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1 Introduction

This document recognises that the bus industry may come up with vehicle safety 
enhancing features that have not been foreseen by Transport for London’s Bus 
Safety Standard, or they may come to market early with features that were expected 
to be introduced later such that the main standard does not yet include the 
necessary technical requirements, test procedures and performance values. TfL 
wishes to encourage such innovations and to provide consistent targets to 
innovators so that they know what TfL is trying to achieve and what their innovation 
will need to do, and what proof will be needed, for TfL to consider allowing or 
requiring it on London buses. From TfL’s perspective it is intended to encourage 
innovators to focus on the issues that will really help meet their safety targets and 
avoid time and resources being spent on less beneficial innovations or those that 
may be beneficial in other areas but not work for the London bus market. From a 
supplier perspective, this forms part of efforts to give suppliers more confidence that 
a market will exist for safety innovations to help secure the investment necessary to 
develop them.

The wide range of innovations that could be presented means that it is not possible 
to determine in advance exactly what tests of the innovation will be required, so the 
aim is to provide a robust process together with important considerations for any test 
programme to allow a more detailed specification to be determined.

The aim of this document is to help applicants to understand these issues and to 
help applicants understand the process involved in applying for the challenge and 
how their applications will be evaluated to select the most promising for further 
development.

To be eligible for the Innovation Challenge, all applications must be a joint 
submission between the innovation developer and a London bus operator. 
Application forms will be distributed to bus operators to ensure that they are fully 
involved in the process.

Examples of completed applications will be provided to give further guidance on 
what a good application would look like and what an application with limited quality 
looks like.
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2 Scope & Eligibility

The innovations that are considered in scope of this competition are:

• New products or solutions which have not previously been considered or 
trialled by TfL.

• Products which are included in the first phase of TfL’s Bus Safety Standard1, 
but for which TfL has not already published a performance-based 
specification. For ease of reference, these are: Advanced Emergency 
Braking, pedal application error, front and nearside warning systems, and 
interior improvements (except flooring).

TfL will not consider:

• Products which are already part of the Bus Safety Standard, and for which TfL 
has already published a performance-based specification. 

• Products which have already been trialled on London buses as part of a 
formal agreement with TfL such as through the Bus Safety Innovation Fund 
(unless they have changed significantly, for example if new features have 
been added). 

To be eligible for the Innovation Challenge, all applications must be a joint 
submission between the innovation developer and a London bus operator. The 
innovation developer can be any organisation with an appropriate innovation and the 
means to develop it into a production standard product.

Eligibility for the Innovation Challenge will also be reliant on joint financial 
submissions between the innovation developer, London bus operator and TfL. TfL 
will provide funding for the independent analysis of the projects’ results and will 
consider requests for project management support as required, if this is cost 
effective. Any such requests will be reviewed on a case by case basis.

Application forms will be distributed to operators on 12th April 2019.

Further details on scope and eligibility may be provided in individual calls for 
innovations, published separately, alongside details of timing and available funding 
(if any).

  
1

http://content.tfl.gov.uk/bus-safety-standard-executive-summary.pdf  
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3 Definitions

For the purpose of this Protocol:

• Applicant: OEM bus manufacturer, tier one suppliers to bus OEMs,
aftermarket suppliers or other innovators seeking recognition for their 
innovation in partnership with a London bus operator.

• Evaluation Panel: A committee of relevant TfL staff who will evaluate 
applications, independent technical assessments and results and decide on 
which applications will progress at each stage.

• Independent technical assessors: Relevant technical experts not part of TfL 
or any organisation involved in any of the applications in any given call for 
innovations

• Innovation: The device, system, component etc that is to be assessed under 
this protocol for suitability as a safety feature on London buses.

• Test Service: Any independent organisation involved in undertaking testing
and assessments of the innovation.

4 Assessment and support of innovations

4.1 Process Overview

The innovation challenge process can be divided into two stages: the application, 
and the outcome stages. 

More details about each stage of the process are provided below.

