|A for smart cities, with a
focus on public health

Data Science and Statistics Webinar

André Carlos Ponce de Leon Ferreira de Carvalho
University of S&o Paulo, Brazil
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Applied Research Centers in Artificial Intelligence

e National call for funding 8 applied Al research centres

o Sao Paulo Research Foundation (FAPESP), Ministry of Science, Technology and
Innovation (MCTI) and Brazilian Internet Steering Committee (CGl.br)

o 4 (6) centresin 2021 (and 4 (2) in 2022)

H ea | th Charfljadla de Propostas FAPESP - MCTIC - CGI.BR para Centros de Pesquisas Aplicadas em Inteligéncia
Artificia

NOTA: O prazo para apresentagdo de propostas foi ampliado e a nova data limite é 20 de julho de 2020.

. NOTA 2: 0 CGI/MCTIC e a FAPESP decidiram excluir a limitagdo prevista no edital sequndo a qual poderia ser submetida

|| Ag r I C u | t U re apenas uma proposta por instituigdo sede. Essa all & ibilitard que pesquisad. vinculados & dife idad
de uma mesma instituigdo submetam propostas na ch. da, garantindo igualdade de digdes entre instituicdes e grupos
de pesquisa e um processo competitivo para a escolha das melhores propostas.

| | | n d u St r NOTA 3: Dado que o prazo de submisséo foi estendido até julho de 2020, o cronagrama de avaliagdo foi adaptado e a
y previsdo de publicagéo do resultado da chamada € a partir de Fevereiro de 2021.

Colaborac&o entre a Fundag&o de Amparo & Pesquisa do Estado de S&o Paulo — FAPESP o Ministério de Estado da

1+ Ciéncia, Tecnologia, Inovagdes e Comunicacées — MCTIC e o Comité Gestor da Internet no Brasil CGI.br.
m  Smartcities
CENTROS DE PESQUISAS APLICADAS EM INTELIGENCIA ARTIFICIAL

m  Public and private funding
2



JARA Network Proposal

e Applied Al Research Centre in Smart, Sustainable and Inclusive
Cities
o FAPESP-MCTIC-CGLl.br call for Applied Research Centers (CPA) in Al
e Coordinated by University of Sado Paulo (USP), with participation of:
o Support from 11 Brazilian cities
o Participation of ~40 Brazilian Science & Technology Institutions (STIs)
m  More than 200 researchers

o Funding from companies and from Brazilian States Funding Agencies

o Collaboration with 20 international STls



Brazilian STls
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International collaborations

ConceptionX (UK)

Chalmers University of Technology (Sweden)
Royal Institute of Technology, KTH (Sweden)
Uppsala University (Sweden)

Universidade de Aveiro (Portugal)
Universidade de Nova de Lisboa (Portugal)
Universidade de Porto (Portugal)

Scuola Superiore Sant'Anna (ltaly)
Universita Degli Studi di Milano (Italy)

The National Physical Laboratory (UK)
University of London (UK)

University of Bath (UK)

University of Cork (Ireland)
University of Bordeaux (France)
University of La Rochelle (France)
University of Poitiers (France)
University of Waikato (New Zeland)
New South Wales University (Australia)
North Carolina State University (USA)
New York University (USA)

University of Maryland (USA)
University of Twente (Holland)
University of Guelph (Canada)

Université Laval (Canada)
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Partner Cities

Albertina (MG)
Alcantara (MA)

Canaa dos Carajas (PA)
Colatina (ES)

Fortaleza (CE)
Guarapuava (PR)
Monteiro Lobato (SP)
Niterdi (RJ)

Recife (PE)

Sao Carlos (SP)

Sao José dos Campos (SP)
Sorocaba (SP)



IARA and sustainability

Actions to improve the quality of life in urban and rural spaces

ZERD GOODHEALTH QUALITY GENDER
HUNGER AND WELL-BEING EDUCATION EQUALITY

(1]
SUSTAINABLE 1 Soverny
DEVELOPMENT [P

Canre Ty Ethical just

and socially
Responsible

Inclusive and
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B CLEAN WATER y DECENT WORK AND INDUSTRY, INNOVATION 1 REDUCED
AND SANITATION ECONOMIC GROWTH ANDINFRASTRUCTURE INEQUALITIES

