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What is FLOURISH?
FLOURISH is a multi-sector collaboration, helping to 
advance the successful implementation of connected 
and autonomous vehicles (CAVs) in the UK, by developing 
services and capabilities that link user needs and system 
requirements, maximising the benefits of CAVs for users 
and transport authorities. The three-year project is worth 
£5.5 million and is co-funded between industry and the 
Centre for Connected and Autonomous Vehicles (CCAV). 
It is delivered in partnership with Innovate UK. It is part of 
the government’s £100 million Intelligent Mobility Fund, 
supporting the Future of Mobility Grand Challenge.
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Executive Summary

Connected and Autonomous Vehicles (CAVs) are expected 
to play a key role in the future of transport. They have 
the potential to address key safety issues associated with 
human driven vehicles, and to increase accessibility and 
inclusivity, addressing some of the wider socio-economic 
challenges faced by an ageing society. FLOURISH primarily 
focuses on older adults as a specific user group, which stand 
to be early beneficiaries of these new technologies and has 
developed CAV technologies that satisfy their needs and 
provide them with new mobility options and freedoms. 

FLOURISH has taken a user-centred approach in the 
development of CAV technology, focusing on three 
core areas:

• USER EXPERIENCE with the vehicle and how the 
vehicle responds to user needs;

• TRANSFER OF DATA to optimise future transport 
networks; and

• RELIABLE AND CYBER-RESILIENT COMMUNICATION 
between vehicles and other transport infrastructure.

FLOURISH has conducted literature reviews, focus groups, 
laboratory testing, car connectivity trials and participant 
simulator and pod trials. A total of eight trials were carried 
out in simulated and real-world environments. 

FLOURISH has yielded important findings to support the 
safe and inclusive introduction of CAVs onto the UK road 
network. FLOURISH has generated an understanding of 
some of the key human-centred design requirements by 
engaging with the end-user to co-design solutions and 
test them. This has provided invaluable insights into what 
older adults need from CAVs: the interface between the 
user and the CAV needs to be uncluttered, highly intuitive, 
and require little input. Additionally, older adults engaged 
with the CAV and its Human Machine Interface (HMI) more 
effectively when they received spoken, audio instructions 
and information rather than only written communication. 
However, a combination of both audio and written 
communication had the most positive impact.

Focusing on the communications between CAVs and 
roadside infrastructure, FLOURISH established a baseline of 
services for the maximum range, quality of signal coverage 
and the time it takes for messages to be received under a 
range of operational environments. Based on theoretical 
models and real world trials, the maximum distance for the 
successful communication of messages was found to be 472 
metres, with some non-line-of-sight coverage achieved.

Likewise, transmission reliability, measured in terms of the 
awareness horizon, showed a rapid drop-off in the delivery 
of reliable communications beyond 120 metres. 95% of all 
messages were received within 50 milliseconds. With its 
varied topography, the results proven in Bristol are directly 
transferable to other cities across the country, in both even 
and more challenging terrain.

The car trials included a large-scale performance 
investigation for the feasibility of operating an ITS-G5 
system over unlicensed frequency bands normally used 
by WiFi systems only. Usually seen as an enabler of indoor 
connectivity, its low frequencies can enable data to be 
effectively transmitted over longer distances. The benefit 
of using 2.4GHz WiFi frequency is increased range, which 
is particularly beneficial for Vehicle to Infrastructure (V2I) 
connectivity. Increased V2I range translates to increased 
safety horizons and reduced infrastructure-build costs. 
Preliminary results suggest that this can be achieved 
with minimal impact on WiFi services. The final car trial 
demonstrated the efficacy and benefits of fog based 
computation. The car trials also demonstrated delivery 
of services over a connected network at the same time as 
ensuring security and privacy over a connected network. 

These results have provided a more profound understanding 
of the communication technology and message 
management requirements to ensure robustness of 
communication. Furthermore, FLOURISH has established 
a better understanding of the communication architecture 
needed to support the robust, secure and resilient 
deployment of CAVs within the wider transport network.

Additionally, FLOURISH has developed an Incident 
Response Framework, a scenario-based approach, enabling 
appropriate mitigation measures to be put in place to 
enable the safe operation of a network of driverless vehicles.

Finally, FLOURISH has made a significant step 
towards enabling improved traffic and network 
management, through the development of solutions 
that utilise connectivity and novel artificial intelligence-
based technologies.

The findings from FLOURISH have provided the foundations 
for the design of a user-centred CAV, ensuring the solution is 
fit for purpose as well as accepted and trusted by users.

5

Dr Wolfgang Schuster
Chair and Technical Director, FLOURISH



6

In 2015, the UK’s innovation agency, Innovate UK 
launched a competition for Connected and Autonomous 
Vehicles Collaborative Research and Development . The 
FLOURISH consortium was successful in this competition 
and became one of the first multi-sector collaboration 
efforts to help advance the successful implementation of 
CAVs in the UK, by developing services and capabilities 
that link people’s actual user needs and CAV related 
system requirements.

FLOURISH is based in the Bristol and South 
Gloucestershire region and is part funded from the 
Government’s £100 million Intelligent Mobility fund, 
which is administered by the Centre for Connected and 
Autonomous Vehicles (CCAV) and delivered by Innovate 
UK. FLOURISH itself has been a three-year, £5.5 million 
collaborative research and development project led by 
design and engineering firm Atkins, member of the 
SNC-Lavalin group.

FLOURISH represents a rich partnership of large and small 
businesses, universities, charities, and local government 
authorities. Drawing on state-of the-art technologies, 
industry expertise and world-class academic research, 
FLOURISH has helped establish the West of England as 
a centre of excellence for the safe trialling of CAV related 
technology, user behavioural response analysis, and 
social research.

Approach
FLOURISH has focused on developing a greater 
understanding of public acceptance and user behaviour, 
particularly with regards to older adults and those with 
mobility-related conditions. It has also considered the 
legal and insurance implications of integrating connected 
and autonomous vehicles onto the road network. By 
adopting a user-centred approach, FLOURISH has 
achieved a better understanding of consumer demands 
and expectations, including the implications and 
challenges of an ageing society.

FLOURISH has systematically assessed users’ responses 
to the introduction of CAVs, using a series of increasingly 
complex trials and laboratory testing. In addition to 
literature reviews, client engagement workshops, 
laboratory testing, and modelled simulations, three types 
of physical trials have been carried out. The simulator and 
pod trials focused on how users interact with CAVs and 
an HMI.

