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e Observe interaction in urban human traffic encounters

e Model the observed behavior to derive recommendations
for automated vehicles

* Predict the behavior of traffic participants
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e.g., a road user moving towards
a potential interaction location,
but still far away enough for the
movements to not give any clue

as to what the road user is
perceiving or what the road user
intends to do /

!

e.g., a driver nudging forward to get a
better view of an interaction location

e.g., looking in the general
direction of an interaction
location (but without this
providing clear indications of

M A which other road users have

been perceived)

(mov. perception-achieving

e.g., deceleration (or e havions)

constant speed) as an
indication of yielding (or
not) to another road user

| e.g., road user A looking straight
at road user B, suggesting that A
is perceiving B

(movement-signalling (perception-signalling
vt befraviour) e.g., an AV shining a light directly

at a human road user to inform

the human it has been perceived

e.g., gestures or headlight flash /
signalling intention to yield

e.g., road user A not looking

;’: r:JZd u‘lsler Btc?nlcilntdiclfte Dietrich et al. (2018)
at A will not yield to - Deliverable 2.1
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HAV projecting lights/symbols to _
convey gratitude to other vehicles

Driver a_cceler_atipg sharply after Pedestrian staring at car to
interaction to indicate frustration indicate frustration

Pedestrian allocating gaze to car
to indicate desire to cross the road

Pedestrian looking at HAV to

understand its intentions
Pedestrian walking across a road |_

| Driver advancing into intersection

Pedestrian adapting fx & .-~ to get a better view
trajectory to yield to HAV \ e i Pedestrian turning toward car
A *' to indicate awareness of it

Driver using turn indicators () r/‘ Seeking eye contact
Pedestrian speeding up M-S 25 5 P-S
towards zebra crossing *Nxy VN .\‘ HAV showing eHMI to indicate

Driver flashing headlights M-R : P-R EINETENESS Gl pRESClTEn

at slow lead vehicle i )

Markkula et al. (2020)
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Implicit Communication:
Any form of communication through
motion and motion-related effects

Explicit Communication:

Implicit communication Any form of communication where one
road user intentionally broadcasts
his/her message

Explicit communication

Markkula et al. (2020)
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3 countries
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Methods:

* Video

 LiDAR

* Questionnaires

* Manual Observation
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el W @ . Manual observation was
e T W conducted with an HTML

app

* Observers drew the
observed encounter and
indicated the sequence of
events occurring in the
Interaction
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 Occurrence and necessity of interactions highly depends on the situation and a
varigty of other influences, such as traffic density, time of day and specific traffic
conditions

 Explicit communication (e.g. gesturing, flashing lights etc.) happens rareIY - most
potential interaction-demanding situations are resolved before they actually arise,
mostly by adjusting kinematic motion

 Cooperation, communication and thus interaction between human road users
takes place at low speeds, usually below 20 km/h

* At higher speeds conflict avoidance is predominant — Eedestrians use large
enough inter-vehicle gaps to cross without expecting the second vehicle to adapt

* Self reports # reality: some pedestrians reported to use some sort of visual
information from the driver — even when the driver could not have been physically
perceived

For more Results see Lee et al (2020), Uttley et al. (2020), Camara et al (2018), Camara et al. (2018)
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 Within one location, different
starting positions lead to
different interactions

* Infrastructure (e.g. road
layout, points of interests)
influences traffic encounters
and resulting interactions

* Comparing locations
consistently is complicated,
especially with different
observers
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(ed
v

Slows down
(58, 18, 32) /
keeps pace
(38, 8, 68)

vehicle (77, 88, 84)

Looks at approaching

Stops for Vehicle*®
(46, 80, 72)

Turn indicator
(96, 0, 5)

L J

Decelerates
for traffic
(50, 8, 26)

Decelerates for
observed pedestrian
(15, 8, 4)

Accelerates

1 (21, 14, 1)

Sequence Diagrams

Intersection — vehicle goes first

Crosses after vehicle |

-~

Percent of Observed Patterns in
B Leeds, UK

B Munich, Germany
I Athens, Greece

Passes pedestrian

*at times there is no complete stop but rather a
continuation of the movement at a very slow pace

For further Results see Lee et al (2020), Uttley et al. (2020), Camara et al (2018), Camara et al. (2018)
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Slows down : Initiates Crossing
(50, 43, 18) / Looks at approaching (92, 74, 95)
vehicle (43, 59, 78 L .
:(jsep;opa;;) ( ) Percent of Observed Patterns in
130 17) B Leeds, UK
B Munich, Germany
| I Athens, Greece

Turn indicator **Waives hand

(83, 12, 14) (1,4,2)

m Decelerates Looks at Pedestrian (6, 13, 18) y
: Passes behind -
for traffic Decelerates (22, 26, 12) edestrian
(49, 16, 11) or stops* (5, 23, 1) P
for pedestrian *at times there is no complete stop but rather a

continuation of the movement at a very slow pace

**in some cases there was no hand waiving and the
scenario played out comparably

For further Results see Lee et al (2020), Uttley et al. (2020), Camara et al (2018), Camara et al. (2018)
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= Implicit
Vehicle position (and time derivatives)
Vehicle rotation (and time derivatives)

Vehicle appearance

Driver presence and attentiveness

Explicit

Vehicle signals
Driver gestures

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 723395. This material reflects only the author's view and the Innovation and Networks
Executive Agency (INEA) and the European Commission are not responsible for any use that may be made of the information it contains.




