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Why Field Operational Tests?

- Evaluation of ADAS normally conducted by means [8&
of

« Test track

 Driving simulator

« Hardware In the Loop
« Software In the Loop

o All these tests are conducted under controlled
conditions

* Remaining question: How does the function and
the driver behave under real conditions

- These information can be provided by means of
Field Operational Test

FOT
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Defintion of terms

* Field Operational Test:

* A Field Operational Test (FOT) is a study undertaken to
evaluate a function, or functions, under normal operating
conditions in environments.

« Naturalistic driving study:

* Naturalistic Driving Study (NDS) refers to studies
undertaken using unobtrusive observation when driving in
a natural setting. Both, Naturalistic Driving Studies and
Naturalistic FOTs use this type of observation. In NDS,
the driver becomes unaware of the observation as the
data collection is organised as discreet as possible and
preferably drivers use their own vehicles. eur—

7
Source: wiki.fot-net.eu F’\\\ﬂ
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Overview on Field Operational Tests
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Overview on Field Operational Tests
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FOT Wiki

The FOT-Net Wiki is the Free Living

Encyclopedia of FOTs that anyone can edit:
it is the tool “for and by” the FOT community.

It can be accessed via:
www.wiki.fot-net.eu
What can | do?
Create an account

Update and upload information
about your FOT

Monitor FOTSs in your
geographical area/field of
expertise and edit the Wiki

directly or contact info@fot-net.eu
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Welcome to the wiki of Field Operational Tests

DAY
B

Welcome to the FOT-Net Wiki,
the free encyclopaedia of Field Operational Tests that anyone can edit
461 rices and 1,851 ekt by 71 regetores corrtugars

= Create anaccaunt
= WWite the aricle of 3 new FOT
= REQUESTaN arlla 380Ut 3 ASW FOT

This wiki intends to be  resource far anyone interested in Field Operational Tests, their arganisation, their set up and their
results. We strongly encourage you to contribute to this online resource.
Sign up 1o FOT Wiki here

Expariencing problems using the wiki? Check the help page or contact us st infoi@ot-nat eu =3

This month's featured FOT: sim'” The FOT Catalogue

With th aim to involve 31l axperts. FOT-Net has crested
FOT Catalague to which everyone can contribute. It is an
onling fis of past and prasent FOT activtias for anyone
interasted in FOTs, their mathodelogy, their set-up and
Thesr resulls,

™ The sim™® project includes applications in the
field af trsfic monitaring and management,

driving and road safety, as well as addtional
services, and will put the resuls of previous
tesearch projects inta practice. Reslistic raffic scenarios wil be
addressed in a large-scale test field infrastructure around the Hessian With this Wiki pages, we aim fo build up a catalogue of key
city of Frankfurt am Main. The project will also pave the way for the informiation about various past, cumant and planned fisld
political, economic and technological framevwork 10 successiully setug  tests in Europe, Noth-America and the repion Asi-Pacifc.
carto-car and car-to infrastructure communication. You can help us build the FOT Catalogue by listing or

To achiees thosa objctives, numaTous automotis and eniiching informaion about your fels tast in this catalogue

telecommunication companies, the Hessian stale gowernment and
renmened niersities. 2nd

If your Field Operational Test is not listed and you

seseach institutions hae.narinarer s Tha. wenuldl like 0 add A nace. blpase uss the FOT shegt

www.eurofot-ip.eu
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9

euroFOT

* First European Large-Scale Field
Operational Test on In-Vehicle Systems

 Total indicative budget: 22 million €
 Total indicative funding: 14 million €

* Project duration: May 2008 - June 2012

28 partners from 10 different countries

» Coordinator: Aria Etemad (Ford
Research & Advanced Engineering
Europe)
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LDW & IW

MAN
Volvo Trucks
Volvo Cars
VW
Audi
Fiat

SRS
BLIS

Renault
Volvo Cars

Around 1000 Vehicles

Ford
MAN
Volvo Trucks
Volvo Cars

SafeHMI

BMW
Mercedes

CAN + Video

+ Extra Sensors

MAN
Volvo Trucks
Volvo Cars

Volvo Trucks

460 Data Loggers in total

1500 questionnaires to

. 300 vehicles with LDW auto-logging

L 50+ FEA trucks
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FOT status

French
VMC

VOLKSWAGEN

Target number of

vehicles 35 100 100

No. of vehicles 35 98
participated FOT ~ (+5) (+2)

z‘i’i‘g 57
e“ 35 130 80 32

No. of vehicles
currently running

No. of involved
drivers

FOT§\ date
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October April
2010 2010

June
2010

January
2011

German VMC Operation Centre 1

2

(20)

