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= Why and Where?§

o abion Centre (99)

Because we need to o
understand whether e
autonomous vehicles can be
used to deliver mainstream

public transport services

Trials at Milton Park -
a business science and
technology park near Didcot,

Oxfordshire, UK




Project aims and requirements

* Mi-Link
 Information on transport options, disruptions, tailored to Milton Park
» - by website, mobile, what's app, messenger and sms

« Electric bikes for hire - building on existing local bike hire

- Autonomous buses
« Buses - on public roads - in normal traffic - on normal service
« Testing user acceptability, safety driver reaction and operational practicality



= Regulatory requirements and processes

Internal

Base vehicles are fully type approved and road registered

Fusion modifications are VTP5 notifiable modifications

Fusion's CAVStar system robustly tested and monitored

Consists of cameras, radar, lidar, control unit, vehicle system actuators

Level 4 autonomous, so any issues - vehicle stops in safe place (or safety driver takes over)
Vehicles retested by DVSA - UK vehicle regulatory body

Operational Design Domain (ODD) defined

Full account taken of Department for Transport and British Standards Institute requirements
Vehicle and Operational Safety Cases produced by Fusion and First Bus respectively
Operational Safety Case independently reviewed by First “B” team

Vehicle and Operational Safety Cases independently reviewed by Horiba MIRA

Public Safety Case available



= Regulatory requirements and processes

External

» Traffic Commissioner (industry regulator) fully involved in project
» Specific insurance for project
» Traffic signal detection

« Road markings checked and upgraded or modified where necessary
(Milton Park crossings)

- Emergency communications plan; involvement of emergency services
« Final call on operations - project Safety Committee
- before on-site driver training and each public operational phase.



In-service requirements

Drivers and Vehicles

Operated by First Beeline Buses Ltd - Licensed bus operator

Safety Driver on board at all times - required for UK operation of Level 4 autonomous
vehicle as part of Safety Case

Safety Drivers are fully qualified experienced bus drivers, hand picked

Trained by Fusion and First - in classroom, on track, on road, at Milton Park; human
factors research from Leeds ITS

Two on board initially; moving to one Safety Driver and one Supervisor on site

Besides Safety Case requirement, UK “Conduct Regulations” require human on board
- and for passenger safety, security and wellbeing

Vehicle maintenance by Fusion (CAVStar equipment), manufacturer, First Bus

Depot on site at Milton Park for overnight electric charging, crew rest, minor
maintenance

Heavy maintenance or repair at closest First Bus operational depot 8



In-service requirements

Operational

- Additional safety checks on first use/handover and on 28 day inspection

« Route check before service each day

 Journey log record

- conditions; vehicle behaviour; unexpected events/emergencies; need for driver handover
Ongoing dialogue/reports First/Fusion - software or hardware upgrades

Bus stops at every stop by default

Passengers can view service on Mi-Link

Passenger demand will influence route modifications for future Phases

Cannot register route - no fares can be taken

- ultimate flexibility for route or timetable change, suspension for maintenance/upgrade
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- Passenger, driver and third-party safety

» Fusion’s CAVStar system robustly tested and monitored

« Any issues lead to driver handover or vehicle stopping in safe place

 Drivers fully trained in handover of control

 Vehicles fitted with seatbelts - this is an experimental operation not mainstream bus
« CCTV fitted internal and external (in addition to CAVStar)

» DriveGreen, Seeing Machines driver monitoring, two-way emergency comms fitted

« AVAS electric vehicle pedestrian warning system fitted

« Max 2 hour driving shifts within work pattern limited to UK drivers’ hours regulations
» Clearly marked “autonomous vehicle”

« If itisn't safe, we don’t operate!

10



Training and Testing

Vehicles - for each vehicle
« All certification completed
« On track testing - off road
* On route testing

Safety Drivers

Classroom testing

On track testing - vehicle familiarisation for each vehicle
Safety committee approval

On route testing for each phase

Safety committee approval

Passenger service commences
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H ow is th i s fu n ded? The Centre for Transport & Socisty at the University of the Wast of

UWE
England who are conducting tha research including surveys and ~ L]
The project has been part funded by the UK Department for Transport's Intarviews. You can read about our resaarch findings so far hare:
Centre for Connected and Autonomous Vehicles, otherwise known as CCAV. Wape/ bt ekl pijestn =] °
Tha local planning authoritias which have provided suppart to MultiCAV.

