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HORIBA MIRA is playing a pivotal role in the Centre for 
Connected Autonomous Vehicles’ vision to build one of 
the most advanced connected and autonomous 
mobility ecosystems in the world. HORIBA MIRA has 
focused its considerable expertise on a singular 
mission: to provide vehicle manufacturers, the tiered 
supply chain, road transit authorities and leading 
research & development companies with the most 
advanced and integrated test environment for 
automated vehicle development in one location.

In partnership with the Midlands Future Mobility (MFM) 
project for public road testing, this all-new, advanced 
HORIBA MIRA CAV development environment is now 
complete.
It provides a layer of engineering expertise that sits
on top of the newly opened ASSURED CAV
testing ecosystem.

This layer of engineering capability is unique in providing 
a continuous, integrated and correlated testing 
environment that uses the multi-pillar test methods of 
simulation, controlled environment testing and public 
highway trials, with each of the three testing contexts 
enhanced with a range of breakthrough technologies 
that will enable its customer R&D programmes to 
progress with greater efficiency and breadth than 

anywhere else in the world.

Not only is the level of integration and correlation 
between three testing environments unique, allowing 
programmes to move seamlessly from a virtual context 
to controlled environment testing and then onto trials on 
open road testbeds, but the development of verification 
and validation methodologies provides a comprehensive 
suite of capabilities to ensure the safe and robust 
performance of connected & automated technologies.

Within this new continuous, integrated and correlated 
development framework are five best-in-class features 
that include:-

Simulation
  An advanced environmental attributes catalogue 

to enhance simulated testing

  The creation of a comprehensive natural 
language simulation scenario selection 
database to improve efficiency

Proving Ground
 The completion of £100m ASSURED CAV 

development to provide the most advanced 
serviceable ecosystem expressly for the physical 
testing of connected and autonomous vehicles in 
the world

 The development of ground-breaking facilities and 
technologies to replicate public road scenes and 
scenarios within the ASSURED CAV ecosystem

Public Highway
 Direct access from controlled environments to the 

most extensive public road trials network for CAVs 
in the UK

All three research and development environments – 
virtual simulation, controlled proving ground testing and 
public highway trials – have been integrated through the 
adoption of sample public road settings which can both 
be reproduced on the proving ground using state-of-
the-art roadway façades as well as having been 
mapped as digital twins in a comprehensive array of 
environmental conditions.

Making Future 
Mobility Happen

The world’s most advanced, 
integrated and correlated 
development environment for 
connected & autonomous vehicles

HORIBA MIRA - Building the world’s most complete CAV ecosystem
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HORIBA MIRA’s ASSURED CAV solutions rapidly advance testing 
outcomes for a broad range of customers in advanced driver 

assistance and autonomous vehicle technologies

It is this integration and interoperability of testing 
scenarios across three development environments 
with an unprecedented level of fidelity and correlation 
that gives the HORIBA MIRA solution the capability to 
rapidly advance testing outcomes for its customers. 
Not only is test programme efficiency maintained by 
virtue of a single location solution, but the correlation 
and repeatability between each testing environment 
are assured.

This paper provides additional detail on the 
breakthroughs in CAV testing technologies available 
to clients as well as the launch of a world-leading 
approach to modelling public roadways in a 
controlled environment which provides an essential 
and unique linkage between the virtual and physical 
test arenas.

HORIBA MIRA is Europe’s leading CAV enabler for:

   Vehicle manufacturer R&D divisions developing 
autonomous driving, vehicle communications and 
ADAS features

   Tier suppliers supporting the development of 
related technologies

   New entrant developers of autonomous vehicle 
hardware and self-driving software stacks

   CAV infrastructure companies such as connectivity 
providers and V2X enablers

   Private operators including cark park providers 
and private campus operators investigating 
self-driving solutions

   Transport authorities leading CAV adoption
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1. 
An Integrated Solution
What environment integration achieves for 
CAV R&D 

For engineers, HORIBA MIRA’s facilities, infrastructure 
and engineering capabilities speed up the journey from 
simulation through to physical testing and ensure safety 
prior to physical deployment. These solutions remove 
many recurring frustrations that add complication or 
delay progress, from simulated environments that do 
not map with sufficient fidelity into real-world testing 
contexts to the difficulty of performing safe and 
accurately controlled testing on public roads or when a 
lack of accuracy using public road testing enforces use 
of traditional proving ground facilities. 