The car trials focused on requirements for the effective 
transfer of data between vehicles and with the roadside 
infrastructure. They also explored the security of 
those communications.

FLOURISH has made recommendations for introducing 
CAVs on UK roads. The implementation of CAVs could help 
unlock numerous benefits to new and existing industries 
as well as people’s everyday life.

Context



7

UK CAV LANDSCAPE  
 
 
 
2015 

• February 2015 – The Pathway to Driverless 
Cars: A detailed review of regulations for 
automated vehicle technologies published 
by the Department for Transport.

• July 2015 – The Pathway to Driverless Cars: 
Code of Practice for testing published by the 
Department for Transport. 

• July 2015 – Centre for Connected and 
Autonomous Vehicles (CCAV) established.

2016

• June 2016 – FLOURISH commences.

• November 2016 – House of Lords Inquiry: 
Connected and Autonomous Vehicles: 
The future?

2017

• March 2017 – House of Lords, Science and 
Technology Select Committee publish 
Connected and Autonomous Vehicles: 
The future?

• March 2017 – Government launches 
competition to establish UK CAV test bed. 

• October 2017 – first reading of Automated 
and Electric Vehicles Bill (AEV Bill) 
in Parliament.

• October 2017 – UK CAV test bed competition 
winners announced.

• November 2017 – Industrial Strategy White 
Paper published with ‘Future of Mobility’ one 
of four Grand Challenges. 

2018

• March 2018 – Government and Law 
Commission of England and Wales and the 
Scottish Law Commission launch a three-
year review of driving laws in preparation for 
self-driving vehicles.

• July 2018 – AEV Bill passed by parliament. 
Titled Automated and Electric Vehicles 
Act 2018.

2019

• February 2019 – The CCAV publish Code of 
Practice: Automated Vehicle Trialling.

• March 2019 – The Department for Transport 
launch the Future Mobility Zones fund aimed 
at trialling and evaluating new mobility 
services, modes, and models at scale.

POTENTIAL BENEFITS 
OF CAVS 

ECONOMIC – 
The overall social and economic benefit of 
CAVs could be valued at £51 billion per year 
by 2030 with the potential to generate an 
additional 320,000 jobs in the UK. 
(KPMG, 2015). 

SAFETY –  
Over 90% of all collisions are caused by 
driver error (National Highway Traffic Safety 
Administration, 2008). 

CYBER SECURITY – 
It is expected that the global market for cyber 
security will grow from £68.6 billion in 2015 
to £109.7 billion by 2020. 
(MarketsandMarkets, 2015). 
 
 
ENVIRONMENTAL – 
CAVs support the ambitions of the UK 
government’s Clean Air Zones initiative, 
which tasks local authorities with an 
imperative to reduce roadside concentrations 
of nitrogen (Department for Environment, 
Food and Rural Affairs, 2017). 
 
 
SOCIAL – 
The population of the UK aged 65 and 
over is approximately 11.4 million, of which 
approximately 3 million are aged 80 and 
over. In future, the proportion of people aged 
65 and over is expected to rise from 17.7% 
currently to 23.5% in 2034. (Age UK, 2015).
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Partners and Objectives

Partner

AXA, a worldwide leader in financial 
services, will provide risk analysis and 
look at the insurance implications 
associated with the cyber security of 
connected autonomous vehicles, as well 
as the liability aspect of system failure/
hacking and data collection/storage.

AXA UK

Partner
Age UK, the country’s largest charity 
dedicated to helping all eleven million 
older people make the most of later 
life, will work with older people to 
ensure that their needs and experience 
are incorporated in the results of the 
FLOURISH programme.

AGE UK

Partner
Bristol City Council is providing 
FLOURISH with access to public roads 
and local road network intelligence.

Bristol City Council

Partner
Aimsun develops and markets their 
integrated transport modelling software 
and Aimsun Online, the market’s only 
simulation-based solution for real-time 
traffic management. The role of Aimsun 
in the FLOURISH project is to assemble a 
simulation test environment in Aimsun 
traffic modelling software to assess 
different connected and automated 
vehicle implementation scenarios.

Aimsun

Objectives • Sees connectivity and user 
interaction as important elements 
in the design of CAVs.

• Improves mobility for older 
people and those with 
mobility-related needs.

• Uses data to keep transport 
networks moving and optimises 
traffic management at a 
regional level.

• Develops cyber secure and 
trustworthy communications to 
support future CAV deployment.
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FLOURISH is about 
empowerment. Focusing 
on user needs and 
experience when using 
CAV technology and the 
effective and cyber 
secure communication 
and transfer of data.

FLOURISH:

Lead partner
Atkins, one of the world’s most 
respected design, engineering and 
project management consultancies, 
is the lead partner of the FLOURISH 
consortium providing project co-
ordination, delivery and intelligent 
mobility expertise.

ATKINS

Partner
Airbus Central R&T, which is the Airbus 
Group network of research facilities, 
scientists, engineers and partnerships, 
will offer expertise in the technology 
areas of Model-based System 
Engineering, Cyber Security, Human-
Machine Interfaces, Human State 
Monitoring, and Data Fusion.

Airbus Central R&T



Supporting partners

Partner
Designability, a research and product 
development charity based in Bath, 
will work closely with other partners to 
ensure the needs of service users are 
met in the delivery of a best practice HMI 
design for older adults.

Designability

Partner
The Communications Systems and 
Networks (CSN) at UoB has 30-year 
track record of conducting academically 
renowned and industrially impactive 
research in wireless communications and 
AI. The group provides expertise in 5G/
DSRC, Security Privacy and Trust for V2X; 
Fog Computing and Network AI.

University of Bristol

Collaborator
Providing input on legal  
and regulatory matters.

Burges Salmon

Collaborator
BRL, the most comprehensive academic 
centre for multi-disciplinary robotics 
research in the UK, contributing their 
expertise in designing CAV technology 
and interfaces for older adults.

Bristol Robotics 
Laboratory

Partner
South Gloucestershire Council provides 
access to public roads and local road 
network intelligence.

South Gloucestershire  
CouncilPartner

A key contributor providing human 
factors expertise to the development of 
several outputs alongside UWE Bristol. 
Cardiff University is also responsible 
for influencing the design of the HMI 
and testing human interactions with 
the HMI and other aspects (e.g. user 
experience of the CAV platforms) 
during and after the trials.

Cardiff University
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Partner
Traverse is seeking to understand 
the needs and experiences of older 
people and those with specific mobility 
needs, with respect to the human 
machine interface in a CAV through 
the engagement of stakeholders and 
the public at different stages of the 
FLOURISH project.

