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Connected Autonomous Vehicles |R

To sleep, perchance to dream on the commute

‘&

Connected Autonomous Vehicles (CAV) are focus of
significant automotive development

Varying levels of autonomous driving, SAE Scale 0-5
Why CAV?
Increased driver assistance

Fits with transition to shared vehicle architecture (mobility
as a service)

Reduced environmental impact

Challenges of CAV (including but not limited to):
Vehicle control
Path planning
Route planning
Safety (inc other road users)
Cyber Security
Safety and cyber security will be assumed of any

commercial offering, therefore cannot be brand
differentiators
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Motion Sickness/Kinetosis A IRR

Fluid in canals is diluted by
alcohol causing dizziness....

Motion Sickness, a misnomer:
Motion not required and it's not a sickness!
Natural human response to conflicting sensory
inputs
Evolutionary benefit to Motion Sickness: Poison
Theory hypothesis — kinetosis mimics nervous

system malfunction through food poisoning— so
eject toxins ! (Treisman)

How model Motion Sickness?

Stott (1986) identified 3 core rules, which if
violated, could result in motion sickness

Bos and Bles (1998) proposed a model just
considering vertical motion and the sensed vertical

Deaf people are immune to motion sickness (Irwin
1881). Blind people are not (Reason 1975) S Mcdy . 1976,
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Modelling motion sickness in vehicles

Driver Inputs
Environmental conditions
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Vehicle Dynamics
How does the vehicle
respond to driver inputs and
road conditions?

ey ‘|'” = =]

\ R
=
== =
= Es

-1 ==

Vehicle/Seat motion

Human Dynamics
How does the occupant
respond to vehicle
motion?

Occupant body motion
(head and stomach)

Neural Processing
How does the motion make
the occupant feel?
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Modelling motion sickness in vehicles | = <

Vehicle Dynamics
How does the vehicle Vehicle/Seat motion
respond to driver inputs and
road conditions?
ST
_ Driver Inputs 1 Hi= Human Dynamics -
Environmental conditions =TT T Occupant body motion
=T - L How does the occ_upant (head and stomach)
. respond to vehicle
motion?
Neural Processing
How does the motion make
the occupant feel?
Motion Sickness
_ N Index (MSI) /
Increasing: MR Misery Index
Modelling complexity, 3] = 7] .
Modelling uncertainty, RS e
Correlation difficulty |
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Vehicle Dynamics | = <

#4 DLCReferenceApplication - Simulink

SIMULATION DEBUG MODELING FORMAT
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Models the response of a vehicle to a set of driver i B2 B 00 00 B2
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https://uk.mathworks.com/help/vdynblks/ref/vehiclebody6dof.html
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Human Mechanics B

« Passive, simplified crash test dummy style model built
in Simulink Simscape Multibody
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+ Assuming no active muscular system/auto correction = L nm
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— Suitable for initial developing, but area for future
development

Pass2

+  Manual definition of equations of motion not Neck - Head

required Shoulder - Upper Arm Torso - Neck

Upper Arm - Lower Arm

*  Mechanics Explorer used to confirm that model is
corrected
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Represents a sclid combining a geametry, an inertia and mass, a
grephics component, and rigidly attached frames into a single unit. A
<olid is the common building block of rigid bodies. The Solid block
obtains the inertia from the geometry and density, from the geometry
and mass, or from an inertia tensor that you specify.

Inthe expandable nodes under Properties, select the types of geometry,
in res, and frames that you want and their

pa

Port Ris a frame port that represents a reference frame associated with
the geometry. Each additional created frame generates another frame:
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Motion sickness model

Drawing on Bos and Bled Modelling motion sickness and subjective Hill Function
vertical mismatch detailed for vertical motions (1998)

Human brain has multiple ways of answering the question “which way is

down?”
Visual input, vestibular otoliths and semi-circular canals, Musculo-
skeletal inputs H o

).25

Neutral processing then assigns a weighting to all of these based on V
experience to determine the most likely direction of “down” B

Biological Sensor Fusion!

By Abw20 [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)], from Wikimedia Commons

Visual input
Vestibular input Neural
processing “Which way is
based on down?”
Skeletal input experience
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Motion sickness model |R

Drawing from Modelling motion sickness and
subjective vertical mismatch detailed for
vertical motions (Bos and Bles,1998)
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Recall Challenges of CAV

Challenges of CAV (including but not limited to):
Vehicle control
Path planning Passenger comfort
Route planning

Safety (inc other road users) | A
Cyber Security
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Motion Sickness model has thus far been N
demonstrated to address both Vehicle Control and L E
Path Planning for a double lane change/overtake: =

Vehicle Control: tuning of automated driver
p aram ete r Copyright 2017-2018 The MathWorks, Inc

Path Planning: route selection for an overtake
manoeuvre
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Optimisation of vehicle control |R

Using out of the box double lane change Reference Application

A target path is generated and the predictive driver attempts to follow it as closely as possible, based on the tuning parameters
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Optimisation of vehicle control |R

For a given passenger performing an overtake manoeuvre, there appears
to be an optimal driver preview distance

Predictive driver preview distance vs Motion Sickness Index
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Optimisation of path planning

Overtake manoeuvre path defined as a 3 straight lines and 2

Bezier curves

) ) o — (1 _+)3 _ N2 _ 2 3
Bezier curves allow analytical definition of a path between B()=(1-1)"Po+3(1-0)%t.P1+3(1-0).t% P, + 1. Ps

two points, based on the location of intermediate control
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Overtake PSO optimisation
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Particle Swarm Optimiser (PSO) selected from
the Optimisation Toolbox

Probably not the fastest optimiser, but selected
due to wide coverage of optimisation space

Optimiser has no ‘training’ or weighting towards
an obviously sensible line

Final line appears logical and instinctively
sensible
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Conclusions:

Vehicle Dynamics (Simulink Vehicle Dynamics Blockset), human dynamics (Simscape MultiBody) and
neural processing (Simulink) modelled to predict motion sickness in road vehicles

MATLAB mobile app used to collect correlation data
MATLAB Optimisation Toolbox used to calculate optimal target lines for an overtake manoeuvre
Integration with Unreal Engine used to visualise simulation data

Further Correlation Work

Ricardo UK Ltd — Midlands Technical Centre

Further use of Unreal Engine for visual field simulation sounam foas, adiors Samae,Leamngonspe. | [JFRR

Michael Wheeldon
Senior Innovation Engineer
Ricardo Innovations

Visual input
Direct Dial: +44 (0) 1926 477700
. . Reception: +44 (0) 1926 319319
Vestibular input Neural Mobile:  +44 (0) 7734 781380
processing “Which way is michael.wheeldonl@ricardo.com
based on down?” _
Skeletal input experience www.ricardo.com
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