4.2 Support and funding available

TfL will welcome applications in respect of innovations at any stage of the design 
cycle from concept to full production. The aim of the challenge is to provide an 
objective and consistent mechanism by which TfL can assess the degree to which 
new technology not already required as part of the Bus Safety Standard, can 
contribute to TfL’s incident and casualty reduction objectives. 

The main incentive to industry for participating in this challenge is that it will provide 
a clear route to market for any vehicle safety technology that can, at proportionate 
cost, have a substantial impact on the number and/or severity of collisions involving 
London buses.

TfL will not fund the development of innovations. However, TfL recognises that they 
require considerable evidence of the cost effectiveness of systems before they will 
specify them on vehicles and that generating this evidence can be costly and may 
not be something that those proposing innovations are very familiar with. TfL will, 
therefore provide funding to support the analysis of test and assessment results 
required to produce the strong technical evidence that they require. It will be up to 
the applicant to propose what level of support is required and they must demonstrate 
in their application that the proposed analyses are both robust and cost efficient and 
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why the proposed analysis approach was selected instead of other alternatives that 
might be available.

TfL will consider requests for additional funding support (for example for project 
management activities where applicants would otherwise have significant difficulties 
managing the process required). These will be assessed on a case-by-case basis.

4.3 Assessment 

4.3.1 Application stage

Applicants must complete a standard application form making sure they explicitly 
answer all the questions asked. It should be noted that applications are welcomed in 
respect of innovations at any stage of development.

The applications will be assessed in a three-stage process as illustrated in Figure 1.

Figure 1: Application process diagram

• Eligibility check: TfL will check that applications meet their criteria for scope 
and eligibility.

• Independent technical assessment: A small number of independent technical 
experts will review each application, looking for evidence that the innovation 
has the potential to be of substantial benefit if fitted to London’s buses and for 
evidence that the proposed product development and evaluation will be 
sufficiently robust to ensure the safety potential is achieved in service and to 
allow TfL to make properly informed decisions. Assessors will have a dual 
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role: to help TfL select the best proposals and to help applicants develop their 
idea. Constructive feedback will be provided to all parties.

• TfL Evaluation panel: TfL will undertake a combined assessment of the 
innovation considering the technical merit, accounting for the independent 
technical assessment, and how well it meets policy and commercial goals. TfL 
will be looking for evidence that the funding provided will be well spent and 
that the fully developed innovation will be cost effective and will not unduly 
constrain operations. TfL reserves the right to take a ‘portfolio’ approach. This 
may result in selection of an innovation tackling a smaller safety problem over 
another tackling a larger problem, if this means that TfL are supporting a more 
balanced portfolio of potential solutions, better distributed across all the safety 
problems experienced by London buses. This might mean that while some 
bids will have merit to proceed, funding limitations will mean not all are taken 
forward.

Where applications are not successful, applicants shall receive a short, written 
explanation of the reasons for the decision and highlighting areas where changes in 
design or approach may improve the innovation.

Where innovations are deemed successful, TfL will support the progression of the 
innovation to a development and evaluation phase and will provide funding to 
support the independent analysis of the results of the evaluation.

4.3.2 Project Outcome stage

The TfL panel will consider the full results of the development and evaluation, 

including the independent technical evaluation and will decide on the appropriate 

course of action. Acceptance of an application to evaluate an innovation does not 

guarantee that TfL will act to increase fitment of that innovation on London buses. 

The evaluation must show that the innovation will bring significant safety benefit at 

reasonable cost and without excessive impact on operation. Thus, any one of the 

following outcomes remain possible:

• No further action

• Not eligible for the London bus fleet

• Explicitly permitted on the London bus fleet (new vehicles and/or Retrofit)

• Bus Safety Standard is updated to include a performance-based specification 

that requires all London buses (at new build and/or refurb/retrofit) to comply

with that specification. 