Traverse

Partner
Connected Places Catapult (CPC) 
is helping develop an adaptable 
Human Machine Interface (HMI) and 
implementing this HMI into both a pod-
based simulator and a dynamic pod. 
CPC is also providing the use of a pod 
equipped with a range of CAV sensors 
and designing a flexible pod-interior 
mock-up that allows a wide range of 
simulated user trials to be conducted.

Connected Places 
Catapult

Partner
React AI is a technology start-up 
developing Artificial Intelligence (AI) 
to manage hardware in the physical 
world. React AI are providing AI 
software for on-board sensor-fusion, 
real-time autonomous control of the 
CAV and predictive analytics related 
to traffic networks.

React AI

Partner
Dynniq, a leading provider of intelligent 
transport systems and services, are 
leading the physical trialling activities 
in the FLOURISH project, including 
connectivity testing in the car trials. 
Dynniq will build on its cooperative 
technology to meet security and 
performance standards being developed 
through the project.

Dynniq

Partner
Leading on  assessing user needs and 
experience  of CAVs,  to shape and inform 
the CAV developments undertaken by 
FLOURISH partners, working to improve 
connectivity and mobility for older people 
in the future. Running Pod and Simulator 
trials for the design of accessible HMIs 
and development of the user assessment 
framework for personalised adaptation.

University of the West  
of England
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Project Timeline and Outputs

Figure 1 – FLOURISH Outputs
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The timeline below shows the progression  
of the trials throughout the project.

Summer  
2016
Project  
Start

Autumn 
2016

Background Research – 
Extensive literature 

review and independent 
research conducted.

Summer 
2017

Simulator Trial 1 – Established 
a baseline for measuring older 
adults and CAV technologies, 

including the use of an HMI 
and novel sensors like  
smart wristbands and 
eye-tracking glasses.

Simulator Trial 2 – Gained 
further insight into the HMI user 

experience whilst simultaneously 
increasing HMI functionality.

Car Trial 1 – Tested the 
performance of new vehicle 
communications technology 
and established benchmarks 
for performance and security.

Spring 
2018
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Spring  
2019

Project  
End

Autumn  
2018

Pod Trial 2 – Built upon the 
earlier simulator and pod 

trials, examining older peoples 
trust, situation awareness 
and other measures to 

investigate which functionality, 
adaptability, and usability 

participants needed 
from an HMI.

Summer  
2018

Pod Trial 1 – Focused on 
users interaction with the 
HMI and experience in a 
real-world environment. 

Car Trial 2 – Built on the 
earlier car trial and focused 

on increasing time and 
location accuracy and 
cyber responsiveness.

Spring  
2019

Simulator Trial 3 – Extended the 
scenario conditions experienced by 
previous simulator trial participants, 
including enhanced HMI functionality 

such as voice activation and 
journey modifications.

Car Trial 3 – Further investigated 
the potential of operating CAV 

services and network performance 
in a fog based computing ITS 
communication framework.

FLOURISH has consolidated and extended the 
position of the West of England as a centre of 
excellence for the safe trialling of CAVs, providing a 
road map for the safe integration of CAVs within our 
transport infrastructure. FLOURISH has established 
a core network of RSUs in Bristol city centre that can 
be exploited in future research and development.

FLOURISH has explored how CAV technology could 
be harnessed to enhance and enable mobility for 
older adults. By examining the requirements for 
older adults and those with mobility-related needs, 
people can continue to be independently mobile and 
actively engaged, contributing to the  development 
of a stronger and more inclusive society.

FLOURISH developed technology and services to 
advance the data transfer and communication of 
information between vehicles and with the network, 
allowing network operators and road users of the 
future to make ‘on the move’ choices about the 
network and their journeys.

FLOURISH investigated the secure and trustworthy 
wireless communication of data between vehicles 
and Roadside Units (RSUs), including exploring 
vulnerabilities in the technology powering CAVs. 
FLOURISH developed a range of services and 
products to ensure the secure transfer of data 
and a detailed Incident Response Framework for 
the management of a variety of CAV security and 
communication related issues.



FLOURISH focused on how CAVs 
could bring freedom to those with 

mobility-related conditions.

Monitoring how changes in environment, 
familiarity with CAVs, and levels of trust 

a�ect user experience. 

Human State Monitoring (HSM)

Data Transfer

User Experience Data

Incident Response

Data Transfer

To respond to environment changes 
(signals, junctions, new speed limits, 

road signs or obstructions). CAVs 
engage in continuous data transfer 

with the roadside infrastructure.

RSURSU

CLOUD BASED
COMPUTING

RSU

Roadside Building Unit

The tra�ic control centre 
collects data for the whole 
network, which is used for 

responding to incidents, tra�ic 
monitoring and modelling.

Anomaly 
detection:

Ability to identify 
and classify 

incidents

Incident response 
framework:
Principles for 
responding to 

incidents

NETWORK MANAGEMENT ADVICELIVE NETWORK DATA

Tra�ic control 
centre:

Governed by 
network level 
Rules Engine

Simulation 
and network 

modelling:
To demonstrate 

optimising 
the network

Simulation allows us to
test the deployment of 

vehicles and infrastructure to 
minimise congestion and 

maximise benefits to users 
and city authorities.

FOG BASED 
COMPUTING

FOG BASED 
COMPUTING

Reliable and secure connectivity is 
vital to ensure the safety and 

e�iciency of CAV operations as part 
of the wider transport network.

Data Transfer

Roadside Unit (RSU)

12:49

STOP

11

00:45

Intuitive, simple, adaptable, 
audio visual user interface.

Human Machine Interface (HMI)

The FLOURISH Ecosystem

FLOURISH involves the development 
and trialling of physical and digital 
technologies. Its findings will inform 
the development of future connected 
Smart Cities, which may look like this:
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Human Factors and Social Research
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Objectives
• Understanding what CAV user needs might be.

• Understanding which journeys and journey purpose 
might be addressed by CAVs.

• Understanding how older people expect 
to use CAVs. 

• Understanding how interactions between 
people and vehicles might take place.

FLOURISH INVESTIGATED HOW TO IMPROVE THE MOBILITY OF OLDER 
PEOPLE AND THOSE WITH MOBILITY RELATED NEEDS. 
 
FLOURISH understands the wider societal impact of CAVs 
and focuses on addressing the mobility challenges faced by 
older people and those with mobility-related conditions. 
Through the development of accessible, user-centric 
CAVs, FLOURISH aimed to improve overall quality of life, 
increase transport options, and reduce the risk of social 
isolation and loneliness. A complex series of simulator 
trials, pod trials, and social research focused on people’s 
requirements from an HMI with a CAV, including what it 
would need to look and feel like so that older adults could 
trust in its ability to take them safely from A to B. 

