phases. The first phase was concerned with defining the factors that could
have contributed to the collisions. The second phase examined how the collision
might have been prevented or mitigated by primary safety countermeasures, or how
the injuries might have been prevented or reduced by secondary safety
countermeasures; and which of these countermeasures would be most effective in
London. The third phase was concerned with vehicle design and technology
countermeasures and which of these might have prevented or reduced collisions and
injuries. The phased research is described below in Figure 1.
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Figure 1: Three phases of research into bus collisions and casualties, and the
relevant countermeasures for buses in London.

The methodology is based on the successful delivery of research performed in
previous projects for TfL examining pedestrian collisions (Knowles et al., 2012) and
motorcyclist collisions (Smith et al., 2013) and has proven to be appropriate and
robust. However, buses are unique vehicles in terms of their primary and secondary
safety risks. For example, they almost exclusively operate on set routes in generally
urban environments in London, making frequent stops at designated points on the
route and are exposed to a different combination of risk factors compared to other
road users. Furthermore, their secondary safety risks are unique as they can have
high numbers of unrestrained and standing occupants; plus other features such as
stairs, which are a feature rarely found on other vehicles.

As a result, the causation factors for these collisions occurring in London are very
different to other collision and vehicle types and the primary and secondary safety
countermeasures are likely to be highly specialised and unique to buses. In previous
and ongoing in-depth collision studies, TRL has investigated in excess of several
hundred buses and coaches involved in fatal collisions as a part of Road Accident In
Depth Studies (RAIDS), the On The Spot (OTS) study, and the Heavy Vehicle Crash
Injury Study (HVCIS). Using the experience from these previous studies and
incorporating TRL’s in-depth collision research expertise has provided an improved
methodology to address the added complexities of buses with respect to vehicle
design, potential countermeasures and collision dynamics. Specifically, Figure 2
presents the methodology applied:

Phase Primary Safety Secondary and Tertiary Safety

Phase 1
What factors

contributed to the
collision?

What factors contributed to the injuries?

Phase 2

Phase 3

How could the
collision have been

prevented?

How could,
specifically, new

vehicle technology
or vehicle design

have prevented the
collision?

How could the injuries have been prevented
and/or their severity reduced?

Which countermeasures would be most effective
in terms of reducing casualties in London?

How could new vehicle technology or design the
injuries have prevented and/or reduced the

severity of the injuries?
Which elements of vehicle technology or design

would be most effective in terms of reducing
casualties in London?

What are the benefits and disbenefits to all parties
of inclusion of recommended elements in the Bus

Safety Standard?
What package of complementary measures would

be needed for the recommended elements?
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Figure 2: Project task breakdown.
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Task 4 – Identify
international best

practices and focus
analysis

Task 5 – Expert
steering group

workshop

Task 6a – Stakeholder
questionnaire

Task 6b – Stakeholder
workshop

Task 7 – Analysis and
quantification of all
countermeasures

P
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Task 8a – Analysis of
bus related

countermeasures

Task 8b –
Recommendations for

the Bus Safety
Standard

Task 9 – Final report
and presentations

Objective 1:

To establish how
and why collisions
involving London

buses are
occurring on

London’s roads

Objective 2:

To identify
countermeasures
to reduce and/or

mitigate the impact
of bus collisions,

including measures
related to the

vehicle(s), road
users (including the

driver and bus
passengers) and

the road
environment.

Objective 3:

To identify
elements of
primary and

secondary vehicle
safety that should
be included in a
Safety Standard.
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3 Phase 1: Collision Analysis
City buses have distinctive characteristics which distinguish them from other vehicle
types. These characteristics include their size, routes, travel speed, schedules and
frequency of stops (Chimba et al., 2010). Buses are large, often have stairs, often
have standing passengers, and often travel near and around pedestrians; that is
their purpose in serving customers. However all of these features can contribute to
the types of collisions that they are involved in and the injury outcomes. The focus of
phase one of this research was to examine the bus casualty and collision data, in
order to describe the types of injuries and collisions that buses are involved with in
London and GB nationally.

3.1 Methodology
The purpose of this research was to establish what factors contributed to the
collision and injuries; phase one of the research. The approach is broadly based on
Haddon’s matrix (described more fully in section 4.1) which considers the vehicle,
human, and environmental countermeasures that can be used in the different
phases of a collision to improve the outcome. The approach is broad in order that the
countermeasures are not limited to just those applicable to the vehicle or technology
solutions.

The process of determining which countermeasures will be effective begins with a
full understanding of how a collision occurred. This can be broken down by
considering the risks posed by the people, vehicles, and roads. To identify the
collision and injury trends for buses there were various datasets available for
analysis; these are described in more detail as in Figure 3 and the following sections.
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Figure 3: Comparative summary of data sources: Police fatal files, HVCIS, OTS & RAIDS, Stats19.

Police Fatal Files
• Metropolitan Police

• Sample details:
• 48 bus cases
• 55 bus casualties
• 48 bus fatalities

• 48 with countermeasures

• 2009 to 2014
• London

HVCIS
• Heavy Vehicle Crash

Injury Study

• Sample details:
• 340 bus cases
• 350 bus fatalities
• 244 bus or coach fatalities

with full details
• 169 with countermeasures

• 1999 to 2008
• Urban only

OTS & RAIDS
• On-The-Spot & Road

Accident In Depth
Studies

• Sample details:
• 35 bus cases

• 3 bus fatalities

• 35 with countermeasures

• 2000 to 2015
• Urban only

Stats19
• GB police reported

accidents involving
injury

• Sample details:
• 71,282 bus or coach

cases
• 99,096 casualties
• 855 bus or coach fatalities
• (no countermeasures)

• 2006 to 2015
• national, or was restricted

to London only
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3.1.1 National Data Sources

Stats19 is Great Britain’s database that records police reported traffic accidents1

(collisions) that result in injury to at least one person (Department for Transport,
2009-2014). The police collect details of all incidents which they attend or become
aware of within 30 days which occur on the highway, in which one or more person is
killed or injured, and involving one or more vehicles. The database primarily records
information on where the collision took place, when the collision occurred, the
conditions at the time and location of the collision, details of the vehicles involved,
and information about the casualties. Approximately 50 pieces of information are
collected for each collision (Department for Transport 2007). Data from 2006-2015
was analysed.

It is important to note that because the collisions are police-reported, the database is
likely to be biased toward the more severe collisions. Stats19 does not include the
bumps and shunts that occur frequently between vehicles and are only reported to
insurers, if at all, and therefore suffers from some under-reporting issues; i.e. Stats
19 does not cover damage only collisions, only personal injury. However, since this
analysis is concerned with buses, the under-reporting is likely to be minimal
(although very difficult to actually quantify), because the police are more likely to be
called when public transport is involved (unless for a very minor collision such as a
wing mirror clipping a pedestrian), and because a bus collision is more likely to
require the police to assist with traffic management at the scene.

The DfT Transport Statistics GB (2006-2015) is another source of data relating to
bus travel. This was used in combination with the Stats19 data to calculate bus
collision rates.

3.1.2 Fatal Files

If a fatality or a life-changing serious injury occurs as the result of a road collision,
police carry out a detailed investigation. Police road collision files for Greater London
are held by the Metropolitan Police Service (MPS). This project involved specific
analysis of files held by the Metropolitan Police about fatalities that had occurred in
collisions involving buses. There were 48 fatal collision files that were analysed for
the period 2009 to 2014 inclusive, which represents the total available. The Collision
Investigator (CI) report, scene plans, photographs, witness statements, and Closed
Circuit TeleVision (CCTV) evidence were all examined and interpreted. There were
30 post mortems that were also reviewed for investigation.

The evidence from the fatal files was coded into a database by the TRL expert
investigators. The database was hierarchical in nature, covering the sections
described in Figure 4, noting that the fields described are examples and the list is not
exhaustive. The database only recorded anonymous information and no information
that identified an individual. Only the factors relevant to describing the collision and

1 Stats19 specifically uses the terminology ‘accidents’, however the term ‘collision’ has been used
throughout this report.
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subsequent injuries were included. Abbreviated Injury Score (AIS) coding was also
used to code the injuries described in the post mortems in a standardised manner by
using the internationally recognised 7 digit code to describe the location of injury,
type of injury and injury severity. Any countermeasures that could be identified
during investigation of the fatal file as being relevant to the case were also noted,
along with a confidence in their effect.

Figure 4: Fatal files database structure; example fields.

The police fatal files database was then analysed. This database is only a small
sample of 48 cases, so it is difficult to draw statistically significant conclusions.
However, the database does provide considerably more detail on what actually
occurred during the collisions, what factors contributed to the causes, and what
measures might have had the potential to prevent the collisions or reduce the
severity of the consequences. This data has been used both in this section for
analysis of bus collisions, and to feed into the countermeasures lists in section 5.1.

•Description, weather, location, road surface etcEnvironment

•Bus driver, bus description, seating etcBus Details

•Other road user type, description etcOther Road Users

•Injury description, location etcFatalities

•Contributory factors and indication of the likelihood of
relevance etcContributory Factors

•Pre impact through to collision, vehicle interactions and
movements, lines of sight etcPhase

•Description of evidence, locationInjury Evidence

•7 digit code describing location, type  and severity of injuryAIS Injuries

•Selection of relevant countermeasures for human, vehicle,
environment and other factors, likelihood of effect etcCountermeasures
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3.1.3 HVCIS

The Heavy Vehicle Crash Injury Study (HVCIS), collected detailed information on
collisions involving heavy goods vehicles, light commercial vehicles, large passenger
vehicles, minibuses, agricultural vehicles and ‘other motor vehicles’ (OMVs). The
project consisted of two main elements:

¶ Retrospective analysis of police fatal files (HVCIS fatal files) for collisions
involving vehicles of interest. The researchers used the detailed information
collected by the police to determine potential countermeasures which could
have avoided or reduced the severity of the collision.

¶ The Truck Crash Injury Study (TCIS) which collected detailed information from
investigations undertaken by the Vehicle and Operator Services Agency
(VOSA) for both injury and non-injury collisions in 15 areas covering England,
Scotland and Wales.