Where relevant, innovators may be provided with guidance on what changes to their 
technology would be required for TfL to consider permitting it.
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Figure 2: Project outcome process diagram
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5 Information that TfL requires

TfL needs to establish an understanding of the innovation and how effective it will be 
at meeting their policy goals at reasonable cost and without excessive operational 
constraint. TfL understands that innovators may consider some of this information
(e.g. design details or costings) commercially sensitive and will treat the information 
provided in this application as strictly commercially confidential. However, if the 
application is successful, TfL will consider that the results of the independent 
assessment of the test and evaluation process (section 5) to be an output of the 
project that is supported by TfL funding and will publish these results. Thus, by
submitting an application for the Innovation Challenge you are accepting that, if you 
are successful, you agree that any results or data output from the trial as required
may be published at TfL’s discretion.

5.1 Section 1: Innovation description

Applicants will be expected to provide a comprehensive technical description of what 
the innovation does, how it works, how it might affect the driving task, and 
maintenance requirements etc. For example:

• Is it a completely new technology or a new application of an existing 
technology?

o Are there any restrictions on its use?
• Functionality: what does it do?

o Does it help a driver to avoid a collision or reduce the severity of 
collision? How does it achieve this?

o Once a collision has occurred does it help reduce the severity of 
injuries received? How does it achieve this?

o Is the innovation passive or active? A passive system is always there 
and has a fixed set of characteristics that do not change, for example a 
crumple zone on a car. An active system will change its characteristics 
based on information about the collision, for example, an airbag that 
inflates only when certain acceleration limits are exceeded, or a 
warning that is issued only in certain driving circumstances.

o Does the system rely on communicating information to the driver to 
encourage the correct action, or is its action independent of the driver’s 
behaviour?

o Is the presence of the system likely to create any undesirable 
behavioural change in the driver?

• Functional safety: describe the steps taken to ensure systems fail safe and, 
where relevant, avoid incorrect decisions (e.g. false positive, false negative).

• Relevant components
o Describe the main components of the system, their properties or 

materials
o Outline the durability of components and any ongoing maintenance 

requirements
• Intended availability

o Which make/model/variants of bus will it be fitted to?
o Is it available for integration in new build by OEM prior to purchase, or 

aftermarket fitment by an operator/supplier, or as retrofit to an existing 
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bus fleet? Where applicants are not the bus OEM, they should describe 
how they will ensure that the innovation is safely integrated in the 
vehicle to a high standard of operational and aesthetic finish.

o Where innovations are not to be sold direct to Bus OEMs or to 
operators as part of the capital cost of a vehicle, then the applicant 
should describe the proposed business model (e.g. subscription 
service).

o Any restrictions in terms of patents and/or intellectual property should 
be clearly identified.

5.2 Section 2: The safety problem being addressed

Applicants should define the safety problem the innovation is intended to avoid or 
mitigate. For example, does it help to avoid collisions involving pedestrians crossing 
the road in the front of a bus, or to protect bus occupants in the event of a collision?

TfL has implemented a vision zero approach to deaths and serious injuries on 
London’s roads; innovations reducing the frequency and/or severity of these 
relatively rare events is therefore a key objective. Reductions in low severity 
collisions that occur very frequently are also important to achieving these aims. 
Innovations aimed at either of these objectives are encouraged. 

To help direct the efforts of applicants, the following high-level table of collision data 
has been produced based on data available for London from the Great Britain 
national collision database, known as STATS19, as shown in Table 1 and Table 2, 
below. 

To help balance the objectives relating to death and serious injury with the objectives 
relating to minimising high frequency, low severity collisions, the casualty figures 
have been monetised in accordance with standard Department for Transport 
casualty prevention values2. In general, innovations that work in collision types with 
large casualty prevention values are of higher priority than those tackling collision 
types with lower values, but all innovations will be considered if it can be shown that 
costs are likely to be proportionate to casualty prevention value when fitment across 
the fleet is considered. 