User needs focussing on older adults 
Participants were generally receptive to the idea of CAVs at 
some point in the future. Most can see benefits for those 
less able, or who no longer have access to the mobility 
offered by a car. Whilst some are perhaps less willing to 
acknowledge that they too may be in this situation in their 
later life. There is a reluctance amongst many older people 
to cede complete control to a fully-autonomous vehicle, 
with some wanting to retain some control over operating 
the vehicle. There are also concerns about safety, privacy, 
and security related issues. 

Generally, older people are open to the idea of not owning 
a CAV, but instead using a taxi style CAV service. However, 
they are reluctant to share these CAVs with strangers during 
their actual journey and would appreciate the ability 
to use vehicles of different shapes and sizes to fit their 
journey purpose.

Simulator and pod trials
Three simulator and two pod trials involving 145 older 
participants (age ranging from 58 to 90 years old) were 
tested in the physical trials. 

FLOURISH experimented with ways of implementing 
a Human State Monitoring (HSM) system, undertaking 
ground breaking research into the use of non-contact 
sensors to interpret passenger’s experiences.

 
The trials showed that user trust and comfort within CAVs 
depended on the method of communication between 
the CAVs and participants. The trials highlighted the 
importance of a vehicle being capable of communicating 
what it is doing in a sufficient amount of detail to the 
user. This helps to increase users trust in the vehicle 
and enabling users to feel more relaxed. 

To increase the user’s trust, CAVs ability to understand 
human instructions by voice is important to further 
decrease a user’s individual workload. When participants 
set up their journey by talking to the HMI (voice control) 
they reported increased trust ratings and reported 
increased system usability and user experience, higher 
than when interacting with the HMI just by touch. 

The ability to adjust the HMI to fit changing needs is very 
important, for example layout, colour and text size. When 
asked to adjust the HMI in situations when the participants 
are asked to imagine they feel tired, users performed 
a variety of different adjustments depending on their 
individual needs. Not being able to accommodate for such 
needs, or lack of functionality and flexibility of the HMI 
leads to decreased trust, increased frustration, and an 
increased overall negative experience. 

Legal and Insurance
FLOURISH has also investigated the legal and insurance 
aspects of CAVs for consumers and car insurers, putting 
public safety first. This has built on existing knowledge in 
the field to help influence the regulatory roadmap for the 
UK’s adoption of CAVs. 

FLOURISH has explored some of the key concepts of the 
General Data Protection Regulation (GDPR) as it relates to 
user data and CAVs. Likewise, it has enhanced the industry’s 
understanding of the legal requirements of data flows in the 
CAV ecosystem, not just for personal data, but all data.



HUMAN MACHINE INTERFACE (HMI)

FLOURISH created a Human Machine Interface 
(HMI) to use during the pod and simulator trials. This 
control system enables passengers to programme 
their CAV journeys and to be engaged and informed 
as they desire during their journeys. Following an 
iterative, user-centred design approach, focusing 
on older adults and those with visual, auditory, and 
mobility impairments, the HMI was designed with a 
range of options and preferences to suit different user 
needs, including colour themes and voice activation.

FLOURISH has created a wealth of knowledge for the 
design and implementation of future HMI systems 
which should: 

• allow users to engage through a touch screen 
interface, but also to be able to operate the HMI 
using just their voice.

• be flexible to meet the different needs and 
desires of its users - for instance; some of the 
trial participants want to be kept informed of the 
journey process, and others do not.

• allow the user to understand key information 
about their journey at a glance - for example; 
where they are and how long it will be until 
they arrive.

• communicate the CAVs actions to users/passengers.

• allow users to be flexible in their journeys, like 
modifying journeys on the fly or performing a safe 
stop to pick up a friend.

FLOURISH recommends that future HMI developers, 
vehicle manufacturers and service providers utilise 
these findings to ensure their HMI designs enable 
the safe, appropriate, and effective implementation 
of CAVs in the future.

STANDARD ASSESSMENT FRAMEWORK (SAF)

FLOURISH created a standard assessment framework 
(SAF) for evaluating end-user needs to ensure safety 
and usability when interacting with and using CAVs.

The SAF has been developed following a range 
of psychological measures and screening tests 
with older adults to establish user profiles and 
proficiencies. Including cognitive tests that measure 
attention, inhibition, memory, and processing speed. 
The SAF can be used to analyse which individual 
variables are associated with preferred design styles 
of the HMI of a CAV. This can help selection and 
configuration of an optimal adaptive and flexible 
HMI for individual user profiles to suit their specific 
physical, cognitive or sensory accessibility needs. 

Physiological and eye-tracking measures also 
enabled evaluation of wider issues, including 
those linked to cognitive decline or user-specific 
physical limitations. These assessments have been 
undertaken whilst the user experiences a selection 
of standardised simulator journeys enabling 
assessment of user interactions and experience.

With further development of the SAF profiling, 
it should be possible to determine:

• whether a potential user has the minimum 
competency for independent CAV usage via a given 
HMI; and 

• the initial configuration and specification 
requirements for optimised usage by an individual 
user (e.g. dashboard features, notifications, and 
interaction preference such as touch or voice).

15

Communication between 
the user and the vehicle 
needs to be accessible, 

transparent, flexible 
and compatible with 
changing user needs

15
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Objectives
• Understanding how information from vehicles can be 

aggregated and transferred by other vehicles and the 
regional network.

• Understanding how to analyse information within 
a traffic network and generate travel advice, including 
testing and deploying real time in-vehicle services. 

• Understanding what enables CAVs to move 
collaboratively based on information from 
other local CAVs.

• Understanding what the best route for a CAV is 
to avoid congestion based on location and route 
information of other road users from the regional 
network operator.

• Understanding the architectures of future 
infrastructure for CAVs.

• Understanding potential future CAV 
co-operative services.   

Data and Connectivity

FLOURISH considers how to optimise wireless data transfer 
between CAVs and the roadside infrastructure. Effectively 
operating a network of CAVs has the potential to realise 
many benefits for users including time savings and 
efficiency. It is a critical step towards the provision of real-
time journey information for CAV users in the future.

For transport authorities, it means being able to make the 
most of the capacity of the road network, avoiding problem 
areas and fully exploiting the capacity of the road network. 