The HVCIS bus collision data represented a larger sample than the police fatal files.
However it consisted of data relating to older buses, and could only be limited to
‘urban’ collisions with no mechanism to limit it to London only. This data has been
used both in this analysis of bus collisions, and also to feed into the
countermeasures lists in section 5.1.

3.1.4 OTS & RAIDS

The On The Spot (OTS) study collected crash data at the scene, enabling data to be
collected as soon as possible after the crash had occurred and before vital evidence
had been removed. Data was collected for all vehicle types and collision severities
(2000 to 2010).

The Road Collision In-Depth Studies (RAIDS) brings together different types of
investigation from earlier studies into a single programme, combining existing data
with new in a common and comprehensive database. The study began in 2012 and
captures data in two types of investigation:

¶ On-scene investigations are done at the time of the collision while the
emergency services are still present - these focus on the vehicle, the road
user and the highway issues and can include non-injury crashes and those
with relatively minor vehicle damage.

¶ Retrospective investigations examine vehicles that have been recovered from
the crash site having suffered more serious damage and where the occupants
have attended hospital due to their injuries.

There were 35 OTS and RAIDS cases involving bus collisions, and with sufficient
detail to allow analysis. These have been used to generate the case summaries in
section 4.4 to allow a greater understanding of the types of bus collisions occurring
and their countermeasures. This data has also been used to feed into the
countermeasures lists in section 5.1.
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3.1.5 IRIS data

IRIS is TfL’s incident management system, made up of bus incidents that are
reported directly by bus operators. It covers all incidents, including 'damage only'
(where the only damage which occurs is to the bus itself or surrounding objects). The
data is published on the TfL website every quarter. All data is gathered from London
Bus operating companies using an in-house data logging system which every
London bus operating company has access to. Bus companies are required to report
incidents regardless of blame and severity. The logging system is intended to
provide data for statistical reasons to support safety evaluation. Only initial
information relating to incidents is provided to TfL by bus operating companies on a
prima facie2 basis. Incident investigations are carried out by the operating companies
involved who retain resultant information. The IRIS dataset combines slips, trips and
falls and other personal injury events such as knocks against objects to create
separate category called "Onboard Injuries". Data for the year 2016 was referenced
from the Bus Safety Data release (Transport for London, 2017); no further analysis
or investigation of the data was possible for this dataset.

2 prima facie = based on the first impression; accepted as correct until proved otherwise
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3.2 Bus Collisions in a European Context
Over the ten year period from 2005 to 2014 the number of fatalities involving buses
or coaches in both the EU and the UK fell by almost 50% (ERSO, 2016), as shown in
Figure 5. This is good progress with respect to the reduction of bus fatalities and the
Bus Safety Standard is aimed at continuing this trend.

Figure 5: Number of fatalities in collisions involving buses or coaches. Source:
CARE database, data available in May 2016.
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3.3 Bus Collision Rates
An important part of the analysis is to put bus safety into context at a national level
by carrying out a risk comparison of buses against other forms of transport. Public
transportation is considered to be safer than other motorised modes of transport
(Chimba et al., 2010); it is often stated that buses are the safest form of road
passenger transport. However the following discussion highlights that using this is
perhaps not the case, depending on what measure is used.

By comparing the number of bus occupant fatalities per passenger kilometres
travelled for buses and cars, it is shown in Figure 6 that car occupants have a risk
approximately seven times greater (per km) than bus occupants. However, it should
be reiterated that the above figures relate only to the deaths of the occupants of the
specific vehicle considered.

Figure 6: Occupant fatalities per passenger kilometres travelled (expressed in
terms of fatalities per passenger kilometre for that vehicle group). Source data:

Stats19 (2006-2015) and transport statistics GB (2006-2015).

If the fatalities in the entire collision are considered for each vehicle of interest, then
the difference between car and bus travel is much smaller, because it accounts for
casualties outside the bus. Considering all fatalities involved in the collision in terms
of road user fatalities per passenger kilometres travelled, car, taxi & van collisions
have approximately 1.3 times the risk of collisions compared to collisions involving
buses. It is important to note here that the data used in Figure 6 and Figure 7 is not
directly comparable. This is because Figure 6 is from collision rate data directly 
published by DfT, whereas Figure 7 (for all road users) is data published on
passenger travel combined with analysis of Stats19. The passenger data is only
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presented as a combined category of car, van and taxi, so the collision statistics
were grouped in the same manner. Therefore, part of the 1.3 times increase in risk is
actually due to the inclusion of vans and taxis within the grouping of cars.

Figure 7: All road user fatalities in collisions involving the vehicle group
indicated (expressed in terms of fatalities per passenger kilometre for that

vehicle group). Source data: Stats19 (2006-2015) and transport statistics GB
(2006-2015).

However, when considering the vehicle kilometres travelled (rather than passenger
kilometres), the transport statistics reveal that bus collisions have a greater fatality
rate, as shown in Figure 8. As before, this is a combination of the transport statistics
with Stats19 collision analysis. The car, taxi and van group have approximately one-
fifth of the risk in comparison to buses. Part of the reason that buses have more fatal
crashes per kilometre travelled is probably due to factors related to usage/exposure.
City buses are all in urban areas at low speeds doing relatively low mileage, yet
regularly negotiating complex junctions and interacting with pedestrians, cyclists and
motorcyclists. Coaches travel long distances on motorways, but there are relatively
small numbers of them on the road, so this motorway use is likely to have a relatively
small influence on the overall fatality rate. Part of the reason will also be that buses
have more passengers; however analysis of casualty type in Appendix A.2 shows
that they are infrequently killed so this is only a small factor.

Viola et al. (2010) showed that the association of buses and pedestrian casualties,
although statistically measurable, was entirely a result of exposure to risk. This is
because buses tend to operate in environments with the greatest density of
pedestrian traffic and operate in bus lanes next to the footway, where pedestrians
will step out from; it is this that explains the higher numbers of pedestrian casualties
on bus routes.
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Figure 8: All road user fatalities per billion vehicle kilometres travelled. Source
data: Stats19 (2006-2015) and transport statistics GB (2006-2015).

In a specific London analysis, the Cycle Safety Action plan from TfL indicates that
buses have a disproportionate share of the fatal and serious injuries in London, with
a ratio of 2.3. Where the ratio is above one, these modes are overrepresented in
casualty statistics. This means that they are involved in a large number of collisions
resulting in a cyclist KSI relative to their traffic share - although it may be that they
are involved in a small number of collisions overall (Mayor of London & Transport for
London, n.d.).
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3.4 Collision and Casualty Analysis
Appendix A provides the full details of the analysis of collisions and casualties in
London; this section provides a brief overview of the findings.

On a national level, statistics for GB show that casualties from bus collisions are
reducing. Considering only bus fatalities, this group are reducing only fractionally
less in London than nationally. Making a similar comparison between London and
GB, the reduction in casualties from collisions involving buses is much lower (13%)
than for the national equivalent (38%); mainly due to a substantially smaller
reduction in slight injuries which represent the bulk of the injuries occurring.

Both nationally in GB and in London, when bus collisions occur they most frequently
result in injured bus occupants. However, when considering the fatalities only,
pedestrians are the most frequently killed in bus collisions. Pedestrians account for
around two-thirds of the fatalities in bus collisions in London.

When pedestrians are killed in collisions with buses, detailed analysis of accident
reconstruction databases reveals that they are most often killed when crossing the
road. In the majority of cases the pedestrian collides with the front of the bus, when
crossing from the nearside 3 . The expert accident investigators were able to
reconstruct the collisions (where sufficient data was available) to enable and
understanding of the precise timing of the collision. For a vehicle the speed and
distance are the most important factors; but because a pedestrian can change
direction and move off from stationary very suddenly, the reaction time is the most
important factor for whether a system might be effective. The time to collision is often
very low (less than a second), for example in the case when a pedestrian steps out
from the kerb. However, in about 40% of the police fatal files, the pedestrian became
visible more than 1 second before impact; which is potentially within the operational
scope of Advanced Emergency Braking (AEB); more information on AEB is given in
section 4.2.1.1.

After pedestrian fatalities, the car occupants are the next largest fatality group in bus
collisions. Car occupants are also most often killed in impacts with the front of the
bus. From the sample of detailed accident cases that were reconstructed, belt usage
by the car occupant is an important factor for these crashes.

It is also very important to note that, according to Stats19, over half the injuries on
GB buses occur without a collision. For London this is even higher, with over two-
thirds of injuries on buses occurring without a collision. The IRIS data from TfL
shows an even higher proportion of injuries occurring without a collision, at 76%. The
Stats19 data revealed bus occupants were recorded as either standing, seated,
alighting or boarding at the time of their injury, and in London the majority were
standing at the time of their injury.

3 Nearside = left/passenger/kerb- side in the UK
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3.5 Collision Causation
Collision causation is a complex topic; there are typically many factors that contribute
to the occurrence and severity of a collision. The particular combinations of
circumstances combine in time and space to cause a collision. Without any one of
the contributing factors, the collision would not happen. Indeed, most drivers have
experienced first-hand, circumstances that have not led to a collision, but could have
done so had the situation been only slightly different.

Another way to visualise this issue is by considering the ‘Swiss cheese model’ of
hazards first proposed by Reason (1990), as shown in Figure 9. This model
proposes that failures (in this case collisions) occur only when all specific risks align
to result in a collision. If one aspect is not conducive to the occurrence of the
collision, it is prevented.

Figure 9: Swiss cheese model of collision causation. Adapted from (Reason,
1990)

The majority of collisions have multiple causation factors. These causation factors
can be grouped according to whether they relate to the human (driver), vehicle or
road environment as displayed in Figure 10 and the factors may also be overlapping.
These causation factors provide a useful way to analyse the high-level causation
factors associated with a collision.

Road users are continually subjected to a combination of these people, vehicle or
road factors. A collision occurs when a factor, or combination of factors in any
category, influence a road user (or group of users) with the result that a collision
occurs. The occurrence of a collision and the severity and outcome of that collision
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can be influenced by any number of factors at any stage during the collision.
Therefore, changing any element of the collision circumstances, or the factors
influencing the road users, can completely change the outcome of a collision and
even prevent it from occurring.