  
2

https://www.gov.uk/government/statistical-data-sets/ras60-average-value-of-preventing-road-
accidents
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Table 1: Casualty prevention value attributed to different collision types in London, based on STATS19 data from 2006-15
(£millions)

Casualty type Collision type Fatal Serious Slight KSI Total

Bus 
Occupants

Total £23.94m £202.36m £199.94m £226.30m £426.24m

Injured in non-collision incidents - Standing passenger £14.73m £88.56m £82.58m £103.29m £185.87m

Injured in non-collision incidents - Seated passenger £1.84m £34.55m £46.77m £36.40m £83.16m

Injured in non-collision incidents - Boarding/Alighting/Other £5.52m £43.45m £20.88m £48.98m £69.86m

Injured in collision incidents £1.84m £35.80m £49.72m £37.64m £87.36m

Pedestrians

Total £198.9m £168.8m £47.8m £367.7m £415.5m

crossing in front of a bus travelling on the main road £86.5m £87.5m £18.5m £174.1m £192.5m

Injured by a bus turning left or right £44.2m £16.6m £4.4m £60.7m £65.1m

Injured by a bus moving off from rest £25.8m £19.0m £6.9m £44.8m £51.7m

Injured in other collisions with a bus £42.4m £45.7m £18.0m £88.1m £106.1m

Car Occupants

Total £47.9m £33.9m £35.8m £81.8m £117.6m

Injured in head on collisions with a bus £22.10m £9.52m £2.97m £31.61m £34.58m

Injured when front of bus hits rear of car £5.52m £3.72m £9.14m £9.25m £18.39m

Injured in other collisions with a bus £20.25m £20.69m £23.70m £40.95m £64.65m

Cyclists

Total £14.73m £36.42m £17.50m £51.15m £68.65m

Injured in collision with a bus travelling along the road £7.37m £12.21m £6.03m £19.57m £25.60m

Injured in a collision with a bus turning left or right £7.37m £7.45m £3.16m £14.81m £17.97m

Injured in other collisions with a bus £0.00m £16.76m £8.31m £16.76m £25.07m

Motorcyclists

Total £12.89m £17.59m £8.42m £30.48m £38.90m

Injured in collision with a bus travelling along the road £9.21m £6.83m £2.68m £16.03m £18.71m

Injured in a collision with a bus turning left or right £1.84m £5.38m £2.36m £7.22m £9.58m

Injured in other collisions with a bus £1.84m £5.38m £3.38m £7.22m £10.60m

Other Total £5.52m £6.00m £5.39m £11.52m £16.92m

Total £303.82m £465.14m £314.85m £768.96m £1,083.81m
Values represent the total casualty value for the 10-year period displayed.
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Table 2: Casualty prevention value attributed to different collision types in London, based on STATS19 data from 2006-15 
(%)

Casualty type Collision type Fatal Serious Slight KSI Total

Bus 
Occupants

Total 2.2% 18.7% 18.4% 20.9% 39.3%

Injured in non-collision incidents - Standing passenger 1.4% 8.2% 7.6% 9.5% 17.1%

Injured in non-collision incidents - Seated passenger 0.2% 3.2% 4.3% 3.4% 7.7%

Injured in non-collision incidents - Boarding/Alighting/Other 0.5% 4.0% 1.9% 4.5% 6.4%

Injured in collision incidents 0.2% 3.3% 4.6% 3.5% 8.1%

Pedestrians

Total 18.3% 15.6% 4.4% 33.9% 38.3%

Crossing in front of a bus travelling on the main road 8.0% 8.1% 1.7% 16.1% 17.8%

Injured by a bus turning left or right 4.1% 1.5% 0.4% 5.6% 6.0%

Injured by a bus moving off from rest 2.4% 1.8% 0.6% 4.1% 4.8%

Injured in other collisions with a bus 3.9% 4.2% 1.7% 8.1% 9.8%

Car Occupants

Total 4.4% 3.1% 3.3% 7.5% 10.9%

Injured in head on collisions with a bus 2.0% 0.9% 0.3% 2.9% 3.2%

Injured when front of bus hits rear of car 0.5% 0.3% 0.8% 0.9% 1.7%

Injured in other collisions with a bus 1.9% 1.9% 2.2% 3.8% 6.0%

Cyclists

Total 1.4% 3.4% 1.6% 4.7% 6.3%

Injured in collision with a bus travelling along the road 0.7% 1.1% 0.6% 1.8% 2.4%

