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/ Summary

Background:
* Smart Cities

*IoT
* Machine Learning

Examples

* UAV/Drone Examples
* Self-Driving Car

Perspectives

THIS 15 YOUR MACHINE LERRNING SYSTET?

YUP! YaU PoUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT

THE ANSLIERS ON THE OTHER SIDE.
WHAT I THE ANSLERS ARE LJRONG? )

JUST STIR THE PILE NTIL
THEY START LOOKING RIGHT.
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Background
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I PROPOSE to consider the question, ‘Can machines think?’

This should begin with definitions of the meaning of the terms ‘machine’ and ‘think’.

Instead of attempting such a definition I shall replace the question by another, which is
closely related to it and is expressed in relatively unambiguous words.

The new form of the problem can be described in terms of a game which we call the
‘imitation game’.

A. M. TURING, .—COMPUTING MACHINERY
AND INTELLIGENCE, Mind, Volume LIX, Issue
236, October 1950, Pages 433—460
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/Time Line - The 3 Al Wave

Al is born Focus on specific intelligence
+ The Turing Test + Expert systems & knowledge

« Dartmouth College conference
* Information theory-digital signals
» Symbolic reasoning

*» Neural networks conceptualized
= Optical character recognition
* Speech recognition

Edward Feigenbaum
develops the first
Expert System,
giving rebirth to Al

1975 - 1982

Dartmouth conference
led by John McCarthy
coins the term
"artificial intelligence"

1956

—_ /1 A
1950

1964

Eliza, the first chatbot
is developed by Joseph
Weizenbaum at MIT

Limited computer processing power « Real-world problems are complicated
Limited database storage capacity * @ Facial recognition, translation

Limited network ability = © Combinatorial explosion
Al Winter |
Figure 1: An Al timeline; Sao e, WINTER >
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LARN

IBM's Watson Q&A machine wins Jleopardy!
Apple integrates Siri, a personal voice

N\

Focus on specific problems

Machine learning «

Deep learning: pattern analysis & classification =
Big data: large databases *

Fast processors to crunch data =
High-speed networks and connectivity *

® 2016
AlphaGo
defeats Lee Sedol

@
2014

YouTube recognizes
cats from videos

assistant into the iPhone

2011

2020

1997

IBM's Deep Blue defeats
Garry Kasparov, the world's
reigning chess champion

+ Disappointing results: failure to achieve scale
* Collapse of dedicated hardware vendors

Al Winter I

source dhl via @mikequindazzi
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/" Cities Evolution

City of neighbors >~ City of Strangers

'_ ,,’//,"/,-;,/V A, A
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André de Oliveira Bueno, Julho 2019 — Trilha Smart Cities — The Developer’s Conference

The world’s cities occupy just 3% of the Earth’s land,
but account for 60%-80% of energy consumption

) ..
and 75% of carbon emissions. Prathombutr — Smart Cities Development in Thailand

https://www.nstda.or.th/nac/2019/images/seminar/26 _Smartcity passakorn.pdf
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e .
/Future Smart City (?)

@Pinterest
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/
/Future Smart City (?)

(@Pinterest
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/ Cyber-Physical Systems

Data
centers

Cyber-
Physical

D Systems AN
Terminals &
devices

TETTTTTTTRe,

Breakthrough
Technologies:

Mechanization, Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems
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THE 4 STAGES OF 10T MATURITY

® ® o

Monitoring Control Optimization Autonomous

PPe 020 0@

https://www.slideshare.net/mazlan1/introduction-to-iot-smart-city/18-FUNCTIONAL VIEW_ OF IOTTECHNOLOGIES

\Y| C O A

L/]?R \I/ A. Bauchspiess — Al - 65% Jubilee - Some Examples and Opportunities [EEE/UFCG 2021 10/56



ntelligent Systems - The Brain is the model\!.\

% \

Build Neuron Synaptic Connections - Learning!

0-2 years 2 years to puberty
Adult
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/ From Natural Intelligence to Artificial Intelligence\‘
Ex. Dislexia? \

I cnduo't bvleiee taht I culod aulaclty uesdtannrd waht I
was rdnaieg. Unisg the icndeblire pweor of the hmuan mnid,
aocdcrnig to rseecrah at Cmabrigde Uinervtisy, it dseno't
mttaer in waht oderr the Iterets in a wrod are, the olny
irpoamtnt tihng is taht the frsit and Isat Itteer be in the rhgit
pclae. The rset can be a taotl mses and you can sitll raed it
whoutit a pboerlm. Tihs is bucseae the huamn mnid deos not
raed ervey ltteer by istlef, but the wrod as a wlohe. Aaznmig,
huh? Yaeh and I awlyas tghhuot slelinpg was ipmorantt!

