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Vehicle automation: definitions & roadmaps (US, EU, China)

S

» By 2020: L3 at low speeds or less complex driving scenarios;
» By 2025: L4 on motorways;
» By 2030: L4 in cities (urban driving).
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Current ADAS technologies for future? E.g.
/ Driver Alertness Monitoring \

Data Acquisition Data Processing Decision
Blink Behavior o Eye Tracking
Eye Movements ——» System Warning e
Stra
Remote tegy » Mo Warning
T i -
Physiclogical Data > Sensing \ S
f \ Sleepy
Preprocessing—» Data Fusion
Backgroqnd 1y Models of | 9 Alert H»= No Warning
Information Alertness
S
_—
T
Contextual | | 5| Road Database / \ /
Information Weather

Input information depends on the level of automated driving (e.g., typically no
driving behavior info for L2 and L3 automation).




How to achieve a desirable driver-automation
collaboration for L1~L3 automation?

Collaborative augmented cognition and
decision making (CACDM) for driver-
automation collaboration

Using “information
processing” approach
to simplify

Cognition
??
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CACDM_L3

Task switching in cognitive psychology

134 TRENDS in Cognitive Sciences Vol.7 No.3 March 2003

TaSk SWltChlng Performance measures:
response time (RT) and error rate

Stephen Monsell

€€

* Previous task disengagement (attention disengaging)

» Task reconfiguration (task preparation)

» Task engagement (attention engaging)
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Other tasks (OT)
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Driver-Collision Avoidance System Collaboration: joint decision making & shared control
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Augmented
reality

Secondary _
Tasks

Driver Challenges
in Perception and Attention

Perception _§ __ Attention __

* Registration

* Depth Perception * Driver Distraction
* Focus Distance ¢ Clutter & Occlusion
* Color Blending * Over-Reliance

* Visual Acuity
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Eye-head or eye-head-steering coordination and dynamics

Type 1. Eye and head begin movement together.

I
Eye yaw
Head yaw

1257 1257.5 1258 1258.5 1259

1259.5 1260 1260.5 1261 12615 1262
Time (s)

Type 2. Eye moves early, head follows later.

i T T /v i —_— T ]
| [ | | | |
1279.5 1280 1280.5 1281 1281.5 1282
Time (s)

Type 3/4. Head moves early, eye stays fixed and moves later.

1311 1312 1313 1314 1315 1316
Time (s)

J of Vision, 2012



Eye-head or eye-head-steering coordination and dynamics

Cranfield
. g @ neaw . -
University
HT COM-Port: HEART davice LOM3)
£AR COuPon 3
Dashboard
O

HD Measurement | 7
HT

Fig. 9. The LED Indicator used for synchronisation between two

Fig. 4. A snapshot of the software developed for the proposed head tracking systems. Left: Off, Right: On.

tracking system

Martell
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For human driver driving decision making, a dual-process model
integrating statistical decision theory and personalized ‘subjective

utility’ and ‘subjective probability’ can be used.

Decision
making

\

Augmentation
& collaboration

Decision Statistical
making decision
making

Machine
Ethics

5 10
Objective protability
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iMind: Driver mind-on-the-road
monitoring system for level-2
automated driving

iAvoid: Vehicle collision avoidance
capacity monitoring system

<

iAvoid automated
driving

iHorizon: Driving-style enabled iCAS: Intelligent driver-collision-
short- and long-term future speed iHorizon avoidance-system collaboration
prediction system system




iAvoid: Vehicle collision avoidance
capacity monitoring system

iAvoid

iHorizon: Driving-style enabled
short- and long-term future speed
prediction

H & 0Aiw 48 2 A5

iDecision

Autonomous
driving (L4,
L5)

iHorizon

iDecision: Intelligent human-like
autonomous driving decision
making system

iPath: Intelligent human-like
autonomous driving path planning
system




iPath: recent and on-going research
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IEEE/ASME TMECH (2016), MSSP (2015), IEEE TITS (in review), IEEE THMS (in review), Mechatronics (in review)
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iHorizon: recent and on-going research
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iMind and iDecision: recent and on-going research
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Multiple papers published or submitted.
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iAvoid and iCAS: recent and on-going research

=

o

using Game-theoretical control
method to develop optimal and
ive control algorithm so

that the iCAS is safe, effective,
efficient and driver friendly

improve itself from the feedback
of each application of the CAS
assistance using reinforcement
learning algorithm
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Fig. 5. Diagram of the proposed coordinated control system.
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iAvoid and iCAS: recent and on-going research
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D-CPS: driver-cyber-physical systems (D-CPS) research
Driving-Style-Aware Design Optimization of Automated EV

An automated electric vehicle is a typical example of
driver-cyber-physics system (D-CPS);

Goal: Co-design optimization of the physical and
controller parameters of an automated electric
vehicle for different driving styles.
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Multiple papers published or submitted.



