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Km4City  in Tuscany Area

Road Graph (Tuscany region)
132,923 Roads , 389,711 Road Elements

318,160 Road Nodes, 1,508,207 Street Numbers

Info on: points, paths, areas, etc.

Services (20 cat, 512 cat.)

16 Public Transport Operators

21.280 Bus stops & 1081 bus lines

Dynamic/real-time in Tuscany Region
• Real time bus lines: 144 updates X day X line
• 1081 Transport Pub Lines:  1-2 up per day, time-path
• >210 parking lots status:  76 updates X day X sensor
• >796 traffic Sensors: 288 updates X day X sensor
• 285 weather area: 2 updates X day X area
• >12 hospital Triage status: 96 updates X day X FA
• 22 Environmental data: 20 updates X day X sensor
• 39 Bike Sharing data: Pisa and Siena
• 12 Pollination data
• 140 recharging stations
• Smart benches, waste mng, irrigators, lighting,…
• Florence ent.events: about 60 new events X day
• Different kinds of Florence traffic events, 
• [1600 Fuel stations: 1 update X day X station]
• Wi-Fi: > 400.000 measures X day
• App mobiles: >50.000 measures X day
• more than 40.000 distinct users X day
• From 600.000 to 4.5 M Tweets X day
• many IOT sensors ……http://servicemap.km4city.org 3
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Km4City  in Tuscany Area

What is enabling and providing smart services
• Smart Parking, in Tuscany
• Smart First Aid in Tuscany
• Smart Fuel pricing in Tuscany
• Smart search for POI and public transport srv.
• Public Transportation in Tuscany
• Routing in Tuscany
• Social Media Monitoring and acting
• Traffic events and Resilience in Florence
• Bike Sharing in Pisa and Siena
• Recharge stations for e-vehicles
• Entertainment Events in Florence
• Traffic Sensors in Tuscany
• Weather forecast/condition in Tuscany
• Pollution and Pollination in Tuscany
• People Monitoring Assessment in the City, in 

Florence via WiFi
• People Monitoring, in Tuscany via App

All Point of Interests, cultural activities, IOT, …
Over than 1.2 Million of complex events per day!http://servicemap.km4city.org 4
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IOT Solutions
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IOT Main Concept

The implementation of smart services may implies the:

 acquisition of data from the field

 computation and imposition of actions/values

 Save of historical values, computer data analytics, etc. 
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IOT Main Concepts
The implementation of smart services may implies the:

 acquisition of data from the field

 computation and imposition of actions/values

 Save of historical values, computer data analytics, etc. 

IOT Device

Computation

IOT Edge

IOT App

Computation

IOT App

IOE Device
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Cloud vs Fog/Edge Computing
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IOT Context Broker

Context Broker operations: create & pull data
 Context Producers publish data/context elements by invoking the update operations on a Context 

Broker. 

 Context Consumers can retrieve data/context elements by invoking the query operations 

on a Context Broker

Context Consumer

query

Context Producer

update

Context Broker
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architettura

IOT broker

dev

dev

dev

IOT broker

dev
dev

dev

IOT Gateway

dev

Wrapper

IOT Server/Directory

Edge

dev dev

IOT Discovery
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IOT 
Device IOT 

Device IOT 
Device

receiver

IOT Broker/
IOT Gateway

subscribe
Subscribe

Publish

IOT Application

IOT 
Device

IOT Broker/ 
IOT Gateway

Sensors

Actuator

Publish

• IOT Application are data driven functional programs for data 
transformation.

• The IOT Application can subscribe to some  IOT Brokers to receive data 
in Push from a specific IOT Device (sensor)

• The IOT App can publish some message toward some IOT Device 
(Actuator), passing via an IOT Broker.

• Continuous lines are messages via TCP/IP
• Dashed lines are message via some radio channel (Lora, BT, Wi-Fi, …)
• IOT Brokers and IOT Gateway can be distinct servers
• IOT Brokers can be on cloud
• IOT Gateway performs the SW update, the business management, 

access in Push and Pull

• Sensors are programmed to send data (i) periodically, 
or (ii) when a relevant change occurs in the sensor 
value, or (iii) when events occur (for example a 
change of status of something), etc.

• Actuator perform some action on the field: change of 
status, reset, turn on something, change setting 
value, etc.
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IOT Gateway IOT Edge

Adapter/
WrapperIOT 

Device IOT 
Device IOT 

Device

IOT 
Device IOT 

Device IOT 
Device

IOT Broker

IOT Gateway

IOT 
Device IOT 

Device IOT 
Device

IOT 
Device IOT 

Device

IOT 
Device

IOT Gateway

receiver

IOT Broker IOT Broker

subscribe

• IOT Edge may include IOT 
Applications

• Missing knowledge about 
the semantic of IOT devices

• Lack of capability for IOT 
Discovery: value type, 
location, etc., which could 
be used by IOT App

• Lack of Storage of data 
values over time

IOT Directory

IOT Discovery
Knowledge 

Base

Registration

Discovery requested data

IOT Application
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IOT/IOE Protocols

MQTT

HTTP(s)

AMQP

COAP

NGSI

OneM2M

WebSocket

s

…….. 

Etc.