For example, consider a collision in which a fatigued driver drifts across the centre-
line and into the adjacent lane, striking an oncoming vehicle and resulting in a fatal
collision. If identical circumstances occur but there was no oncoming vehicle before
the driver corrected the lane departure, the collision would not occur. If the vehicle
was equipped with a lane departure warning system, the collision may have been
prevented despite the oncoming car, or the severity of the contact reduced as the
driver reacted to the warning.

Figure 10: Fatal bus collision causation factors.

The distribution of the frequency of these factors is given for the police fatal files (left)
and HVCIS (right) in Figure 11. In both cases there were no vehicle causation factors.
For the police fatal files the most frequent causation group was human factors,
whereas in HVCIS it was human and environmental combined.

The majority of causation factors for the police fatal files were human factors, with
another large group that were human and environmental. There were no vehicle
factors contributing to the fatal collisions. The one environmental factor was for an
incomplete case with limited information compared to the other files. The factor was
low sun and the driver over shot a junction. The human causation factor was coded
as unknown, due to lack of information. There were eight cases with the bus driver
coded as vision obscured. In three cases this was due to vehicle geometry, three by
parked vehicles, two by other objects, and one by sunlight.
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Figure 11: Venn diagram classification of causation factors. Source data:
Police fatal files (left) and HVCIS (right).

                 Police fatal files                                                      HVCIS

The HVCIS data records ‘contributory’ factors for a collision. These may be multiple
factors that have contributed to the collision, and are similar to the causation factors;
however the limitation is that they are given in isolation without links to any evidence
or explanation. The analysis of HVCIS data reveals a range of causation factors that
were recorded for the bus collisions, as shown in Figure 12 for the human factors
only. The ‘other’ factors were the largest group, but due to lack of information it is
difficult to use it to inform the assignment of countermeasures. The ‘error of
judgement’ and ‘ignoring signs’ groups were the next most frequently assigned
groups of human contributory factors.

Figure 12: Human contributory factors. Source data: HVCIS.
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The in-depth reconstruction of the fatal files also allows analysis of the precipitating
factors leading up to the collision, as well as the causation factors. The precipitating
factor is the main failing that led to the collision, whereas the causation factors may
be multiple factors that contributed to why that failing happened. For example, the
precipitating factor could be driver distraction, and the causation factor could be that
the vehicle drifted out of lane.

3.5.1 Bus drivers

The precipitating factors are described in Figure 13 and for the majority 33 of the 48
police fatal files there were ‘none’; i.e. there was no precipitating factor on the part of
the bus driver. In fact, for 22 of those 33 cases the pedestrian entered the
carriageway without due care. For example, in one case the driver was quickly
checking his rear-view mirror, and then when turning back was confronted by a
pedestrian stepping into the carriageway from behind an advertising sign on the
footway, so the driver had no time to react.

For the remaining 15 cases there was some precipitating factors for the bus drivers,
although six of them were ‘other’. Failing to avoid a pedestrian/vehicle, and failed to
stop were the more frequent of the remaining factors as shown in Figure 13.

Figure 13: Precipitating factors for bus drivers. Source data: Police fatal files.
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Figure 14: Causation factors for bus drivers. Source data: Police fatal files.

Figure 14 describes the distribution of the specific causation factors where the bus
drivers were found to have contributed to the collision for the police fatal files. The
most frequent causation factor was obscured vision, with vehicle geometry and
parked vehicles being the most frequent cause as previously described. It would
appear that an AEB system would be a beneficial countermeasure in addressing the
top six of these causation factors, perhaps indicating the importance of AEB as a
countermeasure.

3.5.2 Other road users

For the police fatal files, in the majority of the other road user cases the pedestrian
entered the carriageway without due care (28 cases) as shown in Figure 15. There
were an additional four cases with no precipitating factor as the fault of the driver.

For the causation factors shown in Figure 16 for the police fatal files the majority
were concerned with poor judgement in some form by the driver: carelessness, error
of judgement, risk taking, lack of attention, failed to look, reckless, alcohol; all these
have a frequency greater than 10. Obscured vision is much lower down the list for
other road users then for bus drivers, and consists of obscuration by parked vehicles
(two cases), other features (two cases) and the vehicle in front (one case).

These cases and their causation factors are more challenging for the Bus Safety
Standard to address, because that Standard can only address the buses, and not
the other road users.
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Figure 15: Precipitating factors for other road users. Source data: Police fatal
files.

Figure 16: Causation factors for other road users. Source data: Police fatal
files.
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3.6 Stakeholder Input on Collision Data
A questionnaire was shared with attendees at the Stakeholder workshop in
November 2016. The stakeholders included bus manufacturers and operators. They
were given a presentation about the findings in section 3 on bus collisions nationally,
and the in-depth investigation of fatal files, alongside some initial work on
countermeasures. The questionnaire text was as given in Appendix A. Responses
were received from 6 organisations; four bus operators and two bus manufacturers.
Half the respondents were prepared for their responses to be published, half were
not. Thus, results have not been attributed to any individual respondent and in the
presentation of summaries of results; efforts have been made to avoid presenting
information that would allow the response to be attributed to a particular stakeholder.

Three of the four operators regarded collisions involving bus occupant injury to be
the highest priority for them. Two of the four contributors considered car occupants
to be the second highest priority. The explanatory comments showed that this was
partly because the respondents were basing their view on the frequency of collisions
rather than severity; the ranking provided by stakeholders and described above
would be broadly consistent with the objective data for collisions of all severity.
However, some responses highlighted the corporate fact that bus passengers were
their core business and should be their highest priority. One bus manufacturer
followed a similar approach. One bus operator and one manufacturer ranked the
problems in line with the frequency of fatalities, with pedestrians most important.

Four respondents cited pedal cyclists as another important group mainly because of
their high media profile, complaints from them about bus driving and potential
implications for future contracts, rather than the frequency or severity of collisions.

The respondents views on the relative safety of buses and other vehicles and on bus
operations in London and the rest of the UK was very mixed and covered the full
range. Some thought buses safer than other vehicles; others thought them the same
or worse. London was generally viewed as a more demanding environment for
buses than most other places but whether this resulted in worse safety, the same, or
even better safety was mixed.

Reasons considered for differences in the observed reductions in slight injury
collisions in London and the rest of GB were highly varied, including both more or
less ‘claims culture’ and/or claims fraud, higher levels of collision reporting in London
or other regions, slower speeds in London etc.

In terms of injuries to bus occupants where the bus itself suffered no external impact,
respondents generally thought the most important cause was braking in order to
avoid a collision, and one respondent broke this down to list the following sub-cases
in order of priority:

¶ Vehicle pulling into the path of a bus
¶ Pedestrian deliberately stepping in front of a bus to cross
¶ A pedestrian stepping off the kerb to walk around street furniture
¶ Cyclists weaving in and out of traffic
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In addition to this, the following were also noted as mechanisms

¶ Bus moving off while occupant was moving to seat/climbing stairs
¶ Problems when opening or closing doors, getting limbs caught, and tripping

up steps
¶ General slips & trips over steps or wet floors
¶ Passengers not holding on, or climbing the stairs when the vehicle was in

motion
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3.7 Summary of Bus Collisions Analysis
This section of the report has examined the bus collision evidence and the following
are the key findings:

1) In a European context, bus collisions have reduced by almost 50% in the
period 2005 to 2014.

2) Comparing fatalities per billion vehicle kilometres travelled, the group
comprising cars, taxis and vans have one-fifth of the risk compared to buses;
however exposure and usage differences are likely to be important factors in
this difference.

3) GB statistics show that casualties from bus collisions are reducing; fatality
reduction on London’s buses is only fractionally less than nationally. When 
only London is considered, the reduction in casualties from collisions involving 
buses is much less (13%) than for the national equivalent (38%).

4) In bus collisions, occupants of the bus are the most frequently injured
casualties.

5) According to Stats 19 over two-thirds of the injuries on buses occur without a
collision. IRIS data from TfL indicates that 76% of injuries are onboard injuries.

6) Pedestrians are the most frequent bus fatalities accounting for around two
thirds of the fatalities in London.

7) Pedestrians are most often killed by buses when crossing the road, and most
often in collisions with the front of the bus crossing from the nearside. The
time to collision is often very low (less than a second), but in about 40% of the
police fatal files the pedestrian became visible more than 1 second before
impact; potentially within scope of AEB.

8) Car occupants are also most often killed in impacts at the front of the bus; belt
usage by the car occupant is an important factor for these crashes.

9) Human and environmental factors were the most frequent causation factors.

10) In over half the police fatal files assessed, the bus driver was not assigned a
precipitating factor because the pedestrian entered the carriageway without
due care. However in other cases the drivers failed to avoid a
pedestrian/object/vehicle or failed to stop.

11) Loss of control of the vehicle was the biggest precipitating factor for the car
occupant fatalities in the police fatal files.
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4 Phase 2: Identification of Countermeasures

4.1 Methodology for assignment of countermeasures
The process of determining what countermeasures will be effective begins with a full
understanding of how a collision occurred. This can be broken down by considering
the risks posed by the people, vehicles, and roads. A risk from any of these areas
can allow a collision to happen, so reducing the risk involves identification of
countermeasures that will address those specific aspects of the collision.

Haddon’s Matrix is the most frequently used concept in the injury prevention domain,
and it is summarised in Table 1 below. This considers the vehicle, human, and
environmental countermeasures that can be used in the different phases of a
collision to improve the outcome. The approach is broad in order that the
countermeasures are not limited to just the vehicle or technology solutions. The
countermeasures were based on existing and near-future technologies and
strategies. Investigators assigned countermeasures to each case based on their
ability to avoid the entire collision, and/or to reduce the severity of the collision. A key
point is that the assignment of countermeasures was an indicator of potential effect
in describing a maximum count of relevant cases; it was not designed to represent
the precise expected performance of a given system. For example, there are many
different AEB solutions available with different performance capabilities such that the
counts do not represent these precise systems and their individual expected effects;
instead the counts represent a ‘flag’ that an idealised AEB system had the potential
to improve the outcome of the collision.

Table 1: Haddon’s matrix approach to assignment of countermeasures in a
road collision.

