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Research concept

Normal Driving Increasing Hazard
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SECONDS INCA EMIC

Continuous driver Collision Collision
support avoidance support mitigation support
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Objectives

System intelligence

Low cost segment

Full collision avoidance &
More scenarios covered — g W m|t|gat|on support

—— - 0 2 \\\\

—

-~

Sensor platform Decision strategles Active 1nterventlons
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Integration of functions
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Support: splitting driving task between driver and venhicle

System Driver
controls controls
Vehicle Vehicle
Working Point
-
Driver Input <}
System Support
based on
Driver Input
No Driver Input No System Support
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InteractlVe Demonstrators — assistance for drivers

SECONDS

« Continuous Support

« Curve Speed Control

« Enhanced Dynamic Pass
Predictor

«Safe Cruise

INCA

(" «Lane Change Collis. Avoid. )

« Oncoming Vehicle Collis.
Avoidance/Mitigation

« Rear End Collis. Avoidance

« Side Impact Avoidance
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« Emergency Steer Assist
« Collision Mitigation

\_

Interact|ve e)) -



AdaptIVe

« Automated Driving Applications & Technologies for Intelligent Vehicles

 Duration: 42 months (Start: January 2014)
SP1:IP Management (VW)
SP2:Response 4 (DAI)

SP3: Human-Vehicle Integration - collaborative automation (VTEC)

SP4: Automation in SP5: Automation in SP6: Automation in

close-distance urban scenarios
scenarios (DEL) (CRF)

highway scenarios
(VW)

SP7: Evaluation (IKA)
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SP7 “Evaluation and legal aspects” - Overview

SP7 role in interactIVe: <P Loader M
« Definition of a test and evaluation B
framework SECONDS INCA EMIC
» Development of test scenarios, :
. Technical
procedures and evaluation methods assessment
* Provision of tools (e.g. equipment, test
catalogues, guestionnaires or software) Userrelated VOLVO )
and test support assessment | | Lup e

* Definition of test and evaluation criteria
« Analysis of legal aspects

Impact M;Wmmm i) I
assessment  11;f7 1 L | SIAS

RWTHAACHEN =
UNIVERSITY L= =

Evaluation divided into:

* Technical assessment (on function level) | cgajaspects bast Mm
A\ G
» User-related assessment GHH

* Impact assessment
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SP7 “Evaluation and legal aspects” - Methodology

Methodology for the evaluation bases mainly on the PReVAL methodology:

« Step 0: System and function description » Step 3: Evaluation method selection
« Step 1. Expected impact and hypotheses « Step 4: Measurement plan
« Step 2: Test scenario definition « Step 5: Test execution and analysis

Adaptation and application of methodology in interactlVe

Evaluation of Application (D7.5)
Verification of Hypotheses

Definition of ,Research questions*

Definition of Hypotheses
(D7.2)

Definition of Indicators
(D7.2)

Calculation of Indicators

v

Test and Evaluation Plan

(D7.4) Measurement data

Test of Application
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Techncial Assessment — Example Results

» Overall 908 test runs considering 8 accident related test scenarios (e.g. rear-end, blind-
spot or run-off road conflicts) were evaluate to analyse the defined hypotheses

* In general the interactlVe functions behave in the intended way

« Example:
Hyp T gen_TecU_01: The driver has enough time to react and avoid the accident, when the

warning is issued
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» The remaining reaction time is (TTC @ warning - tyanoeuvre ) COMpared to the presumed reaction time
—>Hypothesis is confirmed at significance level of 5 % at a reaction time of tg.,.i0n = 1.2 S in the example on the left
—>Hypothesis is confirmed at significance level of 5 % at a reaction time of tg.,.ion = 1.0 S in the example on the right
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User-related Assessment — Results

* For the user-related assessment 9 studies with 263 test person have been
conducted

« Method chosen depending on the criticality of the system under investigation
« Small field test
* Focus group studies
» Tests on a test track
 Driving simulator studies

Dynamic
HUD

Source: Ford Source: VTEC
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User-related Assessment — Example Results

: CS: Conti S t
y Intended Usage Of the funCtlonS RECA?r:?S;r?gﬁd ggﬁizrion Avoidance
CMS: Collision Mitigation System