Injured in a collision with a bus turning left or right 0.7% 0.7% 0.3% 1.4% 1.7%

Injured in other collisions with a bus 0.0% 1.5% 0.8% 1.5% 2.3%

Motorcyclists

Total 1.2% 1.6% 0.8% 2.8% 3.6%

Injured in collision with a bus travelling along the road 0.8% 0.6% 0.2% 1.5% 1.7%

Injured in a collision with a bus turning left or right 0.2% 0.5% 0.2% 0.7% 0.9%

Injured in other collisions with a bus 0.2% 0.5% 0.3% 0.7% 1.0%

Other Total 0.5% 0.6% 0.5% 1.1% 1.6%

Total 28.0% 42.9% 29.1% 70.9% 100.0%
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All of the above data is based on an aggregate of 10 years of collision data but at a 
high level. Considerable additional detail is available from the STATS19 database in 
relation to London and is available to download from the following LINK3.

It is, therefore, possible to select the collision scenarios in which the innovation is 
expected to have a benefit at a more detailed level than shown in the tables above.
The groupings influenced by the innovation (e.g. bus v cyclist, bus v pedestrian) can 
be refined by filtering according to collision variables such as vehicle manoeuvres, 
impact points, junction types, weather and lighting conditions etc. Any such filters 
applied should be justified in the application.

Given that the data covers a 10-year period, it can be beneficial to assess if there is 
any significant trend in the data to indicate whether the safety potential is growing, 
shrinking or staying about the same.

In addition to the required STATS19 analysis, applicants may include evidence from 
more detailed collision data, for example, the road accident in-depth study (RAIDS) 
sponsored by the UK Department for Transport and administered by TRL limited. 
This is useful for identifying the safety potential in more detail in areas where the 
information available from STATS19 is limited, for example in terms of collision
speed. 

STATS19 is known to under-represent low severity collisions and completely 
excludes damage only incidents and incidents that occur off the public road. For this 
reason, for innovations intended to benefit high frequency low severity incidents, or 
for example, incidents that more commonly occur in bus depots than on the public 
road, use of the IRIS data held by TfL should be considered.

Analysis of collision data is a specific skill and errors in the approach can give 
misleading answers that may lead to consequential design errors. Expert assistance 
in such data analysis is available from a variety of sources, and TfL can provide 
contacts on request.

Applications that include a robust quantification of the types of collisions that might 
potentially be influenced by the innovation will be viewed more favourably than those 
that provide overly simplistic data or do not quantify the potential at all.

There are approximately 9,300 buses in use in London and applications will be 
considered more favourably where evidence is presented to suggest that the cost of 
equipping those vehicles with the new safety feature (either via full or partial retrofit 
and/or installation on new vehicles) will not exceed the casualty prevention value 
associated with the population of collisions that the measure targets.

5.3 Section 3: Proposed product development activities

Applications will be considered at different stages of market readiness, from early 
prototype to fully developed product. Although the costs of product development will 
be borne entirely by the applicant, TfL require information at application stage about
what product development activities will be undertaken prior to the testing and 
evaluation of the system’s safety and operational effectiveness. TfL are looking for 
confidence that by the time the product is subjected to the testing and evaluation 
procedures it will be sufficiently developed to have a good chance of doing well. 

  
3

https://data.gov.uk/dataset/cb7ae6f0-4be6-4935-9277-47e5ce24a11f/road-safety-data
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Applicants that show strong commitment to developing a robust product that meets 
the specific needs of London buses will be viewed more favourably than those that 
appear more speculative in nature.

Applications are welcome in relation to products that are more mature and have 
already undergone extensive development or are fully developed and in production 
in other vehicle types or in other regions, such that they are still new to London 
buses. In these cases, applicants should summarise in their application the extent of 
product development already undertaken so that like for like comparison can be 
made with proposals relating to earlier stage products.

