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Introduction (1/2)

Management

Urban design approach that
minimizes segregation between road
users and aims to improve safety by
encouraging priority negotiation

gL

GUIDELINES FOR
DEVELOPING AND IMPLEMENTING A
SUSTAINABLE URBAN MOBILITY PLAN




Introduction (2/2)

Assessment metrics

LOS
Level of Service Quality of
(PLOS, BLOS) Service (QOS)
Walkability
Walkscore Index
OS
Bicvele Safet Bicycle Bicycle Q

Ing[ex Ratin y Environmental Compatibility * Describes how well an infrastructure
& Quality Index Index works, from the perspective of users

* Broader concept than LOS

Research objective: develop a methodological framework that can holistically assess pedestrians-
cyclists shared infrastructure and provide guidance to engineers, researchers and policy-makers




Methodological framework (1/4)

Methodological
framework

LOS investigation QOS investigation

Calculation of a single Different analysis for
value for the infrastructure pedestrians and cyclists

Use only “objective” Inclusion of “subjective”
variables variables

Easy to use for Guidance on transport
infrastructure assessment planning and policy issues




Methodological framework (2/4)

LOS investigation

Hein Botma (1995):

Hindrance

concept

Hummer et al. (2005):

Additional event category

Events’

frequency with
respect to time

Meetings and
passings

«Delayed passing»

Kiyota et al. (2000) and Haworth et al. (2014):

Examine users discomfort

based on lateral distance

Limited discomfort for
distances > 1 meter

]

i

(adapted from: Fowler et al., 2010)




Methodological framework (3/4)

LOS investigation

Total Hindrance =

Previous methodologies:
deterministic models
using specific
assumptions

f: Frequency
of eventi

Recording of
geometry, flows, Data-driven
speeds and approach
events

fi * w;

F'M 3
=

Lack of previous studies —
use of assumptions

w;: Weight of
eventi

Capture users’
opinion

Application of a
weighting method



Methodological framework (4/4)

QOS investigation

Examination of a specific research hypothesis:
LOS = QOS
Qualitative attributes of the infrastructure - QOS
Users’ attributes = QOS
Users’ behavior = QOS
Users’ attributes = Qualitative attributes of the infrastructure

Users’ attributes = Users’ behavior



Case study




Investigation of shared spaces’ LOS (1/4)

Estimation of events’ weights

Analytic Hierarchy Process (AHP)

Computation of
250 pedestrians Entry of values for the 7 Correction of
qguestionnaires responses for 8 additional values that

Computation of
geometric
mean based on
the multiple
responses

Exclusion of
responses with

limited
consistency

and 200 cyclists pair-wise comparisons exceed the
guestionnaires comparisons through limits (1/9, 9)
transitivity rule

Pedestrians’ weights on event types Cyclists’ weights on event types

0.36 0.30
0.18 0.20
017 016
0.10 012
0.10 011
Being passed by a pedestrian 0.09 0.11




Investigation of shared spaces’ LOS (2/4)
o000

Prediction of events’ frequency — data collection and analysis

¢  Definition of a specific 150-m study-segment in each infrastructure

®  Recording of:
1. Duration of crossing the study-segment = speed
2. Pedestrian and bicycle volume in a cross segment in the middle of the study-segment

3. Number of events that the user experiences

®  Observations during different days and hours in each infrastructure

Assessment of the
optimal tree on the

Splitting of data in Development of an Regression tree

training and test set initial regression

optimization for
avoiding overfitting

test set

(80%-20%) tree

!