Motorways Urban roads
100,0% 100,0%
90,0% 90,0%
80,0% 80,0%
70,0% 70,0%
0.0 m 80 - 100% 50,090 m 80 - 100%
’ 0 | ) 0
m60 - 80 % m60 - 80 %
0, — 0,
50,0% 40 - 60 % 50,0% 40 - 60 %
40,0% | 020-40% 40,0% 020 - 40 %
30,0% —_50-20 % 30,0% 70-20%
20,0% — 20,0% —
10,0% — — 10,0% — —
0,0% 0,0%
cs RECA  CMS cs RECA  CMS

* The test persons would use interactlVe functions frequently
 Drivers would use the function more on motorways and less in urban regions — exception CMS
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User-related Assessment — Example Results

HIF CS: Continuous Support
* Willingness to pay RECA: Rear-end Collision Avoidance
CMS: Collision Mitigation System

100%

80%
~Ino opinion

60% - m>1000€
=750 - 1000 €
~1500 - 750 €

40% -
m 250 - 500 €
m(Q-250€

20% -

0% - . .

CS RECA (car) CMS

* The test persons are not willing to spend much money on active safety functions (< 500 €)
» The test persons are willing to pay more for functions that intervene than for functions which only warn
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Safety Impact Assessment — Methodology

* Literature review on impact Direct effects
assessment methodologies: 1. Direct in-car modification of the driving task,
2. Only in-car functions
Indirect effects on user
3. Indirect modification of user behaviour,
Effects on non-users
4. Indirect modification of non-user behaviour,

5. Modification of interaction between users
and non-users,

Exposure effects

Safety Mechanisms
Accident Reconstruction
Neural Network

FOT — Approach

» Chose appropriate methodology by

considering the aval_lable data as well 6. Exposure effects, typically
as advantage and disadvantages of the 7. mall
methodologies: 8. sma
+ Effects on post-accident consequence
- Nine Safety Mechanisms modification o
9. Only post-collision

15
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Direct effects — Rear-end scenario (Braking)

* Initial condition (in-depth accident database) D"I?Pfakes

distacne [m]

deceleration

delta v [m/s] front vehicle [m/s?]
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Collision

Syétem intervention
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Direct effects — Rear-end (collision mitigation)

A
2 Risk
// AVHV IS
&
AQ“’/ v
’ 7A
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Vs d
RV AVoy
// /’
/’/”
,’/’—l ____________ >
* Vo, OV
AV
(Mpy+Meoy) Vi = € (Mpy Vo py + Moy Vo ov)

- o 0 Ee

* Speed v,y and v, oy collision are known!

 Derive speed v, from just after collision based billiard mechanics (correction factor c,)
« Calculate Avyy, = v — Vg yy and Avg,, = V=V, oy, the change of speed at collision for
the host and the other vehicle, with and without the system

« Use known relations between Av in order to calculate injury risk...
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Safety Impact Assessment — Example (Preliminary) SP7
Results

Trajectories in ¥ direction accident id 81 system

10

° Sample result for a rear-end collision avoidance b
functlon- O ]
N 364 |n_depth rear end aCC|dent Scenanos 5_20 ........................................................................
analyzed E,go ....................................................................
L. . s A0 A S

» 77 % collision avoided . - Coad
* 22 % collision mitigated 3 D RN S A ol |
° 0, . . : _*_Intervention
1 % no effected B A

Time [s]
« Sample result for a collision mitigation function: Taiecores in Y drecton accicentid 81 system _

° 364 In_depth rear end aCCIdent Scenarlos ask...... ............ ...................... ............
analyzed I I R O E A S
e 34 9% collision avoided S D ________________________________________________
° 42 % COIIiSiOn mitigated % 15 ............. e ............ R
>C_l [ S .......... \l ............ ....................... P

* 24 % no effected Y E S T — —
op : Eg::gmwnh |
o5k e S Waming |
: : * Intervention
14 -3 2 1 0 % 2
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Summary & Next steps

interactlVVe Vision: Accident-free traffic and active safety systems in all
vehicles

11 different interactlVe functions were developed

The interactlVe functions have been tested and evaluated in the technical
and user-related assessment

Based on the results a safety impact assessment of the interactiVe
functions were conducted

Final Event:
« 20-21 November 2013 in Aachen
Joint event with eCoMove
November 20: Presentations & Exhibition in Aachen
November 21: Demo drives on Ford Proving Ground in Lommel
Subscription is open at the interactl\Ve website: http://interactive-ip.eu
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