See if yuor fdreins can raed tihs too.
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/ Simpathic?

GRIMASSE STEHT KOPF

Auf den ersten Blick
scheint das Foto von
Margaret Thatcher nicht
ungewohnlich. Das andert
sich, wenn Sie das Bild
auf den Kopf stellen. Der
verbliiffende Effekt tritt
auf, weil Augen und Mund
auf dem Foto um 180 Grad
gedreht sind — und damit
genau die Merkmale, auf
die das Gesichtserken-
nungsprogramm des Hirns
besonders sensibel an-
spricht.
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/ Antipathic?
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/ Machine Learning

Supervised Learning Unsupervised Learning

Regression Association

A" ‘/g:

Classification Clustering
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/
/Al Enablers:
- data

- processing
- algorithms

' - . . . - g J Convolution +
DataIIOT ' . it ;'-r' Activation

Aeh=h=i o= f i

Flatten/

T R ] -‘\'\_\_3 %

. Input Hidden
| Layer

i | Pl
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raditional Programming

rogram
AlAC NE

Machine Learning

Data
Program
Output
O 0

E EXPERT SYSTEM .
™ Y Pedro Do go z gto
:‘ﬁ(‘:_- | =) - c C A [0 : C »]0
Advice! l: . ®
Non-expert E B E Knowledge
e : : fg‘::ﬂfp Tribe Strength Technology
" [ : Production Rule System
I :
Symbolists Structure Inference nverss Deduction
4 Cannectionists | Estimating Parameters E!-ackpropaga:n-:un
Deap Leaming
] . ; HM
) Bayesians Waighing Evidenca Graphical Modal
: Genebic Algorithrms
Evalulionanss Slructune Learmning Evolutionary Programming |
. : kM
Analoqgi Mapping to Novelty -y

P(C'TJ P{C'F)

: "“-” "o | T Evolutionary

/ P % __ Computation
C [P(s=T) P[S-F}\

0,5 0,5

P(W=T) P(W=F)
0,99 0,01

Fiala: Space
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/ Reinforcement Learning \\

-Optimal Control \
-Trial & Error
-Temporal Difference (max. future expected rewards)

B

* Environment

e s Wa g\
Interpreter v
| _,
v 4

\.S a® y
QJate Ly -

Agent

Dynamic Reinforcement Deep RL
Programming Learning DeepMind Google
1953 1984 2010
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0 2 0 5 0 0 . 0
. env.treasure = (mx-1,my-1)
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/Time Line — Al |=ML!  AIDMLDODL

DEEP LEARNING

Learning based on Deep
Neural Network
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/ The Deep Learning Superheros

-19.®
iN 30. reaLD))3D AND IMAX 3D % -

Juergen Schmidhuber(?), Ian Goodfellow; Frangois Chollet; Yann LeCunn, Andrew Ng, Geoffrey Hinton, Larry Page, Yoshua Bengio
LSTM GAN Keras CNN GoogleBrain  BackProp.KL,etc Google GAN
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Examples
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ImageNet Challenge

IMAGE

cockroach

e 1,000 object classes e o e
(categories). ' F v ‘
e Images:
o 1.2 M train
o 100k test.

mushroom
jelly fungus titi
i indri
howler monkey
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/{}/RC 2018 Winner

/ Inception-v4 (Evolved from GooglLeNet, Merged with ResNet Idea)
Inceptiqn-v4

Inception-v3 ResNe£-152

ResNet—SO : ,, ,VGG—16, VGG-19

&  ResNet-101
| ° ResNet-34

ResNet-18

o GoogleNet
ENet ‘

=
>
@)
®
| .
S
O
O
®
'
Q
o
|_

@ BN-NIN

BN-AlexNet
j AlexNet "

20 25
Operations [G-Ops]

The Top-1 error is the percentage of the time that the classifier
did not give the correct class the highest score. The Top-5 ek, - o
error is the percentage of the time that the classifier did not Al neeption (ol and e aery A1)
include the correct class among its top 5 guesses. Inception-v3 (Szegedy et al. 2015b)
Inception-ResNet-v1

Inception-v4

. Inception-ResNet-v2
LN I
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http://www.image-net.org/challenges/LSVRC/

tps://paperswithcode.com/S0Ota/image-classification-on-imagenet

Number Extra
Top1l *+ To

Training Paper
Accuracy

Data

Scaling Vision
Transformers

ViT-G/14 90.45%

Scaling Vision with
14700M Sparse Mixture of
Experts

ViT-MoE-15B
(Every-2)

