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Vehicle automation: definitions & roadmaps (US, EU, China)
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 By 2020: L3 at low speeds or less complex driving scenarios;

 By 2025: L4 on motorways;

 By 2030: L4 in cities (urban driving). 



Current ADAS technologies for future? E.g. 

Input information depends on the level of automated driving (e.g., typically no 
driving behavior info for L2 and L3 automation).
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Collaborative augmented cognition and 
decision making (CACDM) for driver-

automation collaboration

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

Cognition
??

Using “information 
processing” approach 

to simplify
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Other tasks (OT)

Attention

Used by OT

ComprehensionPerception Reasoning
Decision 
making Action

CACDM_L0_no conventional 
chassis control

Ethics
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Other tasks (OT)

Attention

Used by OT

ComprehensionPerception Reasoning
Decision 
making Action

Controller Action

Assist

CACDM_L0_with 
conventional chassis control

Ethics
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Other tasks (OT)

Attention

Used by OT

ComprehensionPerception Reasoning
Decision 
making Action

CACDM_L5, L4

Machine
Ethics
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Other tasks (OT)

Attention

Used by OT

ComprehensionPerception Reasoning
Decision 
making Action

ComprehensionPerception Reasoning
Decision 
making Action

Augmentation
Augmentation 

& collaboration
collaboration

CACDM_L3

Ethics

Machine
Ethics

Controller

Assist
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CACDM_L3
Task switching in cognitive psychology
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Other tasks (OT)

Attention

Used by OT

ComprehensionPerception Reasoning
Decision 
making Action

ComprehensionPerception Reasoning
Decision 
making Action

Augmentation
Augmentation 

& collaboration
collaboration

CACDM_L2

Ethics

Machine
Ethics

Controller

Assist

11Driver-Collision Avoidance  System Collaboration:  joint decision making & shared control
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Other tasks (OT)

Attention

Used by OT

ComprehensionPerception Reasoning
Decision 
making

Action
(Lateral)

ComprehensionPerception Reasoning
Decision 
making

Action
(Longitudinal)

Augmentation
Augmentation 

& collaboration
collaboration

CACDM_L1_ACC

Ethics

Machine
Ethics
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Other tasks (OT)

Attention 

Used by OT

ComprehensionPerception Reasoning
Decision 
making Action

ComprehensionPerception Reasoning
Decision 
making Action

Augmentation
Augmentation 

& collaboration
collaboration

CAC_general

Ethics

Machine
Ethics
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Other tasks (OT)

Attention 

Used by OT

ComprehensionPerception Reasoning
Decision 
making

Action

ComprehensionPerception Reasoning
Decision 
making Action

Augmentation
Augmentation 

& collaboration
collaboration

CAC_simplified

Ethics

Machine
Ethics

14

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCI6fkcOO4cgCFURVFAoda5wBJg&url=http://www.autoblog.com/land%2Brover/recalls/&psig=AFQjCNHuL8Wm9nr1fThehsfb14vpMlkuxQ&ust=1445981118485455
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCI6fkcOO4cgCFURVFAoda5wBJg&url=http://www.autoblog.com/land%2Brover/recalls/&psig=AFQjCNHuL8Wm9nr1fThehsfb14vpMlkuxQ&ust=1445981118485455


ComprehensionPerception Reasoning

ComprehensionPerception Reasoning

Augmentation

CACDM
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Augmented 
reality
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Where to see when driving?

Data
input

World
Data

output

Action
Is response
automatic?

Yes

SKILL
(Slip & lapse)

Identify
rule

Is input
familiar?

Yes

RULE
(RB mistakes)

Consider
data

No

Select
response

Is analogy
found?

Yes

KNOWLEDGE
(KB mistakes)

Find
analogy

No

Formulate
hypotheses

Develop
response

Explore
problem

No

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

J of Vision, 2012

CACDM
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Eye-head or eye-head-steering coordination and dynamicsCACDM



Decision 
making

Decision 
making

Augmentation 
& collaboration

Ethics

Machine
Ethics
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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.  

