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Peut-on simuler les interactions
entre les véhicules automatisés et
les usagers vulnérables?

* Nicolas Saunier
 Polytechnigue Montreal
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Non!
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op 10 causes of death Select WHO region(s),
year, sex and age of

choice:

World
African Region
Region of the Americas
South-East Asian Region
Eurcpean Region

1 Ischaemic heart
disease

Motivation: la sécurité routiere L

Eastern Mediterranean R...
Western Pacific Region

- Chronic obstructive
- pulmonary disease
Year
@ 2018
4 Lower respiratory 2015
infections 2010
2000
- - Sex
5 Alzheimer disease .
. I I O S e O r S a r a lh“urorld arbd Otherdementiﬁ I\t’l -
3 I I l I l I I l I l 2016, Both L2
sexes, All Females
ages Trachea, bronchus, Age group
L] L] V4 lung cancers .
(2) Allages
I I l I l 514
T Diabetes mellitus 1529
30-43
50-59
60-69
8 Road injury 70+

9 Diarrhoeal diseases

10 Tuberculosis

=

20 40 50 80 100 120
Crude death rate (per 100 000 population)
Cause group

Communicable, maternal, perinatal and nutritional conditions

. Nencommunicable diseases

. Injuries

@ World Health Organization 2018
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Motivation: la sécurité routiere

e « 95 9 des accidents sont causes
par des erreurs humaines »

* La solution passe par
'automatisation de la conduite
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Il reste deux problemes

1. La transition: circulation
composee de veéhicules avec
différents niveaux
d’automatisation

2. Les Interactions avec les
usagers vulnérables

Réunion Annuelle des Utilisateurs du logiciel Aimsun du Québec 2018

Waymo Shifts To
'Industrializing' Self-Driving
Tech As Robotaxi Launch
Nears
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Comment diagnostiquer la
sécurité routiere?

1. Construire des routes et
attendre des morts

2. Observer les comportements et
Interactions (conflits) entre
usagers
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Comment diagnostiquer la
sécurité routiere?

3. Simuler la circulation et des
accidents ou des conflits
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Peut-on simuler la circulation et
des accidents/conflits?

» Surrogate Safety Assessment
Methodology (SSAM)

- validation sur 83 carrefours (Canada et EU)
« Accidents = 0.119 x Conflicts!419 R?=0.41
 corrélation de Spearman de 0.463 entre les classements

 meilleurs modeles basés sur les débits

Gettman, D., Pu, L., Sayed, T., Shelby, S., & Siemens, I. T. S. (2008). Surrogate safety assessment model and validation (No.
FHWA-HRT-08-051). United States. Federal Highway Administration. Office of Safety Research and Development.
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Peut-on simuler la circulation et
des accidents/conflits?

e « 95 U5 des accidents sont causes
par des erreurs humaines »

* Les conducteurs modelisés ne font
pas d’'erreurs, respectent le code
de la route et ont des capacités de
perception surhumaines
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The car-following models implemented in AIMSUN are
based on the Gipps model [9], [17], [18]. Vehicles accelerate
to achieve the desired speed and decelerate when drivers have
to avoid a collision while trying to maintain the desired speed.

The maximum speed depends on acceleration as expressed
in (4).

Vo(n,t +T)=V(n,t)+ 2.5a(n)T
X (1 _ V(”’tj) \/0.025 n V(*ﬂ’f) (4)

V+(n) V+*(n)
where

V(n,t) isthe speed of vehicle n at time {;

V*(n) is the desired speed of vehicle n for the current
section;

a(n) is the maximum acceleration for vehicle 7;

T is the reaction time (this is equal to simulation
step).

The speed is also influenced by vehicle characteristics and
the limitation imposed by the leader vehicle, as shown in (5) at

the bottom of the page
where
d(n) is the maximum deceleration desired by ve-
hicle n;
x(n,t) is the position of vehicle n at time ;

x(n —1,t) is the position of preceding vehicle (n — 1) at
time 1

s(n—1) is the effective length of vehicle (n — 1);

d'(n—1) is an estimate of the desired deceleration of

vehicle (n — 1).

The maximum desired speed during simulation is the lower
value returned by (4) and (5). Further details about the model
can be found in [17].