All other funding has been provided by the commercial project partners. M Milcon
Park
'he UK’s first Bee H
at Bee House,
autonomy? & wonous .
The UK is at the forefront of autonomous technology and wishes to remain 5.'::?;.’:33’ ;1‘;,‘::,::::?2::: :;;g::f:um?: :,T,‘i::“ gvesany et a u t 0 n 0 m O u S M I I t o n P a r k

in that position. We are exploring the potential for the application of this
technology to real world situations. Local bus services provide an Fﬁ% POy
equalitarian transport solution for everyone, irrespective of income, car = * -

owr)ershlp, ability to drive or personal mobility. However, running any type of The UK’z laading devalopar of diiving software and I

vehicle is not cheap and this is equally true of buses. If we can find a way of b bled the cparaticn of th Bhaan ™
reducing that operating cost, we will in future be able to extend the range of
public transport to places where it is currently simply uneconomic and
unaffordable to provide - either by commercial bus companies or funded

by local authorities. But we have to learn about applying the technology
first, from experience! And that includes your experience — as a passenger, a
stakeholder, another road user, or just an observer.

None of this comes from local councll tax, business rates or other local Opsrators and managers of Miltan Park o business science ond technology parkwhe have.

councll expenditure. provided much of thy d by th 5, as wall as the elsctric
bicyclas for hira.

What can we gain from S -

By Richard Holden,
UK Parliamentary Under
Secretary of State for

3 < L
How green is my JOUrNeY? i s s oo ontus miciomecany

have foxilitatsd the cperation of theza services

»
The buswe are using is a state of the art fully electric A

o INNOVate UK

vehicle powered by batteries which are recharged overnight. Tha Cantra for Connected and Autonomeus Vahiclas, part of the Department for Transpart,

The vehicle's propulsion system produces no carbon and no has providsd funding zupport for thiz project through Innovats UKto complament partners” R O a S a n L O C a
airborne emission of axides of nitrogen or sulphur. As part contributions.

of the MultiCAV project, a fleet of Mi-Link electric bicycles FI‘S"" Bus

is also available to hire from Didcot Parkway Station and

Leading tha project and operater of tha aut b First
other handy locations nearby - find out more by scanning e o ot eovens s Soni tha o ene e

Transport

this QR code.
To y of the above pl Jmi-
or email us at mukticav @miltonpark.com.
E Wa hopa you enjoy your on the UICs first ervice

Will | be safe?
autonomo s b s? Yes you will. Bafore starting oparation, the projact team hos hod to
u U complete a rigorous sofety assessment which has bean indapendantly

raviewed. The vehicles we are using are standord eectric buses,
modified by Fusion Processing to operate outonomously with the
modficotions fully tested and approved for use on UK roads. The senvice

An autonomous vehiclo ik one which is able to drive itself withowt human
Intervention. Some modern cors haw outonomous featunes such as
cutomatic lane keeping on materways, of solf-parking. Full autonomy

% in Oxfordshire ‘ml u.lr within extands this to the entire driving task, ond that i what we have done with
the Mi.Link bus. Al stearing. occslaration and breking is done
cutomatically, and the vehicle will respond to othar traffic and read
conditians end axtornel events

s operated by First Bus, & fully licensed operator of bus and coach
sor

cas throughout the UK and bayond. You will notice that there is
aways a “sofety driver” on board - in cose & cow jumps in front of the
bus, frogs foll from the sky, or @ sink hok appears in the foad - to toke
avagive oction. The safety driver s always o fully qualified and
wperienced bus driver. We also howe ol the nacessary legal consents end
the emengancy services have baeen briafod on our operatices. If you feel
mervous of worried, plecse tell the Safety Driver crd you
will be alowed to kave the bus ot the next sofe stopping
point. It you're technically
mindod, we can prenide you
with & copy of the Publc
Safety Cose.

Just chack the
online timetoble
end wait for the

OR code to scon
for I, reci-time Lpdates for your jeurnay using Messanger or WhatsApp. No fores are charged on the service. Take a seat (na stonding
is permittod), fosten your seat balt and we're off!

