A MOBILIDADE E AS CIDADES:
DESAFIOS E OPORTUNIDADES PARA QUE SE TORNEM

INTELIGENTES

Mariana Giannotti 2L L |

Aula INPE 2024






: _ -‘_‘«“"ﬂs i'i‘iu,‘bv::\ it T

- "

=







"TETO

O
-
“0
. .r-







RALLNWAY COMMIS STON

s TRAFFIC

RS




MAP

™ TR {
SUNION, Gy Mg MO

TRAFFIC

Revolucao Globalizacao
Industrial
/'“ Telecomunicagdes
—lq.,“ ]
/ Aéreo
Rodoviario
Maritimo
o~ c
/ Ferroviario
Cavalos \ ——we- Canais
| | | | | | | | | | | | | | | | >
| | | | | | l4 | | 4 A | | | | | | | |
1825 t 11900 1975 2025
j i Onibus
i Carro

Bicicleta

AN D,




1960

Aglomeragoes Urbanas
® 1-5mihdes

@ 5-10milhdes

@ ais de 10 milhces

Fonte: World Bank Open Data (2023) 9



2023

Urbanizacgao ~ , _ Y

B o0 . Ot
. 20-40% . t
40-60% g .
- 60-80% : Kk .)
- 0
80-100% o @ »
%o

. No data ‘
[ ]
[

Aglomeracgoes Urbanas

® 1-5mihdes
@ 5-10milhdes o
. mais de 10 milhdes

Fonte: World Bank Open Data (2023) 10



Renda per capita (% da média global)

100% 93% 879

315%

World Brasil Latin America

Adaptado de Taina Bittencourt (2023)

215%

North America

Europe

11



Renda per capita (% da média global)

167%

100% 93%

50%

World Brasil Sao Paulo

Adaptado de Taina Bittencourt (2023)

522%

Parelheiros

Jardim Paulista

12



“A smart city is a place where traditional
networks and services are made more
efficient with the use of digital and
telecommunication technologies for the
benefit of its inhabitants and business”

European Commission
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“Smart mobility is one of the main pillars that
characterizes smart cities and maintains their
sustainability as a way to deal with continuously
growing world urbanization and its expected impacts
on public health, congestion and accelerated global
climate change”

IEEE SM

https://2022.ieeesm.org 14



“The nature of
lies in the very
technology that

defines it”

Michael Batty

Center for Advanced Spatial Analysis

m University College London Citacdes 54586
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Mapear a mobilidade urbana
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The
Economist

[t starts with a single app

Combining old and new ways of getting around will transform transport—and
cities, too

https://www.economist.com/international/2016/09/29/it-starts-with-a-single-app
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MOBILE PHONE APP

PARAISOPOLIS MOBILITY
DIAGNOSIS PROJECT

Providing more equitable and
sustainable transport options for
vulnerable populations

®lebics B
r

WORLD BANKGROUP

World Bank

BRAZEEC Project - Component 2: ICT Solutions for Equitable and
Sustainable Transport

Journal of Choice Modelling 39 (2021) 100287
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Big data for big issues: Revealing travel patterns of low-income population %=
based on smart card data mining in a global south unequal city

H

Caio Pieroni™ , Mariana Giannotti ™", Bianca B. Alves®, Renato Arbex "
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population based on smart card data mining in a global south unequal city. Journal of Transport Geography., v.96,
p.103203, 2021.



Smart Card

Temporal Pattern and Variability

1.

2.
3.
4

Start hour of travel;

Start hour of travel dispersion;
Weekly travel frequency;

Weekly travel frequency dispersion;

Spatial Pattern and Variability

I|*>)

Activity Pattern and Variability
7.  Daily activity duration;

8. Daily activity duration
dispersion;

Socioeconomic Characteristic

5. Daily distance; 9. User’s household income;
6. Daily distance dispersion;
PIERONI, C.; GIANNOTTI, M.; ALVES, B. B.; ARBEX, R. Big data for big issues: Revealing travel patterns of low-income population based on smart card data mining in a global 75

south unequal city. Journal of Transport Geography., v.96, p.103203, 2021.
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()

10 ERBs 25/04/2016 a 25/05/2016
~ 250 K usuarios unicos

~ 10 K usuarios frequentes (10 dias)

10 ERBs 25/04/2016 a 09/08/2016
~30 milhoes de registros de CDR
~3,6 K usuarios unicos com pontos suficientes para

a definicao dos pontos de estadia

RODRIGUES, A. L; GIANNOTTI, M.; BARBOZA, M. H.C.; ALVES, B. B. Measuring mobility inequalities of favela
residents based on mobile phone data. Habitat International. , v.110, p.102346 -, 2021.