Instinct decision making sets (to conceive based 
on experiments) 

Statistical 
decision 
making 

CACDM



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

prediction system

iAvoid: Vehicle collision avoidance 
capacity monitoring system 

L2 
automated 

driving

iMind

iCAS

iHorizon

iAvoid

iMind: Driver mind-on-the-road 
monitoring system for level-2 

automated driving 

iCAS: Intelligent driver-collision-
avoidance-system collaboration 

system

二级自动驾驶4i安全智驾系统
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iHorizon: Driving-style enabled 
short- and long-term future speed 

prediction  

iAvoid: Vehicle collision avoidance 
capacity monitoring system 

Autonomous
driving (L4, 

L5)

iDecision

iPath

iHorizon

iAvoid

iDecision: Intelligent human-like 
autonomous driving decision 

making system 

iPath: Intelligent human-like 
autonomous driving path planning 

system 

自主驾驶4i安全智驾系统
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iPath: recent and on-going research
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CAN Bus Signals
Lateral acceleration

Longitudinal acceleration

Throttle pedal position

Steering angle

Vehicle speed

Brake light switch

EVENT DETECTION

Acceleration, launch, cruise, 

brake and turn

ROAD TYPE DETECTION

City, rural and highway

DRIVER DRIVING STYLE 

RECOGNITION

Sensing and 

Localization 

Systems

Trajectory

Tracking Control

Spatial Path  

Planning 

Trajectory Planning

Velocity 

Planning

Global Route Planning

Behavior Reasoning 

ITPTC

IEEE/ASME TMECH (2016), MSSP (2015), IEEE TITS (in review), IEEE THMS (in review), Mechatronics (in review) 

Driver driving 
style recognition

http://www.telegraph.co.uk/motoring/car-manufacturers/land-rover/11071469/New-Land-Rover-Discovery-Sport-revealed.html
http://www.telegraph.co.uk/motoring/car-manufacturers/land-rover/11071469/New-Land-Rover-Discovery-Sport-revealed.html
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Markov Long-term speed prediction sensitive

to: driver driving style, road type, traffic level

and speed limit.

Profile statistics successfully captured and good

estimations of the cycle power requirements per

segments.
Short-term speed prediction sensitive to:

driver driving style, road type and traffic

level.

Accurately predict ~10s window for ADAS

and EMS adjustments.

Driver style recognition to adapt to specific drivers characteristics and preferences.

ADAS safety and prediction improvement.
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iHorizon: recent and on-going research

IEEE TITS (to submit), IEEE TITS (in review), IEEE THMS (in review) 
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Task M
Lane Change Intention

Context 
Traffic 

Information 
GatheringTactical Task

Control Task

Hand/Steering
Interaction

Foot/
Brake&Acceleration

EEG

Yaw angle
Longitudinal & Lateral

Velocity
Path & Position

Eye 
Behaviour

Head 
Movement

Body
Movement

Driver Dynamics

Vehicle Dynamics

Driver Vehicle 
Interface

L2

L3

Relationship Between Level 2 and Level 3

Generating 
Action 

Sequences

Control Level

AS1_1 AS1_2 AS1_M1 AS2_1 AS2_2 AS2_M2

Action Sequences of Task 1 Action Sequences of task 2

Strategical Level Planning

Task 1
Lane Change

Task 2
Lane Chang

Task 3
Lane Keep

Task N
Brake

Tactical Level

L1

L2

L3

Intention
Execution

Multiple papers published or submitted.

iMind and iDecision: recent and on-going research
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Multiple papers published or submitted.

iAvoid and iCAS: recent and on-going research
Information Fusion ：实时获得交通环境信息、车辆状态信息、以及驾驶
员信息，通过信息融合，明确iCAS所处的工作环境。
Data Learning ：分析和学习线上和线下数据（传感器历史数据、其他途径

获取的交通信息数据、驾驶员行为及偏好数据等）分析得到驾驶员的行为
特征和CAS工况下的辅助偏好等。
Self Improvement：使用reinforcement learning等算法，iCAS能够从每次工
作后得到的反馈中分析辅助效果，提升工作性能。
Optimal and Cooperative Control：基于类似Game-theoretical Control等的
方法，设计iCAS的最优协同控制器；iCAS能够在与驾驶员合作的同时达到
CAS工况下的最优控制。
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Multiple papers published or submitted.

iAvoid and iCAS: recent and on-going research



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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Driving style 
recognition and vehicle 
test validation

Development of reference profiles based on driving features
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Multiple papers published or submitted.



CPS-Based Co-Design Optimization Framework
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D-CPS: driver-cyber-physical systems (D-CPS) research

Multiple papers published or submitted.