By embracing its fifteen years of CAV testing 
experience, HORIBA MIRA has set about removing the 
limitations inherent to integrating simulation, controlled 
and public highway testing when they are all founded on 
varying criteria. By creating an integrated test 
environment covering simulation and physical testing, 
and by having undertaken painstaking work to confirm 
the realism of the test environments, ASSURED CAV 
saves customers’ vital engineering time by providing 
proven full engineering lifecycle testing solutions. 
Moreover, new protocols to enhance digital twins and a 
breakthrough in how physical twins are deployed will 
both bring improved accuracy and faster development 
cycles enabling issues that arise during physical testing 
to be recreated in a controlled or simulated environment 
to ensure efficient and thorough issue resolution.

With the rapid enrichment of simulation tools and new 
public highway testing infrastructure developed across 
the MFM testbed, HORIBA MIRA has paid special 
attention to advancing the engineering value of 
controlled environment proving ground testing for more 
complex features of connected and autonomous 
vehicles. The new HORIBA MIRA ASSURED CAV 
ecosystem comprises a linked set of environments 
including urban driving (CITY), multi-lane, high-speed 
carriageways with on and off slip roads (HIGHWAY), a 
multi-storey car park for autonomous valet testing 
(PARKING) and direct connection to the MFM public 
road testbed of over 200 miles of varying road types, a 
campus environment, road interchanges and major city 
centres, enabling programmes to progress through all 
phases of development from a single, central location.

HORIBA MIRA’s engineers have addressed many 
shortcomings in the current provision of services and 
facilities for CAV testing extending capability beyond 
typical ADAS protocol tests into more complex 
scenario-based tests, by adding additional granularity 
into physical scenarios including man-made features 
such as bus stops and street furniture and naturally 
occurring environmental attributes including foliage to 
understand the behaviour of the CAV system in real 
environments. Where significant bottlenecks have been 
identified at any point in the test cycle, new technologies 
and solutions that are outlined in this document will 
reduce cost and speed up the engineering process.

 
 

 

The mission that has driven these progressions in the 
functionality and accuracy of simulation and the 
development of a new gold standard for controlled 
environment testing is rapidly advancing the deployment 
and viability of connected and autonomous vehicles for 
OEMs, road transit and civic authorities, the CAV 
technologies tiered supply chain and companies 
developing allied services for smart infrastructure and 
communications. With the benefit of this new, rigorous 
and integrated next-generation testing capability, CAV 
technologies can be validated for application sooner.

Not only can testing start more 
quickly, but the results it delivers 
can be depended on

7

Above all, these solutions have been designed by 
engineers for engineers with an emphasis on providing 
a test-ready solution that frees engineers to focus on 
their programme’s critical path.



The Four MFM Virtual Testbed Models

1. Urban (Holyhead Road)
A typical city environment with unique 
lane design and traffic lights

2. 
Simulation
How HORIBA MIRA is enabling real world 
improvements for CAV R&D by making simulation 
tools quicker to use, interoperable and most 
importantly, more representative of environmental 
conditions that impact autonomous performance.

As the starting point for a test programme, ensuring the 
digital environment is accurate and representative is the 
cornerstone of test data that can be relied upon. The 
simulation issues HORIBA MIRA’s ASSURED CAV 
engineers addressed are typical of many emerging 
technologies; in the early stages of development, the 
technology has insufficient fidelity or sophistication to 
provide useful insight. In time, too much capability can 
present users with problems in identifying and selecting 
functionality that will genuinely enable project 
objectives. And while capability grows exponentially, so 
does technology approaches and investment in 
competing toolsets that enforce siloed working through 
a lack of interoperability.

2.1 
Refining Digital Twins
In order to provide a robust platform to tackle the 
opportunities and problems that simulation as a 
discipline presents, HORIBA MIRA first set out to create 
the most refined model possible of the complexity of the 
MFM virtual testbeds by developing a highly advanced 
capability to incorporate comprehensive environmental 
factors into the digital twin context.

The approach taken to optimising the fidelity of the 
digital twins was based on two principles. Firstly, there 
is an acceptance that perfect reproduction is neither 
achievable nor required. For instance, the modelling of 
vegetation, which changes seasonally, typically requires 
an extremely high number of polygons if the complex 
geometries of leaves, twigs and branches are to be 
reproduced, yet these features often do not impact on 
elements that are important to CAV performance.