Intelligent

RESPONSIBLE 13 CLIMATE 14 LIFE 15 LIFE 16 PEACE, JUSTICE PARTN[RSHIPS
CONSUMPTION ACTION BELOW WATER ON LAND AND STRONG F(]RTH[ GOALS
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!_ @ High uality productive and
of Life

efficient




Inteli.gente platform

e Data intelligence for the Brazilian smart cities platform

o Brazilian Ministry of Science, Technology and Innovation (United Nations)

o Access Link: https://inteligente.mcti.gov.br/
e Objectives

o Diagnose how well a city meets the requirements of a smart and sustainable city
m  Maturity Level

m  Propose guidelines and lines of action for the development of policies for
smart and sustainable cities

m  National, State and Municipal public policies 10



Inteli.gente platform

e Maturity Model of Brazilian Smart and
e Sustainable cities (MMCISB)

o Basedon ITU maturity model for Smart and Sustainable Cities
e Uses 43 indicatorsin 4 dimensions (axes):

Otimizagdo

Integragao

Desenvolvimento

o Economical o
Each indicator has

o  Sociocultural 7 evaluation levels

o Environmental

o Institutional Competence in municipal management
e Uses two evaluation modules

Alinhamento

Planejamento

Engajamento

Adesdo

https://cidadesinteligentes.hnmg.apps.kloud.rnp.br/

11



Indicators for the first diagnosis

Sustainable Development and ICT
Economical Environmental —

® \Water/Sewage ® Townhall Online ® Water/Sewage ® Culture/leisure
® Open Data Services ® Green Areas ® Education
® Housing ® Technology ® Energy ® Disaster
® Connectivity Systems for Urban ® Air Quality Management

Infrastructure Management ® Solid Waste ® Social Inclusion
® Innovation ® Mobility ® Public
® Solid Waste ® Urbanization Participation

® Health

Adapted from https;//cidadesinteligentes.hmg.apps.kloud.rnp.br/metodologias

e



Indicators for the second diagnosis

Institutional Capabilities in Municipal Management

Strategy Infrastructure - Services -

®  Planning ® Urbanand ICT ®  Usage and Security ®  Planning ®  Planning and

® Collaborative Infrastructure Planning Planning ® |ntegration and evaluation
Governance ®  Coverage and Quality ® Digitalization of Interoperability ® Coordination of

® Technological ® Institutionalization of IT Databases ® Governance the actions
Governance management ® Openand Online public ®  Perception of the

®  Public Policies ® Hardware and Software transparent service quality

® Visionand Infrastructure ® Database ®  Urban Services ® Transparency
concept of cities ® T Governance Integration and

Interoperability

Adapted from https;//cidadesinteligentes.hmg.apps.kloud.rnp.br/metodologias




Consulting via Inteli.gente

Econbmice

Caracterizagdo

Populago total estimada do municipio
PIB per capita do muricipio
Populagio ocupada com vinculo formal

indice de desenvolvimento humano do
municipio (IDH-M)

Capacidade de pagamento dos municipios
indice de GINI da renda domiciliar per capita

Rede de influéncia da cidade

Seciocutural Meic Ambiente Capacidaes Institusznsiz

1.933.105 @
4438492 O
883.930 @

0,823 @

2O
0,565 @

Metrépole @

Leanst
| Map ties by
Stamer Cesign

ccavao
—Mapdaa ©
Openstrsstitap
cantributors




Canaa dos Carajas

e Smartphone app for citizen
engagement Canaa HDI: 0,276 (1990) 0,456 (2000) 0,673 (2010)
. Brasil: 0,765

e Car asa mobile sensor -

o Monitoring pavement condictions
o Air quality assessment

o Safety of bycicles and pedestrians
e Autism diagnosis in classrooms

e [eishmaniosis prevention

https://www.canaadoscarajas.pa.gov.br

o High incidence in the city




Canaa dos Carajas

e Two of the reasons for the high
occurrence of leishmaniosis:

o Accumulation of garbage on plots of
land and streets that can feed sandflies

survive
e How to deal with them??

o Use drones to monitor these regions,
collecting images from them

m  Apply Al to identify garbage accumulation and still water




Canaa dos Carajas

e Two of the reasons for the high -
occurrence of leishmaniosis: ‘

o Accumulation of garbage on plots of
land and streets that can feed sandflies

o Still water, where larvae of sandflies can
survive

e How to deal with them??

o Use drones to monitor these regions,
images from them

m  Apply Al to identify garbage accumulation and still water




Increasing citizen engagement

e Canaa Fala (Speaks) mobile app

o Smartphone app for direct communication between citizens and the City Hall

(] O D & localhost:300¢ w © In DO @ €

C(agé -

Fala =
Login

Seja bem-vindo(a)!

Este aplicative fol desenvolvido no 8mbito do

projeto de Cidades Inteligentes & & um canal de

comunicagao disponibilizada pela Prefeitura de Digite seu e-mall *
Cana dos Carsjds & sociedade.