January
2011

German VMC
Operation Centre

BMWGroup

15

15

45

August
2010

‘9

VM ‘\ edIShVMC
6“6

15 500 100
15 533 100
3 401 100
60 533 204 86
February  February  February May
2010 2010 2010 2010
SR

www.eurofot-ip.eu



euroFOT — Germanl-VMC

: Germanl-VMC
 FORD
.  MAN
« The euroFOT fleet were coordinated by VW , _
five Vehicle Management Centerts (VMC) et . VS(.)vxLl\c/egush-VMC
* VOLVO Cars

( German1-VMC V \\‘
< ([, @aoo
|
I:g\fv csw ACC, LDW ACC, LDW g
' "_<’ German2-VMC

% | 2 57 » | - DAIMLER AG
- BMW Group

" French-VMC , \ &
« RENAULT ltalian-VMC ,
eur-)

* FIAT ,
FOT

11 4-6 July 2012 | interactlVe Summer School www.eurofot-ip.eu



Complexity of FOT

Volvo IVI FOT

Duration | ) 4 ) 4 %

Integrated Vehicle-
>1 Year ™ fety x x SIMTD x

Systems 100 car euroFOT euroFOT
x Study  Germanl-VMC
ACAS

6 Months SeMiFOT

Assisted
Driver

3 Months =

1 Month

50 100 >200 eur /_/

Fleet size FO‘I'
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Approach — FESTA 'V
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Function Definition:
ACC and FCW

ACC Adaptive Cruise Control FCW Forward Collision Warning

& ACC and FCW are integrated in one system
& Debundling of effects not always possible
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RQ, Hypotheses & f

Performance Indicators =i

« Research Questions (RQ)
» General Question on what should be evaluated by means of the FOT
« Example: Make ACC+FCW road traffic safer?

 Hypotheses
« Hypotheses are derived form the RQ in order to be able to answer the
RQ.
« Example: ACC+FCW reduces the number of hard braking
« Performance Indicators (PI)

» “Pls are quantitative or qualitative measurements, agreed on
beforehand, expressed as a percentage, index, rate or other value,
which is monitored at regular or irregular intervals and can be
compared with one or more criteria.” (FESTA Handbook)

« Example: Max. Deceleration or number of hard braking events eur-)

FOT
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Data collection: Measures |
& Sensors m

« There are different types of data, which can be logged
during FOT

* Questionnaires (Questionnaires at different time points)
« Signal logging (e.g. from CAN-Bus, GPS, external sensors)
» Video data (e.g. front camera, driver camera)

« Different data types can be classified by
* Provided information (content as well as amount)
» Necessary logging equipment
« Handling of data transmission
» Required effort for evaluation

eulr— )

FOT
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Data collection: I\/Ieasures
& Sensors

GPS & GPRS Antennas multipurpose camera

data logger

OBD accelerometer
connector

Vehicle CAN bus

T——

I Standard with vehicle
I Mandatory part of the instrumentation (data)
I Optional part of the instrumentation

« Combinations of the data types are possible eur-

FOT
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Data collection: I\/Ieasures
& Sensors

Type of data Subjective data Objective data (Objective) data
Data amount - 0] +
Effort for data

: + 0 -
logging
Effort for data o + (depends on ]
transmission implementation)

Evaluation effort + 0] -

« Combinations of the data types are possible eur

FOT
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Data collection = ==

German 1 VMC

Due to the high number of cars the aim was that the whole process runs
autonomously without any interaction of the driver

« Data Sources at the German 1 VMC:
 CAN-Data as well as GPS-data were logged
* guestionnaires

« Therefore all customer vehicles were equipped with a data acquisition system (DAS),
which enables recording of all relevant signals

« DAS is a small and compact unit that can easily be integrated in the vehicle
without modifications on the customer vehicles

 DAS is equipped with a GPRS module
« Wireless upload of collected data to centralised server

FOT
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Data collection ,‘-_ ==

e Collection of around
110 vehicle signals
from CAN-Bus

wa1sAs
Janes

eleq

* Process of data upload
and processing is
designed to work fully
autonomously

o
=
[=]
o
o
(2
L
3

()

oseqgeleq ‘

* No driver interaction
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Data retrieval
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Data collection

/ Status Logger 23121 \
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Data processing .-.'. 5—
w ..........
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Data Analysis: Detection .;;-E
of relevant events =1
Review of
thresh_olds used in Eieal inciidian
previous FOTs definition
High false

detection rate
Identification of

factors caused
false detections

New incident eur—
4

definition | F@T
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Data Analysis: Detection :
of relevant events

