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» The s responsible for up to 94% of
all traffic crashes.
» The introduction of is

anticipated to improve road safety by reducing
human error.

» Up to SAE automation level 4 (high automation),
the driving task will still require
with the vehicle.

> are anticipated
to play a major role in cooperation between user
and Autonomous Vehicle (AV).

» The EU H2020 aimed to
investigate and provide seamless and fluid
- Interactions between the driver and AV.

G
R gi; Marios Sekadakis, The HADRIAN Novel Human-Machine Interface Prototype for Automated Driving:
';%_'L', ﬂ%ﬁ’l Safety and Impact Assessment




» The present study aims at assessing and provide
insights into the impacts of HADRIAN HMI prototypes

on safety, driving performance and drivers'’ e GC) B/m\
perceptions. /\& iﬁm
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» An "HADRIAN-tailored” safety and impact assessment =t ASSESSMENT
) \w " " W/D-— .

methodology was developed using special Key “
Performance Indicators (KPIs) as a basis. i A {j . Sl

nnnnnn

» The driver’s role in automated vehicles is also
investigated using this holistic user-centered
assessment, which evaluates safety and perceived
impact effects.

INDICATORS

» Special focus is given to Take-Over Requests (TORs)
and transitions between Automated Driving (AD)
levels. >
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> The development of the
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« Driving Task Analysis e e SR

« Hazard Identification Procedure 5 i ’

HADRIAN

as described in previous publications and T | [_‘f'j‘ff_“_'f‘_*_'f’_'f_‘_’f_‘_‘f': ______________________________________
HADRIAN documentation. | osayKPle | |9 Impact KPs contotionl Toute | |

i E (Mann-Whitney U, Student t-test) i i

. . . HADRIAN effect |

> were estimated through driving, eye- I S— o |
tracking metrics, and subjective measurements Data Envelopment
obtained during HADRIAN simulator studies. P fi’i _____________ -

. ' Safety and ImpactScores | B

> At the final stage, a total score was calculated ! ‘ et

. . P Safety Scores mpact Scores P

using to obtain : - [ Baseline || HADRIAN |[ Baseline || HADRIAN | Sta(tl\instic_wh_':‘ests;i
scores for both the "baseline" and HADRIAN e
innovations for comparison purposes. 5

: Marios Sekadakis, The HADRIAN Novel Human-Machine Interface Prototype for Automated Driving: HADRIAN : RA

ims Safety and Impact Assessment Holistic Approach for Driver Role Integration and DUBLI‘N> '

Automation Allocation for European Mability Needs



> This consists of:
Aw:r(zsess Take Over Distraction Conflicts 2:;23:::2:: Close
> 9 KPlIs related to and 70 Maneuver AWIrENESS  Time Number of

o Safety Evaluation . . - Transnlon?\llea[;ﬂ‘rl::r?ents
driving performance o . < 3E) 3l o
» 9 KPIs related to the Safety Assessment
KPI

> The detailed % Perceived Impact Assessment e @
. Acceptability o ‘:’ @ . . Safety

for calculating the KPIs are fully Wordoat

Comfort  ygapility Intend UL Feeling

reported in the HADRIAN Compre: (5 se
documentation.
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id HMI

For one of the Component Baseline System HADRIAN System
. : . SAE 2 takeover No preparation 5 seconds
participants drove with a baseline HMl and 19 used a  ¢ime G
HADRIAN HMI titled “Integrated fluid HMI". SAE 3 takeover 5 seconds 15 seconds
time
The HADRIAN HMIs were compared with SAE None Displayed time left of SA
i i predictability 3 driving on HMI tablet
state-of-the-art in-vehicle SyStemS/ Driver Hands off steering  Hands off steering wheel
serving as the monitoring wheel warning via & eyes of road warning via
sound sound, LED, HUD and HMI
HADRIAN innovations aimed to provide tablet
- Tutoring None Interactive audiovisual
better automated driving tutoring system on HMI
tablet; corrective feedback
Gamasa tor baeice ol for first few takeovers
== = LED cues None Front mounted LED stripe
for status information and
warnings
Haptic cues None Steering wheel vibrations
for status changes
HUD None Driving speed, speed limit

upcoming obstacles,

takeover countdown
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HADRIAN | Average
KPI | Title HMI Percentage | p-value
Trend* Change

Take Over Maneuver

i Safety Evaluation + B O
» KPIs derived from the experiment, and the ?‘—gﬁ e e
was analyzed to assess the EZ 14 Disacton +  omn o
initial impact of the HADRIAN HMI. Z o Mmsn o o ous

. “@ & 1.7 Time-to-Collision _0:75% 4
> on safety were observed in several SED 18 meeatrmos O = s o
KPIs, including increased safety scores for takeover i =z 0

maneuvers, decreased takeover request awareness AR 1 Do Neomrvnens ENERERS o

Harsh Brakings = 29.15% 0.152!
. . . . . Harsh Accelerations 20.30% H
time, increased takeover time, and limited e e Serae aomaN
*Positivi Neg ative, N utr l ﬂecl Hy ompared to baseline HMI and based on the plotted trend o
p-values denotatio (0.7, oos> [0.05, 0]

distraction.

! : : . . Title B P:":;eernat?a\z;e p-value
» Higher differences indicating a n -

were observed in KPIs such as reduced oy E— +
subjective workload and increased comfort, B 25 Conton + Tk oxw
usability, trust, and control feeling, reflecting a g | —— +
positive effect of the HADRIAN system. 7 T - PETE——

» However, the remaining KPlIs showed either 26 Conto Fesing I
on the drivers. G SN

) ] _ o *Positive, Negat e, Neutaleﬂ'actc d river impact compared to baseline HMI and based on the plotted trend
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» HADRIAN HMI demonstrated a significant
‘ncrease in safety score (p<0.05), indicating

o Safety Scoring using DEA
enhanced safety for autonomous driving.

Mann-Whitney U Test, p = 0.015

> Positive effects on safety, as indicted oo
previously, were observed in several KPIs, 6%
contributing to the overall safety o
Improvement.

92%
90%

Safety Score/Efficiency

T
s
> Despite some KPIs displaying negative o j
trends, the positive effects outweighed any B2%
negative impacts, emphasizing the eseais it
potential for further safety enhancements
with more positive KPIs.
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DEA assessed the perceived impact score of
the HADRIAN conditions on driver subjective
perspectives, revealing a decrease in
perceived impact scoring, indicating a
decline of 7.54%.

Despite the overall decrease in perceived
impact scoring, the majority of KPIs (5 out of
9) showed a positive effect of the HADRIAN

system.

The subjective nature of the perceived
iImpact score suggests that drivers may have
felt untfamiliar with the complex and
interventive driving setup.
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70%
65%

Perceived Impact Scoring using DEA

Mann-Whitney U Test, p = 0.593
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» HADRIAN HMI exhibited significantly higher safety scoring than the
baseline, attributed to improved takeover performance and reduced
distraction:

"The driver exhibits improved readiness for takeover
requests with extended takeover time and quicker scanning
of driving information aided by HMI cues. The HADRIAN
HMI facilitates smoother takeover maneuvers with
decreased speeds, harsh accelerations, and braking events."

> Despite lower perceived impact scores, most drivers reported
positive effects on subjective workload, comfort, usability, trust, and
control.

> Itis possible that drivers may not have accurately perceived the
safety enhancements offered by the HADRIAN innovations.

» These findings provide valuable insights and an assessment method
for HMI stakeholders, aiding in evaluating safety implications and
human interaction with autonomous driving technology.
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