0 2 4 6 8 10 12
0

10

20

30

40

50

t [s]

V
e

h
ic

le
 S

p
e

e
d

 [k
m

/h
]

(A
cc

e
le

ra
tio

n
)

 

 

Aggressive

Moderate

Conservative

0 1 2 3 4 5 6

0

5

10

15

20

t [s]

V
e

h
ic

le
 J

e
rk

 [m
/s

3
]

 

 

Aggressive

Moderate

Conservative

0 2 4 6 8
0

10

20

30

40

50

t [s]

V
e

h
ic

le
 S

p
e

e
d

 [k
m

/h
]

(D
e

ce
le

ra
tio

n
)

 

 

Aggressive

Moderate

Conservative

0 2 4 6 8
0

2

4

6

8

10

12
x 10

4

t [s]

R
e

g
e

n
e

ra
te

d
 B

ra
ki

n
g

 E
n

e
rg

y 
[J

]

 

 

Aggressive

Moderate

Conservative



On-going research activities: driver-automation collaboration
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Vehicle
system

Human driver

Cognitive driving
agent (CDA)

Actuators

_

Adaptive
automation

agent
(AAA)

Trajectory
planning

Driver state
monitoring

Road, traffic
information

Driver behaviour
model

Vehicle
system

Human driver
Chassis
control

_

Road, traffic
information

Threat assessment
agent (TAA)

Mode indicator

(a) Conventional vehicle dynamics control

(b) Proposed new driver-automation collaboration



On-going research activities: cognitive chassis control (CCC) 
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Electrified
vehicle

Driver
Cognitive active

steering_

Cognitive braking
system

Cognitive active
aerodynamics

CCC

CWI
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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

Human drivers

(Physical, 
mental)

Information

(artificial)

Vehicles

(Physical)

Physical 
world

Mental 
world

Artificial 
world

Cyber
space

Physical
space
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Parallel driving: parallel layout

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

DC

RD

HD1

Cognitive

behavior

RV1Physical

behavior

SA1a

Physical World

Level I

Mental World
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Artificial World

Level III
ADAV

IIIa

ADAV1

SA1b
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behavior

RVnPhysical

behavior

SA1n ADAVn
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Services

IIIb
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Parallel driving: underlying theories
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Parallel driving: testing and assessment approach A

Scenario 1, Urban 

Travling

Traffic Lights 

Recognition

Traffic Signs 

Recognition

Lane Changing

Traffic Lights 

Detection

Traffic Light States 

Identification

Ac/Deceleartion

Scenario 2, Grand 

Traveling

......

TasksScenarios Function Atoms

...... ......

Steering

Scenario-Based Tests Functionality-Based Tests

Sensing/Recognition

Decision

Action

Functionalities
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Parallel driving: testing and assessment approach A

Three independent and also interacting modules:

 Automated vehicle: hybrid scenario-/functionality-based test

 V2X (V2V, V2I, V2S): functionality-based test

 Artificial parallel driving layer (APDL): computational 

experiments

IEEE TIV (2016) 

Automated vehicle test

Scenarios

Tasks
Functional 

atoms

Functions

V2X (V2V, V2I, V2S)

Functional 
atoms

Functions

APDL (computational experiments)
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Parallel driving: testing and assessment approach B
美国自动驾驶政策指南（09/2016）

Safety assessment letter required for 15 areas:  

Cross-cutting areas:
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:
Operational design domain (ODD)
Object and event detection and response (OEDR)
Fall back (minimal risk condition)
Validation methods
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Parallel driving: testing and assessment approach B
Safety assessment letter

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

APDL Computational 
Experiments Report:
 Driving scenarios 
 Mileages
 Performance metric and 
performance responses
 Accidents 
 …..

Benefits assessment letter

Driving energy efficiency areas:
 Energy consumption
 Emissions
 Energy regeneration
 Vehicle/powertrain/battery health  
 Validation methods 
 ….. 

V2X Functionality 
Report:
 Communication network
 Infrastructure intelligence
 V2V specific
 V2I specific
 V2S specific
 …..

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
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Parallel driving: testing and assessment hybrid approach
Safety assessment letter

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

APDL Computational 
Experiments Report:
 Driving scenarios 
 Mileages
 Performance metric and 
performance responses
 Accidents 
 …..

Benefits assessment letter

Driving energy efficiency areas:
 Energy consumption
 Emissions
 Energy regeneration
 Vehicle/powertrain/battery health  
 Validation methods 
 ….. 

V2X Functionality 
Report:
 Communication 
network
 Infrastructure 
intelligence
 V2V specific
 V2I specific
 V2S specific
 …..

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
 ……

Large scale transportation 
management report
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Parallel driving: testing and assessment
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Parallel driving: testing and assessment
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