Meta Pseudo Labels

98.8% Meta Pseudo Labels
(EfficientNet-L2)

Mataksaudot ahels Meta Pseudo Labels
(EfficientNet-B&-Wide)

High-Performance
Large-Scale Image
Recognition Without
Normalization

NFNet-F4+

ViT-G14
BIT-L Reshiet]__ 4=
ResheXt-10130080 o o8 %
. DPN-1313200320)”
Inceptiony/3 ——
Inception /2=
SPPNet—
¥

ACCURACY

Five Base + E‘\'e/HiRes
Aleitlet oﬂ
F,.ﬂ"_'_'-

L

1

TOP

-~

~

-

5T e
r

06 ny 018

Othermodels -8 State-of-the-art models
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Convolution Fully connected
A

R

Chess: 1047

Deep Blue, Feb 10, 1996

Go: 10170
AlphaGo, March, 2016 LO ( In P Ut)

512x512

Go example creation:
Bob van den Hoek

L1 L2
256x256 128x128 64x64 32x32 (Output)

-border fight
-attack
-center ko
-nobi

-hane

-split shape
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Model Predictive Control —
Udacity Self-Driving Car

> B W omim
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https://www.youtube.com/watch?v=r14Ll3Jycbw

/
RL — Examples: Self Driving Cars

Sky
gl < » b Building
: B (R | gl S
" NN o &, Pole B g
el W A
e / AN e, — Road Marking R oy ¢ R S
/ \ \\ ‘ 1 . pa '\ "
; e Road . L s ; Vehicle: 1 Vehicle: 2
i - ™ Pavement e B -
Tree ' : -
5 = _ = . -Sign Symbol
s : b % s i >
’.‘ S t i Fence :
3 T % . e -
Vehicle https: //www Ilnkedln com/pulse/machlne lea
Pedestrian fundamentals-self-driving-cars- daV|d S|Iver/

Bike
https://www.youtube.com/watch?v=kMMbW96nMW8

Deep Learning: |
Technology behind self-driving caf
6.194 visualizations
Pub. 25/dec/2016

http://www.alphr.com/cars/10017 13/practicé-ma kes-perfect-driver_less—ca rs-will-learn-from-
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/
/" RL — Examples: Learn To Walk

LARN

\o T P.‘:'\ Ti \\

\J i
L)
DEEPMIND Al \

LEARNED HOW TO WALK

Another Break Through A ] G Google's D Told to Teach Iltself Ho...

TECH
TECH il

It can run over \/ -

rough terrain b
=\
-

|

Google's DeepMind ]\
Al just taught itself \ !
t

Maybe it knows
something we don't!

JeepMind Al just taught itself t... Watch: Al Has QOddly Taught Itself To ...

ot TECH

\

‘.’

/3

¥
- o
1 4

besn't always work out

This is what it
came up with

Google's DeepMind Al has taught itself to wal... Google's DeepMind Al just taught itself to walk - C.. Google's DeepMind Al has taught itself t...

Google’s DeepMind Al https://www.youtube.com/watch?v=gn4nRCCOTWQ
Just Taught Itself to Walk

5.985.455 vis. 12/jul/2017
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/- . .
/]?{eep Reintorcement Learning

Deep Reinforcement Learning in Atari

action

a;

Atlast — a computer
can beat a champion Gup]xyer J-u (1]

ALL SYSTEMS GO
WNTINTHE TELF:ET.DN Ez\i—?"'ﬂzﬁ “5“;%"“;&}:2“ %:;;P:F%? %
27 Fev 2015 28 jan 2016

. Adapted from: Deep Reinforcement learning — D. Silver, Google DeepMind, 2016
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7 Inspection of Transmission Lines \

u Autonomous system - visual inspection of electricity transmission lines
m Detection of flaws in the gripper of the line spacers




/ Gripped cable contour: ~
FFT coefficients of directional chains \

100
s0

o}
-50
-100
-150

Reconstruction -
7 and 15 Harmonics

a) Gabor - b) Closing — ¢) Border - d)Image
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/@r/ipped cable contour: |
FFT coefficients of directional chains \

Componente A da Série de Fourier para X Componente B da Série de Fourier para X

ANN -
“"Need Maintenance”
classification

Training, Test, Validation
80, 25, 25 images

Ar X
4H 20 1

H=10 >
2 Misclassified images

Harménico Harmdnico H = 1 2 =

1 Misclassified image

. Flavio Oliveira & Alexandre Dias, 2007
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//éripper inspection with 3D reconsis\

- It is not possible to train an \

ANN for every position/orientation ‘
in the visual field of the VANT.

