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Modeling problem
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“Dual behavior” of e-scooter:
from vehicle to pedestrian and
vice versa

NN
ZONENN

EMAVEK 2014-2020

Laboratory of
Transportation
Engineering (LoTE)

Eupwnaikf Evwon

Micromobility modes

Center column
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Operable pedals
Floorboard / foot peg

Self-balancing?
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Routing problem
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Number of alternative routes: o _ ®
Public transport < car < e-bike < e-scooter < walk so: simulation -> MATSI m

Multi-Agent Transport Simulation
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Spatial data

» Sustainable Urban Mobility Plans (SUMPs) turned out to be a great
chance to collect (at least) spatial data in Greek cities.

» Land uses, road or sidewalk width, pavement condition etc. are
some of the available spatial data.

» These datasets can become a significant input in simulations to
describe supply.

» Greek Transport Planners are very familiar with these datasets, i.e., : i
shapefiles, as they have been widely used in plans since then.

DU S 2

SIM4MTRAN project aims to construct useful tools for Transport
Planners !! :
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Approach (1)

Main assumption: Perceived safety as an additional factor that is related to the road environment and affect (route
or even mode) choices.

Road
Environment

l Model

Perceived Safety

1 New scoring (utility)

Choices

How safe would you feel? To drive a car?
To ride an e-bike? Or an e-scooter? To walk?
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Approach (2)

Pedestrian crossing no traffic interactions flow diagram
(existence and type)

GIS - Network editing
_______ type, e e
[ | pavement, [ | |
identify road crossings, calculate perceived _ ~
import links | environment | etc. ) | safety latent | |sa?;2nlzf§r:::_‘ﬁ:k i
characteristics per variable per link i - -
: link i | : and mode m | thresholds | and mode m

| [
Road Infrastructur_e type - ______
(cross sections) |

Pavement / Environment MATSim loop
Scoring
Y 1
| estimate weigthed |
( road network | T T | | mean of perceived |
| execution of travel times ; | safety per trip q |
| plans | T weights li
0 q q score plan p

Traffic interactions new mode o |

initial plans I _____ |

| replanning |

| I |

Cars Pedestrians a new scoring function based on time + distance + safety
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Spatial data !!'!! Micro mob
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Equations (1)

psafe;,m = Binfl,m * inf]-i + Binfz,m * iTlei + BinfB,m * infgi + Bcross,m * Cross; + Bpav,m *pav; + Bobst,m * obst;

where:

psafe;,: perceived safety of using mode m in link i (latent variable);

Binfim Binfzm -+ Bobstm: DE€ta parameters; they differ per mode;

inf,;: 1, if there is an urban road with sidewalks less than 1.5 m wide and without a cycle lane (type 1) in link i;
inf,;: 1, if there is an urban road with sidewalks more than 1.5 m wide and without a cycle lane (type 2) in link i,
inf3;: 1, if there is an urban road with a cycle lane (type 3) in link i. All infrastructure type variables are equal to O
in case of a shared space road environment (type 4);

cross;: 1, if there is a pedestrian crossing not protected with traffic lights in link i;

pav;: 1, if the pavement of the urban road is in a good condition in link i;

obst;: 1, if there are obstacles on the sidewalk of the urban road in link i.

(1, —oo < psafe;, < kyim, very unsafe

. kim < psafeim < kaom
kz,m = psafe;:m = k3,m
k3,m = psafezm = k4,m
k4,m = psaerm S k5,m
ksm <psafe/, < kem

) kem < psafe;, <+, very safe

~

psafeim =

~

~
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Equations (2)

2 psafei,m(q) * 1

Strav,q = Cm(q) + IBtrav,m(q) * ttrav,q + (ﬁd,m(q} + lgcost,m(q) * yd,m(q)) * z li + Bpsafe,m(q)

21
where:
Strav,q - SUM of all travel (dis)utilities of trip q;
I;: length of link i; min vs: mean
psafe;: perceived safety of link i; psafe ' psafe

Or:  +PBpsafem(q) * Min(psafe;,q))

Would you “cycle” this route?

Y

— Problem of discontinuities....
3/7 L
Source: Google StreetView
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Parameters

inal model [ B: = —6.0000 utils/h
B. = —0.8377 utils/euros
vh = 4.0 euros/h
- c 1 v=18km/h
E-bike yd = 0.2222 euros/km
Bq = —0.00019 utlis/m
( Bsaf = 1.22447 utils/Level

pre-calibration...

( By = —6.0000 utils/h

B = —0.4307 utils/euros
vyh = 3.5 euros/h

{ v=15km/h

yd = 0.2333 euros/km
o Bq = —0.00010 utlis/m
b_inf3 = 18971 _ Bsaf = 0.45307 utils/Level

b_pav = 0.