Revision of incident

definition
Installation of video Re-production of
. T Use of data from o Pt
cameras into piloting rer . critical situations on
: driving experiments
vehicles | | test tracks
|dentification of Definition of Determination of
factors caused extraordinary further information
false detections driving situation on pre-history
Elimination of ‘ Definition of triggers Check of suitability
factors and thresholds of thresholds

Reduction of false detection rate from 75 % to 5 ?_-"15/-'-
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Data Analysis

Example: Incident

* Incidents are critical driving situations, which are
used as indicator for traffic safety, since the number
of recorded number of accident is too low for

statistical analysis.
« Two kinds of incidents

* Incidents due to vehicle dynamics (Identified by
means of lateral / longitudinal acceleration, Yaw

rate, ESP and ABS)

* Incidents due to distance behaviour and driver
reaction (ldentified by means of the vehicle speed,
time-headway (THW), time-to-collision (TTC),
relative speed and the state of the brake light)

« Consider the reaction of the driver in order to
overcome the lack of information
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Lateral acceleration [m/s?]

Implementation plan

i
N

e High threshold (car)
== High threshold (truck)
e |_ow threshold (car)
e |_ow threshold (truck)

=
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Vehicle speed [km/h]

Incident Brake light

[on] [off]

Longitudinal acceleration
[high] [low]

Mmedium]

‘ Lateral acceleration
[high] [low]

Mmedium]

L Turnindicator Turn indicatorJ

[off] X [on [on] X [off]
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Processed data at © e\
............ —_— -
Germanl-VMC L]
4 Mileage ) (Number of\ (Number of\ 4 Data )
[km] drivers trips amount
Raw data 3.000.000 189 214.469 1046 GB
Data processing 2.500.000 189 170.000 2565 GB
"Impact assessment
Baseline 643.912 118
_ Treatment 973.653 118
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Agenda

* Field Operational Test in general
* euroFOT approach

« euroFOT results
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FOT
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Avalilable data

®

v v v’ v v
-

Overall 727.114 km 623.615 km

Motorway 676.924 km 602.866 km 174
Rural 24.983 km 12.228 km 64
Urban 25.207 km 8.521 km 64

eur-)

FQ,/T

www.eurofot-ip.eu
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Average Speed
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29

motorway 116.7
motorway 83.6
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119.0
84.3

Reduction
2.0

% Increase/ -
[km]

174  709.607
53 570.183

O Baseline

| Treatment

Treatment

eur-)

FQ,/T
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AverageTHW [s]

Average THW

Passanger Cars Trucks
6.0 4,0
OBaseline O Baseline
B Treatment 3 ’8 B Treatment
55
3,6
5,0 @ 34
45 % 32
5 30
4,0 <y
5 28
>
35 < 26
2.4
3,0
2,2
25 2,0

Baseline Treatment

Baseline Treatment
Experimental phases

Experimental phases

Vehlcle Baseline Treatment | % Increase/ Mileage
Conditions ]
Mean Mean Reduction [km]

motorway 3.51 4.08 16.2 709.607

Truck motorway 3.52 3.69 4.8

53 570.183

eulr— )

FOT

30 4-6 July 2012 | interactlVe Summer School

www.eurofot-ip.eu



Critical THW (< 0.5s)

Passanger Cars

OBaseline

B Treatme

1,2

nt

w
o

1,0

N
(&)

0,8

N
o

0,6

=
[é)]

Relative risk

0,4

=
o

0,2

Number of THW<O0.5s [1/100km]
(6]

0,0

o

Baseline Treatment
Experimental phases

Vehicle Relative risk
Tvpe Conditions (risk treatment / risk
s baseline

motorway 0.27

Truck motorway 0.46
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% Increase/
Reduction
-72.9
-54.0

Trucks

OBaseline

B Treatment

Baseline Treatment
Experimental phases

Mileage
[km]
709.607
501.069

36
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Number of hard braking [1/100km]

0,35

0,30

0,25

0,20

0,15

0,10

0,05

0,00

Vehicle
- Conditions

32

Hard braking

Passanger Cars

OBaseline

B Treatment

B

Baseline Treatment
Experimental phases

motorway 0.23 0.07
Truck motorway 1 0.59
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Number of hard braking [1/100km]

25,0

20,0

15,0

10,0

5,0

0,0

% Increase/ Mileage
Reduction ke

Trucks

O Baseline

B Treatment

Baseline Treatment
Experimental ohases

-69.2 651.099
-40.8 30 429.215

eul— )

FOT

www.eurofot-ip.eu



FCW warnings

2

1,8

1,6

14

1,2

1

0,8

0,6

Number of FCW warning [1/100km]