- ANN trained ‘

~ ——
for a fixed point of view. .’/‘

- Build 3D contour model

- Reproject 3D contour
to ANN point of view

- Classify with ANN

) ” Correspondence —ROI contour in stereo pail
Different ROI’s > 2

ha
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3D Reconstructio \

x 10

/3D gripped cable

% SRI SVS Stereo System = 1
File Device Yideo... YideoBuffer...

Rate: T.5 Lett | Color [Opened device O

Cortinuous Function: |Mone il
Py
1

Results:
20 stereo pairs - 1 false pos., 1 false neg.
Elder Oroski, 2011
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ChangeNet as Cycleway
Digital Twin

{

Environment
Q-learning
SDHW system,
HVAC system,
Builnding
boundary
conditions

= f(Im(k), Im(k-1), Map, Inference Engine, Rule Basis)

LY
1]

Test Image Reference Image ChangeNet Ground Truth

@AB2020 BLL
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/ GPS + GIS

o Global Positioning System
o Geographical Information System

‘ég}/'l\ ,_, .-m

L/]?R \I/ A. Bauchspiess — Al - 65" Jubilee - Some Examples and Opportunities IEEE/UFCG 2021 39/56



7 GPS+GIS+CPS  \\
- CyberGIS

o CPS - Cyber-Physical Systems

< C' @ gis.unb.br/portal/home/webmap/viewer.html?layers=ba60b61290144c2f9ac5aeef8704d462 v
Pagina Inicial + SmartCampus UnB - Urbanizagdo Modificar Mapa & Entrar

[Z] Detalhes | 88 Mapa Base ‘ & Imprimir aliz ja QL

[%
(5]

Contetdo

[ SmartCampus UnB - =
Urbanizagao - Centro das

Edif O
SmartCampus UnB -
Urbanizagao -
Demografia

8
9
2.

SmartCampus UnB -
Urbanizag&o - Limite
Oficial UnB

LEd IR |

>

SmartCampus UnB -
Urbanizagao -
Estacionamentos UnB

SmartCampus UnB -
Urbanizagéo - Edif UnB

9 Topogréfico

E) Mapa Topogréfico
Mundial

El Relevo
Sombreado
Mundial ) { .
e NASA; NGA, USGS | Esfi C Contributors, Esti, HERE, ...
7 / N -
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DRL Drone Bikeway Inspection
Digital Twins
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3 " ‘d. T @ f
¢ L Universidade B >
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Image center
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/ DRL Drone Bikeway Inspection

Digital Twins
BSB Living Labs - ENE/ENC-UnB 2020

Trajectories
(Xl y/Z/l t)

Agent Environment

Q-learning
Q¢ | SDHW system,
HVAC system,
Builnding
boundary
conditions

= f(Um(k), Im(k-1),... Map, Rule Base, Inference Engine)

Stored Info
-Map \
-Registered Bikes

-Hole

-Urgent
-Near FT -Send
Block F Mantainance

-Coord. (23N,300W)
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/ Semantic Segmentation

Feature merging operation

+
De-conv : Loss/ :
1 r
con

Aue) T-TXT
1
plowsis/sso]

Crack detecti
Feature pyramid Side networks Hierarchical boosting Tack aeleton

Raw image Bottom-up
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7

Cesium 1.67

4 I[jgi Editorial — Shirowzhan, et al., 2020, 9, 240
Digital Twin and CyberGIS for
/ Improving Connectivity and Measuring |
the Impact of Infrastructure
Construction Planning in Smart Cities

@cesium i . e
s plpcraca for eommircial e [t aftrituion
e L MaL28 2020 12:00:00 UTC

Mar?'a?u?uinummum

] Y
L
A i’
W, ]
W
a
e

| =jife | | i

>,
g
e NS\
Data acquisition '8 ----Aircraft Trajectory---»

¥

Data transmission

CI?Iud Server | Data storage L |
: Physical Twin
%’

Urban services Data process |- Tablst Phove

v Data management Interactions

amazon Data fusion
web services ¥

Computation
\d
CyberGIS - Visualisation



An Architectural Multi-Agent System for a
/ Pavement MonitoringSystem with Pothole \
Recognition in UAV Images \

L.A. Silva, H.S. San Blas, D.P. Garcia, A.S.Mendes, and G.V. Gonzalez. Sensors , 20(21), nov 2020.