Secondly, the accuracy of the simulation should only be 
assessed from the AV’s validation perspective. In order 
to ensure this, an intelligent (deep-learning-based) 
detector was developed by HORIBA MIRA to compare 
the images taken from simulation and real-world scenes 
to provide an objective means to assess the similarity 
from the perspective of an autonomous vehicle or 
advanced driver assistance system.

8
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The Four MFM 
Virtual Testbed 
Models

2. Rural Context (Coleshill Road)
A tight bend junction in a rural environment with 
limited visibility

3. Inter-Urban (Atherstone Road)
A traffic light controlled one-lane bridge and village in 
a rural environment

4. Strategic (M6 / M69 motorway junction)
A blended smart and traditional motorway 
intersection with slip roads and complex roundabout 
with traffic light control
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2.2
Scene Generation in Simulation
Following the development of high-fidelity digital twins, 
one fundamental problem that HORIBA MIRA’s 
engineers addressed was the lack of capacity to 
replicate transient conditions that would manifest an 
impact in real world tests but only feature in limited form 
in simulation. These are extensive, from an almost 
limitless array of weather conditions that might impact 
sensor performance, to the variation in the degradation 
of road markings or the seasonal obscuring of roadway 
boundaries by leaves and other vegetation.

The starting point for supplementing the simulated 
testbed models was the creation of a comprehensive 
catalogue of real world attributes that can impact 
automated driving technologies.
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The catalogue contains a significant number of 
characteristics with a high degree of definition – for 
instance, attenuation of light by fog, sun occlusion by 
cloud cover or settled forms of road surface covering 
from pooled rain to mud and different forms of ice. 
These different weather effects can be described,  
added and implemented in simulation.



This detailed classification of key weather and 
environmental variables that could impact test results 
provides a breakthrough by adding flexibility, rigour and 
definition to test conditions.

A significant benefit of this comprehensive schema of 
transient conditions is that simulation can be 
retrospectively aligned to prevailing weather and 
environmental conditions encountered downstream in 
either controlled proving ground contexts using 
HORIBA MIRA’s on-site weather station or on the 
MFM testbed public highway sections. It is this 
integration between virtual and physical that 
generates the all-important correlation basis to ensure 
that simulation provides the best possible 
representation of real-world circumstances.

This integration between virtual
and physical that generates the 
all-important correlation basis to 
ensure that simulation provides
the best possible representation
of real-world circumstances
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2.3
Finding Edge Cases
The creation of a detailed transient condition schema 
has enabled weather and road conditions to be more 
accurately reproduced in a pre-configured catalogue of 
scenarios developed by HORIBA MIRA. These scenarios 
might include, for instance, a vehicle under test (VUT) 
approaching a blind right-hand bend with an unseen car 
approaching in the opposite direction looking to cross 
the path of the VUT into a left-hand turning.

This detailed and pre-configured scenario catalogue 
provides a considerable advantage to engineers who 
are spared the modelling effort to create scenarios and 
can instead commence testing without delay with a 
standardised set of scenarios both in simulation and on 
the proving ground. 

In order to efficiently locate appropriate scenarios, 
HORIBA MIRA has created a natural language- 
searchable database of simulation scenarios. The 
database requires no coding expertise and therefore 
is accessible in a common language to simulation and 
test engineers using simple text string searches. The 
VUT blind corner/road junction/unseen turning vehicle 
scenario outlined can be located in the database 
using simple Scenario Description Language, to 
surface scenarios that combine a test case alongside 
desired physical features such as obstructed views or 
parked cars.

In addition to the growing library of pre-configured 
scenarios, engineers have the capacity to 
generate bespoke scenarios to precisely meet 
explicit test objectives.

2.4
Adapting for Interoperability
Leading simulation tools including IPG’s CarMaker, the 
open-source CARLA solution and AVSimulation’s 
SCANeR do not at present support a common standard 
for interoperability.

Until this convergence occurs, engineers are typically 
obliged to adopt existing organisational preferences or 
licenses without the opportunity to select the simulation 
package best suited to particular project objectives.