Human Vehicle Environment

Pre-Crash Improved driver
training

Driver awareness

Better maintenance

Primary safety (e.g.
AEBS, ESC, Alco-lock)

Improved road
surface

Improved highway
layout/design

Crash Use of safety systems
(e.g. helmet or seat

belt)

Secondary safety

Presence &
performance of safety

systems

Road side hazards

Barrier performance

Post-
Crash

Incident response

eCall systems (e.g.
Vauxhall OnStar)

Fuel system

Safety pyrotechnics

Vehicle design
standards

Infrastructure
performance (e.g.

access for
emergency services)
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It is also important to note that there
can be multiple countermeasures
assigned per case, and these may be
from the same or different categories
(human, vehicle, and environment) too.
There may also be more than one
injured person per case that might
benefit from the implementation of a
countermeasure.

4.1.1 Experts Steering Group

In order to examine the relevant countermeasures (phase two of the research), an
Experts Steering Group was established. The Experts’ role was:

¶ to review the countermeasures used in other countries and with other similar
vehicle types such as Heavy Goods Vehicles (HGVs)

¶ to review the countermeasure analysis performed in Phase 1

¶ to make recommendations of cross-domain countermeasures that could be
applied to the types of collision that were identified from Phase 1

¶ to review any other countermeasures based on our experts’ knowledge of the
effectiveness of various countermeasures

¶ to highlight areas of understanding that are missing in the evidence provided

Safety interventions have been considered for buses, other vehicles (including pedal
cycles) and surrounding infrastructure through reading appropriate literature,
discussions of the Experts Steering Group, and analysis of the cases. The following
section considers countermeasures that are technologically ready now and also
those that could be feasible in the future.

There are several stages before a collision occurs where different safety systems
can intervene. In Table 2 examples of vehicle safety interventions for both buses and
other vehicles have been categorised according to what time in a collision sequence
they prevent the occurrence or mitigate the damage of a collision. These examples
and more have been described in further detail in the following section.

Example:

Case 1

Countermeasure 1 Countermeasure 2 Countermeasure 3
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Table 2: Safety Systems in a collision sequence. Source: adapted from Flodström and Strömberg (2011)

Phase: Preventative Dynamic Avoidance Mitigation Impact Post Crash

Sequence: Normal Driving Danger phase Collision Imminent Collision
Unavoidable

Collision Post-collision

Activity: State of driver and
situation

Driver can avoid Vehicle can avoid Minimise severity Minimise
damage/injury

Rescue and save

Countermeasures: Alco-lock

Driver alertness/
drowsiness
monitoring

Improved direct
and indirect vision

Night vision

Intelligent Speed
Assistance (ISA)

Passenger
seatbelts

Softer internal bus
structures

Advanced Driver
training

Improvement of
bus stops

Improvement to
junctions

Pedestrian warning

Vehicle collision
warning

Bridge collision
warning

Advanced
Emergency Braking
(AEB)

AEB for
pedestrians and
cyclists

AEB

Pedestrian and
cyclist AEB

Airbag

Belt tension

Softer front end

Nosecone structure

Underrun airbags

E-call

Bus raising system

Improved injury
awareness
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4.2 Vehicle Countermeasures
The vehicle countermeasures identified in this research are from a range of sources
including:

¶ Literature review – with evidence included where possible;

¶ Expert Steering Group – with experience and expert opinion described;

¶ Experience from other vehicles – e.g. experience of a system on cars or
HGVs that can be learnt from; and

¶ ‘blue sky thinking’ – ideas for the future that are perhaps not yet implemented,
but that could be considered for BSS in later phases.

4.2.1 Vehicle Countermeasures in the Pre-Crash Phase

4.2.1.1 Advanced Driver Assistance Systems (ADAS)

Collision Warning Systems

Collision warning systems use camera or radar technologies to alert the driver to a
potential collision with a pedestrian, cyclist or other vehicle with the intention that the
driver reacts and avoids the collision.

TRL carried out a study into the detection of pedestrians and cyclists near buses and
evaluated two detection systems. The first utilised both radar and camera
technologies in order to detect cyclists undertaking the rear quarter of the bus. The
second system used cameras and image processing algorithms to detect both
pedestrian and cyclists and had a wider detection area, covering both the nearside
and front of the bus. TFL is in the process of developing a test procedure to
categorise similar systems fitted to HGVs and to rate their performance; the
conclusions would likely be relevant to buses too, however the work is as yet
unpublished.

As part of the Active Safety Collision Warning Project, Washington State recently
equipped 38 transit buses with the ROSCO-Mobileye Shield+ System to help drivers
avoid and mitigate imminent collisions and protect pedestrians and cyclists. This
Collision Avoidance System (CAS) offers a variety of features including pedestrian
and cyclist collision warning, forward collision warning, headway monitoring warning,
lane departure warning and a speed limit indicator. Dashboard alarms flash when
pedestrians enter into the driver’s blind spots. The project will involve comprehensive
examination of the total costs of the most severe and costly types of collisions and
will evaluate potential for CAS to reduce the frequency and severity of these types of
collisions, and reduce the associated casualty and liability expenses. Preliminary
analysis has shown that the potential exists for the cost of equipping an entire bus
fleet with collision avoidance technology (CAS+AEB) to be recovered by preventing
one pedestrian or bicycle collision (Lutin, 2016). Alternatively, if the system were to
reduce the risk of collisions by 35%, the cost of it would be recovered in one year
(Washington State Transit Insurance Pool, 2015). Data from the five-month trial
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period is currently being analysed by the Smart Transportation Applications and
Research Laboratory at Washington University.

Mobileye technology is currently being used on trucks in Ealing Council as part of the
Cycle Safety Shield System. During trials the Safety Shield System was found to
have potentially stopped 15 serious collisions happening between a HGV and
pedestrians and cyclists (Slobodova, 2016). Ealing Council has since rolled out the
collision avoidance system across its whole contractor fleet (Ealing Council, 2016).
The system is also being successfully used on a number of other UK fleets, including
the Amey Group’s vehicles and Sainsbury’s supermarket delivery trucks. As part of
the European Road Safety Pilot Project Richmond Council and Ealing Council have
partnered with Cycle Safety Shield to trial incident prevention software. The
preliminary results of this project have been released in the form of safety score
graphs which have shown an improvement across all vehicle types, however, there
is no information at this time on how this score is calculated or what raw data it is
formed of (SafetyShieldSystems, 2017).

The majority of collision warning systems alert only the driver to a potential collision.
A team from the University of Pennsylvania are developing a system that also alerts
pedestrians that they are in danger of being hit by a bus. The system is comprised of
a directional speaker, projecting an audio warning from the bus towards the
pedestrian (Burka et al., 2014). It activates automatically and is not driver activated
or on all the time.

Bridgeclear offer an integrated bridge warning system for buses which utilises the
driver’s CCTV monitor to display warnings of low bridges. To ensure the driver is not
distracted by unnecessary warning the system will only display bridges which are
lower than the height of the bus (BridgeClear, n.d.).

Collision Avoidance Systems

Signals from the collision warning systems can be used to trigger systems such as
Advanced Emergency Braking (AEB) or Automated Emergency Steering (AES) to
allow the vehicle to automatically avoid a collision event.

AEB systems utilise radar, camera and/or LIght Detection And Ranging (LIDAR)
based technology to avoid collisions or to mitigate the impact by detecting imminent
collisions and applying the brakes automatically. As yet AEBS is not available on
buses; it is mainly fitted on cars and some vans, and AEBS is just entering the HGV
market too. The first implementation on cars was for RADAR based systems, and
these typically have a long range (e.g. 120m-200m) meaning that they can operate
over a wide range of speeds up to 75mph or 120km/h. On cars, the LIDAR systems
have a shorter forward range so these systems are only operational in lower speeds
(e.g. up to 31mph or 50km/h). More advanced systems include pedestrian and
sometimes cyclist detection, and these typically use cameras on cars in order to
identify a pedestrian. The cameras may be used in isolation or used in ‘sensor fusion’
with a RADAR for example. RADARS are typically mounted in the front of the car,
behind the grille or bumper cover; whereas a LIDAR or camera system is mounted in
the cars front windscreen near the rear view mirror. The fitment of these sensor does
incur some additional repair costs, which may be a factor to consider for bus
operators. If the sensor is damaged in a crash situation where AEB is not relevant
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(e.g. during parking when AEBS is typically not active under 3mph or 5km/h), then
the additional cost of repair and calibration is incurred. Similarly, if a stone chip
means that the windscreen has to be replaced then there must be a suitable process
to ensure the correct operation of the AEBS with the new screen. Experience with
cars indicates that these sensors can increase costs, but for buses the emphasis
should be on implementation of systems and processes designed to minimise and
control these costs from the outset.

However the effectiveness of AEB is highly dependent on the situation. Pedestrians
and cyclists crossing situations are characterised by much shorter times between the
moment when a threat can first be identified and the moment of impact; a pedestrian
for example can change direction or move off from standing much more rapidly than
a vehicle can. Although slow driver reactions and inattentiveness can be a factor in
some crashes, using the system to reduce the reaction time compared to even an
alert human driver is one of the main benefits. Thus, it is considered appropriate for
an AEB system to react differently to a crossing pedestrian compared with a
stopping vehicle ahead. As such, sensors need to be capable of a much greater
degree of object classification than is required for front to rear crashes only. Effects
will be much smaller where pedestrians are running fast than where walking. Effects
will be smaller where obstructions (e.g. emerging from between parked cars) limit the
ability of the system to track the pedestrian.

EU regulation 347/2012 (EU, 2013) sets out the requirements for vehicles to have
AEB systems installed (although note this is vehicle to vehicle AEB rather than
pedestrian AEB). In the past, cost benefit analysis demonstrated that the mandatory
application of AEB effective only in vehicle front to rear collisions would generate
more costs than benefits on M3 Class A, Class I and Class II4, and articulated buses
of category M3 of Class A, Class I and Class II. As a result, buses of over 5 tonnes
with 22 or more seated/standing passengers are currently exempt from the
obligatory installation of AEB systems.