Por meio deste aplicativo, vocé pode solicitar

servicos & Prefeitura, como por exemplo: para

solucinar problema de iluminagso pablica ou

despejo de entulho/lixo em local inaprapriada

B Digite sua senha Vocé pode solicitar um servigo & Prefeitura, } Digite sua senha *
clicando na boldo abaixo. =

Bem vindo ao Canad Fala

2 Apelido/Nome/RG/ete.

Emar Solicitar servigo

Problemas para realizar login? Entre em contato com
o administrador do sistema através do e-mail
projetocanaaufpa@gmail.com.

Ainda ndo possui uma conta? Cadastre-se



Increasing citizen engagement

e Canaa Fala (Speaks) mobile app

O

Servigos: < Solicitagio em andamento ...

Descrigao do servigo: @

Toque
sele

Voce esta no local ande o serviga vai ser
realizado?

sim [J wNao [

Seguinte

Em andlise Concluidas

Buraco na Via
08/06/2021 18:26

Buraco na Via
08/06/2021 18:23
T

Servigos Iniciais
08/06/2021 15:19

Buraco na Via
07/06/2021 23:56

Citizens can request, monitor and evaluate the services provided by the City Hall

< Detalhes da solicitagio < Avaliagio da ocorréncia

Situagéo: © que vocé achou da ocorréncia?
Resolvido
Descrigao da situagéo:
Buraco na Avenida X
Drescricao da avaliagio:

Data de inicio:
08/06/2021 18:23

Data da Gltima atualizagao:
08/06/2021 18:33

Bairro:

ALTO BONITO |

Rua:

Rua X

Ponto de referéncia:
Esquina com Rua ¥

Avaliagio do responsavel:
Equipe da prefeitura respondeu:

Solicitago atendida.
08/06/2021 18:33

Avaliar ocorméncia



Increasing citizen engagement

e Canaa Fala (Speaks) app dashboard

o City identifies and prioritizes infrastructure

. . 8.2 Lo A e
mMaintenance and services requests 0

s And monitor their status

N Oer

o Communication with city health services

A
8
1 5 & 8 X
: ’ H
&
5 g

DLOOO= i
v 8 ¢ 2 g &8 3 |§

m  Schedule medical appointments and
clinical exams

m  Send exam results from to patients
and physicians

20



Guarapuava (PR)

e Helthcare Living Lab

Guarapuava Cancer Center

Digital health experiments )
7 9 P Cancer Hospital (second phase)

m  Rare and complex diseases

m Clinical, physical conditioning,
genomic and nutrition data

o Map population genomic diversity
o Follow 4,500 people, in 15 years

m  Adding new people every
year




Guarapuava

e Rarediseases Guarapuava Cancer Center

Genomic Research Centre (first phase)

e

o When affect <1in 2,000 individuals

m There are ~7,000 reported rare
diseases

e Together, affect up to 8%
of the population

m Lessthan 10% receive disease-
specific treatment

o 80% have genetic causes

o Hardtodiscover in their early stages




Guarapuava

e Complex diseases Guarapuava Cancer Center

Genomic Research Centre (first phase)

o Caused by combination of genetic,
environmental and lifestyle factors

o Alzheimer, Asthma, Depression,
Cancer , Diabetes, Epilepsy,
Parkinson, Cardiovascular disease,...

m  The earlier they are detected,
the more successful is the
treatment

. Will become more common as
lifespan increases
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Living lab for cancer diagnosis project

Questionnaire Collection of biological material
® Age ® Blood
® Contact with animals ® Saliva
® |ncome ® F[eces
® [evel of schooling ® Spirometry
e Lifestyle ® Apneaand Hypopnea index
® Healthcare ® Cysticfibrosis
® Medicines taken
® Family history of diseases
® Sleep quality

24



First 1000 days (1kD)

e FEvaluate the cognitive development I ——
. . . . . i i f
of 1000 children in their first 1000 days L Universty of York

+ Liggins Institute, University of
Auckland & Singapore Institute for

o Using samples from at least 10 different countries/regions _ Clinical Sciences

Princeton University
University of Cambridge

¢ Monltor exeCUtlve funCtlon Nanyang Technological University

+ Stanford University
* University of Sdo Paulo (USP)

o One ofthe main alternatives to evaluate and monitor Germina
. * Yale University
cognitive development

e About 20% of 3-year-olds in the world have poor executive function
development

o They will probably be 80% of adults who will need social or economic assistance

25



Germina

e Brazilian research team

o Coordinated by USP Medical School (FMUSP) GERMINA
e Collects and analyses

o Clinical data: EEG, cognitive and vision
o Social data: Maternal care, environment, nutrition and social support

o Genetic analysis data: DNA, RNA and microbiome
e Multidisciplinary team

o Biology, computer science, medicine, nutrition, psychology...




