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Artificial Intelligence (machine -
learning)

Ctil £y

End-to-end Machine
Learning

* Data quality (1999)

* Automated Machine Learning (AutoML) - 2001
* EXplainable Artificial Intelligence (XAI)- 2000

* Continuous learning (2004)
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IARA Applied Research Center

* Artificial Intelligence (AI) for Smart, Sustainable and
Inclusive cities

* One of the 12 centers supported by FAPESP, MCTI, CGI.br

* Hosted by University of Sao Paulo (USP)
* Support from 11 Brazilian cities

* Participation of ~40 Brazilian Science & Technology Institutions
* More than 200 researchers ~ 2 g @ & Tl
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International collaborations

e ConceptionX (UK) e University of Cork (Ireland)

e Chalmers University of Technology (Sweden) e University of Bordeaux (France)

e Royal Institute of Technology, KTH (Sweden) e University of La Rochelle (France)

e Uppsala University (Sweden) e University of Poitiers (France)

e Universidade de Aveiro (Portugal) e University of Waikato (New Zeland)

e Universidade de Nova de Lisboa (Portugal) e New South Wales University (Australia)
e Universidade de Porto (Portugal) e North Carolina State University (USA)
e Scuola Superiore Sant'Anna (Italy) e New York University (USA)

e Universita Degli Studi di Milano (Italy) e University of Maryland (USA)

e The National Physical Laboratory (UK) e University of Twente (Holland)

e University of London (UK) e University of Guelph (Canada)

e University of Bath (UK) e Université Laval (Canada)
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Additional funding from companies 5
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Partner cities

* Albertina (MG)

v | * Alcantara (MA)
oA Q M c“’ * Canaa dos Carajas (PA)
A E S * Colatina (ES)
= * Fortaleza (CE)

* Guarapuava (PR)
* Monteiro Lobato (SP)

- 'm o, + Niterdi (R))
MSVAY VS, - Recife (PE)
p 9% R » S&o Carlos (SP)
R p Y

* Sa0 José dos Campos (SP)
* Sorocaba (SP)

—




Canaa dos Carajas (PA)

* Became a city in 1994
* 11,000(2000)-77,000 (2020)

* Largest open iron mine

* Part of royalties goes to the city
sustainable development fund

* Built campus for 2 public universities

* Target: City with the highest HDI e B
in Br az” by 2030 O ————
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Canaa dos Carajas (PA)

* Smartphone app for citizen

engagement == s =]
* Request and monitor || ¥
public services o ——

* Car as a mobile sensor
* Air quality assessment
» Safety of bycicles and

pedestrians |
* Autism diagnosis in primary  ESetesiss =
S C h O O I C I a SS rO O m S https://radi.ufpa.de.php/fpa-noticias/4804/ |

* L eishmaniosis prevention in




Guarapuava (PR)

* Living lab for personalized, predictive digital health

* Monitor 4,500 people, in 15 years
* Daily diet and physical activities
* Clinical data

* Genomics (metgenomics, nutrigenomic and
ontogenomics) data

* Rare and complex genetic diseases

* E.g.: Alzheimer's, Asthma, Depression, Diabetes,
Parkinson’s, Cardiovascular, .... Diseases

* Pompeia (SP) and Guarapuava (PR)
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Data Lake

* Storage of data with different format and from distinct
domains

* Complex data structure, stored in their raw, not pre-processed,
state

 Large volume, variety, continuously arriving and with concept drift

* Can be used to explore correlations between genomic data,
images and medical records
* Identify patterns, associations, causalities and trends

* In addition to medical data, data from other domains that can
affect public health

* Environment, water and sewage treatment, education and city economic
profile
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* AutoAl-Pandemics: Democratizing Machine Learning for the
Analysis, Study, and Control of Epidemics and Pandemics

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

* Automated Machine Learning (AutoML)
* Monitor epidemic and pandemic occurrence to support public policies

* Support drug and vaccine design combining AI with W A g
. . . . h:: lllllll \‘;‘“'“ﬂ
omics (genomics, proteomics, metabolomics, ...) g =8 - =

* Identify epidemic and pandemic related fake news and deep take

* Next: associate epidemics/pandemics with climate change
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Loops project

* High prevalence of mouth cancer in Brazil (15,000 cases in
2025)

* Al to support diagnosis and prognosis of mouth cancer
* Biomarkers extracted from histopathological mages

* Collect data from odontology clinics

* Using images obtained by smartphones
« Easy and low cost, can be used all over Brazil

* Challenges
* Photo Framing
* Brightness variation
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UNIVERSITY OF