= s stop wall
. - . 3 provide detois
S J71 HRK e ; : of tharaute and

You ara now part of o plonsering use of technology in the UK - the first time cutonamous vehides hove been used to delver o public
service! Whilst on board, you may be asked to complete o small survay anling, or be approached in parson by ona of the University of the
West of Englond preject team for your views. They will always hove appropriote identification so thot you know thay are genwing. Many
journeys will alio hove o membar of the project team on hond to answer ony questions. When you went to oot off, just press the bell ke
you would on eny other bus, and it will stop autometicelly at the next bus Stop on the routs.

Scan this barcode on your smartphone 1 view the
smatabie



MultiCAV Trials - Phase One

« Milton Park Circular 001 - operated for whole of March
2023

 Shuttle connected Bee House, car parks, offices, food
market and current bus services; providing internal
site to site transport

» Every 15 mins 0700-1830 mon-sat

« Sought views on user convenience, acceptability of
concept; reduced need for private transport

Innovation Centre

m °"' Mwal:,kon “u.nmm- DV'O“'C“"M,‘O ZIPABOUT

@ @emumm [Soee  nnovateUK FrstfBBus

'MI-LINK |

Milton Park Circular bus times from this stop

Bee House

times are read downwards

AR

07:00 1000 1345 1645 This service does not
07415 1015 13:30 17:00 operate on Sundays.
o730 [l 1345 1715

07:45 11:00 1400 17:30

08:00 11:15 1445 17:45

0815 11:30 1430 18:00

08:30 11:45 1445 1815

08:45 12200 15:30

09:00 1215 1545

09415 1230 16:00

09:30 1245 1645

09:45 13:00 16:30

Mondays to Saturdays
(except Public Holidays)

OXFJADJT
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What did we learn from Phase One?

Vehicle worked well in autonomous mode coping with
hazards and conditions
Drivers enthusiastic and keen to adopt technology -
keen for future phases; very positive; no major or
unresolved concerns with the training and driving
experience...
No accidents or near misses
Ran autonomous most of the time, but some manual
driving due to:

« temporary roadworks

« basic vehicle and mechanical issues
Poor weather led to battery drain
Information about service worked well
Passenger reaction generally very positive - but need
to show when operating autonomously; none of the
participants felt unsafe during the trip




How is this funded?

The project has been part funded by the UK Department for Transport’s
Centre for Connected and Autonomous Vehicles, otherwise known as CCAV.
All other funding has been provided by the commercial project partners.

None of this comes from local council tax, business rates or other local
council expenditure.

What can we gain from
autonomy?

The UK is at the forefront of autonomous technology and wishes to remain
in that position. We are exploring the potentiol for the opplication of this
rvices provide an

tion for everyone, irrespective of income, car

technology to real world situations. Local b

equalitarian transport so

ownership, ability to drive or personal mobility. However, running any type of

vehicle is not cheap and this is equally true of buses. If we con find o way of

reducing that operating cost, we will in future be oble to extend the range of
where it is currently simply uneconomic ond

unaffordable to provide - either by commercial bus companies or funded
orities. But we have to learn about applying the technology
perience! And thot includes your experience - as o passenger, o

stakeholder, another rood user, or just an observer.

How green is my journey?

The bus we ore using is o sta
vehicle powered by batteries

airborne emission of oxides of nitroge! sulphur. As port
of the MultiCAV project, o fleet of Mi-Link electric bicycles
is also availcble to hire from Didcot Parkway Station and
other handy locations nearby ~ find out more by scanning

this QR code.

The vehicle's propulsion system produces no carbon and no

wewrs. You can reod obo
Swrww.smi-tink ik /projects

Mpse

M
Operators and manogers of Midton

much of the infrastructure u

Seuth Orfordshine [ Vgl
of White Horse
The local plansing authorities which have provided support to MultiCAV,
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Innovate UK

wate UKts com)

nd opertor of the autonomaus b

towns and cties in the UK and ireland

scence ond technology park who have
oncmous vebicles, as well on the slsctrie

rat gre eovy OCCORE O

o have pecnded technoiogical and Sroject management SUPRArt.