Route

Definition




Low-cost deep learning uav and raspberry pi

/" solution to realtime pavement condition assessme
Murad Al Qurishee and Weidong Wu, Univ. of Tennessee at Chattanooga, 2019.
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Low-cost deep learning uav and raspberry pi

solution to realtime pavement condition assessmen
Murad Al Qurishee and Weidong Wu, Univ. of Tennessee at Chattanooga, 2019.

Movidious Neural Network

Compute Stick

Raspberry Pi 3 B+
Pi Camera
Portable Power Bank

Drone Camera
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Low-cost deep learning uav and raspberry pi

solution to realtime pavement condition assessme%t\
Murad Al Qurishee and Weidong Wu, Univ. of Tennessee at Chattanooga, 2019.
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Low-cost deep learning uav and raspberry pi

solution to realtime pavement condition assessmen
Murad Al Qurishee and Weidong Wu, Univ. of Tennessee at Chattanooga, 2019. °

Models Mean Average Precision Real-time speed (FPS)

(mAP)
Faster R-CNN + inception V2
Faster R-CNN + NasNet
Faster R-CNN + ResNet101

R-FCN + ResNetl01

SSD + MobileNet V1

SSD + Inception V2
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Perspectives
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Peeling Potatoes Playing Badminton Polnshmg Shoes

W) 0017010
ACTIVITYNET: HARDEST ACTIVITIES, 2019-20

Source: ActivityNet, 2020 | Chart: 2021 Al Index Report

ActivityNet A Large-Scale Video

Drinking coffee

High jump

Polishing furniture

Putting in contact
lenses

Removing curlers

Rock-paper-scissors

Running a marathon

Shot put

Smoking a cigarette

Throwing darts

6% 8% 10%

Mean Average Precision (mAP)
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/ Al Opportunities

- Deep Learning
- Reinforcement Learning
- Explanation Components

“They shouldn’t allow humans to drive!”

Learn to Drive:
Cha”ang €s Self-Driving Car: >>1000 h
- Al with emotions Human ~ 20 h
- Al consciosness

- ethics in Al

- non-human intelligence
- AGI (General, Strong Al)

Super-human in one task != Intelligent!!
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/" The 10 most in-demand Jobs in AI - 2021 \

1. Machine Learning Engineer
2. Deep Learning Engineer

3. Senior Data Scientist

4. Software Engineer

5. Interns

6. Al Specialist

7. Robotics Engineer

8. Full Stack Engineer

9. Site Reliability Engineer

10. Cybersecurity Specialist

https://moneyinc.com/most-in-demand-jobs-ai-2021/
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15 Graphs You Need to See to Understand Al in 2021
/ The 2021 Al Index provides insight into jobs, publications, diversity, and mor

XN e YNNIV TNV Ul hitps://spectrum.ieee.org/tech-talk/artificial-
SYSTEM

Sources WLPer, 2020 harts 2021 Al Indes Report intelligence/machine-learning/the-state-of-ai-in-15-graphs

6.2 Min

Al HIRING INDEX by COUNTRY, 2020

Source: Linkedin, 2020 | Chart: 2021 Al Index Report
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15 Graphs You Need to See to Understand Al in 2021
/ The 2021 Al Index provides insight into jobs, publications, diversity, and mor

https://spectrum.ieee.org/tech-talk/artificial-
intelligence/machine-learning/the-state-of-ai-in-15-graphs

RISKS from ADOPTING Al THAT ORGANIZATIONS CONSIDER RELEVANT, 2020

Source: McKinsey & Company, 2020 | Chart: 2021 Al Index Report

Cybersecurity

Regulatory
Compliance EMPLOYMENT of NEW Al PHDS (% of TOTAL) to

ACADEMIA or INDUSTRY in NORTH AMERICA, 2010-19

Explainability Source: CRA Taulbee Survey, 2020 | Chart: 2021 Al Index Report

Personal/Individual 65.7%
Privacy
Organizational
Reputation
Workforce/Labor
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Equity And Fairness

Physical Safety

New Al PhDs (% of Total)

National Security
Political Stability

30% N
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% of Respondents

[l New Al PhDs to Academia (% of Total New Al PhDs)

. [ New Al PhDs to Industry (% of Total New Al PhDs)
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Deep neural

Adolfo Bauchspiess

adolfobs@ene.unb.br
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http://www.ene.unb.br/adolfo

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56