R Programming Language (R Core Team, 2013), tree package (Ripley, 2018)




Investigation of shared spaces’ LOS (3/4)

Prediction of events’ frequency — model results (pedestrians’ events)

pedestrian flow rate < 3.229 peds/min/m
bieycle flow rate < 0.1175 bics/min/m

pedestrian flow rate < 0.631 peds/min/m pedestrian speed < 1,163 m/sec |
‘ 0.0007 events/sec pedestrian speed < 1.755 m/sec
. | pedestrian speed < 1.091 m/sec 0.0973 events/sec |
a2t s I | |
| | 0.0069 events/sec 0.0289 events/sec
0.1223 events/sec 0.2069 events/sec
Meeting another pedestrian Meeting a cyclist

pedestrian flow rate < 0.7997 peds/min/m

| pedestrian flow rate < 2.8240 peds/min/m

0.0013 events/sec pedestrian speed < 1.841 mysec
pedestrian flow rate < 5.3788 peds/min/m 0.0133 events/sec 0.0010 events/sec 0.0082 events/sec

Passing another pedestrian Being passed by another pedestrian



Investigation of shared spaces’ LOS (4/4)

Prediction of events’ frequency — model results (cyclists’ events)

pedestrian flow rate < 4.1004 peds/min/m

pedestrian flow rate < 0.5956 peds/min/m bicycle speed < 4.001 m/sec
\ I
| [ \

absolut inclination < 0.115% bicycle speed < 6.670 m/sec 0.1007 events/sec 0.1565 events/sec
| |
e QL0307 erontsies absolut inclination < 0.115% 0.1251 events/sec

0.0772 events/sec 0.0554 events/sec
Meeting a pedestrian

pedestrian flow rate < 1.7692 peds/min/m

I

absolut inclination < 1.180% bicycle speed < 5.265 m/sec

! { | |
bicycl d <5.086
IEaineC HISER 0.0511 events/sec segregation type: yellow line

| |

0.0241 events/sec 0.0857 events/sec

0.0132 events/sec

0.0623 events/sec  pedestrian flow rate < 2.9167 peds/min/m

\
0.1304 events/sec

0.2783 events/sec

Passing a pedestrian

bicycle flow rate < 0.2216 bics/min/m

0.0049 events/sec

pedestrian flow rate < 1.3591 peds/min/m

absolut inclination < 0.115%

absolut inclination < 0.115%

bicycle flow rate < 0.3859 bics/min/m

pedestrian flow rate < 4.7727 peds/min/m

0.0585 events/sec 0.1421 events/sec 0.0145 events/sec

bicycle speed < 3.709 m/sec

0.0216 events/sec

Meeting another cyclist

bicycle flow rate < 0.4622 bics/min/m

[
l

|
0.0896 events/sec

bicycle speed < 5.179 m/sec

| l

0.0003 events/sec 0.0102 events/sec

\
0.0053 events/sec

|
0.0307 events/sec

Passing another cyclist

0.0581 events/sec



Investigation of shared spaces’ QOS (1/3)

Data collection

a) user’s profile, b) user’s
behavior, c) assessment of

275 pedestrians
Face-to-face data collection guestionnaires and 214
cyclists questionnaires

infrastructure qualitative
attributes, d) overall
assessment of infrastructure

Modelling approach

Examine how the observed variables
contribute to the latent variables

Definition of Assessment and

Exploratory Confirmatory Specification of

factor analysis

} }

Examine whether all qualitative attributes Specify potential causal dependencies
should form a single factor or more between variables

minor
modifications

research

hypothesis structural model

factor analysis




Investigation of shared spaces’ QOS (2/3)

Structural equation model - results

Pedestrians’ SEM Cyclists’ SEM

Estimator: DWLS

Estimator: DWLS

X2/df=1.74 X2/df=1.70
lighting | | cleanliness ‘ ‘ | ‘ land use attractiveness surface quality ‘ CFI =0.943 lighting ‘ ‘ green areas ‘ ‘ urban_equipment ‘ | siens for_cyclists | ‘ surface_quality ‘ CFl=0.946

TLI=0.927 TLI=0.930

RMSEA = 0.052 RMSEA =0.057

SRMR = 0.067 SRMR = 0.074

infrastructure _environment

infrastructure_environment

peds_respect bike lane boundaries ‘

respect bike lane boundaries

peds_behavior,

peds_attention_when crossing bike lane

respect bike lane boundaries

‘wider_environment . .
- wider emvironment —

respect_speed limits

pay_attention_crossing peds

experience

freq_swalk_specific_infr ‘ ‘ freq walk_similar_shared_infr |

lavaan package in R (Rosseel, 2012)