During their research for the Midlands Future Mobility 
project, HORIBA MIRA engineers have conducted 
extensive benchmarking of leading industry simulation 
applications and integrated models of MFM scenes into 
multiple simulation packages.

This knowledge and thorough understanding of the 
differences between packages, particularly in 
contending with edge cases, has given the HORIBA 
MIRA engineers the experience and processes to 
provide consulting expertise to CAV test engineers who 
are seeking to accelerate the selection of simulation 
packages appropriate to their particular programme 
requirements.

HORIBA MIRA has created a 
natural language-searchable 
database of simulation scenarios
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HORIBA MIRA’s scenario database allows engineers 
to fast-track projects without the need to develop 

time-consuming simulation contexts
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3. 
Scene Generation on the Proving Ground
Traditionally connected and autonomous vehicle 
testing in a controlled environment has been a useful 
but ultimately limited capability in the engineer’s 
toolbox.

However, a revolution in how controlled environments 
can accurately emulate real highway conditions has 
been led by Maria Loukadaki at HORIBA MIRA to 
overcome these limitations. This ground-breaking 
work has enabled proving ground testing to expand 
its accuracy and value to engineers and keep pace 
with the rapid progression of simulation and public 
highway testing technologies.

In this sense, this new controlled environment testing is 
not only more useful to engineers in itself, but the 
approach adopted at HORIBA MIRA provides the 
essential ‘bridge’ to link simulation to public road 
testbed trials. It is this facet that enables HORIBA 
MIRA’s three environments – virtual, proving ground and 
public highway – to be integrated and correlated as a 
continuum of testing capability.

The development of representative façades to enable 
accurate representations of elements drawn from the 
MFM network provides the link between the digital twins 
and the public road. Before the development of next-
generation façades, the creation of street scene 
representations on proving grounds had been limited to 
aesthetic considerations – in other words, creating some 
context to visually represent aspects of the public road.

14
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This perspective informed the creation of a completely 
new concept in roadway façades; in order to provide 
analogous radar signal absorption that a CAV will 
encounter as it passes by the brick walls of the Griffin 
Inn along the Coleshill Road for instance, mobile 
façades constructed in brick, surfaced with a visual 
and radar-neutral skin to visually represent the 
roadway elevations have been developed.

Using proprietary technologies, these façades are 
mobile, modular and configurable, provide highly 
accurate sensor response characteristics to sensors 
akin to performance on the public roads and utilise 
exactly the same communications infrastructure as 
that installed on the public road testbeds, creating a 
genuinely representative ‘physical’ twin.

The huge advance in the fidelity and accuracy through 
representative façades opens up a new dimension to 
controlled environment testing, enabling more to be 
achieved ahead of trials advancing to the open road 
where circumstances often mitigate against important 
considerations such as repeatability. Moreover, 
hazardous scenarios developed in simulation, such as 
the blind corner/road junction/unseen turning vehicle 
example outlined in section 2.3 (Finding Edge Cases) 
can be fully examined in the controlled context of the 
proving ground.
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The progression to next-generation façades is focused 
on the same principles adopted in the creation of 
digital twins - the accuracy of the proving ground 
environment should be assessed from the AV’s 
validation perspective. In other words, physical factors 
that influence the test should be as representative of 
the highway as possible, while other factors that do 
not influence AV operation are relegated in importance.



3.1 
Creating a Scene
In order to generate an accurate physical representation 
of road conditions on the proving ground, LiDAR 
scanning and assessment of the environmental 
elements that will influence testing – such as buildings, 
vegetation and foliage, road markings and signposts will 
be audited and used to inform the reproduction of the 
testing scene. While some factors such as road surface 
topography cannot be entirely reproduced, HORIBA 
MIRA’s advanced physical scene technology has the 
capacity to account for factors that will have a bearing 
on an AVs’ validation perspective.

As part of the MFM project, scenes already exist for a 
number of locations, providing a set of varied contexts 
for ready-to-go proving ground testing, giving engineers 
the option to use existing solutions or commission 
bespoke alternatives.

3.2 
Physically Twinned
The development of representative façades and other 
physical features such as geometrically accurate lane 
markings have been the subject of intensive research 
and development by the team. All of the materials used 
for the façades have been assessed for their signature 
and interaction with CAV sensor technologies to develop 
a catalogue of solutions that can represent the materials 
encountered alongside roadways.

