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Background 9t

& Sequential Chicken Game: Game theory model for pedestrian-vehicle interactions

& Non-zero probability for a collision to occur \

w Fit parameters U_crash and U_time to H-H interactions -——[ ]' \——‘l N, Y
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Real world pedestrian-pedestrian interactions
Between Hollywood and Highland, Los Angeles v




Data collection: Pedestrain-Vehicle interactions

2 Observers standing next each other:
- one focusing on the pedestrian
- the other focusing on the vehicle

Descriptor Features:
gender, age, weather, number of
pedestrian and vehicle, pedestrian®“s \
distraction \

Event Features:
(what is the pedestrian/vehicle doing ?)

Approaching while keeping pace, stopped to due

TescolExpt

. turnindicator, looking at other road users, etc

il
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Observers* standing locations (X and Y)
Intersection near Woodhouse Lane, University of Leeds

~ Fanta Camara —IAS-15 Workshop on Robot Perception of Humans — June 11th Baden Baden .

the traffic, turning the head to the right, using the%
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Examples of interactions
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Interactions

“ 204 interactions ey 204 sequences of actions

& Example: a sequence of an interaction

P: Pedestrian
V: Vehicle



Interactions into games

- Game: Vehicle or Pedestrian winner ?

i V turn stoppe P slowed P head P didn“t
indicator traffic down urned lef stop
P initiated P looked at passed M V turned
Crossing other RUS pedestriar ccelerate right

End of game event: vehicle winner of the interaction

P: Pedestrian
V: Vehicle
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Interactions vs Games

80 Length of sequences
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Filtration

& Concept to incorporate events over time, used in
optimal stopping problems
e.g: Mariage problem, Biology (sequence analysis), Finance

& Compute likelihood for each descriptor/event features

—)

freg(W 1)
T+ Treg=W

AW

fi) = freq(W

fi)

- Fuse likelihoods over time
P(W|f1, f2, fn) = P(W]0) @ A(W|f1) @ A(W

f2) @ ... @ N\W|F,)

pq
pg+ (1 —p)(1—gq)

where pr®qg=

-

t=0 : prior P(W|0) (36%: 74 out of 204)

- t=1: all descriptors are observed and incorporated

- t=n: all features have been observed

Ewvenl Fealures «

Crossing Phase: Pedestrian Speeded up

Crossang Plhase: Driver/Vehicle Decelerated Tor ol meed padeslrian

Crossing Plase: Driver Vehiele Used sienak Tarn Dedicator

Approaching Pluse: Diriver Vehicle Waved s

Approaching Plase: Dover/Vehicle Head Movements Other (elaborale in moles)

Crossinge Plase: Driver NVeldele Movement Other (elabomle in notes)

Crossing Plase: Pedestrion Baised land in oot

Crossimge Pl : Driver/ Velicle Baised land in Tromnt

Crossing Plase: Driver MVeliele Fead Turned in the direction of pedesirian

Crossing Phase: Driver Vehicle Stopped lor observed pedestnan

Crossing Phase: Pedestrian Looked at driver

Approaching Plase: Diriver Wehicle Stopped doe o olher pedestrian

Crossing Plase: Pedestrian Movements Other (elaborate in moles)

Crossang Phase: Pedestnan Initiated crossing movement

Appmaching Plase: DriverVehicle Head Turped in the divection of pedestirian

Crossang Plase: Pedesinan Hesd Movements Turmed lefi

Approaching Plase: Diriver MVehicle Interacting wehick Bus [ Trock

Approae hing Pluse: Mehicle Stopped Tor observed pedestrian

Croseing Plase: Pedestrian Looking at oller pedesirians enlering Lhe road

Crossang Plase: Poadestnan Waved Hand

Approaching Plase: Driver Vehicle Head Thamed lal

Appmaching Pluse: DriverVehicle Movement Other (elabombe in notes)

Approaching Plase: Pedestria Hand Movements Other (elaborate i moles)

Crossimge Plhase: Dover/NVehiek Tarsed lal

Croesing Plase: velicle Waved T

Croesing Phase: Dover /Vehiele Acoslkerated

Crossinge Phose: Driver ) Veldele Tamed righi

Approaching Phase: Pedestrian Looking at other pedestiriang entering the road

A pproa himg Phase: Pedestrian Looking al other BUs Otlers (elaborate n nobes)

Approaching Plase: Driver Vehicle Used signak Flashed Lights

Approaching Phase: Pedestrian Movements Hepl pace

Approaching Pluse: Velicle Taed signal Tarn Indicaton

Crossing Plase: Dirbver/Welicle Passedd the pedesician

Approaching Plase: Pedestrian Movements Did nol Stop

Approaching Plase: Pedestrian Head Mowomenis Turned right

Approaching Pluse:Driver Vehicle approached From e

Approaching Plase: Driver Vehiclk Decelerated duoe Lo oller pedesiriams

Approaching Phase: Driver/Vehicl: Stopped dise to tralfic

Approaching Plase: Diriver Velicle approacled Iroom Multiple

.

Approaching Pluse: Diriver Vebicle Decelerated Tor olserved pedestrian

Approaching Fhase: Pedestrian Speeded up

Croesing Phase: Pedestrian Based hamd sidewards

Approaching Plase: Driver Vehicle Interacting vehick Other (elaborate in MNotes)

Cropsing Phase: Pedestrian Stepped hack on pave ment

Approaching Phase: Daver /Velicl Tharsed laeh

Approaching Plase: Pedestnan Stopped at the edge of the pavement

Approaching Pluse: Pedestrinn Stepped on mad amd stopped

Approaching Plase: Pedestian Head Movements Tured lel

Approaching Pluse: Pedestnan Moveimenis Slowoed down

Crossang Plase: Pedestnan Looking al Looked at welicle

Approaching Pluse: Driver Vehicle Decelerated due o rallic

Crossang Phase: Padestnan Hand Movements Otler (elaborate in moles)

Approaching Plase: Driver Head Tharned righi

Approaching Pluse: Driver Vehicle Interacting vehick: Van

Approaching Plase: Devver/Vehicle Keapl pace

A pproching Pluse: Driver Velicle Tumed right

Cmesing Phase: Pedestrian Head Movements Tarned right

Approaching Pluse: Pedestrian Looked al approaching velicke

Crossimge Phose: Pedestirian Looking at otler BUz [eliborate in oomments) .24
Cmesing Phase: Pedestrian Slowed down [ stopped 0.2
Approaching Plase: Dover Vehick Acoelerated LR
Approaching Phase: Driver/ Vehicle Passed the pedestrian 11514
1
.
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Filtration results for 10 interactions

Filtered sequence of P-V interaction without stop events
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Filtration results: all interactions

10 Filtered sequence of P-V interaction without stop events
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Residual filtration posterior volatility

& A series of statistics to inform about the standard deviation over the filtration

s¢ = (std{P(W|F(T))}r=t.7)

Residual filtration posterior volatility over time Residual filtration posterior volatility over time
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& The descriptor fetaures and the first event features are important but not the later ones
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Conclusion

&  Large scale observation of real world pedestrian-vehicle interactions

- Filtration on the sequences of interaction

L The residual shows that an Av should wait and observe the initial features before acting

Future work

“ Features are assumed to be independent => new way to model that
1.. Infer pedestrian and driver assertiveness: U_crash and U_time
¥ Take into account observation of non-features
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Designing cooperative interaction of automated vehicles
with other road users in mixed traffic environments
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