Southampton

school of Management

Personalized hospital trajectory

* Explores alternatives for personalized health planning and
modeling
* Personalized sequence of hospital exams for cancer diagnosis

* Combines machine learning and optimization
* Predict disease status
* Optimize the sequence of exams and treatments

* Reduce time to diagnosis
* Can increase treatment success and decrease its costs

* University Hospital Southampton
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Atypical growth prediction I

* Diagnosis of growth hormone deficiency (GHD) in childhood

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

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

« Some exams have a high cost and need very specialized professionals

* Criteria adopted for different countries vary
* There is no test that is considered "gold standard”

* AM tool to recommend gold standard and reduce exam
costs

* Making the exam available in a larger number of poor regions of
Brazil
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Atypical growth prediction II o -

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

* Weight and length in the first 1000 days of life

* Collect intergenerational variables from parents and babies since
prenatal care

* AM system to estimate individual risk for short statu
age and gain of inadequate weight, up to two years

* Automated risk scoring for children with low weight at birt:
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Monitoring of type 2 diabetes N

ESP

* Development of an Al platform for monitoring dlabetlc
patients

* Stage classification and prediction of complicatior

* Identification of vascular integrity, neurological |
integrity and rapid blOC Jerominc*  reoucen

NERVE DAMAGE BLOOD FLOW

* Condition monitoring using Al system
* Images from photonic/electrical techniques

* Collecting data from 400 volunteers

* 100 young and healthy, 100 young with diabetes, 100 senior and
healthy and 100 senior with diabetes
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Alzheimer and Dementia

e Two studies

e Epidemiological analysis of mortality in Brazil using predictive
modeling and temporal data analysis

e Use of Al to identify mortality trends

e Observational data analysis
e Cognitively unimpaired individuals, mild cognitive impairment (MCI), and
Alzheimer

e Sociodemographic, clinical, biochemical, genetic, cognitive, and functional data

e Use of Al to:
e Identify minimal biomarkers and clinical subtypes for accessible primary care
screening
m Discover resilient phenotypes and their distinguishing characteristics

hatweaeen hinmarkerce and coanitivve <tatiic




Inteli.gente platform

* Collaboration with United for Smart Sustainable Cities
(U4SSC)

* International platform that proposes a set of KPIs for sustainable
and smart cities

* Coordinated by:

* International Telecommunication Union (ITU): UN Agency for Information
and Communication Technology (ICT)

* The United Nations Economic Commission for Europe (UNECE): One of the 5
regional committees of the UN economic and social council

* UN-Habitat: UN Agency to promote more social and sustainable cities
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Inteli.gente

* First version designed by the Ministry of Science, Technology
and Innovations and Ministry of Regional Development in
Brazil

e Uses 43 indicators in 4 dimensij g =~ e s s iss e 005 @

= Servicos e Informacgdes do Brasil 0 que vocé procura? Q
* E CO n O m I Ca I A > Servicos > Acessar a plataforma inteligente
* Sociocultural 3
Ciéncia e Tecnologia
° E nVi rO n m e n ta I Assisténcia Especializada > Suporte Digital
. Acessar a plataforma inteli.gente m
* c I ty m a n a g e m e n t "inteligente" , " Plataforma inteli.gente", " Plataforma de Cidades Inteligentes”

* IARA is in charge of the platform
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inteli

Inteli.gente gefie

Discover your city's maturity
|eve| Brazil

Find the municipality of interest

Q Enter the municipality name

Region

Influence network

Information from the selected map

Brazil
27 states

Total population 207.750.291
Municipalities 5.570
Total area 8,49 M km’

Intermediate leve 3.0 - Planning

MEDIUM LEVEL OF MATURITY 11 @ Level2 @ Level3 @ Leveld @ LevelS @ Levelé @ Level7
L & N




Inteli.gente

Sao Carlos - SP
4 530 Paulo - Southeast Regior

Dimensions Characterizations
. +
Economic
5 Maturity level
. & N N ]
v r
4 Sociocultural ‘)
Fd
U Maturfly love SAO CARLOS
F
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Environment
Fi

Institutional Capacities
Maturity level
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Inteli.gente Tie )

Environment
Maturity level
D D D

~

45 Dimension score (base 100) @ Export #DF
Regional average: 39 - National average: 38
Dashboard Table
Average number of people impacted by Share of households subject to flood risk in the Total population coverage with selective
hydrological events urban area household solid waste collection
0 0,68% 30,00%
Average Consumption and Water Loss Comparison - Cities of Similar Size
Overall score - base 100
202,83%
Sdo Carlos foim— 45
Araraquara : » 47
Americana : J 45
52,22%
Per capita consumption Total losses Piracicaba ’ 48