Bus specific emergency braking systems are emerging as both Original Equipment
Manufacturer (OEM) and AfterMarket (AM) solutions. DCS Technologies has
developed a Pedestrian Avoidance Safety System (PASS) which is an active safety
system that decelerates a vehicle automatically in a potential pedestrian collision
event. DCS Technologies claim that the PASS technology will react up to 20 times
faster than a human. It is stated that the system can be retrofitted to existing fleets or
applied to new purchases. However, they are a US company and the regulatory
situation is different in the US. In Europe, applying an AEB system as a retrofit would
involve changing a type approved system (the brakes) which would be a notifiable
alteration to the vehicle and would require regulatory approval. Effectively, it would
have to show that it complied with type approval regulations. It is not known if the
system would comply and the process can be burdensome for aftermarket
manufacturers.

4 M3 = Vehicles designed and constructed for the carriage of passengers, comprising more than eight

seats in addition to the driver’s seat, and having a maximum mass exceeding 5 tonnes. For further
detail see Annex II of http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32007L0046.
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An example of an OEM product, an Emergency Braking System (EBS) is currently
under development by Alexander Dennis. The system has already undergone testing
and basic level calibration in an Enviro200 MMC and is expected to go into
production by the end of 2017. The system utilises a forward-facing cyclist,
motorcyclist, pedestrian and vehicle detector that applies the vehicle brakes
automatically (Deakin, 2016).

Some stakeholders have suggested that while AEB has the potential to decrease the
frequency and severity of collisions with other vehicles and pedestrians outside of
the bus, it may cause added injury risk to bus occupants, particularly those standing
at the time of the automated braking activation. From the collision files it has been
noted that in one case the driver actively decided to brake conservatively to protect
standing bus occupants. Operators say they are apprehensive about adopting AEBS
because if passengers are hurt as a result of harsh braking from the system they
fear that they, the operator, may be held liable. However, the benefit of the system is
in a reduced reaction time between the pedestrian becoming an identifiable hazard
and full braking being applied. The system does not increase the maximum level of
braking the vehicle can achieve; a driver initiated emergency stop will be just as
harsh as the quickest AEB stop. The system is designed to give only the
deceleration needed to avoid the collision, so if in an identical situation a human
driver applied less braking in order to protect occupants it would result in a collision.
Depending on the collision object, this may well be much worse for the occupant
than slightly heavier braking. Furthermore if the collision avoidance system can react
faster than a human, there is a potential that less harsh braking will be required to
avoid a collision. The only unarguable additional risk from AEBS in this context is the
risk of occupant injury if the AEBS is falsely deployed; i.e. the bus would not
otherwise have been braking at all. If the AEB activates where there is no imminent
threat of a collision, then any injuries to occupants will have been directly caused by
that false activation. Any risk associated with braking could be mitigated if the bus
interior was adapted to further protect the occupants or standing is prohibited.
Implementation of the AEBS must focus on minimising the risk of false activations.
AEBS is quite mature now on cars, and experience from the Expert Steering Group
indicates that false braking activations are very rare, although false warnings occur a
little more often. The aftermarket warning only systems on buses for identifying
pedestrians and cyclists in blind spots are perhaps showing more evidence of false
warnings; however an implementation of AEBS would be required to be more robust
and to minimise false activations.

Given that AEBS is not yet implemented on buses on the roads, it would be difficult
to make it mandatory on the short term. However a suggestion from the Experts with
experience of design and delivery of test and ratings systems is that the BSS might
be used to encourage fitment in the short term as an incentive; AEBS could be made
mandatory in the longer term.
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Adaptive Cruise Control (ACC)

Whilst AEBS is designed to activate in emergency situations, ACC is designed for
normal driving. The system regulates the speed of the vehicle to maintain a safe
distance from the vehicle ahead, by using acceleration up to a maximum speed limit,
combined with braking at low levels. ACC was not coded as a countermeasure by
the collision investigators, so it has not been possible to include it in the
countermeasures analysis. ACC is often combined with AEBS on cars where is now
quite widely available. On cars ACC typically uses a RADAR mounted in the front
grille, and as such is also subject to the repair and calibration cost concerns
described for AEBS.

ACC on cars typically has at least three distance settings for the distance to the
vehicle ahead. Experience from the Expert Steering Group, although not quantified,
is that ACC might be beneficial in training drivers to keep a safer distance from the
vehicle ahead, and to reduce tailgating behaviour. A further suggestion was that a
system could be implement with algorithms tuned to provide a tailgating warning.
Further research would be needed to verify the potential effectiveness of ACC for
such driver training purposes.

Automated Emergency Steering (AES)

In the future, Automated Emergency Steering (AES) systems could help to mitigate
the near side pedestrian impacts that pedestrian AEB might not be able to by
adjusting the steering to avoid the pedestrian. Mercedes currently offer an Evasive
Steering Assist system which activates when the driver initiates an evasive steering
manoeuvre. The system adjusts the steering torque to guide the driver away from
danger in a controlled manner whilst also facilitating the straightening up of the
vehicle (Mercedes-Benz, 2016). Nissan have developed a future concept of
combining AEB with AES to provide an autonomous system that can make the most
effective choice between steering and braking to avoid or mitigate the risk of a
collision (Nissan, 2016). These types of systems could offer some benefit for
collisions at the corners of buses, where there is little time for an AEB system to
react, and only a small steering input is required. However, they were not on the
countermeasures list for coding, since they are in the very early stages of
development, none are available on buses yet and vehicle manufacturer
stakeholders have indicated that the lead time for their application to buses would be
substantial; therefore they were not included in the priority list (although AES could
perhaps be considered in a second phase of the Bus Safety Standard). This
technology may benefit from wider lanes on roads to allow the bus more room to
steer clear of a pedestrian. However, people do tend to utilise available space, so
the risk is that pedestrians might just start walking in the road and using the space
that is designed for buses; thereby eroding the benefit.

Intelligent Speed Assistance (ISA)

ISA systems detect the speed limit and either warn the driver when they are driving
faster than the speed limit (supportive ISA) or actively aid the driver to abide by the
speed limit (intervening ISA). TRL carried out a trial of intervening ISA on two
London bus routes at the beginning of 2016 (Greenshields et al.), and the driver
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could not turn the ISA off. The ISA system was supplied by Zeta Automotive Ltd. and
utilised GPS data matched against an on-board map and speed-limit database and
electronically intervened to prevent further accelerator input when the speed limit
was reached or exceeded. The system was not connected to the vehicle brakes.
Results from the trial showed that compliance with the speed limit improved after
buses were equipped with ISA and only a marginal increase in journey time was
recorded.

Current ISA systems limit vehicle speeds to the maximum speed limits on roads;
however this speed may not be suitable for the given conditions. In the future, ISA
systems are anticipated to be able to assume or detect the risk on a particular road
and then limit the speed of the vehicle accordingly.

4.2.1.2 Improved Field of View

Direct Vision

In some cases, safety features such as thick A-pillars and side mirrors can create
blind spots that limit the driver’s view; particularly of pedestrians, as shown in Figure
17. The use of smaller mirrors or adjustments to the placement of the mirrors can
improve the driver’s direct vision.

Figure 17: A bus driver’s view of a pedestrian crossing with three different
mirror configurations: inverted mount (left); medium mount (centre); high

mount (right) (Leverette, 2013).

According to EU regulations buses must be equipped with mirrors but in the future
the replacement of mirrors with a camera and display system could further reduce
the issue of mirrors creating blind spots.

Assault screens may cause reduced direct vision to drivers. There are currently two
main types of assault screen design, one which meets to the centre of the
windscreen and one which meets the A-pillar. Often the Perspex assault screens
become scratched and restrict the driver’s direct vision. Redesign of the assault
screens, more regular replacement of the Perspex or the elimination of the screens
may help to increase the driver’s vision. A specification for assault screens could be
included in the new Bus Safety Standard.
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Indirect Vision

According to EU Directive 2003/97/EC Class M3 vehicle (exceeding 5 tonnes and
comprising more than 8 seats including the driver) only require Class II mirrors; one
on the driver’s side and one on the passenger’s side. The installation of wide angle
Class IV, V and/or VI mirrors has the potential to greatly reduce the blind spot areas
surrounding the bus. Figure 18 shows the field of vision supplied by the different
classes of mirrors on a HGV. However the introduction of extra mirrors has the
potential to increase the driver’s workload and may lead to attention being taken
away from direct vision. This issue of increased driver workload had been raised in
several studies into improved vision for HGVs. The mean glance time for a single
mirror has shown to be just over a second and the time to travel between mirrors is
approximately 0.32- 0.34 seconds, resulting in a total time of 4 to 6 seconds to check
all mirrors in a HGV (Woolsgrove, 2014). Summerskill et al. (2015) noted that by the
time a driver has examined all the mirrors and then made observations through the
windows the road situation may have changed. They suggest further research
should be carried out to establish the best combination of mirrors which enable
optimal visibility and workload.

An alternative approach to improving the driver’s field of vision is to implement
cameras around the vehicle to provide the driver with a wide angled view of each
side of the bus. The images from each camera can be blended and stitched together
to provide a 360° bird’s eye view around the bus in real time on a dash mounted
monitor. When the driver uses the indicator to change lanes or turn the monitor will
automatically display the appropriate view, from the front view, to the left or right side
view. It would turn off at speeds over 10mph for example, in order to minimise drive
distraction; and it should turn on by default in reverse gear too. Cameras mounted on
the top of buses may need image recognition algorithms adapted due to difference in
appearance of pedestrians from the high angle view. The field of view of the camera
systems will also need to be assessed to reduce blind spots to a minimum. The
introduction of an extra screen to monitor may also increase the driver’s workload,
however there is no need to have multiple screens for multiple cameras because the
images can be integrated into one view using suitable algorithms. Summerskill et al.
(2015) proposed that additional research should take place to investigate if and how
additional technologies should be added to a vehicle in a manner which does not
increase the workload upon the driver.
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Figure 18: Field of Vision Requirements (2003/97/EC)

Night Vision

Collision data collected in Canada has shown that many pedestrian fatalities and
injuries occur at night or under low-light conditions. The authors suggest
implementing adaptive headlights that orientate light in the direction the vehicle is
turning as well as better illumination of bus stops (Canadian Council of Motor
Transport Administration, 2013)5.