« hghways and bus services in the County whe

of the Dapartment for Transpert,

servecs, First Bus runs 4500 buses.

To contoct any of the sbove please vialt cur website froi- i
park.com.

o emai us at multicov@meton)
We hope you enjoy using Mi-Link, the first autonomous bus service in the UK.

been delivered by the MultiCAV project. This includes the first use of

Welcome

The Mi-Link bus service, electric bike and journey planning have

an electric autonomous bus 1o carry passengers in the UK.

The service is operating around Dideot in Oxfordshire. Following
the success of Phase 1 in March 2023, from 12 June services will
ink Milton Park business, science and technology park with Didcot
¥ parate routes will ope: Phase two being
raute D02 as described below, which will be followed in early July
by Phase three (route 003). A different autonomous bus will operate
each service

The buses are 100% electric and emissions free. The service is
available for anyone to use and it's free to use. It is fully
accessible to users of wheelchairs and other mobility aids.

If you're on the bus, welcome aboard and enjoy the trip! If not, why
not give it a try — this leaflet will tell you all you need to know.

Milton Park to Didcot Parkway, route 002
from 12 June 2023

The sarvica runs from 0700-1830 Manday to Saturday and a
bus will operale every 40 minutes for mast of the day.

Scan this barcoda on your smartphons 1o view the

What is an
autonomous bus?

An autonomous vehicle is one which is able to drive itself without human
ntervention. Some modern cars have driver assistance features such as
automatic lane keeping on motorways, or self-parking. Full outonomy
extends this to the entire driving task, and that is what we have done
with the Mi-Link buses. All steering, acceleration and braking is done
automatically, and the vehicle will respond to other traffic and road
conditions and external events,

Will | be safe?

Yes you will. Before starting aperation, the project team has had to
complete a rigorous safety assessment which has been independently
reviewed. The vehicles we are using are standard electric buses,
modified by Fusion Frocessing to operate autanamously with the
maodifications fully tested and approved for use on UK roads. The service
s operated by First Bus, a fully licensed aperator of bus and coach
services throughout the UK and beyond.

.
cimw

Phase 2 start of

service 12 June
2023

Press release but no
formal launch - new PR
campaign by Milton
Park, additional signage
at Didcot Parkway
station

What can | expect?

Just check the online timetable and wait for the bus at one of the specified
stops. Each stop will provide details of the route ond a GR code to scon

for live, real-time updates for your journey using Messenger or WhatsApp.
Mo fares ore charged on the service, but if you have a Milton Park travel
poss please tap in and tap out on the ticket machine just as you would on
any other local bus. Toke a seat (no standing is permitted), fasten your seat
belt and we're of 1

You are now part of a pioneering use of technology in the UK - the first time
electric autonomous vehicles have been used to deliver a public servical
Whilst on board, you may be asked to complete a small survey online, or be
approached in person by one of the University of the West of England
project team for your views. They will clways have oppropriate identification
50 that you know they are genuine. Many journeys will also have a member
of the preject team on hand to answer any questions. When you want to get
off, just press the bell like you would on any other bus, and it will stop
automatically at the next bus stop on the route.

Why is there a driver
behind the wheel?

You will notice that there is always a "sofety driver” on board - in case
@ cow jumps in front of the bus, the Miltan Pork goelings decide to cross
the road, or a sink hole appears in the road - to take evasive oction. The
safety driver is always a fully qualified and experienced bus driver. We
also hove all the necessary legal consents and the emergency

services have been briefed on our operations. If you feel nervous or
waorried, please tell the Safety Driver and you will be allowed to leave the
bus at the next safe stopping paint. If you're technically minded, we can
provide you with a copy of the Public Safety Case.



