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ASSESSMENT PURPOSE

-~ The purpose of the Safety and Impact
Assessment was to evaluate the improvements
achieved through the HADRIAN Human Machine
Interfaces (HMlIs).

= To this end, an HADRIAN-tailored assessment
methodology was developed focusing on
Automated Driving (AD) for up to SAE Level 3
from a human-centered perspective.

- Special focus was given to take-over requests
and AD-level transitions.

- The overall aim was to evidence safe and
acceptable AD developments, including
guidelines for safer human-centered AD
technologies and recommendations for future
policy making.
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HnADRIAN
ASSESSMENT COMPARISON CONTEXT

~ The assessment analyzed the results
from the experimental driving

simulator studies Safety and Impact Assessment — Comparison Context
“Baseline” HMI HADRIAN HMI
~ The HADRIAN system was compared sate-ofhecr ) o inevativecriving
with state-of-the-art in-vehicle systems, o Comparison Context g

serving as "baseline” systems.

- For instance, in one out of seven HADRIAN
HMIs in simulator studies; the HADRIAN
“integrated fluid HMI” included the following S—

functionalities:

- 5 seconds time for take-overs in ADL2, 15 seconds
time for take-overs in ADL3: the countdown
information is displayed to the driver Baseline

= Ensured time interval in which ADL3 driving is
possible: the duration is displayed to the driver

= Tutoring video before the drive, outlining the driving SR\
functions, correct system use, and driver - e

responsibilities Baseline HMI versus HADRIAN HMI
and many more 4




ASSESSMENT KPIS

- The safety and impact
assessment methodology
shaped specific Key
Performance Indicators
(KPls).

- 9 KPIs for safety and 9 KPIs
for the perceived impact of
drivers.

= The KPIs were estimated
through driving, eye-tracking
metrics, and subjective
measurements obtained
during the HADRIAN
simulator studies.
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SCO RI N G M ETH O D Holistic Approach for Driver Role Integration and
Automation Allocation for European Mobility Needs

- Data Envelopment Analysis (DEA)

was applied to obtain scores based Safety and Impact Scoring using

on KPIs for both the “Baseline" and Data Envelopment Analysis (DEA)
HADRIAN HMIs.  ObjectiveKPls | Efficiency
. _ [ KPIs11,13,16 | Efficiency for |
= DEA is used for effic|ency and |__Automated Driving KPIs _|; | Automated Driving KPIs || Safety
productivity analysis of similar [ KPIs15,17,18,19" |_, = Efficiency for ey SCOF
. . . . | Unexpected Driving Events | | Unexpected Driving Events ||
units, widely used in business, ; | Data i — |
. : KPIs 1.2, 1.4, 1.9** Envelopment : Efficiency for
economics, and management. TOR Awareness, Analysis TOR Awareness,
Distraction & Speeding (DEA) \___Distraction & Speeding
= An input-oriented DEA model was IL_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_': :_'_'_'_'_'f_'_'_'_'_'_'_'f_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_':l
. s s i Subjective KPIs : . Efficiency : Impact
developed aiming to minimize the | | i — | Score
. . . . i KPIs 2.1—-2.9 — - Efficiency for —
KPIs (InpUtS) malntalnlng the same || Questionnaire Responses | ! Questionnaire Responses ||
distance (output). ] A |
*without speeding, avg. speed Output:
~ The total safety score was **only speeding, avg. speed Distance

calculated as the average
efficiency of three homogeneous
KPI groups for each driver. 6



KPI 1.1 - Takeover Man re Safety Sco! KPI 1.2 - Take Over Request Awareness T
eeeeeeeeeeeeeee Baseline ®HADRIAN

HADRIAN EFFECT ON KPIS L
- For analyzing the effect of the HADRIAN ‘ ______ H ‘ ‘ T J THHns |“

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
ffffffffffffffffffffffffffffff

HMI on the KPIs, descriptive statistics, plots, w0 e
statistical testing (i.e., Mann-Whitney U test It e e
and Student’s t-test), and KPI dashboards m

A Mt |-

were developed.
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- Excerpts from the plotted trends and KPI
dashboard are given for the HADRIAN “Excerpt from the assessment on
“integrated fluid HMI”. It can be concluded HADRIAN integrated fluid HMI”

th at- HADRIAN | Average Average
Title HMI Percentage KPI | Title HADRIAN GLT Percentage p-value
Trend* Change Change

“The driver is more prepared for a take- 1 Lo e —— T - I
over request with a longer take-over %2 g I - Z,ZZ: e w——
time and takes less time to scan the ER— mra—— g ; e
necessary driving information with the 2 s worous (B s e - s e
HMI indications. The HADRIAN HMI T o = T HE
supports to perform a smoother take- N e = o e g o ;f:; s st

over maneuver with reduced speeds,

Harsh Accelerations 20.30%
nn-Whitney U Test, 2Studenl's t-te HADRIAN

harsh acceleration and braking events.” T e i bt st 7

29.15% 0.152
1
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OVE RAL L S C 0 RI N G Holistic Approach for Driver Role Integration and
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ém Overall Safety Scoring using DEA
—=

Student's t-test, p = 0.000

- The DEA scores of overall safety | -
and perceived impact applied on s 100% '
225 observations of 3 studies and L = o
are presented in boxplots: \_ % = : x 88.9%

85% g

Safety Score

80% N
o The HADRIAN overall weighted 75%
safety score was improved by g — 7%
3.40% compared to baseline HMI.

65%

: ; : Overall Perceived Impact Scoring using DEA

o The HADRIAN safety score was B ot o
revealed to have a statistically 000 ‘
significant higher safety Fo— # 95% 3
: 90% 9 % 89.0%'
performance. N e x
e o
o The overall weighted perceived U% o
impact score was improved by E oo

60%

3.46% with the HADRIAN HMI. 5%

50%
45%

Q

O Baseline B HADRIAN "Weighted Average



CORNERSTONES OF HADRIAN HMIS

~ The HADRIAN “Integrated fluid HMI” had a great
improvement in takeover performance and distraction
prevention as well as outperformed with less mental or
cognitive effort, higher comfort in use, and control feeling.

-~ The HADRIAN "Visual HUD Support System" improved
performance on limiting safety-critical events i.e.,
conflicts, TTC events, speeding and harsh cornerings and
outperformed with higher comprehensibility, intent to use,
and safety feeling.

-~ The HADRIAN "Haptic Feedback on the Steering
Wheel" was found to be capable of reducing mainly harsh
cornering events, conflicts and close TTC events as well
as outperformed with higher usability, intent to use, and
control feeling.
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HnADRIAN
HUMAN ERROR PROBABILITY (HEP) ASSESSMENT

Automation Allocation for European Mobility Needs

= Automated Driving

~ Take-Over

~ Avoid Accidents

- Safe Design Principles

= Understand Human Error Sources
-~ Measure Error Probability

= Without Empirical Data
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