Similarly, exhaustive testing of foliage proxies, including 
artificial trees, plants and hedgerows underwent full 
signature analysis, including three-dimensional 
assessment of impact on sensors.

Following the R&D programme, a set of rolling trolleys 
3m in height have been constructed with masonry 
cladding. These modular elements can be combined 
into sections of up to 30m in length, finished with a 
sensor-neutral screenprint layer that provides a visual 
facsimile of the real roadway. Interspersed as required 
with representative artificial foliage, the physical 
environment is completed with two additional aspects 
that are critical to a representative test.

Below: Individual façade trolleys, constructed of 
representative masonry measuring 3m in height can be 
combined in modular sections of up to 30m in length

16
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The capture of physical roadway conditions and the 
development of new methodologies to clone attributes 
on the proving ground allows engineers to replicate 
routes with all physical features yet zero testing risk.

The correlation between simulation, proving ground 
and public highway allows testing programmes to 
use any of the three contexts to solve problems - 
proving ground issues can be tested in 
simulation, or problems identified in a virtual 
context can be deployed for resolution on 
the proving ground, providing engineers 
with a multi-faceted toolset for 
accelerated CAV development.
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The first addition is the application of road geometries 
using pavement radii and the addition of road markings 
using either 3M tape, which has the correct reflective 
properties for line markings, or lane markings painted by 
robot providing greater complexity that can be applied 
in a shorter time frame. The second aspect of the 
physical twin set-up is HORIBA MIRA’s ‘library’ of street 
furniture, which contains hardware that is essential to 
autonomous operations, such as road signage, as well 
as infrastructure that may influence test outcomes, such 
as bus shelters, bins and benches.



3.3
Communications Alignment
The four MFM testbeds (see Section 2.1) have been 
optimised for CAV testing with the integration of 
extensive communications infrastructure to enable V2X 
services, test monitoring systems and systems to 
record ambient conditions. All communications 
infrastructure can also be replicated on the ASSURED 
CAV proving ground with a complete high speed, low 
latency stack essential to CAV deployment.

On the MFM testbeds, this infrastructure is extensive, 
including dedicated road side units alongside the 
routes, supporting various C-ITS (Co-operative 
Intelligent Transport Systems) services (for example 
in-vehicle signage, roadworks warnings and Green 
Light Optimised Speed Advisory (GLOSA)) via DSRC 
(ITS-G5) and importantly, cellular communications. 
Test vehicle position, velocity and timing 
measurements are acquired by real-time kinematic 
GPS and CCTV to provide visual monitoring of tests.

Wireless communications for connected car 
applications is an active field of research, with new 
technologies and standards still emerging. As a 
consequence, prior evaluation in a controlled 
environment can be an effective mechanism for 
selecting from candidate technologies. Engineers 
conducting vehicle trials on the MFM testbed can 
achieve confidence in the performance of their 
communication systems using the ASSURED CAV 
facilities prior to public road deployments. 

These pre-trial activities may include interoperability 
testing, performance assessment, and the 
characterisation of system responses.

The physical twin protocol therefore requires that the 
communications stack present on the testbed should 
also be available on the proving ground. The 
ASSURED CAV facilities are equipped with the high 
speed, low latency stack essential to CAV deployment. 
In addition, ASSURED CAV CITY is equipped with two 
ITS-G5 enabled intersections, each with its own 
dedicated RSU, which are connected to the MFM 
core and are capable of supporting all of the V2X 
use cases of the testbed. The whole facility 
also benefits from a privately terminated 
cellular network.

3.4
Physical Twin Advances in Conclusion 
HORIBA MIRA’s research-based development of 
physical twin technologies and protocols now provide 
engineers with a capability that hitherto has been the 
missing piece in the CAV testing jigsaw; authentic 
reproduction of both the physical environment – with 
specific reference to the factors that influence tests 
– and the twining of communications infrastructure at 
the most extensive level to mirror the facilities available 
on the MFM testbeds. This significant step forward 
means existing testbeds can be utilised as plug-and-
play solutions all the way from simulation through to 
controlled environment and on to public highway testing 
without recourse to the extensive resource that would 
otherwise be needed to design, develop and correlate 
an end-to-end solution.

These new technologies provide enhanced solutions for 
engineers undertaking system fault investigation and to 
validate simulation outcomes through correlated 
physical testing on the proving ground.