A $45M PROGRAM

Ge rmlna TheFirst 1000 Days
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Loops project

e Diagnosis and prognosis of head and neck cancer

o Biomarkers extracted from histopathological mages

o First steps: tongue cancer diagnosis
e Collect data from odontology clinics

o Usingimages obtained by smartphones
e Participants

https:/dentalreach.today/h ow-to-use-your-mobile-p hone-for-dental-p hotography/

AC Camargo Universidade Estadual de Campinas
Universidade de Chicago Universidade Federal de Sao Paulo
Universidade de Sheffield Universidade de Sao Paulo




Loops project

e Benefits from tongue cancer diagnosis from images
o Data can be collected with easiness and low cost

o Expands number of places for data collection
e Challenges

o Photo Framing
o Brightness variation

o Noise handling (e.g. use of flash)

https:/bayshoredentalstudio.com/effective-dental-lab-communication-th roug h-smartphone-technology/

29
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oops project

https:/www.photomed net/sdlhtm

30



Loops project

e Image collection
e |Image annotation
e |Image segmentation

o Technigue Recommendation
e |Image Classification

o Transfer learning

e Validation by expert
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Treatments for dysplasia (epilepsy)

e Most frequent neurological disease in the world

o 50 million people, according to the WHO
e Characterized by repeated epileptic seizures

o Synchronous or excessive neuronal activity in the brain caused by hypersensitivity
and abnormal firing of neurons
e Main types of seizures:

o Focal or partial: starts in one area of the brain and spreads across the brain

o Generalized: occurs in both sides of the brain, can start either as focal seizures
orsimultaneously over both sides

o Combination of focal and generalized , unknown area
32



UNIVERSIDADE B

COIMBRA

Treatments for dysplasia (epilepsy)

e Medication

o About 1/3 of the patients do not respond well to medication (refractory epilepsy)
e Neuromodulation

o Relief of symptoms that cause discomfort or disability (palliative)
e Surgical

o Generally more successful (especially for refractory epilepsy)
o Anatomical or functional removal of the epileptic focus region (resecting)
o Challenge:

m |dentifying the correct region (preoperative investigation)
33



Surgical resection




UNIVERSIDADE B
COIMBRA

Normal ~ . Abnormal Surgical resection using MR

tissue tissue
. ;

imaging increases the chance
of complete seizure control by
2.5 times

Figure 1 Figure 2
o o

https://www.cigna.com/individuals-families/health-wellness/hw/seizure-mri-zm5010




Resection region identification

e Division of the image into patches (Wang et al.,, 2020)

o Automated detection of focal cortical dysplasia using a deep convolutional neural
network Wang et al. (2020)

e Better performance
e Challenge:

Patch pair 1 Patch pair 2

o Definition of patches shape
and size)
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e AutoAl-Pandemics: Democratizing Machine Learning for % TORONTO
Analysis, Study, and Control of Epidemics and Pandemics

o Researchers from Bioinformatics, Data Science, Computing, Epidemiology,
Artificial Intelligence and Clinical Medicine

o Automated machine learning (AutoML) tool to democratize
m  Monitor epidemic and pandemic occurrence and support public policies

m Omics (genomics, proteomics, metabolomics, ...) for drug discovery and
genome mining of pathogens

m |dentify epidemic and pandemic related fake news and deep fake

37
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AutoAl-Pandemics

Democratizing Machine

Learning

Project: Artificial Intelligence and Eco-
Epidemiology-Based Early Warning
Systems for the Improvement of Public
Health Response to Aedes-Borne
Viruses in the Dominican Republic

Project: Applications of Al
for early diagnosis of
tuberculosis and prediction
of drug resistant
Mycobacterium
tuberculosis strains

Project: Artificial
Intelligence and Hybrid
modeling for Community-
based early detection of
zoonotic disease in the
context of climate change
in Senegal

Project: A Responsible Project : Al-powered

Artificial Intelligence-driven | mHealth system for

Initiative for Tackling infectious disease

early detection and
(re)Emergence in Tunisia early warning systems
(INTERACT) (AIMED)

Waterborne Pathogen

Project: Strengthening
Lebanon's pandemic
surveillance system
through Al-driven
automation of laboratot|

Project: Household screening for
contagious and transmissible
respiratory infections using artificial
ntelligence-based cough monitor

Project: AutoAl-Pandemics:

Project: Responsible Al for
developing a Robust public
health surveillance syste:

Early Detection and Prediction

of Vector-borne Viral Zoonotic

Pathogens

Project: Controlling re-
emerging and emerging
infectious diseases
using a digital one-
health approach in

Responsible Al for
improving polio
pandemic surveillance

Project: Polio antenna|

Project : Wastewater-based
Surveillance for Antimicrobial
Resistance (AMR) for Early Warning
and Engendering Stakeholder
Response Through Artificial
Intelligence (Al)

Project: Blockchain-
Enabled Al
Architecture for

Project: Telehealth data,
Ipredictions, pandemic
Iprevention, and preparation
(TDPA4): early resources
Imobilization and long-term
jmental health response in
Ihighly vulnerable Indigenous
ommunities

Democratizing Machine Learning for
Analysis, Study, and Control of
Epidemics and Pandemics

Cameroon

Project: Al-powered early
detection system for
communicable respiratory
diseases based on
integrated data sets

Project : Intelligent Early
Warning and Response
System Based on Health
System Routin Data and
Environment Data to
Improve National Health
Resilience

" FGV EMAp
ESCOLA DE
I MATEMATICA

APLICADA

UNIVERSITY OF

¥ TORONTO




Al-Pandemics Tools
® \)

O
o 0’° fj Axﬁeﬁ‘.jemsmﬁfs

BioAutoML BioPrediction BioPlserFass

Lgc,hemﬁ"mm: @/\\* MathFeature

ITT-1Is That True?




: .. (@
Atypical growth prediction | M

e Diagnosis of growth hormone deficiency (GHD) in childhood

o Needs clinical and auxological evaluation (height and weight data on a growth
chart)

s Combined with neuroradiological studies, biochemical tests and the
identification of low growth hormone (GH) secretion

o Criteria adopted for different countries vary

m  Thereis no test that is considered "gold standard”
e AM tool to reduce exam costs to allow good diagnhoses to be made

in any region of the country

40
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Atypical growth prediction Il Qcmpq

e To find factors that pass from generation to generation
(intergenerational) to predict the growth of Brazilian children

o Weight and length in the first 1000 days of life

o Intergenerational variables of parents and babies since prenatal care

e AM tool (system) to estimate individual risk for short stature by age
and gain of inadequate weight up to two years of age

o Automate risk scoring for children with low weight at birth

41



UNIVERSITY OF

Southampton

Personalized hospital trajectory s e
A FAPESP

FUNDACAO DE AMPARO A PESQUISA
DO ESTADO DE SAQ PAULO

e Explores alternatives for personalized health planning and modeling
o Personalized sequence of exams for cancer diagnosis
o Combines machine learning and optimization
m Predict disease status

m  Optimize the sequence of exams
e Reduce time to diagnosis

o Canincrease treatment success and decrease treatment costs

42
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E ENSINO SUPERIOR DIALOGO EQUILIBRIO TRABALHO
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Health Al 5 HEALTH Al

:; The Global Agency for Responsible Alin Health

e Non-profit organization, working with WHO

e Main goal: to expand the capacity of the countries to regulate Al in
health in well being

o Strength policies, regulations, and institutions for the effective governance of Al
technologies in health

m Reducing the risks and costs of applying Al to health systems and services

m  Advance equity

e Community of Practice (CoP) committee

o Keeps track of regulation of Al in healthcare, support development and sharing of
tools and ensure that diverse perspectives drive innovation and influence change

44



Open & Agile Smart Cities (OASC) ORBE

OPEN & AGILE SMART CITIES

e International network of cities for partnerships with municipal
mManagers:

o Of all sizes and from all countries

o Supports the digital transformation process in municipalities

o Facilitates sharing and reuse of

. o _ W A e BE M @ s v
data-driven digital solutions

R umaE e oo T MMM WRRS oW

m  Avoids supplier dependency @ | @E= | G v || AT B2 0= | dm

m  Reduces innovation costs

s Improves efficiency e o e =

S e



INCT IAPROBEM

e National Science and Technology Institute (INCT) of Artificial
Intelligence for Social Good

o  40% of the researchers are women

e Around 100 INCTs, in different areas, were selected in a national call
o CNPg

e Four focal points
o Natural disasters
o Environment
o Health

o Social inclusion
46
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JARA at COP 30 & =8, 45

Belem-PA, 2025
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e UN Climate Change Conference (COP 30)

o City of Belem, State of Para, Brazil, 2025
e Government of Para invited IARA to present initiatives and tools for

smart cities
o Intelligent detection of property, people and waste
o Smart mobility with electric charging and smart aisles
o Public health solutions for metropolitan regions

o Culture and environmental health

47
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