5.4 Section 4: Proposed stakeholder engagement

For new safety measures to be quickly adopted within London’s bus fleet, they must 
be accepted by a broad range of stakeholders, including but not limited to: bus 
manufacturers, bus drivers, passengers, other road users, operation and 
maintenance staff, staff unions and in some cases perhaps campaign, policy, or 
operational groups considering other areas of bus performance (e.g. environmental 
or economic). Requiring applications to be a partnership between an innovator and 
an operator is intended to place the experience of the operator at the disposal of the 
innovator in these matters.

Applicants should demonstrate to TfL how they will engage with relevant 
stakeholders to ensure that their innovation not only has strong safety benefits but 
can also be successfully implemented without excessive adverse impact on other 
aspects of bus performance or any stakeholder group.

Where mature products have already been subject to stakeholder engagement, the 
applicant should summarise the extent and result of that process, explain how the 
results of that can be applied specifically in a London bus context and justify 
whatever level of London bus specific stakeholder engagement that they propose.

5.5 Section 5: Proposed test and evaluation procedures

This chapter will explain how the proposed test procedures, evaluation criteria and 
performance assessments provide credible evidence that the innovation will fulfil its 
expected potential in real world service. It will show why the chosen assessments 
are the most suitable methods for the demonstration and that they were robustly 
applied, and the measured performance is likely to translate to real world 
effectiveness. The level of technical detail provided must be sufficient for TfL to 
understand what circumstances and environment the system was tested in, and 
whether state-of-the-art methods were correctly applied.

TfL requires the performance of all innovations to be independently verified. 
Applications where the proposed validation methods, criteria and limits are well-
documented, relevant and credible will be viewed more favourably than those where 
such procedures are not defined, vague, less relevant to the specific setting of 
London buses or use less robust methodologies. Preference is given to the use of 
open, accepted standards (e.g. ISO, SAE etc), wherever suitable examples exist.

It is not possible to prescribe in this guidance, the exact methods that should be 
used, because the innovations presented as part of this challenge may possibly 
cover a huge range of different systems acting in completely different ways. In order 
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to provide some guidance to applicants, a selection of important considerations in 
the choice of test procedures are presented:

5.5.1 Representative or controlled? 

The assessment should be as representative as possible of real service and the 
problem it is trying to solve. However, it must also be well controlled to ensure it is 
measuring the effect only of the innovation and not of other variables that may also 
be changing at the same time. In terms of representation, a road trial may be the 
ideal assessment. However, road trials can be hard to control and where the 
circumstances in which the innovation is expected to be of benefit are relatively rare, 
it may not in fact be a true measurement of performance. Conversely, proving 
ground, laboratory tests, or computer simulations can be very controlled and can 
enable performance to be assessed in critical and dangerous situations that cannot 
be deliberately provoked on the public road. However, they are inevitably less 
realistic, though the best methods can remain very good in this respect.

5.5.2 Picking appropriate methodologies

Different test types will suit different applications. For example, innovations that 
affect a general performance factor can be tested in isolation. For example, if an 
innovation affects brake performance then brake performance will affect a whole 
range of collision types and it would be impractical to test the effect in all of those 
different scenarios. Thus, a simple test of stopping distance or stability under braking 
would be appropriate. However, other innovations may use complex systems to help 
prevent very specific types of collision. It would be dangerous to provoke these real 
collision circumstances on the road so controlled tests on a proving ground would be 
the appropriate method, using simulated vehicles or vulnerable road users (soft 
targets) as appropriate to ensure the test can go right to the point of impact if need 
be without affecting test safety. Finally, other innovations may seek to protect people 
in the event of a collision. This type of system may be amenable to some form of 
impact test with a full crash test dummy, or a component body part of one, impacted 
with the innovative component under conditions designed to replicate a real-world
collision in a crash laboratory.