E-scooter

environment

Traffic interactions are not considered in these models
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Example 1 - Scenarios

Scenario 00 - Infrastructure 3

1 1 a 20 13
2
g ‘ s
Road section
— 1: Urban road with sidewalk less than 1.5 m wide
2: Urban road with sidewalk more than 1.5 m wide
= 3: Urban road with cycle lane
4: Shared space
15, 22 14
] 05 L
]
Scenario 02 - Infrastructure 3
1 1 20 13
8 ) S
Road section
1: Urban road with sidewalk less than 1.5 m wide
2: Urban road with sidewalk more than 1.5 m wide
= 3: Urban road with cycle lane
4: Shared space
15, 22 14
Pavement . 0s i

1: good condition

Scenario 01 - Infrastructure 3

13

23

Road section
— 1: Urban road with sidewalk less than 1.5 m wide
2: Urban road with sidewalk more than 1.5 m wide
— 3: Urban road with cycle lane
4: Shared space
15, 22

21

Scenario 03 - Infrastructure 3

=Y

e 6 7
== W
i RO S 1
T et e N
e 15

13

Walkability
¢ 0: yes obstacles;
& 1: with pedestrian crossing
~

Road section
— 1: Urban road with sidewalk less than 1.5 m wide
2: Urban road with sidewalk more than 1.5 m wide
— 3: Urban road with cycle lane
4: Shared space
15 22

21

14

Pavement

1: good condition 0 05

Scaling factor: 1/10
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Example 1 - Results

Via node 3 Via node 4 Via node 5 Via node 6 Via node 7 Via node 8 Via node 9 Via node 10 Via node 11
link2and link link3andlink link4andlink link5andlink link6andlink link7andlink link8andlink link9and link link 10 and link
11 12 13 14 15 16 17 18 19
Additional Distance (m) 300 200 100 50 0 50 100 200 300
Additional Time (s) 72 48 24 12 0 12 24 48 72

Urban road with Urban road with Urban road with Urban road with Urban road with Urban road with Urban road with Urban road with Urban road with

design sidewalk less thansidewalk less thansidewalk less thansidewalk less than sidewalk less thansidewalk less thansidewalk less thansidewalk less than sidewalk less than
Scenario 0 1.5 m wide 1.5 m wide 1.5 m wide 1.5 m wide 1.5 m wide 1.5 m wide 1.5 m wide 1.5 m wide 1.5 m wide
psafe level 2 level 2 level 2 level 2 level 2 level 2 level 2 level 2 level 2
no. agents 0 1 10 41 1091 47 10 0 0
perc (%) 0.00% 0.08% 0.83% 3.42% 90.92% 3.92% 0.83% 0.00% 0.00%
. Urban road with  Urban road with Urban road with . . U_rban road with Urban road with  Urban road with
design Shared Space  sidewalk more asinscenario 0 sidewalk more  Shared Space
cycle lane cycle lane : . cycle lane cycle lane
Scenario 1 than 1.5 m wide than 1.5 m wide
psafe level 5 level 5 level 3 level 3 level 2 level 3 level 3 level 5 level 5
no. agents 0 1 10 536 122 521 10 0 0
perc (%) 0.00% 0.08% 0.83% 44.67% 10.17% 43.42% 0.83% 0.00% 0.00%
. + pavement in  +pavement in  + pavement in . . . . . . + pavement in  +pavementin  + pavement in
design . L o asinscenario 1 asinscenario0 asinscenario 1 L o o
good condition  good condition  good condition good condition  good condition  good condition
Scenario 2
psafe level 6 level 6 level 4 level 3 level 2 level 3 level 4 level 6 level 6
no. agents 0 31 406 96 119 114 401 33 0
perc (%) 0.00% 2.58% 33.83% 8.00% 9.92% 9.50% 33.42% 2.75% 0.00%
+ pedestrian + pedestrian + pedestrian
. . . . . . . crossing + crossing + crossing + . . . . . .
design asinscenario 2 asinscenario 2 as inscenario 2 asinscenario 2 asinscenario 2  as inscenario 2
obstacles on the obstacles on the obstacles on the
Scenario 3 sidewalk sidewalk sidewalk
psafe level 6 level 6 level 4 level 2 level 2 level 2 level 4 level 6 level 6
no. agents 0 25 406 41 281 47 370 30 0
perc (%) 0.00% 2.08% 33.83% 3.42% 23.42% 3.92% 30.83% 2.50% 0.00%
@ B tacian _EnAveKa o < EINA Simulation tool for Micromobility to improve Urban
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Example 2 — The study case

inf links

== 1: Urban road with sidewalk less than 1.5 m wide

/’3 12 : === 2: Urban road with sidewalk more than 1.3 m wide

11........................ == 3: Urban road with cycle lane

! === 4: Shared space
obst links
## [ yes obstacles
pav links

1: good condition
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Finish: SNF Cultural
Center

Start: Panathenaic
Stadium
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Example 2 - Perceived Safety
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E-Scooter
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Example 2 - Flows

- no

— - 200
200 - 400
400 - &00
600 - 300
800 - 1000

I 1000 - 1200

E-Bike E-Scooter
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Conclusions

» By definition, perceived safety is a subjective notion; it differs not only per mode but per individual. Yet, it
seems to be more “objective” compared to other factors used in simulations, i.e. comfort.

» Speaking about (the “unsafe”) micromobility modes, perceived safety can be used to model these trips
especially in cities or areas with no specialized infrastructure.

» By integrating perceived safety in MATSim, we can examine the impact of the road environment (i.e., road
design and traffic interactions) on simulation outputs, as it determines supply.

» In general, there are some distance-thresholds for which e-scooter users are not willing to travel longer, even if
safety levels for such routes are higher.

» These simulation tools can contribute to the planning process that aims to create car-independent cities by
increasing the attractiveness of sustainable modes, like e-bike and e-scooter.
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Next steps...

» Update speeds based on the infrastructure; speeds were fixed (e-bike = 20 km/h and e-scooter = 15 km/h).
» Integrate traffic interactions in the simulation framework; this means an internal loop + new scoring factors.
> A real-experiment in the case shown in the previous slides.

» Re-calibration of scoring function to increase the validity of the simulation outputs.

» Add car option in the simulation scenario.

» Examine modal shifts based on changes in the infrastructure; therefore perceived safety.

> Publish results, models and tools...
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Thank your for your attention
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