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A ‘smart city’ uses digital technologies to provide city services and
infrastructure such as fransport, energy, health care, water and waste
management.

1ation and Communications
dlay an important




To transform a city infrastructure in “smart”, the city manager should develop three
layers of “smartness” as follows:

e technology base include networks of sensors and connected devices which

he deploymeni of smart applications that process
ight, and actions.



Smart City
Applications
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Transportation Healthcare Environment Public Safety

Traffic flow Medical sensing Air quality Face recognition

s Medical ; Traffic
Eumat 1oty informatics Disaster surveillance

Parking Medical imaging

SMART CITY
APPLICATIONS




Machine learning is an application of artificial intelligence (Al) that
provides systems the ability to automatically learn and improve from
experience without being explicitly programmed.

The process of learning begins with observations of data in order to
ok for patterns and make better decisions in the future based on
that we provide. The primary aim is to allow the
atically without human intervention or

ngly.




Deep Learning is a subfield of machine learning concerned
with algorithms inspired by the structure and function of

ial nevural




Neural networks, a biologically-inspired programming
concept which enables a computer fo learn from
observational data.
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These artificial networks may be used for predictive
modeling, adaptive control and applications where
they can be trained via a dataset. Self-learning
ing from expenence can occur within networks,

conclusions from a complex or




We add depth by adding more hidden states and
layers, where additional hidden layers added between
Input to hidden layer and between output to hidden
layer or by increasing the number of states in the
hidden layer itself.
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Deep Learning out perform other techniques if the data size is large.

Deep Learning techniques need to have high end infrastructure to train in
reasonable time.

Why deep learning
Deep Learning used when it comes to
complex problems such as image
classification, natural Ilanguage
processing, and speech recognition.

Deep learning
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Machine Learning
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Input Feature extraction Classification Output

Deep Learning
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Feature extraction + Classification







Processing textual data heavily relies on naturadl
language processing techniques. In deep learning,
data can be represented as temporal
iable lengths, similar to sensor data
2,..xt,...xXT}, where x
a vector




One of the typical applications is to analyze short
tual messages posted on social media platforms
to d|scover knowledge from multiple
e.g., social event detection,
ivity tracking, and




is usually represented as a
trix with numeric values. Each

ixel, denoting the

image




Image and video data is important in smart cities and can
be collected in many ways using: cameras which are widely
installed in city areas for public safety and criminal
investigation with remotely conftrollable devices like (i.e.,
sensors, cameras, and actuators); satellite images are used
to detect and classify objects on earth for environment
protection and weather forecasting;, citizens use
smartphones to take images and videos to record daily lives
eport social events.




lonal Neural Networks (CNN)




CONVOLUTIONAL NEURAL

NETWORKS (CNN)




Convolutional neural networks use three basic ideas:

onvolution layer — feature extraction

afure extraction



CONVOLUTION LAYER
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POOLING LAYER

Max Pooling Average Pooling




FULLY CONNECTED LAYERS
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CONVOLUTIONAL NEURAL
NETWORKS STAGES

pooled
feature maps pooled feature maps  feature maps
feature maps

Convolutional Pooling 1 Convolutional  pooling2
layer 1 layer 2




RECURRENT NEURAL NETWORKS
(RNN)
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Recurrent
connection







OVERVIEW OF DEEP LEARNING MODELS
FOR DIFFERENT TYPE OF CITY DATA

Model Input representation

City data

RNN Time sequence data {z,z2, ..., z¢}

traffic flow or speed (sensor)
air quality data (sensor)
healthcare data (sensor)
human activity (sensor)

2D or 3D matrix

human mobility (sensor)
human activity (sensor)
parking lot image
medical image

disaster image

twitter data (text)

face image

vehicle image

/




Hybrid model is referred to as the combination of
more than one type of deep learning models.
Recent research has seen a number of such hybrid
plied in different application domains in

with RNN work
ingle




SOME HYBRID NEURAL NETWORKS

MODELS FOR SMART CITY APPLICATIONS

Contribution

End-to-end travel
time estimation

license plates
recognition

Detection and
classification of
dynamic hand
gestures

Application

Transportation/
Human mobility

Public safety/
Traffic Monitoring

Healthcare/
Medical sensing

Data/ Input

Vector/

Distance of path
Weather condition
Driver habit

Day of week
Image/
Segmented license
plates

Video/

Color

Optical flow

Depth

Hybrid Neural Network Models

CNN: to predict the citywide crowd flow
RNN: to estimate the local path

CNN: for feature extraction

RNN: for recognition

CNN: enable gesture classification based on
hand or figure moving types

RNN: for recognition
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