Investigation of shared spaces’ QOS (3/3)

Structural equation model - results

Pedestrians’ SEM

Factors mainly affecting pedestrians’ QOS:
Qualitative attributes related with the
infrastructure
Gender (males perceive higher QOS)
Cyclists’ behavior
Age (younger adults perceive higher QOS)

More cautious behavior by:
Females
More experienced pedestrians

More experienced pedestrians assess more

positively the qualitative attributes of infrastructure

Cyclists’ SEM

Factors mainly affecting cyclists’ QOS:
Qualitative attributes related with the
infrastructure
Gender (males perceive higher QOS)
Cyclists’ behavior
Experience (cyclists with greater experience
perceive higher QOS)

More cautious behavior by:
Females
Older adults

Less experienced cyclists



Conclusions (1/3)

Methodology use cases

Event weights and predictive models can be taken for granted



Conclusions (2/3)

Level of service (LOS)

Events’

weights 9




Conclusions (3/3)

Quality of service (QOS)

Qualitative attributes
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Prediction of events’ frequency — models’ evaluation

Pedestrians’ events
Eventtype  |Meanvalue |Range |std.deviation |RMSE

Meeting another pedestrian 0,0559 0-0,4105 0,0530 0,0398
Meeting a cyclist 0,0035 0-0,1310 0,0116 0,0114
Passing another pedestrian 0,0054 0-0,1190 0,0124 0,0186
Being passed by another pedestrian 0,0027 0-0,1134 0,0107 0,0142

Cyclists’ events

Miean value |Range ___|std. deviation |RMSE

Meeting a pedestrian 0,0637 0-0,2500 0,0506 0,0469
Meeting another cyclist 0,0171 0-0,2400 0,0375 0,0324
Passing a pedestrian 0,0405 0-0,3500 0,0561 0,0386
Passing another cyclist 0,0038 0-0,1304 0,0148 0,0146




Expression of Total Hindrance in LOS

n Scenario_lotal Hindrance

Pedestrian flow rate: moderate (2.08 peds/min/m)
Total Hindrance = E fl * Wi Bicycle flow rate: moderate (0.14 bics/min/m)
im1 Pedestrian avg. speed: moderate (1.49 m/sec) 0.0165 C

Bicycle avg. speed: moderate (4.35 m/sec)

Slope: low (0.1%)

Pedestrian flow rate: high (4.12 peds/min/m)

Bicycle flow rate: high (0.23 bics/min/m)

Pedestrian avg. speed: high (1.82 m/sec) 0.0220 D

Bicycle avg. speed: low (3.88 m/sec)
Total Hindrance LOS Slope: high (1.5%)

<0.0041 A Pedestrian flow rate: very high (6.16 peds/min/m)
Bicycle flow rate: very high (0.48 bics/min/m)

LOS E-F Threshold LOS A-B Threshold

0.0042 - 0.0109 B Pedestri . d: high (2.00 .0342 F
Pedestrian flow rate 9.92 peds/min/m 0.10 peds/min/m edestrian avg. speed: very high ( =t 0.03

Bicycle avg. speed: high (5.26 m/sec)
1.2727 bics/min/m 0.0336 bics/min/m ‘ 0.0110 - 0.0177 [Ne ‘ Slope: high (1.5%)
1.1972 m/sec 2.18 m/sec

Pedestrian flow rate: very low (0.52 peds/min/m)
Bicycle avg. speed 4.56 m/sec 5.61 m/sec 0.0178 — 0.0245 D Bicycle flow rate: very low (0.08 bics/min/m)

_ 0.14% 0.09% Pedestrian avg. speed: moderate (1.22 m/sec) 0.0041 A

0.0246 - 0.0314 NS Bicycle avg. speed: very high (6.05 m/sec)
Slope: low (0.1%)

SULELS - Pedestrian flow rate: low (0.61 peds/min/m)

Bicycle flow rate: moderate (0.14 bics/min/m)

Pedestrian avg. speed: low (1.02 m/sec) 0.0100 B
Bicycle avg. speed: moderate (4.00 m/sec)

Slope: low (0.1%)
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