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P3 | AT A GLANCE

We place customers at the heart of our organization

P3 VISION

Advise on strategic initiatives with focus on

technology strategy, business process ~ MANAGEMENT
optimization and organizational development. //'I CONSULTING
P3 drives value by identifying new business /
maodels and designing access to future revenue /
streams including competency buildup. / ‘\\
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P PERSPECTIVE

Execute complex projects and business process
optimization across customer organizations and their
global supply network.

Support and enable customer organizations to develop
structures for sustainable operations and future growth.

P3 INSIGHT

Develop and test innovative IT solutions for specific
business needs from stand-alone applications to cloud
based and loT services.

Deliver end-to-end solutions in Security Consulting to
ensure seamless service and product rollout.




OUR Capabilities

RAUTONOMOUS MOBILITY

BUSINESS & STRATEGY TECHNOLOGY & SAFETY OPERATIONAL ENABLEMENT
Autonomous Driving Market Insights Autonomous Driving System Optimization Systems Engineering: Safe Processes & Traceability
Forecast of markets esp. China, competitors, Energy & Data consumption and requirement Development of safe processes with system
standards/regulations and technologies based hardware optimization engineering approach to ensure full traceability from

requirements definition to approval

MaaS & Business Model Development Technology & Platform Roadmaps
Design and financial appraisal of business models Evaluation of sensor sets for Autonomous Pilot Projects
for Mobility-as-a-Service (MaaS$) including TCO Driving and efficient platform strategy Definition and set-up of first AD pilot projects and
assessments acceleration in operative project execution

Safe Vehicle Concepts & Approval
Partnering for Autonomous Driving Concepts for functional safety and implementation Trust in Autonomy
Competence analysis, assessment of “best-fit” of new standards (SOTIF) and approaches for Strengthening trust in customer autonomous driving
partners and set-up of partnership models approval of highly automated driving functions functions
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Introduction

Motivation

o Making the handover process more secure by understanding the driver

> Deciding the optimal handover times for different environments

https://spectrum.ieee.org/

Objective

> Showing that environmental complexity has a significant effect on the handover time
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Background and Basic Concepts

SAE AUTOMATION LEVELS

Full Automation ===

rHighly Automated Drivingy

Driver Partial
Automatlon Assistance Automation
Zero autonomy; Vehicle is controlled Vehicle has combined
the driver performs by the driver, but automated functions,
all driving tasks. some driving assist like acceleration and
features may be steering, but the driver
included in the must remain engaged
vehicle design. with the driving task
and monitor the
environment at
all times.

04.11.2019

Conditional
Automation

Driver is a necessity,
but is not required
to monitor the
environment.
The driver must be
ready to take control
of the vehicle at all
times with notice.

https://cleantechnica.com/
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High
Automatlon

The vehicle is capable
of performing all
driving functions

under certain
conditions. The driver
may have the option
to control the vehicle.
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Full
Automation

The vehicle is capable
of performing all
driving functions

under all conditions.
The driver may
have the option to
control the vehicle.




Background and Basic Concepts P5

Highly Automated Driving

o The current limitations

> Usage only under some certain operational design domains _

Conditional
Automation

° Requiring driver attention , ;
Driver is a necessity,

but is not required
to monitor the
environment.
The driver must be
ready to take control
of the vehicle at all
times with notice.
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Background and Basic Concepts

Highly Automated Driving

o Role of the driver

> Monitoring the system

> Being ready to take over the control

https://www.geotab.com
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Background and Basic Concepts

Highly Automated Driving

o Secondary task

> The tasks that need the driver to disengage from driving

° Providing a possibility to take over the control again

https://bobsegarini.wordpress.com/
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Background and Basic Concepts

Environmental Complexity

o Basis

Kai-Florian Richter - Stephan Winter

| Landmarks

GIScience for Intelligent Services

> Increasing facade area increases the saliency of an object [Richter K., Winter S. (2014)]

DRIVER
DISTRACTION
> Increasing number of objects increases the driver distraction [Regan M., Lee J., Young K. (2008)]

12.09.18 Baris Cakar — Autonomous Vehicle Technology EXPO 2019




Background and Basic Concepts P5

Definition of Environmental Complexity (EC)

o Function of:

o Facade area of the static structures

> Density of the static structures

EC is the combination of the increasing density of the static structures

and their facade area around a highly automated vehicle
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Background and Basic Concepts P35

Environmental Complexity (EC) Levels

EC Level | Narrative Definition Figure

1 contains no landmarks at all

o contains only sparsely constructed -

low residential areas

contains only densely constructed

3 .

low business areas

contains densely constructed low -
4 . Lo o1

business areas and some high-rise buildings
5 contains only densely constructed -

high-rise buildings
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Related Work P5

Short handover times in critical case scenarios

o Trust to the system is decreased [Mok et al., 2015]
° The quality of takeover is decreased [Gold et al., 2013]

o The driving mistakes are increased [Dambdck et al., 2012]

Secondary task

o Distraction to the driver [Mccartt et al., 2006], [Victor et al., 2005]
> Negative effects on situation awareness [Meratet al., 2012]
> Increase on the handover time [Eriksson and Stanton, 2017]
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Main Study

Setup

° InsideRace Sport Triple

° Logitech G27

> Tobii Eye Tracker 4C
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Main Study P5

Participants

[e]

6 Males, 6 Females

[e]

Ages between 23 and 31 years old

[e]

A valid driving licence

[e]

No hearing or vision problem
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Main Study 5

Scenes

° One warm-up scene

> Five experimental scenes having different environmental complexities

o Compatible with OpenDS

o Self-developed with Esri CityEngine
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Main Study P5

Open Area Scene — EC Level 1
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Main Study P5

Apartment Buildings Scene — EC Level 2
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Main Study

Office Buildings Scene — EC Level 3
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Main Study

Office Buildings with 2 Skyscrapers Scene — EC Level 4
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Main Study

Highrise Buildings Scene — EC Level 5
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Main Study

Tasks

° Driving tasks

o Starts with autonomous driving
o |ncludes two handover scenarios

o The order of the scenes are randomized

o Secondary task

° Vector invaders android game
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Main Study P5

Independent Variables

° Environmental complexity

o Secondary task

Dependent Variables

> Handover time
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Main Study

DEMO

12.09.18 Baris Cakar — Autonomous Vehicle Technology EXPO 2019




Main Study
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Main Study
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Results P5

A strong relation between EC and the handover Time (p < 0.001)

> The effects are still significant when there is a secondary task

A strong relation between secondary task and the handover time (p < 0.001)

o Secondary task increases the handover time by the factor of 1.8 - 2.5
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Discussion P5

Increasing EC causes an extra mental workload

Drivers need more time to take over the control when EC is higher

EC can be layered to more different models

Performing a secondary task increases the handover time considerably
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Questions P5

Thank you for listening!
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