Nambisan et al. (2010) conducted a study on automatic pedestrian detection devices
and found that smart lighting proved to be effective in increasing pedestrian safety
on dimly lit roadways. The smart lighting system formed part of the road
infrastructure rather than a device fitted to a vehicle or worn by a pedestrian. The

5 Note that Stats19 data reported by the Metropolitan and City of London Police forces suggests

approximately 67% of pedestrian fatalities, 68% of serious pedestrian injuries and 71% of slight
pedestrian injuries from collisions involving buses occur during daylight. This suggests that there is a
slightly increased severity of bus pedestrian collision at night time. Whether there is an increased risk
of any type of collision depends on the split of bus mileage by daylight and darkness, which is
unknown.
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device detects pedestrians stepping out into the road and shines a light on them so
they are easily seen by other vehicles. The device was shown to increase the
pedestrians’ operational behaviour as well as the vehicles’ likelihood of yielding to
the pedestrians.

The Blaze Laserlight is a bicycle mounted light that alerts vehicle drivers to the
presence of a cyclist. TRL carried out a study to test the visibility of the Blaze
Laserlight in low light and after dark around a bus and found that the blind-spot areas
around the vehicles were significantly reduced and the percentage of maximum
visibility at night improved from 72.4% with just the existing LED lights to 96.2% with
the Blaze Laserlight (Greenshields et al., 2016).

4.2.2 Vehicle Countermeasures in the Crash Phase

4.2.2.1 Crashworthiness

Pedestrian-Friendly Frontal Structures

During pedestrian collisions, the initial pedestrian contact with the vehicle obviously
creates a significant risk of injury. The centre of the force applied by flat-fronted bus
structures is usually above the centre of gravity of the pedestrian causing them to be
rotated around their feet towards the ground, potentially with quite high forces
depending on the exact geometry. This adds a significant risk of injury from the
secondary contact with the ground. When the collision occurs, the pedestrian will be
accelerated almost instantly to the speed of the bus. Once lying on the ground, they
will decelerate again at a rate dependent on the coefficient of friction between the
pedestrian’s clothes and the ground. If the bus is not braking hard at this point, there
is a high chance that the pedestrian will be run over by the bus, with the obvious
potential for catastrophic injury.

 A frontal structure more like a car bonnet provides an initial impact point lower than
the pedestrian’s centre of gravity so the pedestrian is rotated around their centre of
gravity with the head moving towards the windscreen of the vehicle rather than
directly towards the road. Depending on the exact geometry of the person and
vehicle this can make the initial contact with the vehicle more severe. However, this
can be mitigated by making sure that the part of the vehicle involved is sufficiently
soft to minimise the chance of injury. Once full contact has been made with the
vehicle and the pedestrian has been accelerated to the same speed as the vehicle
they will fall down to the floor under the effects of gravity only, reducing the potential
for secondary injury in contact with the ground. If the vehicle does not brake, it will
stay underneath the pedestrian. If it does brake the pedestrian will slide forward on
the bonnet and fall to the ground ahead of the braking vehicle. In either case, the
probability of being run-over by the vehicle is relatively low.

A nosecone is a tapered front end structure that is intended to help protect
pedestrians in exactly this way. The concept was first developed for HGVs in the
Advanced PROtection SYStems (APROSYS) project (Feist et al., 2008) and further
developed by Welfers et al. (2011) to optimise the aerodynamics and safety
performance and is shown in Figure 19.
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Figure 19: Simulation of a 50th percentile male collision with a reference
tractor unit (left) and the optimised tractor unit (right). Source: Adapted from

Welfers et al., (2011)

It can be seen that the pedestrian is overrun by the flat fronted tractor (left) but is
deflected off to the side by the optimised tractor (right), preventing overrun.

A study commissioned by the DfT examined the effect of length of HGV nosecones
on the potential number of lives saved. A 1m nosecone was estimated save 10
pedestrian fatalities per year in GB and 2 pedal cyclists (DfT, 2010). The number of
bus related fatalities is less than HGV related fatalities 6  but the application of
nosecone structures on buses would still be expected to reduce the number of
fatalities.

The nosecone structure may also provide the driver with better protection from
frontal impacts. The maximum permissible length of a 2 axle bus according to Annex
1 of EU Council Directive 96/53/EC is 13.5m (EU, 1996). TfL buses range in length
from 11.2m for the new route master style buses to 12.6m for Alexander Dennis
Enviro 300 single deck buses (TfL, 2016c) (Alexander-Dennis, 2012). In theory, this
leaves approximately 1m of length for a nosecone front end structure without
encroaching on the passenger space, but analysis would be required to confirm what
constraints the manoeuvrability criteria also contained in Directive 96/53/EC might
place on the amount of additional length that can be put ahead of the front axle.

6 Stats19 records 408 pedestrian fatalities in 2015, of which 55 occurred in collisions involving an
HGV and 30 in collisions involving a bus or coach.
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There might also be operational issues with longer buses, e.g. bus garage parking
capacity, routing and turning profiles.

A nosecone structure would also adjust the driver’s position as they would be further
away from the front of the bus. This may affect the driver’s direct vision and change
the blind spot areas. As such, any ‘nosecone’ structure would best be implemented
as an integrated frontal structure on new models of buses and would be difficult to
retrofit.

Another type of front end structure is a safety bar fixture. This is an alternative to the
above in that it can be retro-fitted to a vehicle rather than built in during the design
stages. For example, it could be a steel and foam safety bar, added to the front of
the vehicle. A steel and foam safety-bar concept was developed for HGVs by the
APROSYS project and was regarded to have no significant effects on
manoeuvrability and was estimated to save around 4 lives per year in Great Britain.
The safety bar concept was shown to reduce primary impact loads and injury risks,
but does not provide the lateral deflection of the pedestrian as the nosecone does
(Feist and Gugler, 2009). Robinson and Chislett (2010) suggested a similar concept
of applying an energy absorbing front to the large passenger vehicles (LPVs). The
authors describe that by fitting an energy absorbing front to the LPV, the distance
over which a pedestrian can be decelerated is increased which allows the pedestrian
to be protected at higher impact speeds. This would be more effective in combination
with a measure to reduce the probability of a runover. For example, AEBS has the
potential to achieve this because even if the system was unable to avoid a
pedestrian, then it should help to ensure the vehicle is braking at the moment of
impact such that the pedestrian would be less likely to be run over.

Through UK based cost benefit analysis, Robinson and Chislett (2010) was found
that a safer front for LPVs was one of the countermeasures most likely to provide a
positive return on investment and also had the potential to reduce the number of LPV
related fatalities annually by 15 (based on casualty levels recorded in2006-8) and the
number of serious injuries by annually 134, with an annual KSI cost saving of £45.7
million. By comparing these figures to the average annual total number of UK
fatalities and injuries between 2006 and 2008 caused due to a collision with the front
of a LPV, this equates to a reduction of approximately 23.8% of fatalities and 44.9%
of serious injuries.

Another form of pedestrian friendly end is to implement softer structures. By using
softer materials then a greater energy could be absorbed, and so help to mitigiate
the injury severity. Bus A-pillars, wiper points and toughened windscreen are all high
stiffness components that can contribute to increased risk and severity of head injury.
Softer frontal structures can help to decelerate pedestrians over a longer time period
and reduce injury risk. The inclusion of pedestrian airbags could help to shield these
stiff structures and further increase the deceleration period of the pedestrian. Airbags
need approximately 10ms to inflate so the bonnet would have to be designed in such
a way to allow sufficient inflation time. A simpler countermeasure would be to use top
hung windscreen wipers, instead of bottom mounted ones; although this might cause
maintenance problems in an operational sense.
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4.2.2.2 Occupant Safety

A study into Enhanced Coach and Bus Occupant Safety (ECBOS) performed
parametric computer modelling of frontal city bus crashes. A baseline scenario of an
M2 vehicle impacting a mature tree at approximately 45km/h was created and then
further models were made with one parameter varied at a time. When the seat back
padding stiffness was decreased by 33% significantly lower head injuries occurred
(HIC decreased by 62%) meaning potential serious or fatal head injuries could be
avoided. When a lap belt was added into the simulation the HIC valued decreased
by 19% and the femur and pelvis loading were significantly reduced (TUG, 2004).

Palacio et al., (2008) used a Madymo human model to simulate a standing
passenger in an accelerating bus. It was found that horizontal metal seat handles
were particularly hazardous and should be replaced with vertical ones hung from the
roof of the bus. It was recommended that passengers should not stand in the bus
aisles, but in a padded, designated standing area where there is no hazardous bus
furniture items such as rows of seats which may increase this risk of injury. Palacio
et al., (2008) also suggest that lower stiffness rubber flooring should be used to
minimise injuries such as knee fractures which are commonly associated with
impacts with the bus floor.

From discussions at the Experts’ Steering Group it was established that
configuration of the interior of buses is specified by TfL. This means it may be
feasible to drastically change the interior if clear benefits to bus occupants are
identified; however any interior changes must be balanced with capacity needs.
Many potential modifications were considered for example, increasing the diameter
of handrails and poles could help to spread the impact with a passengers head, for
instance, over a larger area which may help to reduce injury severity. Frangible7

poles could also reduce injury risk as their stiffness would be much lower than
traditional metal poles.

To help prevent falls on stairs of double decker buses a gate could be installed at top
and bottom of the stairs that only opens when the bus is stationary. To help reduce
injuries caused by falls down stairs the edge of the steps could be rounded and the
stairwell could have added padding. There is also potential for the stairs to be turned
around by 180 degrees, although it is unclear if this would provide any benefits.

The use of seatbelts could help to reduce injuries caused by braking situations. The
introduction of rear facing seats could also assist passengers in staying in their seats
during braking situations. To prevent whiplash type injuries rail style high backed
seats should be used, however, passengers may be opposed to facing backwards.
There might also be practical implementation concerns for operators, if a mix of
front- and rear-facing seats reduced seating capacity.