HORIBA MIRA | Building the world’s most complete ADAS & CAV ecosystem
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4. 
Integration in Conclusion
The individual project modules commissioned under the 
aegis of Midlands Future Mobility as well as HORIBA 
MIRA’s extensive CAV engineering experience and the 
£100m realisation of a world leading ASSURED CAV test 
ecosystem has provided the foundation to develop an 
engineering first - an end-to-end test solution for CAV 
development in conditions that are replicable and 
representative across three different testing contexts.

Now vehicle manufacturer R&D teams, tier suppliers, 
independent autonomous vehicle hardware and 
self-driving software companies, CAV infrastructure 
companies such as connectivity providers and 
private operators including cark park owners and 
private campus operators and civic authorities have 
a single location, multi-disciplinary and ready-to-go 
location to accelerate the realisation of autonomous 
vehicle technologies.

The integration of three environments from simulation to 
proving ground and the public highway has been the 
result of first-hand engineering experience of the 
shortcomings of one form of testing being conducted in 
isolation from other stages in the engineering ‘V cycle’. 
Integration lends testing far greater rigour, and by 
focusing improvements on the commonly-experienced 
limitations inherent to each of the three testing contexts, 
customers of HORIBA MIRA can not only achieve better 
outcomes from isolated tests, but more importantly can 
reduce costs, save time and achieve better outcomes 
from the world’s first continuous, integrated and 
correlated testing environment.

an end-to-end test solution for CAV 
development in conditions that are 
replicable and representative across 
three different testing contexts

20
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Engineering Benefits:

   Replicable and representative testing in three different but 
correlated environments

   Fast and easy sourcing and selection of simulation scenarios

   Added simulation fidelity through the addition of extensive 
environmental conditions

   Extensive simulation platform experience to aid package 
selection and transfer between platforms

   Advanced scene creation, sensitive to CAV and sensor 
operation on the proving ground

   Extensive communications capability on the MFM testbeds, 
replicated on the proving ground

   Four testbed models available on the public highway, in 
simulation and on the proving ground

   The world’s leading toolset to help engineers advance 
CAV development
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About ASSURED CAV
ASSURED CAV is a world-leading connected and 
automated vehicle test ecosystem. Extending over 
an 850 acre / 350-hectare site at the HORIBA MIRA 
campus, ASSURED CAV provides the latest facilities 
to support mobility companies in the design, 
development and testing of self-driving technology.

ASSURED CAV reduces the uncertainty, complexity 
and time spent in development by providing access 
to a diverse mix of physical and virtual environments 
replicating real-world scenarios where it is possible 
to validate the critical challenges of implementing 
connected self-driving technologies to ensure 
products are safe, secure and robust.

Located on a secure site and operated 24 hours a 
day throughout the year, ASSURED CAV provides a 
mix of physical, communication and simulation 
testbeds that allow all-weather testing across a 
range of scenarios in a controlled, semi-controlled 
and public environment.

Read more here:
www.horiba-mira.com/assured-cav/

If you’d like to know more about HORIBA MIRA’s ASSURED CAV capabilities, please contact 
Alastair Evanson, Head of Commercial - Assured CAV, alastair.evanson@horiba-mira.com
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About Midlands Future Mobility
Midlands Future Mobility is funded by business 
partners and the UK Government as part of the 
wider Zenzic CAM Testbed UK initiative that 
facilitates and promotes the development of 
connected and self-driving cars. Midlands Future 
Mobility is backed by a consortium of organisations, 
including WMG at the University of Warwick, 
HORIBA MIRA, AVL, Transport for West Midlands, 
Costain, Amey, Wireless Infrastructure Group, 
Coventry University and Highways England.

The Midlands Future Mobility route offers a 
combination of campus (mini-city), urban, rural and 
highways roads on which CAM trials can be 
supported. The route encompasses major city 
centres (Coventry and Birmingham) and key 
interchanges (rail, HS2 and Birmingham 
International Airport). The wide range of route types 
provides businesses with opportunities to trial 
different technologies, from low speed ‘shared 
space’ vehicles through to next generation 
Advanced Driver Assistance Systems (ADAS) and 
autonomous vehicle technologies.

Read more here:
www.midlandsfuturemobility.co.uk/
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HORIBA MIRA
Improving lives by making journeys 
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