Simulating V2X services
FLOURISH used simulated environments to examine 
how Artificial Intelligence (AI) can be deployed in traffic 
management systems to create a responsive network of 
CAVs. This network would respond to changes in conditions 
– weather, a collision, volume of traffic – immediately and 
reroute the journey using real-time vehicle and traffic 
information to safely navigate the best route.

FLOURISH also developed a set of rules to provide vehicles 
and the network with a framework for responding to 
different scenarios, including vehicle platooning, where 
CAVs travel in close proximity to one another to reduce 
wind resistance and gain fuel efficiencies, and speed 
harmonisation, where speed is gradually slowed upstream 
of road incident locations to reduce stop-and-go traffic. 

FLOURISH’s simulation of the network level AI system 
suggests that a neural-network-(NN) based approach to 
traffic network modelling could help to reduce congestion 
and delays.

Car connectivity and V2X trials
The connectivity trials have validated approaches for 
the communication of data in a Smart City environment. 
Network traffic microsimulation has tested traffic 
management, safety scenarios, and the application of AI 
and connectivity to a network, to help simulate a network 
of CAVs in the future.

Importantly, FLOURISH has addressed some of the 
vulnerabilities in the technology powering CAVs, with a 
focus on the conditions required for the effective wireless 
transfer of data. As a key enabler of the operation of CAVs, 
communication at a network level is essential for the 
operation and optimisation of regional traffic management.

Vehicle to Infrastructure (V2I) and Vehicle to Everything 
(V2X) technology in some form is relatively close to market. 
The key challenges will be how it is implemented as there 
is a clear value in deploying the technology, utilising advice 
on standards and the inter-operability of the technology.

The FLOURISH car trials have explored the optimum 
conditions for the effective transfer of data between 
vehicles and the surrounding connected infrastructure. 
Vehicles were equipped with one On Board Unit (OBU) 
exchanging standardised ETSI ITS-G5 messages with six 
roadside units (RSU) installed in Bristol. A key component 
of the trials involved research of a Central Co-operative 
Intelligent Transport System (C-ITS). Aspects under 
evaluation included; accuracy of end-to-end latency 
impacting on broadcast messages, the potential for 
operation of automotive services over various bands 
(e.g., 2.4 GHz and 5 GHz ISM bands) and network 
performance. This utilised a unique fog based computation 
communication framework. 

FLOURISH IS PLANNING FOR A 
FUTURE WHERE DATA IS USED 
TO KEEP TRANSPORT NETWORKS 
MOVING AND ALLOWS FOR 
OPTIMISED TRAFFIC MANAGEMENT 
AT A CITY AND REGIONAL LEVEL.
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V2X SOFTWARE DEVELOPMENT KIT

FLOURISH created a software development kit that 
allows for the microscopic simulation of connected 
vehicles and messaging technology. This software 
enables the simulation of V2V and V2I messages in 
detail, considering aspects such as accuracy and 
latency in delivering messages. The software also 
simulates collaborative behaviour between vehicles 
through communication and co-ordinated behaviour 
through management centre controls. These are 
based on a rich data flow from connected vehicles 
and RSUs.

These considerations allow for simulation modelling 
of connected vehicles to be more accurate and 
insightful than other existing simulation tools. 
Likewise, FLOURISH has developed models of areas 
in Bristol to allow the simulation of the AI and 
Rules Engine.

The V2X software development kit enables new 
avenues for commercial, research, and design work 
to be undertaken on the next generation of traffic 
management technologies.

RULES ENGINE

FLOURISH has developed a CAV Rules Engine to 
better understand the data generated within road 
networks with CAVs deployed, and to model the 
behaviour of CAVs as a result of connectivity. The 
Rules Engine is a series of applications, each a 
collection of algorithms, that use the information 
sent between CAVs and roadside infrastructure to 
provide benefits to the wider road network. 

As CAVs are not yet operational in large numbers, 
a simulation environment was used to model 
communications between CAVs and the effects of the 
Rules Engine. Within the simulation environment, the 
data flow between vehicles was modelled on real- 
world connected vehicle communication protocols.

The Rules Engine provides a theoretical framework 
that describes the operation of CAVs under different 
scenarios and provides a baseline of applications to 
evaluate emerging CAV technologies.

DIGITALLY CONNECTED VEHICLES HAVE THE POTENTIAL TO 
REVOLUTIONISE THE CITIES WE LIVE IN AND THE WAY WE TRAVEL.



Robust and Cyber 
Resilient Communication

FLOURISH IS DEVELOPING CYBER SECURE AND TRUSTWORTHY 
COMMUNICATIONS TO SUPPORT FUTURE CAV DEPLOYMENT 
ON UK ROADS.
 
FLOURISH places a strong emphasis on cyber-resilient 
communications, recognising that the safeguarding 
of data and communications is central to public trust 
in CAVs. FLOURISH has explored how to ensure the 
mechanisms for V2V and V2I communications are both 
safe and cyber resilient.

As the world becomes increasingly connected and 
reliant on technology, it is essential to protect the 
integrity of wireless communications between digital 
and physical infrastructure. Especially as these are 
needed to deliver the transformative benefits of CAVs. 
New devices such as RSUs and systems (e.g. weather 
systems, traffic delay systems) will pass information 
(data and security information) to the CAV or a central 
system which exchanges messages with CAVs in real-
time and high frequency. The authenticity and integrity 
of that information is important. Understanding what 
can be trusted and what to do if that trust has been 
compromised is very important. Should a security threat 
occur, the system owners need to be aware and to be able 
to determine the right course of action in a timely and 
efficient manner.

 
Secure, trustworthy, 
and robust communication
FLOURISH understands the importance of data integrity 
to individuals and organisations and is GDPR compliant. 
The FLOURISH experiments and trials have tested the 
ability of a connected vehicle to identify information 
which is not provided from a genuine or approved source 
and to continue with its safe operation, whilst alerting the 
network of the occurrence. 

For CAV technology to be successful, data needs to be 
transferred quickly and securely. Technology that relies 
on sending data to the ‘cloud’ can take too long for these 
applications and therefore, FLOURISH has developed fog 
based computing for CAVs. Fog based computing, allows 
for the agile provision of trust for CAVs. It allows unsafe 
vehicles in the network to be identified quickly, meaning 
that other users can avoid them and know not to trust the 
information they are sharing.  
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Objectives
• Understand how to design a secure system, 

appropriate to CAV systems communications 
architecture, including V2V and V2I.

• Understand how to appropriately respond and 
mitigate wireless communication, security, and 
privacy incidents in a safe and reliable manner.