Compartments for standing passengers could be implemented to minimise the
distance travelled by the passenger during harsh braking. The compartments would
need to be constructed with low stiffness, softer materials. Considerations would

7 Frangible mean easily broken into frangments
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need to be made to ensure good accessibility and visibility into/through the
compartment so passengers feel safe and comfortable to use them. Using
compartments on the buses might affect passenger flow on the vehicle, and
operators have operational concerns about using this approach, so it is not
recommended at this time.

4.2.3 Vehicle Countermeasures in the Post-Crash Phase

The most obvious countermeasure in the post-crash phase is eCall, which is an
automatic emergency call system for motor vehicles. It dramatically shortens the
time it takes for emergency services to arrive. Carmakers will have to install the
technology in all new car and van models from 31 March 2018 onwards  according to
EC regulation 758 (EU, 2015). Buses are not currently required to fit the system,
although a review is required by March 2021 to describe the achievements of eCall
fitted to cars and vans, and to report on whether the legislation should be extended
to heavy goods vehicles, buses and coaches, powered two-wheelers, and
agricultural tractors. According to some estimates, eCall could speed emergency
response times by 40 percent in urban areas and by 50 percent in rural areas
(ERTICO, n.d.). However eCall was not assigned as a countermeasure in any of the
cases.
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4.3 Human Countermeasures
There are also a range of human countermeasures that might help to avoid, and/or
to mitigate the severity of injuries. These human countermeasures are outlined
below, starting with the pre-crash phase.

4.3.1 Human Countermeasures in the Pre-Crash Phase

4.3.1.1 Training in vehicle systems and use

In almost all areas of road safety, better training and education are suggested as
central pillars in the fight to reduce injury. There is one respect in which this is
uncontroversially true; users of vehicles should be trained how to use them and the
technologies they contain. In this sense, road transport is no different to other, more
heavily regulated modes such as air travel, and a single example from this domain
will serve to illustrate the point.

In 1989, on the 8th January, a Boeing 737-400 crashed on the M1 motorway, just
short of the runway at which it was attempting to make an emergency landing at East
Midlands Airport (the so-called ‘Kegworth air disaster’). The aircraft had experienced
a fault in its left engine. The pilots subsequently shut down the still functioning right
hand engine, rather than the damaged left engine, and this ultimately led to the crash.
The decision to shut down the right engine arose from a number of factors, one of
which was that the pilots had not received any training in the 400 series of the
Boeing 737 aircraft in relation to managing engine malfunctions; their knowledge of
how to handle such malfunctions in the previous series of the aircraft led them to
take the incorrect action, due to several changes introduced by the manufacturer.
One of the recommendations of the ensuing accident investigation was that the Civil
Aviation Authority should require that pilot training on engine malfunctions should be
updated (Air Accidents Investigation Branch, 1989).

For reasons illustrated by this case study (albeit in a different domain) it is self-
evident that with all new safety features implemented in buses in London, there
should be sufficient training in place to ensure that drivers feel comfortable and
confident in using them, and, crucially, actually know how to use them. The precise
form that this training should take will depend on the systems used, their complexity,
and the extent to which they require active driver input. It has been apparent in
previous projects involving applying safety systems such as ISA and collision
avoidance systems that at first drivers can be reluctant to embrace the technology,
but after a short while they become familiarised with it and can see the benefits
(Greenshields et al., 2016).

4.3.1.2 Training and Education for Drivers in Safer Driving

In contrast to the self-evident need for training in the use of bus safety systems for
drivers, the case for wider training and education for bus drivers, focused on safer
driving, is not as clear.

One reason for this is that the evidence for the effectiveness of training interventions,
specifically for bus drivers is scarce. Thus it is not clear what form such training
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should take if it is to be effective (although see Section 5.1.3 for a discussion of
hazard perception training – an area that would benefit from more detailed research
as to what should be included in any approach).

Another reason is that the wider literature on driver training is equivocal at best in
terms of its support for the effectiveness of training as a safety intervention. When
systematic reviews of training and education for young and novice drivers are
considered, a good deal of evidence suggests that it is ineffective (Vernick et al.,
1999); see (Helman et al., 2010) for a recent review). A Cochrane systematic review
also concluded the same for advanced and remedial post-licence driver education
(Ker et al., 2003).

When considering the work-related road safety literature, (Grayson and Helman,
2011) concluded that only a handful of training and education interventions had been
properly evaluated; a later update of this review by (Helman et al., 2014) concluded
that nothing had changed. Aside from the obvious need for good management of
work-related road risk, see (Health & Safety Executive, 2014) and the CLOCS
inititiave in London, based on the work of (Delmonte et al., 2013); those working in
the area seem to lack any agreed approaches to improve safety.

In short, any approach to training bus drivers in ‘safer driving’ should proceed under
modest expectations of effectiveness at best, until specific interventions have been
shown to deliver specific benefits in good quality evaluations. A recent review of the
literature to identify the most promising candidates may be a useful first step.

4.3.1.3 Training and Education Relating to Pedestrians

The most commonly assigned countermeasure assigned in a study of pedestrian
fatalities in London between 2006 and 2010 was ‘improved pedestrian awareness of
other road users’. In pedestrian collisions involving buses/coaches specifically the
most common contributory factor was found to the ‘failed to look correctly’ and so
therefore the authors suggested the implementation of education/publicity measures
highlighting the importance to looking properly in particular. Pedestrian training could
also include the dangers of being impaired by drugs and alcohol, developing
strategies to minimise the risk of being involved in a collision and increasing general
road safety knowledge (Knowles et al., 2012).

From discussions at the Experts’ Steering Group it was highlighted that training
pedestrians and other roads users was lacking in direct evidence that it can reduce
the frequency and severity of collisions. Thus the same issue exists with this group
of road users as is the case in the the driver training and education literature. Thus
we would recommend that any training interventions considered are done so on the
basis of evidence, or are evaluated. One promising line of enquiry might be training
and educating pedestrians regarding their lack of conspicuity and visibility at night;
for example (Tyrrell et al., 2004) showed that this is something pedestrians
overestimate, and something that shows promise in terms of training interventions to
overcome this misunderstanding.

Another option suggested by the Experts’ Steering Group (and echoed in the Human
Factors and Behaviour Change Workshop – see Section 5.1.3) is that to deal with
pedestrian risk, a safe systems approach should be adopted and the focus of
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countermeasures should be on vehicle/environmental interventions. For example,
the implementation of high visibility strips, extra lights on the front of buses or the
replacement of the upper windscreen on double decker buses with a more visible
material may help pedestrians to see the bus and reduce the likelihood of them
stepping out in front of a bus. Again, research may be needed to understand the best
way to achieve this.

4.3.2 Human Countermeasures in the Crash Phase

The point made in Section 4.3.1.1 regarding appropriate training on vehicle safety
systems applies to the crash phase, should any such systems designed to reduce
crash severity be in use. Obvious examples include things such as seat belts and air
bag systems.

The importance of using such systems should be clarified through communication
and appropriate health and safety policies focused on driver safety. As with wider
training and education, any interventions used to try and encourage uptake of such
systems as seat belts should be based on evidence where possible, and evaluated
properly to ensure that levels of effectiveness are known.
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4.4 Environment Countermeasures

4.4.1 Bus stops

Stopped buses can create line of sight hazards for both pedestrians and other road
users. The Canadian Council of Motor Transport Administrators advise that bus
stops are best located away from crossings to deter pedestrians from crossing right
in front of or behind a bus  (Canadian Council of Motor Transport Administration,
2013).

The CCMTA also recommend that fencing is installed between the road and
pavement to help guide the pedestrians away from crossing near the bus stop and
towards a safer crossing location (2013). However in the London road environment
extensive guardrailing is not practical, and the workshop revealed mixed opinion on
this option; so guardrailing is not recommended at this stage.

Bus stops also pose a risk to cyclists as the buses and cyclists often end up crossing
paths as the bus pulls in and out of the stops. Bus stop bypass cycle lanes reroute
the bicycle around the nearside of the bus in a separate cycle lane and could reduce
the potential for cyclists and buses crossing paths (Talbot et al., 2014).

4.4.2 Junctions

A study into pedestrian related bus collisions in Philadelphia suggested that at
junctions the installation of left- or right-turn protected signal phases at busy
junctions could reduce collision frequency (Park and Trieu, 2014). Furthermore the
installation of pedestrian protected crossing phases and longer time to cross could
also reduce collision frequency. With regard to cyclists, the addition of advanced
stop lines at junctions allow cyclists to get ahead of other vehicles to a safer location,
however this can result in the cyclist undertaking other vehicles to reach the advance
stop line or can place the cyclists in the blind spots of large vehicles. The
combination of advanced stop lines with technologies such as the BlazeLight could
work effectively together to improve cyclist visibility as well as road location (Talbot
et al., 2014).
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4.5 RAIDS & OTS Case Studies
Case study reviews of urban bus collisions are summarised for all the cases included
in OTS and RAIDS phase 1 databases. Cases are summarised by analysing the
circumstances, collision scenario, physical conditions and contributing factors. Based
on these inputs, countermeasures are assigned to each case that might help to
prevent or to reduce the severity of each collision, based on the specific
circumstances of that collision. The master bus countermeasures list, from which the
countermeasures were selected, is provided in Appendix C.

4.5.1 Case selection criteria:

Cases summarised were selected based on a case selection criteria explained below:

Table 3: Case selection criteria for the OTS & RAIDS case summaries.

Area Bus collisions in urban areas only

Vehicles involved All collisions involved at least one bus (Coaches were
excluded)

Injuries At least one slight, serious or fatally injured road user (includes
pedestrians, cyclists and motorcyclists)

Using the case selection criteria, the case search resulted in a total of 47 cases (41
OTS and 6 Raids). Out of these 47, 35 cases were selected for further analysis
based on more relevant scenarios, collision configuration and causation factors.
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4.5.2 Creation of case summaries

Each case was examined in detailed by an expert investigator reading through the
case files. The case was summarised on a one page format with a focus on
explaining the key details as described in Figure 20:

Figure 20: Key details used in the OTS & RAIDS case summaries.

4.5.3 Case Summaries

The legend for the case summaries is given first in Figure 21, thereafter followed by
an example of a completed case summary, Figure 22. The full set of 35 case
summaries is provided in Appendix C.