Ve(n,t +71) =d(n)T + \/d(n)sz —d(n) (2 {z(n—1,t) —s(n —1) —z(n,t)} — V(n,t)T — Vin - 1’t)2) (5
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Conducteur simulé = VA avec un long
temps de perception et de réaction

=> Besoin de nouveaux modeles de conduite,
d'un « less-than-perfect driver model »

Xin, W., Hourdos, J., Michalopoulos, P, & Davis, G. (2008). The less-than-perfect driver: a model of
collision-inclusive car-following behavior. Transportation Research Record: Journal of the
Transportation Research Board, (2088), 126-137.
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Environmental Factors:
Geometry, Weather, Illumination,

Outside World: Sun glare
Situational and
Environmental Factors
A
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Situational Factors:
Individual Vehicles Dynamics
Interactions

Personal Factors
Skill, Age, Emotion,
Fatigue, Aleohol or
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Individual Driving Strategy

Desired Following

Gap Time o+ 5

Driver Percention and-Decision Makine Process

V', : Lead vehicle speed

I '.r : Following vehicle speed

AV : Relative speed Vehicle Mechanics

o.P

a, : Following vehicle acceleration

J : Acceleration pedal position
P : Braking pressure

= I Vehicle Control

""""""""""""" = DVU: Driver-Vehicle Unit S S T e P e D A e B e




Il manque aussi... "

Des modeles des
piétons et cyclistes
« Imparfaits » et

« délinquants »

0 8600 8700 8800
Frame Number
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0.24 . l ! ! ! ! ! ! !

Il manque aussi...

First seed = 944 : : : : : : :
0.22f - [firstseed =549 | S S TR (R S I R PR

0.21 g [ @i e e e

0.17
0.39

0.36 o | . _ .

0.32 | | | | I I I I I
0 5 10 15 20 25 30 35 40 45 50

Replications

Une calibration et validation
des modeles

d statistic (K-S test)

— Concatenated data for video A13-13  e®e Single data point for video A13-13
— Concatenated data for video A13-06 e®e Single data point for video A13-06

Gauthier, L. (2015). Méthode de calibration des logiciels de microsimulation routiere a l'aide de I'optimisation sans
dérivées (Mémoire de maitrise, Ecole Polytechnique de Montréal). Tiré de https://publications.polymtl.ca/1984/
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CURVE-FITTING METHODS

] AND THE MESSAGES THEY SEND
Il manque aussi...
“HEY, L DIDA . ’ILPNTEDHCUR;ED "LOOK, IT'S .
REGRESSION! LINE, 50 T MADE ONE TAPERING OFF™
] ] i i UITH MATH"
Une calibration et validation TR
AN . oa " . ot
des modeles nf
LOOK, ITS GROUIh;G ™ SOPHISECHTEE;.M)T “TM MPKING a.
UNCONTROLLABLY"™ LIKE THOSE BUMBLING SCATTER PLOT BUT
PoLyNOMIAL PEOPLE I DONT WANT TO!
"I NEED TO CDNME.CT.THESE "LISTEN, SCENCE 1S I-;PNED. "T HAVE A THEOF;Y,
TO LINES, BUT MY FIRST IDEA BUT I™M A SERIOUS AND THIS IS THE ONLY

DIDN'T HAVE ENOUGH MATH."  PERSON DOING MY BEST." DATA I COULD FIND*

"T CLICKED 'SMOOTH “T HAD AN IDEA FOR HOU "AS YOU CPN SEE, THIS
UNES IN EXCELY TO CLEAN UP THE DATA. MODEL SMOCTHLY FiTS

Réunion Annuelle des Utilisateurs du logiciel Aimsun du Québec 2018 \HET DO YOU THNKZ  THE= AT MDA DONT
EXTEND IT ARARARY"

XKCD https://www.xkcd.com/2048/



https://www.xkcd.com/2048/

Il manque aussi...

Des donnees pour callbrer

_wl 3

1"[ ;l I = "

sm gl
............

R  ————
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Conclusion

 Peut-on simuler les interactions
entre les véehicules automatises et
les usagers vulnérables? Non

 Des observations des VA et des
usagers vulnérables sont
necessaires
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Conclusion

* Que peut-on faire avec des
modeles plus simples?
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Mercl!

 Nicolas Saunier - Polytechnique Montréal
nicolas.saunier@polymtl.ca
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