Acceleration
tracking

D-CPS: driver-cyber-physical systems (D-CPS) research
CPS-Based Co-Design Optimization Framework
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On-going research activities: driver-automation col

information

aboration

Road, traffic
information

agent (CDA)

T

NG S >Q Human driver g Creses N Vsl —>
T control system
(a) Conventional vehicle dynamics control
,_._._._._._._._._._._._._._._._._._._._._._._._._._.# ......... |
| :
: . . . I
Driver behaviour Driver state Threat assessment .
| - '
i model - monitoring agent (TAA) '<
: I
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T Human driver —> Adaptive
; automation .
Trajectory Q A  Mode indicator Actuators Vehicle
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planning agent system
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> Coghnitive driving I

(b) Proposed new driver-automation collaboration
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On-going research activities: cognitive chassis control (CCC)
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On-going research activities: cognitive chassis control (CCC)
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Cyber-physical-social systems (CPSS) based parallel driving

Information
(artificial)
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world
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Physical
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Parallel driving: parallel layout

Services

————————————————— Eamle— — — = = = = = = = = = = = =
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Artificial World
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D
MMental World
Level I _  __ .
ED
Physical World
Level I

DC: driver cognition; CPSS Services: people (social web), place (geo web), technology (sensors, loT, etc);
ADAV: artificial driver and artificial vehicle; RD: real driving.



Parallel driving: technology framework
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Parallel driving: underlying theories
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Parallel driving: testing and assessment approach A

. |

IEEE Transactions on Intelligent Vehicles. 2016 1

Intelligence Testing for Autonomous Vehicles: A
New Approach

Li Li, Senior Member, IEEE, Wu-Ling Huang. Yuehu Liu, Nan-Ning Zheng, Fellow, IEEE, Fei-Yue
Wang, Fellow, IEEE

| Scenarios I Tasks I Function Atoms . Functionalities |
_Abstract— In this paper, we study how to test the it - I — I — I - I
an autonomous vehicle. Comprehensive testing is cn | | | |
vehicle manufactories and customers. Existing testing I I I I I I I
he categorized i kinds: io-based H H H H H
e e v e some v | Scenario 1, Urban | Traffic Lights | | TrafficLights |1 Ll oo o ion |
these two kinds of approaches, and then propose a Travli ng ol Recogn ition b, 1 Detection ~
framework to combine the benefits of them. Based I I
semantic diagram definition for the inrelli e of I I
vehicles, we explain how to design task for autonor I I I
testing and how to evaluate test results. Experiments s, I I
new approach provides a quantitative way fo test th Scenario 2, Grand | Traffic Signs | Traffic Light States |
of an autonomous vehicle. I ’ I oS oS . I Decision
| Traveling I Recognition | | Identification | | |
Index Terms— Autonomous vehicles, inrelligence © I I I I
I I I
I | | |
| 1y _ L _ | _
~l
| | | Lane Changing -T— Ac/Deceleartion Action |
I | I
: I : | : | : |
: I : | I |
| I | Steering |
| L H h '
...... I | | |
I I I I
e e e e e — —— —— I — e e e — — ——— I — e e e o —_— — —— - I — e o e — —— ———

Scenario-Based Tests Functionality-Based Tests



Parallel driving: testing and assessment approach A

Three independent and also interacting modules:

O
O
O

Automated vehicle: hybrid scenario-/functionality-based test

V2X (V2V, V2I, V2S):. functionality-based test
Artificial parallel driving layer (APDL): computational

experiments

APDL (computational experiments)

-

Automated vehicle test

[ Scenarios ]

]

~

Tasks H

Functional
atoms

- 3

|

¥

/VZX (V2V, v2l, VZS)\

[ Functions ]

Functional

y )

\ [ atoms ] /

IEEE TIV (2016)
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Parallel driving: testing and assessment approach B

KB BB MECRERE (09/2016) _
Safety assessment letter required for 15 areas:

Test/Production Vehicle Describe the ODD Object and Event Fall Back

'
1
T T ASll] (Where does it operate?) [Detection and Response | Minimal Risk Condition
Exemption | C _ tt_ .
HAVRegitation | ross-cutiing areas.:
| Geographic Location

Guidance Applicable to All
HAV Systems on the Vehicle

Data Recording and
Sharing

S— =Data recording and sharing
¥ =Privacy

=System safety
=\/ehicle cybersecurity

=ty *Human machine interface

=Crashworthiness
=Consumer education and training

T— T — =Registration and certification

Safety Assessment Letter to NHTSA Yes Yes - POSt'CraSh behaV|Or

Privacy
System Safety
Vehicle Cybersecurity
Human-Machine
Interface
Crashworthiness
Consumer Education and

Training
Post-Crash Vehicle
Behavior
Federal, State and
Local Laws
Ethical

1
1
1
I
1
1
1
I
1
1
1
I
1
1
1
I
1
1
I
1
1
1
I
1
1
1
I

Considerations !

C. Cross-Cutting Areas Fully Partially

C.1.Data Recording and Sharing Yes Yes u Fed e ra | 7 State a n d |Oca | |aWS

C.2 Privacy Yes Yes . . .

C3 System satety =Ethical considerations

C.4 Vehicle Cybersecurity Yes Yes

C.5 Human Machine Interface Yes Yes - -

N H Automation function areas:

.7 Consumer Education and Training Yes Yes

C.8 Registration and Certification Yes Yes - 1 1 1 ( )

C.9 Post-Crash System Behavior Yes Yes Operatlonal deS|gn domaln ODD

C.10 Federal, Stat d Local L Y Clarify to d 3 H

e ooy e B =Object and event detection and response (OEDR)
F. Automation Function¥ Fully Partially

F.1 Operational Design Domain Yes No .Fa” baCk (minimal riSk Condltlon)
F.2 Object and Event Detection and

Response i =\/alidation methods 40

F.3 Fall Back (Minimal Risk Condition) Yes No
F.4 Validation Methods Yes Yes



Parallel driving: testing and assessment approach B

Safety assessment letter

APDL Computational V2X Functionality
Experiments Report: Report:

» Driving scenarios » Communication network
» Mileages » Infrastructure intelligence
» Performance metric and = V2V specific

performance responses = V2I specific

= Accidents = V2S specific

Cross-cutting areas (with V2X):
» Data recording and sharing

= Privacy

= System safety

= Vehicle cybersecurity

* Human machine interface

= Crashworthiness

= Consumer education and training
= Registration and certification

= Post-crash behavior

= Federal, state and local laws

= Ethical considerations

Automation
function areas
(with V2X):

» Operational design
domain (ODD)

= Object and event
detection and
response (OEDR)

» Fall back (minimal
risk condition)

= Validation methods

Benefits assessment letter

Driving comfort areas:
» Ride quality (objective & subjective)
» Handling quality (objective & subjective)

» In-vehicle-task-based comfort (subjective)

Traffic efficiency report:

» Performance metric and performance
responses

= Validation methods

Large scale transportation
management report




Parallel driving: testing and assessment hybrid approach
Safety assessment letter

APDL Computational
Experiments Report:

= Driving scenarios

= Mileages

= Performance metric and
performance responses

= Accidents

Cross-cutting areas
(with V2X):

= Data recording and
sharing

= Privacy

= System safety

= Vehicle cybersecurity

= Human machine interface
= Crashworthiness

= Consumer education and
training

= Registration and
certification

= Post-crash behavior

= Federal, state and local
laws

= Ethical considerations

V2X Functionality
Report:

= Communication
network

= Infrastructure
intelligence

= V2V specific

= V2I specific

= V2S specific

Automation
function areas
(with V2X):

= Operational design
domain (ODD)

» Object and event
detection and
response (OEDR)

= Fall back (minimal
risk condition)

= Validation methods

Benefits assessment letter

Driving energy efficiency areas:
= Energy consumption

= Emissions

= Energy regeneration
= Vehicle/powertrain/battery health
= Validation methods

Driving comfort areas:

= Ride quality (objective & subjective)

= Handling quality (objective & subjective)

= In-vehicle-task-based comfort (subjective)

Traffic efficiency report:
= Performance metric & performance

responses
= Validation methods

APDL (computational experiments)

Automated vehicle test

@?

2

Tasks

Functional

atoms

V2X (V2V, V2I, V2S)

Functlonal
atoms




Parallel driving: testing and assessment
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Parallel driving: testing and assessment
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