5.5.3 Is the influence of the innovation on human behaviour critical to the 
effectiveness of the innovation? 

If so, then undertaking specific human factors assessments using a group of 
subjects should be considered. The sample of test subjects used must be 
representative of the population the innovation intends to influence and must be 
large enough to allow statistically significant results. The methodology used shall be 
a case/control methodology to show how the innovation changes behaviour 
compared with a control group not exposed to it. Wherever possible, objective 
measures of performance shall be taken, for example reaction time, successful 
execution of a manoeuvre etc., and not just the subjective views of the participants. 
The experimental situation shall be as representative of real life as possible while 
remaining safe for participants. It must also be sufficiently challenging that a 
significant proportion of the control group will exhibit the undesired outcome such 
that there is the opportunity for an innovation to improve performance over the 
control group. The experiment shall be designed bearing in mind the possibility for 
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participants behaviour to change as a consequence of learning during the study, 
fatigue, awareness of the test environment (drivers on best behaviour, or with lower 
mental or physical workload than normal) etc. Such studies can be undertaken on 
the public road, in a closed test track environment, or in driving simulators, 
depending on the exact requirements in each case. If gathering the subjective views 
of the participants, then a formal questionnaire structure should be used to ensure 
that useful data is collected, with variables isolated. There are a range of suitable 
questionnaires available that can be adapted, or a new one can be carefully created 
if necessary. It is important that questions do not lead the answers given, and that 
there is no bias. 

The bus industry has many buses at its disposal and often the easiest way to assess 
a system is by fitting it to an in-service bus in a road trial. This can be very effective,
but it can also be very misleading if poorly designed. Below are some considerations 
that should be incorporated in the design of an effective road trial:

5.5.4 Sample size and methodology

When designing a road trial, the number of buses the innovation is fitted to and the 
duration of the trial is critical to its success. If a system is intended to prevent 
pedestrian crossing fatalities it is not sufficient to fit it to one bus for 6 months and 
show that no pedestrian crossing fatalities occurred. It is highly likely that none would 
have occurred even without the intervention. Wherever possible, trials should use a 
case/control methodology, preferably a ‘blind’ study where key participants such as 
drivers do not know whether they are in case or control group or even where they do 
not know they are in a trial. Applicants should assess how often the casualties within 
the ‘safety potential’ or ‘target population’ occur per bus mile and design a trial of 
sufficient size that an absolute minimum of 10 casualties would be expected in the 
control group and the case group is at least that large.

As an example, in London there are about 490 million bus km per year from about 
10,000 buses so on average 49,000 km/year/bus. If the type of incident that the 
innovation is intended to prevent occurs once every 100,000km (based on accident 
data analysis), then to achieve 10 incidents within the scope of a road trial, it would 
be necessary for at least 1 million km to be driven in each of the case and control 
groups. This equates to 40 buses running for 1 year, or 80 running for 6 months, etc

5.5.5 Isolating the variables

If any difference in casualty rate per km from the case/control trial is to be attributed 
to the performance of the innovation assessed, it is important that other variables
that might influence the risk of that type of collision are controlled such that they are 
equal in both case and control group. For example, incident rates on different 
London bus routes can be widely different. If an innovation were fitted to all buses on 
one route it may not be fair to compare the incident rate either to the London 
average or another route. Similarly, exposure in terms of day of the week, time of 
day, lighting and weather conditions can affect collision frequency. Driver
demographics and other vehicle safety features should also be as similar as possible 
between case and control groups. If innovations are fitted only to new double deck 
buses of one make and model then the control group should be formed on the same 
new, double deck buses but without the innovation. Similarly, studies often use a 
‘before and after’ approach where the ‘before’ period is the control group. Applicants 
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need to be aware that differences between the group are then attributable to the 
measure being applied and all other changes occurring in the same time frame that 
affect collision frequency and severity on those routes. This could include many 
things unrelated to the measure assessed, for example, introduction of more 20 mph
zones, an enforcement campaign targeting car drivers drink driving or using their 
mobile phone etc. Sufficient data must be collected to allow these external factors to 
be considered. Running a trial concurrently where both case and control groups are 
run on the same routes during the same time period is another way of controlling for 
these external variables.