‘emminter/ | Understanding Visual Perception of Traffic

Www.interact-roadautomation.eu \

* Numerous experiments in VR pedestrian simulators to
investigate the effects of implicit and explicit communication of
vehicles

mEE e g O G G WEEON

\ &;\1 s w wwn ol
‘.__;._. -, e N e /= T
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Early deceleration leads to earlier
crossing initiations by pedestrians

Explicit communication leads to
earlier crossing initiations when the
vehicle is yielding

The presence or attentiveness of a 1
driver does not seem to be a big N 1 l
factor for the crossing decision of N

pedestrians but affects their S
perceived safety and perceived prakina Distance fml
control

eHMI
[ False
[ True

. —_

—
—

Crossing Initiation Time, 45 m [s]
TT

Dietrich et al., 2020; Velasco et al. 2019
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* Defensive decelerations (initially braking more than needed)
decreases the crossing initiation time of pedestrians

* Artificial pitching of the vehicle seems to have a smaller effect

on pedestrian crossings

1.0 1.0
) Pitch Trajectory
Z O None @——D\@'—"’C‘ O Baseline
9 ® Real @ Defensive
E E E::Et ‘_)————y_).\(? {j O Offensive
O
£
@
>
!
=
G %

2.5- ‘ | | -2.5-

Baseline Defensive Offensive Nolne Réa| Bolost p:-e .
Trajectory Pitch Dietrich et al., 2020
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All study participants
ImEE * Visualizing of acquired data
allows to understand decision
: making processes

V18
=
i

"t=5.35s

V24

't=53s

V29

t=53¢

i

!

- * Modelling these processes

E allows to identify optimal AV
strategies to maximize efficiency

't=5.3s

V40

V45

N

-5¢ -45 -40 -35 -30 -25 -20 -153 -10 -5 0 5
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“Variable-drift diffusion models” (VDDM) based on
cognitive neuroscience models of decision-making

Sensory Perceptual Action
input decisions decisions
I can
T~ Tpass make it \
across \

before @.\' :

the car 4 lam

- i—i crossing > CT
o e - Cstop 4 now
=== . ° The car is @

stopping
for me

WAaan-2

Drivers.~

Also simpler
Markkula et al., 2018; Giles et al., 2019;

Diotrich ot ol 9019 1 / ¢ lam "threshold distribution
ietrich et al., ; Lee et al., in prep.; ] crossing | CT ”
Pekkanen et al., in prep. 2 now models (TDMS)
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The developed models reproduce full probability
distributions of crossing time, incl effects of:

* AV kinematics (time gap, distance, deceleration)

e Activation of eHMI indicating yielding

100
= Empirical, d0=47.7 m ® VDDM
- VDDM L7 . X TDM
——- TDM @4
80 g
| 6 = 8
% 60 [ é § 3
a £ £
] |, F T
Markkula et al., 2018; Giles et al., 2019; 201 g1 aﬂ!
L1 £
Dietrich et al., 2019; Lee et al., in prep.;
Pekkanen et CI/., n prep. 0.0 2.5 5.0 75 100 125 150 175 ° 0 1 5 3 2 5

Time (seconds) Measured mean crossing time (seconds)
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Models allow us to
study any scenario —
and optimise AV
behaviour

Model code released:

https://osf.io/49awh/

See also Deliverable 2.2
(Dietrich et al., 2019)

—

Car speed (km/h)

Braking as if to stop exactly at crossing

(1.7 mis?)

t=87s

-

s

50 simulations

-50 0 50 100
60
40
20
0 A
-50 0 50 100

Distance (m)

)

N
o

Frequency (-
=

o

0 5 10 15
Time lost for car (s)

Braking just slightly harder
(2.2 m/s?)

t=87s ’

50 simulations

-~ -50 0 50 100
E 60
o5
= 40
o
Q 20
0
@
0
™ -50 0 50 100
Distance (m)
— 30
-
3 20
=
3
g 10
* 4

(=]

5 10 15
Time lost for car (s)
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Predicting Interaction
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Developed advance long-term behavior
prediction taken into account the interaction
with other traffic participants.

* (Past trajectory of other traffic
pa rticipa nts) Example pedestrian prediction

Prediction in 1s Prediction in 2s Prediction in 3s Prediction in 4s

(J. Wu et al., 2018; J. Wu et al., 2019)

 (Dynamic motion models)
* Semantic map

* Interaction models

* Goal estimation
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Prediction beginning Goals' probabilities MDPs Collision checking
“
|
current v=1.4m/s, y=76° P('non_goal driven')=0% (static) reward map current dynamic occupancy

Prediction in 1s Prediction in 25 Prediction in 3s Prediction in 4s

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 723395. This material reflects only the author's view and the Innovation and Networks
Executive Agency (INEA) and the European Commission are not responsible for any use that may be made of the information it contains.




(@mterAC] Interaction feature detection of
pedestrians

www.interact-roadautomation.eu

NS

e Head orientation
estimation

 Detection of hand
waving gestures
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