•A written case ID was generated to convey case information
rather than just a numeric id. The Case ID defines:
• the selected case number (1-35),
•study from where the case was chosen from (OTS/Raids),
•Max Severity in the collision and Collision classification
(interaction between the two vehicles or vehicle and road
user).

Case ID

•Physical conditions that can influence the collision and
severity of the collision such as weather, lighting, visibility,
type of road and road surface are considered.

Conditions

•Vehicles or road users involved in the collision.Collision Partners

•Pictorial representation of the scene and collision including
the position of objects and the movement of vehicles that
contributed to the collision. These are illustrative only and are
not to scale.

Scene

•Brief explanation of the collision with reference to the scene
for the ease of understanding.Scenario

•Applying the Haddon Matrix, all the causation factors that led
to collision are classified against:
•Human
•Vehicle
•Environment

Causation Factors

•Countermeasures are assigned to each causation factor that
could have avoided the collision or reduced the severity of
the injuries. Counter measures are classified against:
•Human
•Vehicle
•Environment

Countermeasures
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Figure 21: Legend for OTS & RAIDS case summaries.



Bus collisions and countermeasures

1.1 56 PPR819

Figure 22: Example Case Summary (Case 1).
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4.6 Summary of identification of countermeasures
There are a variety of countermeasures designed to help avoid or to mitigate the
severity of injury in bus collisions. Countermeasures can include countermeasures
designed to address the pre-crash and crash phases. Some examples include:

¶ Advanced Driver Assistance Systems (ADAS)
¶ Pedestrian-friendly frontal structures
¶ Improved field of view
¶ Occupant safety
¶ Human factors
¶ Environment factors

The effectiveness of the countermeasures varies depending on the specific
situations and site locations. Combinations of countermeasures applied together
may prove more effective than isolated countermeasures.
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5 Phase 3: Countermeasures Analysis
The investigators have assigned countermeasures that might help to either prevent
or to reduce the severity of the collisions, based on the specific circumstances of
each collision. It is important to note that multiple countermeasures may be assigned
to each case.

5.1 Stakeholder Input on Countermeasures

5.1.1 Stakeholder questionnaire

A questionnaire was shared with attendees at the Stakeholder workshop in
December 2016. The stakeholders included bus manufacturers and operators. They
were given a presentation about the findings on bus collisions nationally, and the in-
depth investigation of fatal files, alongside some initial work on countermeasures
(Section 3 Phase 1: Collision Analysis). The questionnaire text was as given in
Appendix A. Responses were received from six organisations; four bus operators
and two bus manufacturers. Half the respondents were prepared for their responses
to be published, half were not. Thus, results have not been attributed to any
individual respondent and in the presentation of summaries of results; efforts have
been made to avoid presenting information that would allow the response to be
attributed to a particular stakeholder.

There was general agreement that CCTV, telematics and driver monitoring would
have been significant influences on safety improvements in recent years. These
were sometimes recorded as vehicle improvements and sometimes as driver
improvements. There was also a general consensus that bus driver training had
improved and that this would have been a positive influence. Other measures were
less consistently referred to; several respondents cited better brakes on the bus and
one or two to improved vehicle layout, seat design, interlocks and acceleration
limiting. When it came to bus operation the only factors cited by more than 1
operator were improved route risk assessment and allocating specific buses to
specific routes. Others getting a single mention included staff at stands, radio contact
with driver, improved maintenance and more realistic schedules. However, in the
case of the latter, another respondent suggested evidence with respect to schedule
changes was mixed.

The results in relation to infrastructure measures were also mixed. Improvements to
siting/accessibility of bus stops was cited twice as was an increase in bus lanes,
though one respondent made an exception of contra-flow bus lanes which they
considered an increase in risk. In general, it was considered car and HGV safety had
improved but that motorcycle safety hadn’t and, with the exception of cycle lanes,
nor had cyclist safety.

When considering the potential new countermeasures listed in the questionnaire, the
response provided was numeric (5 best, 1 worst) with text justification. It was
apparent that there were differences in response between manufacturers and
operators; responses from operators were likely opinion-led rather than evidence-led.
All respondents tended to have a preference either for measures that aimed to avoid
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the collision (active), but might interfere in normal driving; or those that didn’t
intervene at all in normal driving, could not avoid collisions but could reduce the
severity of injuries received (passive protection). The responses are summarised in
Table 4.

Table 4: Summary of survey responses for estimated countermeasure
effectiveness.

Countermeasure Average effectiveness

Operator Manufacturer All

Blind spot warning 3 4 3.33

Advanced Emergency
Braking (AEB); Bus to
Vehicle Rear

4.5 4 4.33

AEB for pedestrians and
cyclists

3.25 4 3.50

AEB Left turn 2.75 3 2.83

Automated Emergency
Steering (AES)

2.5 2 2.33

Pedestrian friendly front 3 2.5 2.83

Runover prevention
structure

3 2 2.67

Direct vision 3.75 3 3.50

Interior design 3 2.5 2.83

Average Active 3.27 3.4 3.27

Average Passive 3.19 2.5 2.96

Broadly, the respondents considered that AEB for vehicle to vehicle collisions and
pedestrian frontal collisions would be quite effective, as would blind spot warnings.
However, AEB for left turns was considered less effective. One operator suggested a
fatigue monitoring/warning system as an addition to the list that they considered
would be highly effective. The bus manufacturers tended to prefer the active safety
measures to the passive measures, whereas overall the operators were more even.
However, it should be noted that one of the four operators thought that all except
vehicle to vehicle AEB would be highly ineffective rating all active measures apart
from this as one and all of the passive countermeasures as five. In the absence of
this result, the remaining operators would have favoured active measures in a similar
proportion to the bus manufacturers.

A variety of subjective explanations for the scoring were received. For active
systems they were generally thought to have much potential but concerns were
expressed about the number of false positives, the potential for warnings to be
distracting, and how drivers would feel about control taken away. The left turn
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problem was considered less frequent than frontal and ‘more for trucks’. In relation to
the passive measures, the comments were varied. Some thought them highly
effective, capable of preventing lots of KSIs. Others were more sceptical, suggesting
the benefits might be limited because performance was already good, avoidance
was preferable to injury mitigation and integrating into design and operation could be
complex.

All but one bus operator considered that the feasibility of countermeasures was a
matter for manufacturers and did not respond. The two vehicle manufacturers
resulted in the following range of results for when they considered each system
would be in full production. Where the two responses disagreed they have been
presented as a range:

¶ Blind spot warning: 2020
¶ AEB Bus to Vehicle Rear: 2018
¶ AEB for pedestrians and cyclists: 2020-2026
¶ AEB Left turn: 2020-2022
¶ Automated Emergency Steering (AES): 2024-2026
¶ Pedestrian friendly front: 2020 - 2026
¶ Runover prevention structure: 2022-2026
¶ Direct vision: 2020
¶ Interior design: 2020

The vehicle manufacturers also identified the following barriers to introduction, as
described in Table 5:



Bus collisions and countermeasures

1.1 61 PPR819

Table 5: Barriers to introduction of countermeasures based on survey
responses from Bus manufacturers and operators.

Measure Barriers and constraints

Blind spot warning Systems available with complex integration

Advanced Emergency
Braking (AEB); bus to
vehicle rear

Liability if a passenger gets injured in the occurrence of a false
positive, or even in a true positive where a collision is prevented
(how to prove this was the case)

AEB for pedestrians
and cyclists

Complex and difficult to perfect and integrate and liability issues
as for AEB BVR

AEB left turn Integration can be complex. Must have blind spot detection as
AEB already fitted. Safety ratings of blind spot detection must
be considered to enable AEB, especially with pedestrian and
cyclist detection

Automated
Emergency Steering
(AES)

Steering system availability as well as development and
integration cost and complexity

Pedestrian friendly
front

Limitations based on legislative requirements (e.g.
manoeuvrability), while maintaining a usable vehicle for London
routes

Runover prevention
structure

Very difficult, never considered before, full concept
development required

Direct vision Already very good, some minor improvements possible

Interior design Already very good. Further research, design and simulations
must be completed first to validate that any changes really
provide a safety benefit

One vehicle manufacturer provided an estimate of costs but did not wish for this
information to be published. In the absence of information from any other source with
which to merge and anonymise the data in wider ranges or averages, no information
on the costs can be presented. It was noted that the degree of difficulty in integration
would provide the best indicator of possible magnitudes of cost as this early stage.

5.1.2 Bus Collisions Workshop

A workshop was held on 5th December 2016 for bus manufacturers and operators.
The purpose of this was to review the collision data and identify how to fill any gaps
in knowledge and to understand the countermeasures currently implemented.
Another discussion topic for the workshop was to review the countermeasures
identified by the analysis of bus collisions, specifically by considering these
questions:

¶ What other countermeasures do participants foresee?
¶ What barriers are there to implementation?
¶ When might solutions be technically feasible?
¶ How would they affect operations?
¶ Are there any synergies from grouping of measures?
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This workshop raised some questions, and gathered some feedback, all of which
has been integrated into the previous sections of the report in section 3 and 4, and
into the following analysis of countermeasures in section 5, so will not be discussed
in further detail in the this section.

5.1.3 Human Factors & Behaviour Change Workshop

On 13th February 2017 a Human Countermeasures workshop was held at TfL with
the aim of informing stakeholders about the human factors and behaviour change
elements that need to be considered when thinking about the implementation of bus
countermeasures. The stakeholders in attendance included bus manufacturers and
operators. The workshop began with an introduction to the topic, and the slides are
in Appendix E. The key topics covered were:

¶ Introduction to human factors
¶ Training, campaigning, and behaviour change

o Can’t we just train people to behave differently
o Campaign examples
o Behaviour change models and research examples

Two interactive sessions were then held. These invited participants to consider some
of the countermeasures that had been suggested in the wider project from a human
factors perspective, and for the stakeholders in attendance to consider:

1) What are the barriers and enablers?

2) Pick one ‘quick win’, one medium and one long term countermeasure

There is a long list of countermeasures and it was not feasible to discuss them all,
but a handful of them were considered and the discussions are summarised in Table
6 for the vehicle countermeasures and in Table 7 for the human countermeasures.






















































































































































































































































































































