5.5.6 The use of safety proxies

In road trials and human factors experiments on closed tracks or in laboratories, it 
may not be possible to ensure that the actual safety problem is encountered 
sufficiently frequently or can be realistically simulated. In these cases, trials often 
measure the effect of the innovation on different parameters that may be considered 
a proxy for the real safety effect that it is intended to measure. For example, pedal 
confusion happens extremely rarely so would require an enormous road trial to 
rigorously assess and may be difficult to simulate in an off-road environment. So, 
studies may instead examine some proxy measure of driver behaviour that they think 
may be linked to the likelihood of an incident, for example, the proportion of time the 
foot spends over the accelerator and brake. In general, the following approach shall 
be taken to safety proxies:

• Wherever possible the use of proxies should be avoided:

• If proxies cannot be avoided, then the selected parameters should be backed 
up with statistical correlations with the frequency of incidents

• Where no such correlations exist, then a chain of logic, backed as far as 
possible by scientific theory, must be presented that clearly shows why the 
applicant believes an effect on the proxy will translate to an effect on the 
actual incidents.

Some example evaluation procedures are provided in the appendices. These are 
examples only, and are not requirements for all innovations to be assessed by. The 
evaluation procedure for an innovation should be relevant to that innovation. 

Where the innovation has previously been in production in other regions/countries or 
in other vehicle types, statistical information may be available on its in-service
effectiveness, outside of a controlled trial. For example, this may compare an actual 
in-service casualty rate per km for vehicles with and without the technology. 
Inevitably, such data is less controlled than trial data, but it is as representative and 
realistic as it is possible to be. Any analysis of such data has parallels to the 
experimental equivalents above and it is important to ensure as large a sample size 
as possible, isolate the variables as much as possible and to account for the 
expected effect of those confounding factors that cannot be excluded. Studies such 
as this are typically described as showing an association between the innovation and 
a change in casualty rate but not explicitly demonstrating that the innovation caused 
that change in casualty rate.

Where the real-world data is from different regions or different vehicle types other 
differences between those regions or vehicle types should be considered and 
discussed in the dossier. 
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Similarly, data from real world experience can be taken to demonstrate reliability and 
operational implications as well as user satisfaction etc., where applicable.

Where an applicant proposes the use of real-world evidence as part of the end 
evaluation of whether the system is effective or not, the real world evidence should 
be summarised in the application in terms of scope, methods and results and the 
applicant should explain how, in combination of whatever London bus specific 
evaluations are proposed, it will clearly allow robust assessment of likely effects 
when fitted to London buses.

5.6 Section 6: Expected benefits

The dossier should clearly qualify the expected benefit that the innovation is finally 
expected to deliver in London. This expected benefit is based on the safety potential 
or target population that was determined in Section 5.2. However, at this stage it will 
be expected to factor in realistic estimates of how effective it will be based on the 
tests, assessments and real-world experience defined above. So, for example if the 
measure is intended to protect pedestrians crossing in front of a bus and the test 
results show it is effective at impact speeds up to 15 mph when it is not raining and 
in good lighting, then what proportion of that group of pedestrians would be 
protected? Where applicable, this will factor in the proportion of driving time for which 
the system is expected to be available (i.e. accounting for any failures or downtime), 
where it relies on driver activation, the proportion of driving time for which drivers are 
likely to use it, and the effectiveness of the HMI. These factors need to be well 
supported by surveys, test results or other sources.

Additionally, it needs to be shown, how quickly the applicants expect the innovation 
to be able to penetrate the market, by means of expected fitment rates, the time of 
first production and any limitations on production or installation capacity.

5.7 Section 7: Project plan

The information provided for this section does not contribute towards the overall 
scoring during the independent technical assessment. However, it will be used by 
TfL to understand the scope of the project.

Applicants are required to provide a high-level project plan (a Gantt chart or simple 
Excel document is sufficient), with indicative timescales (working days and duration) 
and costs (daily rates and total costs) for each phase of the project such as 
development & installation, data collection, analysis, project management etc. 