• Develop real-world and simulated environments 
to test communications infrastructure and agile 
certificate management and revocation processes.

EFFICIENT WIRELESS 
COMMUNICATIONS ARE REQUIRED 
TO FULLY REALISE THE POTENTIAL 
OF CAVS, WHILST CYBER SECURITY 
OF THE COMMUNICATIONS AND 
THE VEHICLE ITSELF ARE CRITICAL 
FOR ENSURING THE VEHICLES ARE 
SECURE BY DESIGN.
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INCIDENT RESPONSE FRAMEWORK

FLOURISH has developed an Incident Response 
Framework (IRF) to protect the integrity of wireless 
communications. CAVs rely on many sensors and 
processing systems to provide a safe and smooth 
experience. The IRF provides a mechanism to mitigate 
the impacts of incidents and provide a continuity and 
availability of services. 

As CAV technologies are implemented, networks 
operators will increasingly need to deliver effective 
cyber security measures to deal with cyber threats. 
These measures need to ensure that CAV users’ 
personal data is not compromised but just as 
important they must ensure that the systems which 
CAVs rely on work as designed.

The IRF considers technological, procedural and 
organisational elements all of which need to be 
considered to respond to incidents effectively. A key 
focus has been on the collection and understanding 
of information relating to the security of the CAV 
ecosystem. An incident response was developed for 
several representative broad-ranging CAV operational 
scenarios, both cyber and non-cyber related. These 
scenarios range from deliberate interference with V2V 
and V2I communications, to signal jamming, and even 
accidental failures.

As well as addressing technical issues involved in 
an incident response, the framework also considers 
organisational processes and procedures, including 
governance and responsibility, and identifies areas 
where further research and development is required.   

ANOMALY DETECTION

FLOURISH has developed a novel AI based Intrusion 
Detection System, able to detect different types 
of cyber-attack against V2V communication 
demonstrated in a CAV platooning environment. 
This innovative cyber security solution benefits 
from the use of AI algorithms, as well as data fusion 
techniques, to improve its detection accuracy. The 
intrusion detection system will help to reduce the risk 
of traffic disruption and accidents caused because of 
cyber-attacks.

FOG BASED COMPUTATION AND AGILE PROVISION 
OF TRUST

The successful deployment of CAVs is contingent on 
the ability to devise robust and effective security 
solutions to resist cyber- attacks and patch up 
critical vulnerabilities. When Fog based computing 
is deployed, security is also improved. Fog will allow 
unsafe vehicles in the network to be identified quickly, 
meaning that other users can avoid them and know 
not to trust the information they are sharing.   

Pseudonym Public Key Infrastructure (PPKI) is a 
promising approach to secure V2X communication 
and ensure data and location privacy, while concealing 
vehicles real identities. The PPKI system requires many 
digital certificates to be disseminated to all CAVs and 
kept updated in real time. 

Fog based computation refers to a hierarchical 
network where in addition to the cloud layer, with 
computing resources in closer proximity to CAVs. This 
setup vastly reduces latency and facilitates additional 
safety critical services. 

Fog based computation allows for scalability of the 
digital certificate’s dissemination, increasing security 
horizon. The fog resources are also used to enable 
sophisticated certificate compression, network coding 
and CAV data offloading technologies, all of which 
pave a way to a future secure networks of CAVs. 

Fog based computation allows data to be transferred 
more quickly, allowing vital decisions to be made 
faster. This means that smaller safety margins are 
required, allowing CAVs to perform synchronised 
manoeuvres, leading to network efficiencies. Moreover, 
this means that users can be provided on with real-
time journey information that may affect their journey.

CAR TRIAL FLEET

ROADSIDE UNIT IN BRISTOL



Regional and National Impacts

FLOURISH HAS THE POTENTIAL TO SIGNIFICANTLY BENEFIT 
THE WEST OF ENGLAND AS ITS CAV INDUSTRY GROWS.
 
FLOURISH is raising the profile of the West of England, by 
promoting it as an innovative and future-thinking area 
that enables businesses to thrive, and new technologies to 
be developed and tested collaboratively. This supported 
Bristol being named as the UK’s leading Smart City 
in 2018.

FLOURISH also supports many of the aims and aspirations 
of the Government’s Industrial Strategy, helping to 
place the UK at the forefront of future industries and 
markets, leading to a variety of benefits for the UK. CAV 
R&D projects, such as FLOURISH, are supporting the 
West of England as a centre of CAV expertise, building 
an ecosystem of innovation in the region and creating 
opportunities for investment. Moreover, FLOURISH is 
supporting the Local Industrial Strategy that is being 
created by WECA by providing input to its evidence base  
on CAVs. 

 
Industry and Public Profile

FLOURISH has helped advance the South West region 
and the UK’s ambitions to be a world leader in CAV 
development and deployment, achieving a high profile 
within the industry and broader public.

The knowledge developed in FLOURISH has highlighted 
the capability of UK academia and industry. Further 
helping to attract students and employees from across 
the globe to its institutions.

Publications  produced 
and  disseminated by 
FLOURISH partners

46

Participants engaged by 
FLOURISH at roundtables, 

trials and workshops

250+

Events and conferences 
attended by partners  on 

behalf of FLOURISH

90+

Members of the 
public engaged with 

during FLOURISH

15,000+
Twitter users following 
the FLOURISH account

430+

References to  
FLOURISH in the media 

 (newspapers, radio 
 and television)

40+
CAV related projects 

secured by  partners as a 
result  of FLOURISH

36

Jobs positively 
impacted within partner 

organisations  due 
to FLOURISH

50+
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GROWTH AND INVESTMENT
FLOURISH aims to lead on the mainstream adoption 
of CAVs in the UK, through enhanced management of 
city transport systems. FLOURISH helped to generate 
growth in the Bristol and South Gloucestershire region 
by boosting inward investment, creating jobs and 
increasing productivity. 

Bristol is a hub for CAV activity, particularly in higher-
level knowledge and technology activities, and has a 
much higher demand than the UK average for jobs in 
this industry. In the West of England, 240 jobs were 
advertised in CAV-related roles between November 2017 
and November 2018 (WECA Local Industrial Strategy 
Evidence Base Report, 2019). 

SMART CITIES
The advent of connected and autonomous vehicles 
will impact on future infrastructure planning. Cities 
must prepare for new transportation innovations 
including wireless connectivity and V2X technologies. 
Whether a CAV is standalone or part of a fleet, it is 
likely to need to connect to a publicly managed city 
or regional network, where data can be transferred, 
maintained, and monitored. FLOURISH’s findings 
represent a significant step towards the implementation 
and management of a network of CAVs in a connected 
and smart city environment.