BIG DATA
TELEFONIA

Anonimizacao, inferéncia de local
de residencia e de atividades,
analise especial
10 ERBs, ~30 milhoes de registro
de CDR, 3.600 usuarios unicos

Habitat International 110 (2021) 102346
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Measuring mobility inequalities of favela residents based on mobile | e
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André Leite Rodrigues >, Mariana Giannotti >, Matheus H.C. Cunha Barboza *°,
Bianca Bianchi Alves ©
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QUESTIONARIOS E
ENTREVISTAS

Combinar dados de fontes
heterogéneas, que podem
orientar o planejamento amostral
de coletas em campo mais
eficientes
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Mapear a infraestrutura viaria
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Jane Jacobs

are whose
economic and social components are
strongly interrelated
and therefore, difficult to understand
in isolation

Jacobs, J.
The Death and Life of Great American Cities
(1961)

45



SHARED STREETS

WORLD BANKGROUP

W FGV CEPESP

CENTRO DE POLITICA
E ECONOMIA DO
SETOR PUBLICO

==Kk
1347108 - PARTNERSHIP

BRITAIN & NORTHERN IRELAND

. :.:REDES

..... Planejamento e Politica Péblica
« em Mobilidade Urbana

) labEs

Vital
Strategies

Demanda
de viagens

TPC
34,5%

' Bicilta
0,9%

Distribuicao do
espaco viario

Faixa de servico 10,9% NNdo computavel
' para circulagdo
15,0%

Exclusivo 1PC 2.9%
- TPCemtrifego misto 3,6%

[ Ciclovias Bicicleta

0,7% 0,7%

TPC 6,5%

1



Walking Infra (m?) = ), sidewalks (m?)

Sidewalk

_ . o GEOSAMpA  Bikeinfra
Bike Infra (m?) = ), bikelanes (m?) + bike in shared streets (m?) GEOSAMPA

PT Infra (m?) = ), bus corridors (m)*3,5m + ), exclusive lanes (m)*3,5m
Bus corridors

CEM
Mix Infra — PTand IT (m?) =), streets with lines PT (m?) - PT Infra (m?) - bike in shared streets (m?)

IT Infra (m?) = ), streets (m?) - PT Infra (m?) - Mix Infra (m?) - bike in shared streets (m?)

+ !

: N/ Bus lines ’
Streets, /s S Radares.

GEOSANIPA_ 4 SRS e CET




OMugg vision

algorithmsan

and trucks

Smart Curbs

A £
distinguish.vehicles, vans;

e

FUTURE CURBS  REAL-TIME CURI

Congestion

hotspots

Street-life
potential

Irregular
parking

ELSEVIER

Research Paper

Landscapa and
Urban Planning

Contents lists available at ¢

Landscape and Urban Planning

journal homepage:

Smart curbs: Measuring street activities in real-time using computer vision

Arianna Salazar-Miranda®, Fan Zhang ™, Maoran Sun®, Pietro Leoni”, Fibio Duarte

Carlo Ratti®

* Senseable City Lab, Department of Urban Studies and Planning, Massachusetts Instinute of Technology, Cambridge, MA 02139, United States
b Department of Civil and Environmental Engineering, the Hon, g University of Science and Technology, Hong Kong, China
© Center for Real Estate, Massachusetts Institute of Technology, Cambridge, MA 02139, United States

HIGHLIGHTS

« A framework to study street activ

sing a mobile device and computer vision.

* A deep learning-based model to detect various human mobility types.

« Constructing measures of street use to study their spatio-temporal dynamics.

ARTICLE INFO

Pedestrians
Transportation modes
Image analy
Computer vision

ABSTRACT

ets are conduits of human activity. Despite their importance, studying street activity has been obscured by a
lack of data on how people use them, with most approaches limited to studying a single point in time or small
geographic areas. This paper proposes a new framework to measure street : y in real-time. Our framework
leverages machine learning and computer vision to classify pedestrian act on modes using
images collected from moving vehicles. We apply our methodology to measure street activi Paris for five
weeks. We produce aci y maps for this period showing that streets vary dramatically in i capacity to

support pedestrian activity and that these differences are highly persistent. Our proposed framework can be used
to measure street activities in other contexts and cities, providing urban researchers with an approach to guide
planning interventions, identify infrastructural deficiencies, and inform design policies that foster active streets.
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Urban mobility enables measuring the revealed patterns
and conditions of how people move when interacting with
the city (Martens, 2012)

Urban accessibility is an estimation of
the potential for interaction
from places to other activities
in the city (Hansen, 1959)

52
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