MultiCAYV Trials - Phase Two

=« Milton Park - Didcot Parkway 002 - operated for 7 weeks O M s B O zPABOUT
JUﬂG-JUly 2023 ""E‘ u gemmy [Toeee Innovate UK FrstFiBus
« Shuttle connected Bee House, car parks, offices, food market
and current bus services; providing internal site to site I MI-LIN KT
transport and running to Didcot Parkway
. every 40 minS 0700_1 830 mon'sat Milton Park Circular bus times from this stop

Bee House

tifmes are read downwards

« Provided unique convenient links to Milton Park sites off the
“conventional” bus route

E ¥ | 0715 1sa3s This service doss not

o3 | 0755 1715 operate on Sundays.
5¢ | oeas
E v | o9as
- E 0955
Mi-Link service 002 Didcot Parkway - Milton Park e
Departs from Bus Stop R4 turn left after you leave this building ‘E“ g 1;:22

B | iz
13:15
E 13:55
15:15
15:55
e T S =
(= 1=
R :
\/-ﬁv.‘_ .....
Phase 2 N~
340022016BEE -

starting 12 June 2023




What have we learned from Phase Two?

* Vehicle worked well in autonomous mode coping with hazards fg{
and conditions - including 40mph running [ e

« No accidents or near misses

* Issues with vegetation have affected autonomous ability and
required cutting - still growing!

« Not able to operate autonomously all the time - exit from
Didcot Parkway Bus Station - but now able to negotiate Bee
House - system “learns” from experience

« Passenger reaction generally very positive
e “Auto” indicator behind driver illuminates when autonomous

« Passengers tap on and tap off with Milton Park smart
travelcard - trip data

 Drivers remain enthusiastic and keen to adopt technology -
keen for future phases

 Single Safety Driver operation successfully trialled




MultiCAYV Trials - Phase Three

Milton Park - Didcot Parkway 003 - started September 2023
Full size bus connects Bee House, offices and food market to Didcot Parkway
 every 30 mins 0700-1830 mon-sat
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Route and stop location; Milton Park to Didcot Parkway




Further research

To be written up...
 Full monitoring data from Fusion for Phases 2, 3
* Journey logs from First for Phases 2, 3

- Additional safety driver, passenger and non user surveys for Phases 2, 3
 Third party survey data

- schools visit, insurance services, Milton Park businesses
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What happens now?

Project team has learned valuable lessons and can apply these elsewhere
Regulatory hurdles understood and can be tacked more efficiently

Drivers trained, vehicles approved, principles of safety case proven
Technology works - exceeds expectations

Drivers accept technology - but need to retain safety driver - legal reasons
Operation not commercial without support - costs more than conventional bus
Local authority or third-party contracts; S106 developer contributions
Revenue can be collected - if so desired

Need depot site with charger - but no other constraints

Need commitment to ensure vegetation kept in trim

Visit www.mi-link.uk/research for detailed findings to date
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http://www.mi-link.uk/research

Visit www.mi-link.uk

john.birtwistle@firstbus.co.uk

Thank you for your attention!


mailto:john.birtwistle@firstbus.co.uk

For information:

[ohn.birtwistle@firstbus.co.uk

+44 7900 405410

www.mi-link.uk

3y @POLISnetwork
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mailto:John.birtwistle@firstbus.co.uk
https://twitter.com/POLISnetwork
https://twitter.com/POLISnetwork
https://www.linkedin.com/company/polis-network/
https://www.linkedin.com/company/polis-network/
https://www.instagram.com/polis.network/
https://www.instagram.com/polis.network/
https://www.youtube.com/channel/UCng2h2rJfVqmy08J9eVoPcA
https://www.youtube.com/channel/UCng2h2rJfVqmy08J9eVoPcA

	Slide 1
	Slide 2: MultiCAV
	Slide 3: The MultiCAV consortium
	Slide 4: Why and Where?
	Slide 5: Project aims and requirements
	Slide 6: Regulatory requirements and processes
	Slide 7: Regulatory requirements and processes
	Slide 8: In-service requirements
	Slide 9: In-service requirements
	Slide 10: Passenger, driver and third-party safety
	Slide 11: Training and Testing
	Slide 12:  
	Slide 13: MultiCAV Trials – Phase One 
	Slide 14: What did we learn from Phase One?
	Slide 15:  
	Slide 16: MultiCAV Trials – Phase Two 
	Slide 17: What have we learned from Phase Two?
	Slide 18: MultiCAV Trials – Phase Three 
	Slide 19: Further research
	Slide 20: What happens now?
	Slide 21:  Visit www.mi-link.uk   john.birtwistle@firstbus.co.uk  Thank you for your attention!
	Slide 22: For information:

