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INTRODUCING VOLVO CARS
SEAMLESS INTERFACE FOR SELF-DRIVING CARS

http://www.volvocars.com/intl/about/our-innovation-brands/intellisafe/intellisafe-autopilot/drive-me/real-life
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Driver needs to be able to

Driver assistance/
Partial automation

Automated parking,
autocruise

intervene at all times
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Vehicle in control in special
conditions

Taxibots, platooning,
automated highways
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Fundamental changes in driving behaviour
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Human behaviour during O HE Soudtusne
highly automated platooning

Attention

o N\ ” s
. Situation ’ ::fi::\::eci:':?ilt';y Mental Under|08.d
Model "\ Awareness —> U-shaped Causality Degl’aded monitoring
Inversed U-shaped Causality

Heikoop et al (2016), Effects of platooning on signal-detection performance, workload, and
stress: A driving simulator study, Applied Ergonomics

Heikoop et al (2016) Psychological constructs in driving automation: a consensus model
and critical comment on construct proliferation. Theor. Issue Ergon. Sci. 7
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Driving Behaviour in Control Transitions between # HFauto
Adaptive Cruise Control and Manual Driving e

O

ACC Inactive |:| Driver in control (DC)
(State 1) g 2 . ACC in control (AC)
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AV -y State transition
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Release gas pedal

ACC Active S ———— ACC Active and
(State 2) > sccelerate
(State 3)

Press gas pedal

BMW 5 with Full Range ACC observations 10 s before, 10 s after, each
23 participants authority transition at 1 Hz
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Driver in control (DC)

ACC in control (AC)
No transition
Control transition

ACC Active
(State 2)

N

Feeling of risk and task

difficulty evaluation: actual Acceptable i
level vs. acceptable range — M |Xed
logit
ACC Activ Acth o
System state AC-C \(Sm\:_"')‘? AC'C ACC Active AC ’(
choice Inactive ;i < Inactive and accelerate Active
(State 1) (State 1) (State 3) (State 2)
Decrease Increase
Speed choice target speed target
speed
N N
Acceleration Manual Manual Manual
model acceleration acceleration acceleration

Factors attributing On ramps, expected cut-ins,
to deactivation: Approaching slower vehicles

4 Varotto, et al (2017), Resuming manual control or not? Modelling choices of control
TU De|ft transition in full-range adaptive cruise control, Transportation Research Record




Current ACC systems maintain longer headways than human drivers

Drivers reduce lane changing when using ACC —staying in left or right most lane

ACC users rate pleasureness at 8 on a 1-10 scale
Full range ACC scores higher
Clumsy technology decreases pleasure

ACC more likely to be bought by high-income males

TU D |.|:t Winter, et al (2017), Pleasure in using adaptive cruise control, Traffic Injury Prevention
€ Schakel etal (2017), Driving Characteristics and Adaptive Cruise Control, IEEE ITS Magazine
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Driver aspects

 Automated Vehicles will lead to different vehicle
behaviour

« Authority transitions relevant but hardly studied

e Situation awareness decreases with prolonged
automated driving

« Current ACC headways larger than human
headway

« Decrease In lane change when driving with ACC

11



Potential impacts on traffic

Non connected,
high penetration rate
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A20: bottleneck motorway, no more
space to expand
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How can AVs relieve
congestion here?
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A20 congestion S112 on ramp

RSU:
triggers at high flows on right lane;
suggests courtesy yielding and anticipatory lane changing

ACC: more agile response; switched off by RSU

Scenario (Ic)comp O:h pACC Avg. TT change Delay Vehicle-
(26) (veh/h) (%6) (26) change kilometres

(%) change (%)
- . : 0 0 0
Only-ACC - - 40 -4.5 -18.3 +2.7
80 1200 - -19.5 -72.6 +2.3
80 1200 40 -7 -27.5 +2.4

Sideris (2016)
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HaskoningDHV

Enhancing Society Together

Reactietijd [s] Gemiddelde | Gemiddelde Gemiddelde Gemiddelde
volgtijd [s] maximale normale maximale vertraging
versnelling [m/s2] vertraging [m/s=2] [Mm/s2]
Auto 0.8 -(=1.0) 2.8 -3.5 -7
ACC 0.8 1.6 2.5 2.5 -6
Nieuwere ACC 0.4 1.6 2.5 -2.5 -6
Verbeterde ACC 0.4 1.2 2.5 2.5 -6
CACC 0.2 0.8 2.5 2.5 -6

Speed reduction
= 759
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Note: (C)ACC modelled as speC|aI drivers

Current ACC increases congestion
New/improved ACC start reducing

congestion at 10% penetration rate
CACC strongly reduces congestion

Huisman (2016) [
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Managing traffic with Connected Variable Speed Limits
and ACC
T - » Traffic control is still necessary with

S JE— presence of IVs, particularly at low

................... BEREREE benetration rate.

« Although IV changes traffic flow
characteristics, the VSL algorithm
works well with presence of IVs;

» Connected traffic control and vehicle
control bring extra benefits in
improving traffic efficiency;

» Redesign of traffic control systems
taking into account the changed flow
characteristics may lead to further
improvement.
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Time (min)

Speed with 0% CFC without VSL

20 w ° 20 S0 o o

40 30 40
Time (rran) Time (min}

Speed with 10% CFC without VSL Speed with 10% CFC with VSL

M. Wang, W. Daamen, S.P. Hoogendoorn, and B. van Arem. Connected variable speed limits control and car-following
control with vehicle-infrastructure communication to resolve stop-and-go waves. Journal of ITS.
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Igh Performance Vehicle Streams with active CACC string clustering

Full processes of CACC string operation

CACC YV IRELEE & siing
@lisiel  Join/leave Joinvsplit ik

Roadway Capacity of Traffic with CACC Strings

\ I i

icle Clustering Strategy =~ Managed Lane Strategy 12V Strategy

CACC Dedicated
Lane Scenario

Market
Penetration

Traffic Bottleneck
Scenario

U.S. Department of Transportation

4 (W r,.r‘i Nl ‘ .
T A~ Federal Highwa : :
UDelft 'J‘ H !‘ Administra?ion Y Lin Xiao
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Cooperative automated driving strategies for efficient traffic

operations near on-ramp bottlenecks

Better control algorithms

* Relieve traffic congestion,
* Improve traffic safety,
 reduce pollution.

Mixed AV and manual traffic.
Different penetration rates
Different traffic scenarios

Traffic flow simulation

¥~ 3 China Scholarship Council

P/ www.csc.edu.cn
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Target Capacity(TC):
Maximum Flow prior to
breakdown

Bottleneck Type:
Short Weave

Na Chen
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Will Automated Driving improve traffic

flow efficiency?

» Potential impacts of current ACC systems
negative because of long headways

— Need for more capable ACC
+ Cooperative ACC can improve traffic flow
efficiency

« Special attention needed for bottlenecks and
authority transitions

« Statement about doubling roadway capacity
are far from reality

19



Driving with automation...

 SAE L1-2 commercially available
— SAE L3-4 with OEDR at system in R&D stage

« Mental underload, reduced situation awareness
— More than ever, automation needs to be safer than driver

* Current ACC have longer headways than human drivers
— Better ACC or CACC needed to avoid increase of congestion

« New focus: lane changing and manoeuvering
— Especially at roadway bottlenecks

« Simulation models widely available
— Are authority transitions included -

« Public data about driving with automation scarce
— Data sets to be published in journals
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