ENVIRONMENTAL BENEFITS
CAVs working with smart infrastructure systems are 
expected to benefit the environment through more 
efficient route planning. Likewise, data collection and 
processing can allow for the synchronisation of CAVs 
and infrastructure including signal timings to create new 
efficiencies. CAVs can also take advantage of energy saving 
driving techniques such as platooning, where vehicles 
travel very closely together and take advantage of reduced 
wind resistance and increased fuel efficiency. This helps to 
reduce overall congestion and improve air quality. 

RESEARCH AND DEVELOPMENT 

Given the range of global activity, there is a clear 
opportunity to be had within the CAV market. Whilst 
much of this activity is occurring overseas, the UK has 
a prime opportunity related to the development of 
supporting R&D (with world leading expertise in robotics, 
AI and cyber security), delivering the wider supply chain 
and subsequent CAV manufacture. Whilst there are still 
uncertainties on when CAV technology will truly be ready 
for adoption, FLOURISH is proud to contribute to making 
the UK a world leader in the field.
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The Future of FLOURISH

BEYOND THE FLOURISH PROJECT’S 
FORMAL COMPLETION IN JUNE 
2019, THE FLOURISH PARTNERS 
WILL CONTINUE TO HELP SHAPE 
THE FUTURE OF MOBILITY 
IN THE UK. 
Using the capabilities and technologies developed during 
FLOURISH, the project partners will offer a range of services 
to support the deployment of CAVs in the UK.

Trial Services to Enable the Safe Testing 
of CAVs

Technology to support the Testing and 
Development of CAVs in Digitally Simulated 
and Real-World Scenarios

Advisory Capabilities to Support and Enable 
the Deployment of CAVs

Including:

• A CAV simulator for participant trials, complementing 
the real-world environment testing and validation.

• Trialling of V2I communications, in a real-world 
environment, testing and validation.

• Traffic simulation modelling of V2X services.

• Consultancy services related to CAVs, including CAV 
modelling, CAV incident response, and advice on the 
integration of CAVs within the wider transport system.

• Facilitation of access to local authority support for 
inward investment and to the local CAV cluster.

• Human State Monitoring (HSM) data capture 
and analysis.

• Human Machine Interface design best practice 
and software.

• Insurance expertise, including on CAV liability 
and data ownership issues.

• Legal expertise to support the establishment of 
robust laws to enable the safe integration of CAVs.

• Public road test support, facilitated by experience 
and knowledge from local highway authorities, in 
accordance with the Department for Transport’s Code 
of Practice for CAV testing.

• User behavioural response analysis, human factors 
and social research in relation to CAVs.

22
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FLOURISH Library

FLOURISH has published a library of 
academic research papers, technical notes, 
videos, and conferences covering connected 
and autonomous vehicle user needs, data 
connectivity, and the cyber secure transfer 
of data. 

All of these videos and publications will 
be made available on our website:

www.flourishmobility.com

Videos
• ‘CAV V2X Trials for the FLOURISH Project’ – University 

of Bristol 

• ‘Driverless Cars: A Public Perspective’ – Traverse 

• ‘Driverless Cars: A Public Perspective 2’ – Traverse

• ‘FLOURISH – Driverless Cars’ – Atkins

• ‘FLOURISH – Data Transfer and Secure 
Communications’ – Bristol City Council 
and University of Bristol

Publications
• Car Trials Final Report 2019

• FLOURISH Final Report 2019

• FLOURISH Mid-Project Trial Report 2018

• FLOURISH Public and stakeholder research: 
Interim Report 2018

• Human Machine Interface Literature Review 2016

• Human State Monitoring (HSM) Final Report 2019

• Incident Response Framework 2019

• Intrusion and Anomaly Detection Final Report 2019

• In-Vehicle Participant Overall Findings 2019

• Legal and Insurance Report 2017

• Legal and Insurance Report 2018

• Legal and Insurance Report 2019

• NAU Final Report 2019

• NRE, VRE and Simulation Environment Report 2019

• Pod Trial Report 2019

• Public Engagement Report 2017

• Public Engagement Report 2019

• Simulator Trials Report 2019

• Standardised Assessment Framework and Process 
(SAF) 2019

• The mobility of older people, and the future role 
of CAVs 2017

• User Needs Report 2019

24
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Academic Publications 

Agile Calibration Process of Full-Stack Simulation 
Frameworks for V2X Communications.  Mavromatis, I., 
Tassi, A., Piechocki, R.J. and Nix, A. (2017) 

Agile Data Offloading over Novel Fog Computing 
Infrastructure for CAVs. Tassi, A., Mavromatis, I., Piechocki, 
R.J., Nix, A., Compton, C., Poole, T., and Schuster, W. 
(IEEE VTC2019 best conference paper award).

An emerging framework to inform effective design 
of human-machine interfaces for older adults using 
connected autonomous vehicles. Morgan, P. L., Voinescu, 
A., Williams, C., Caleb-Solly, P., Alford, C., Shergold, I., 
Parkhurst, G., & Pipe, A. (2017)

Autonomous vehicles: an answer to giving up driving, or a 
technology barrier for older people?  Shergold, I.  (2017)

Beam Alignment for Millimetre Wave Links with Motion 
Prediction of Autonomous Vehicles. Mavromatis, I., Tassi, 
A., Piechocki, R. J. and Nix, A. (2017) 

Effects of Privacy Risk Perception and Cultural Bias on 
the Intention of CAV Use. Anastasopoulou, K. Williams, E, 
Morgan, P., Voinescu, A., Tryfonas, T., Piechocki, P., Tassi A. 

Efficient Millimeter-Wave Infrastructure Placement for 
City-Scale ITS. Mavromatis, I., Tassi, A., Piechocki, R.J., and 
Nix, A. 

Efficient V2V Communication Scheme for 5G MmWave 
Hyper-Connected CAVs Ioannis Mavromatis, Andrea Tassi, 
Robert J. Piechocki, Andrew Nix (2017)

Evaluating the Impact of Different Human Machine 
Interface Feedback Modalities on Older Participants’ 
User Experience of Connected Autonomous Vehicles in 
a Simulator Environment. Eimontaite, I., Morgan, P. L., 
Alford, C., & Caleb-Solly, P. (2019)

Exploring the usability of a connected autonomous vehicle 
human machine interface designed for older adults.  
Morgan, P. L. et al. (2018)

High-Speed Data Dissemination over Device-to-Device 
Millimeter-Wave Networks for Highway Vehicular 
Communication. Tassi, A., Piechocki, R.J. and Nix, A. (2017) 

Investigating older adults’ preferences for functions 
within a human-machine interface designed for fully 
autonomous vehicles. Voinescu, A., Morgan, P. L. et al. 
(2018) 

Investigating the Usability of a Connected Autonomous 
Vehicle Human Machine Interface Designed for Older 
Adults. Voinescu, A., Morgan, P., Caleb-Solly, P., Alford, C. 