0,4

0,2

ACC off+FCW on ACC active+FCW on ACC off+FCW on
Baseline Treatment

High reduction of FCW warnings in phases with ACC active on

motorways: eurf/
« 80% reduction when ACC active and FCW on FQT

0
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Overview on results

34

04

02

-02

Change in treatment

-0.6

-0,8

Road

type: Motorway

NN [EE—

Average Speed

H B

Average THW

Numb | THW

Numb
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Incidents

Number of incidents, overall Number of incidents, good weather

1,0 1,0
W Baseline W Baseline

08 B Treatment 09

B Treatment

08

07 1

08 -

05 -

04 -

03 4

0,2 -

| B

Baseline Treatment Baseline Treatment
Experimental phases Experimental phases

Results of significance tests Descriptive statistics

Number of incidents [1/100km]
[=]
(4]

Number of incidents [1/100km]

) Increase/
condit oot | reduation
onditions ec -value

overall ACC <0.0001 0.793 0.024 0.738 0.152 0.000 0.172 -80.8%
good weather ACC <0.0001 0.769 0.072 0.777 0.206 0.019 0.225 -73.3%
adverse weather ACC 0.060 0.421 0.000 0.355 0.083 0.000 0.052 -80.4%

dark ACC 0.002 0.710 0.000 0.775 0.219 0.000 0.128 -69.2%

eulr— )

FOT
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daylight ACC <0.0001 0.869 0.048 0.786 0.167 0.012 0.268



Fuel consumption [1/100km]

Fuel consumption

Passanger Cars Trucks

OBaseline OBaseline

N
o
o

8,5

B Treatment B Treatment

N
_P
(4]

8,0

24,0

75

23,5

7,0

23,0

Fuel consumption [1/200km]

6,5

N
N
6]

6,0 22,0
Baseline Treatment Baseline Treatment
Experimental phases Experimental phases
Vehllce % Increase/ Mileage
Conditions
)
motorway 7.30 7.10 -2.8 163 698.695
Truck motorway 24.71 24.28 -1.8 23 327.295

eulr— )

FOT
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Usage ACC

Type of

Results Relative
Performance indicator Increase/

measure First month Last month Braeresse
treatment treatment

Objective Percentage of travel time

travelled with active ACC

19 % 25 % +31 %

Objective Number of ACC activations 11 16 +53 04
per hour travelled

Number of overriding per

Objective hour travelled with active 29.2 26.2 -10 %
ACC

Subjective Change of user practices in _ 63 % _

(Questionnaire) using the ACC (no change)

* Drivers use ACC more often and longer over time
« Slight decrease of overriding the ACC (not significant
g g (not sig ) eur—

* Drivers report no change of ACC usage
\Y; P g usag F@T
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Rating of acceptance indicators

1,4

OACC
EFCW

=
N

|
|
|

o
™
|
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o
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o
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|
\

Rating according to van der Laan scale
0
|

o
o

Effective  Raises Simple Satisfying Trustworthy Intuitive Competent Reliable Attractive

confidence

» Acceptance rating positive for ACC and FCW
 Van der Laan scale ranges from -2 to +2
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Acceptance - change over time

Satisfaction B Usefulness

=
&

Rating according to van der Laan
scale
o =
[3) o

o
o

before using while using afterusing
(Time 2) (Time 3) (Time 4)

* No significant changes over time for ACC and FCW
: : " eurf/
» Acceptance rating of ACC and FCW is very positive F QT
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Percelved driving comfort and safety

% of respondents

60 100
50
80
n
=
40 %
S 60
o
o
0
= 40
20 )
S
10 20
0 L . — 0
Increases Increases No Decreased Decreased Increases safety
comfort comfort change comfort a comfort
slightly signigicantly bit significantly

ACC leads to an increase of perceived driving safety and perceived
driving comfort:

*  94% of drivers feel that ACC increases safety
e 77% of drivers feel that ACC increases comfort
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Conclusion for ACC

41

Acceptance in terms of perceived usefulness and
satisfaction is high (stable over time)

Driver expectations were fulfilled

More than 75% of the driver feel that driving comfort
and safety increases

ACC perceived to be most useful on motorways

ACC has a positive influence on driver behaviour
(increased THW), which leads to increased safety

Fuel consumption is reduced when driving with ACC
eurf/'

FOT
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Conclusion for FCW

« Almost 70% of drivers feel that FCW increases safety
« High expectations of drivers are mostly fulfilled

« Acceptance (usefulness, satisfaction) is high and
stable over time

« FCW is perceived to be most useful on motorways

« Drivers were not all positive to the audio-visual
warning

eulr— )

FOT
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Thank you for your attention!

8 Functionalities
28 Partners
1000 Vehicles

1 Field Operational Test

eur—

FOT