Marilia ¢ > 46




Inteli.gente

Dimensions Characterizations

Sociodemographic Territory and Environment Digital Transformation Institutional

Sociodemographic Characterization

GDP per capita (D Municipal Human Development (D Estimated total population (O Influence network ()
Index (MHDI)

Regional Capital C
21,57 0,81 256.898

Historical Evelution - Income Inequality © Historical GDP Evolution by Sector
0,58 180 mi
0,35 35mi

0,52 //\ 90 mi
0,49 45 mi
0,46 o
1991 2000 2010 2010 20 2012 2013 2014 2015 2006 2017 2018 2019 202

Agriculture and livestock Public Administration Industry Services




Maturity level of Brazilian cities

* Most cities are in the first Brasil
levels between 3
(Planning) and 4
(Alignment) AN
* Planning: there are ad .
approved actions to Vo

improve and use ICTs in
services and solutions

* Alignment : there are
actions implemented to
improve and use ICTs in
services and solutions ® it ® Nz © Nz ® Nid ® wueis ® nils @ Nvelr
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Vulnerability and natural disasters® '

8% of households (24 million)
Data from all with people living in: Favelas,
5°571 Brazilian Mecanismos de controle e mocambos' stilt houses'
Cities. fiscalizagdo para evitar ocupagio tenements, irregular and/or

em areas suscetiveis aos desastres clandestine a"otments' housing

Sistema de alerta antecipado de
desastre decorrente de enchentes,
inundag¢oes ou enxurradas

Sistema de alerta antecipado de
desastres de defesa civil

Less than 1% of the
cities have an early
disaster warning
system.

Coordenacao municipal de

i e Cadastro de risco
protecao e defesa civAF3” a8

77% of the cities (4,264) have risk
areas or have suffered from
Sistema de alerta antecipado de natural dlsaSters' e‘g" draught'

desastre decorrente de Mapeamentos de areas de risco de ﬂOOding, landslides, in the last 4

escorregamento ou deslizamento enchentes ou inundacoes
de encosta




Sewage content analysis

* Center for the Development of Hydrosanitary Health and
Quality of Life
* Science for the development calls

* Use of Al to detect contaminants and predict epidemiological
outbreak

 Integrate epidemiological, environmental and chemical data
* Improve public health monitoring and urban sustainability

* Chemistry, microbiology, sanitary englneerm—'*
and public health experts >

* Analysis of sewage in retention lakes in
a sewage treatment plant

 Retentetion lakes
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Water consumption estimation

* For new flats in the city of Sao Paulo (more than 1,4 million
flats)

* Sabesp uses a simple equation to estimate consumption, using
 Total area, number of bathrooms, number of bedrooms and size-garage

Reducing the need of demographic or income data
« difficult to obtain, outdated or biased, Privacy protection

Water consumption (3-year period) measured in m3 per month
Public databases with detailed information on 276,670 flats in_high-

rise buildings (21 variables per building)

Discrepancies solved with web-scraping
and C|ty Ma msizzzmption) (c?thTtl;x) (Bui'iirir:‘zr?e?tzres)

 Reduced estimation error b‘ more than 50%




GRUPO EMBRAER

Optimization of flight routes " acec

* Al system for the prediction of flight delays
* Using flight plan, position monitoring and climate

* Reduction of holding
* Maneuver to delay an aircraft already in fli¢ga

» Reduction of fuel consumption DEPARTURES
. Improvement of arrival time prediCtabi TIME  DESTINATION  FLIGHT GATE REMARKS
.. : 12:39 LONDON cLlaianINa s I NEANEERRER
. Passenger walting time 12:57 SYDNEY UQ5723 27  CANCELLED

13:08 TORONTO IC5984 22 CANCELLED
132240 TOKYOD AM 608 41 DELAYED

* Use of airport infrastructure

13:37 HONG KONG IC5471 29 CANCELLED
13:48 MADRID EK3941 30 DELAYED
14:19 BERLIN AM5021 28 CANCELLED
14:35 NEW YORK ON 997 11 CANCELLED
14:54 PARIS MG5870 23 DELAYED
15210 ' ROME RI5324 43 CANCELLED
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Départment for

Al Safety report Department or

& Technology

* Internationally shared understanding of Al risks
* UK Government Department of Science, Innovation and Technology
* Representatives from more than 30 countries, EU,

OECD and UN
* Identify risks and methods to assess and
how to manage them INTERNATIONAL
L Al SAFETY REPORT
* Sent to governments of participating 2026

countries, unions and institutions

* To inform, not to recommend




Thank you

André Carlos Ponce de Leon Ferreira de
Carvalho

andre@icmc.usp.br
University of Sao Paulo
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