MmWave System for Future ITS: A MAC-layer Approach for 
V2X Beam Steering.  Mavromatis, I., Tassi, A., Piechocki, R. 
J. and Nix, A. (2017) 

Modelling and Design of Millimeter-Wave Networks for 
Highway Vehicular Communication. Tassi, A., Egan, M., 
Piechocki, R.J. and Nix, A. (2017) 

Multi-Radio 5G Architecture for Connected and 
Autonomous Vehicles: Application and Design Insights. 
Ioannis Mavromatis, Andrea Tassi, Giovanni Rigazzi, 
Robert J. Piechocki, Andrew Nix (2017)

Optimized Certificate Revocation List Distribution 
for Secure V2X Communications. Rigazzi, G., Tassi, A., 
Piechocki, R.J., Tryfonas, T. and Nix, A. (2017) 

Secure Data Offloading Strategy for Connected and 
Autonomous Vehicles. Tassi, A., Mavromatis, I., Piechocki, 
R.J., and Nix, A. 

Simulating VANets with FLOURISH CCAV Project. Gavin 
Jackman, Aimsun, ETC – European Transport Conference 
(2017)

Simulating VANets with FLOURISH. Pete Sykes, Aimsun, 
JCT Symposium (2017)

Smart mobility, delivering an assistive technology or 
creating a digital divide?  Shergold, I. (2017)

The Utility of Psychological Measures in Evaluating 
Perceived Usability of Autonomous Vehicle Interfaces – A 
Study with Older Adults. Voinescu, A., Morgan, P. L., Alford, 
C., & Caleb-Solly, P. (under review).

Wireless Vehicular Networks in Emergencies: A Single 
Frequency Network Approach. Tassi, A., Egan, M., 
Piechocki, R.J. and Nix, A. (2017)



Glossary
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AV / Autonomous Vehicle

A vehicle which uses a range of advanced vehicle systems, 
enabling it to operate with no driver intervention.  
Currently, most autonomous vehicles require some  
form of driver control.

AI / Artificial Intelligence

In computer science, AI is intelligence demonstrated 
by computers and machines, in contrast to the natural 
intelligence displayed by humans and animals. Generally, 
the term refers to machines or software which can mimic 
human cognition and perform advanced levels of tasks, 
perceive its environment, and take actions that maximise 
its chance of successfully achieving its goals.

CV / Connected Vehicle

A vehicle capable of communicating with other 
vehicles and/or infrastructure, and hence providing 
information to the driver, for example on road, traffic, 
and weather conditions.

CAV / Connected and Autonomous Vehicle

A vehicle that does not require a driver, sometimes 
called a driverless car that is connected to other vehicles, 
infrastructure, or both.

Cloud Based Computing

The word cloud is used as a metaphor for the Internet, 
meaning the phrase cloud computing means a type of 
Internet-based computing, where different services — 
including servers, storage and applications — are delivered 
to computers and devices through the Internet.

FOG / Fog Based Computation

Both cloud computing and fog computing provide 
storage, applications, and data to end-users. However, fog 
computing acts an additional layer between the cloud and 
the user, giving a closer proximity to end-users and a more 
local geographical distribution, enabling fast and high-
quality communication of data.

ETSI ITS-G5

Refers to an ETSI classification of C-ITS which includes 
wireless short-range communications dedicated to 
automotive ITS and road transport and traffic telematics.

HMI / Human Machine Interface

An HMI is an interface that enables humans to interact  
with machines, for example, the display and functionality 
of a car sat nav.

C-ITS / Cooperative Intelligent Transport System

Intelligent Transport Systems (ITS) embrace a wide variety 
of communications-related applications intended to 
increase travel safety, minimize environmental impact, 
improve traffic management and maximize the benefits 
of transportation. The emphasis in intelligent vehicle 
research has turned to Cooperative-ITS in which the 
vehicles communicate with each other and/or with the 
infrastructure which improves existing services and will 
lead to new ones for road users.
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Rules Engine

A collection of algorithms that use the data created by 
connected vehicles and connected infrastructure to 
provide beneficial behaviour changes to CAVs at a local and 
network level. The Rules Engine would be implemented 
through software onboard each connected vehicle.

Latency
The delay from the sending of messages, to when it is 
received. For example, from a CAV to a RSU and vice versa.

OBU / On-Board Unit
A computing device within the vehicle that provides 
connectivity to other vehicles and roadside infrastructure.

PDR / Packet Delivery Ratio

Defines the ratio of packets that are successfully delivered 
to a destination compared to the number of packets that 
have been sent out by the sender.

RSU / Roadside Unit

A computing device located nearby a road, possibly on an 
existing traffic signal or building, that provides connectivity 
to passing vehicles.

SAE Levels

The Society of Automotive Engineers 2016 On-Road 
Automated Vehicle Standards Committee, outlining  
the six levels of AVs, from Level 0 – No automation,  
to level 5 – Full automation.

SAF / Standardised Assessment Framework

A tool developed from the data acquired by the trials to 
inform the: validity, utility of a range of scales, tests, and 
measures for cognitive, sensory, and physical abilities and 
other ageing-related impairments.

Simulator

The immersive CAV simulator was a static pod shell with 
a large screen placed in front of the windscreen, which 
displayed the simulated journeys. For Simulator Trial 2 
and 3, a larger wrap around screen was used.

Trial

Refers to the overall stage of the FLOURISH project and 
includes technology and human factors elements. Trials 
involve either a simulator, pod, or car.

V2I / Vehicle-to-Infrastructure 

The wireless exchange of critical safety and operational 
data between vehicles and highway infrastructure, 
intended primarily to avoid or mitigate motor vehicle 
accidents but also to enable a wide range of other safety, 
mobility, and environmental benefits.

V2V / Vehicle-to-Vehicle
A technology that enable the wireless communication of 
data and information from a vehicle to another vehicle.

V2X / Vehicle-to-Everything 
The wireless communication of information from a vehicle 
to any entity that may affect the vehicle, and vice versa.
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