13

Registration Push Bulk action
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IOT Brokers

AMQP STOMP JMS COAP NGSI MQTT

OASIS

RabbitMQ X X X X X

Mosquitto X
ActiveMQ X X X X
StormMQ X
HIVEMQ X X
ORION

BROKER
X X X

http://www.hivemq.com/wp-content/uploads/pub-sub-broker-1.png
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https://www.cse.wustl.edu/~jain/cse570-15/ftp/iot_prot/

IOT stack protocols

https://www.cse.wustl.edu/~jain/cse570-15/ftp/iot_prot/
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Comparison high level IOT protocols

Protocols UDP/TCP Architecture 
Security and 

QoS 

Header Size 

(bytes) 

Max 

Length(bytes)

MQTT TCP Pub/Sub Both 2 5

AMQP TCP Pub/Sub Both 8 -

CoAP UDP Req/Res Both 4 20 (typical)

XMPP TCP Both Security - -

DDS TCP/UDP Pub/Sub QoS - -

NGSI TCP/IP
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MQTT: Message Queue Telemetry Transport

❑ security obtained with SSL/TLS since it is over TCP

❑ ISO/IEC PRF 20922

❑ Over TCP/IP, Async, pub/subscribe, 

❑ payload agnostic (can be encrypted)
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MQTT QoS
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AMQP Advanced Message Queuing Protocol

❑Over TCP, binary wire protocol 

❑Exchange decoupling
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Other protocols

STOMP: Streaming Text Oriented Messaging Protocol 

 Similar to HTTP

XMPP: Extensible Messaging and Presence Protocol

 Based on XML, proposed by IETF

 Over TCP, can use HTTP

WAMP: Web Application Messaging Protocol 

 WebSocket protocol by IANA

 Over level 6

SNMP by IETF, level 7

 Over UDP, or IP

 Monitoring status of servers

SigFOX

OneM2M AIOTI

 a strategic enabler for IoT applications and companies developing IoT solutions
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Comparison of lowlevel IOT prot.
Protocolli

IoT

Standard Frequenza Range Data Rates

Bluetooth Bluetooth 4.2 2.4GHz (ISM) 50-150m (Smart/BLE) 1Mbps (Smart/BLE)

ZigBee ZigBee 3.0 based on 

IEEE802.15.4

2.4GHz 10-100m 250kbps

6LoWPAN RFC6282 (adapted and used over a variety 

of other networking media 

including Bluetooth Smart 

(2.4GHz) or ZigBee or low-power 

RF (sub-1GHz)

Vedi protocollo di 

supporto

Vedi protocollo di supporto

WiFi Based on 

802.11n (most 

common usage in 

homes today)

2.4GHz and 5GHz bands Approximately 50m 600 Mbps maximum, but 150-200Mbps is 

more typical, depending on channel 

frequency used and number of antennas 

(latest 802.11-ac standard should offer 

500Mbps to 1Gbps)

Cellular GSM/GPRS/EDGE 

(2G), UMTS/HSPA 

(3G), LTE (4G)

900/1800/1900/2100MHz 35km max for GSM; 

200km max for HSPA

(typical download): 35-170kps (GPRS), 120-

384kbps (EDGE), 384Kbps-2Mbps (UMTS), 

600kbps-10Mbps (HSPA), 3-10Mbps (LTE)

NFC ISO/IEC 18000-3 13.56MHz (ISM) 10cm 100–420kbps

LoRaWAN LoRaWAN Various (europe, 868Mhz) 2-5km (urban 

environment), 

15km (suburban 

environment)

0.3-50 kbps
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Snap4City 
IOT Brokers

Snap4city Platform
Data Shadow

Towards any IOT Device 
and/or Dashboard

Managing Public and 
Private IOT/IOE Devices

Sensors

Snap4City 
IOT Brokers

Dashboards also provide
rendering for sensor values

Actuator
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Snap4City 
IOT Brokers

Snap4city Platform
Data Shadow

Towards any IOT Device 
and/or Dashboard

Managing Public and 
Private IOT/IOE Devices

Sensors

Snap4City 
IOT Brokers

Dashboards also provide
rendering for sensor values

Actuator
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IoT Devices

• Conceptually are IoT Devices with sensors/actuators, IN/IN-
OUT

• They are classified in terms of nature/subnature
• For Searching and showing on maps and dashboards

HLT of IoT Devices can be:
– IoT Device Models, for example: «personal coffee machine»
– IoT Device name, for example: «mycoffemachine1», «CM23»
– IoT Device Variable, for example: «Temperature»

Paolo Nesi, IOT overview 2022 27

IoT Device Models

IoT Device
• Name:…..
• Model:…..
• Position: …….

IoT Device Variables
• dateObserved: ………..
• ID:
• Status: ready
• Temperature: 70%
• WaterLevel: 35%
• UsedCapsBox: 30%
• Power: OK
• …..



Mobile Devices

• They are a special case of IoT Devices
– they are managed as IoT Devices in the system

• They are classified in terms of nature/subnature
• For Searching and showing on maps and dashboards, they are 

different 
HLT of Mobile Devices can be:
– Mobile Device Model, for example: «sedan»
– Mobile Device name, for example: «BMW JD7356HD», «Ford KO786KK»
– Mobile Device Variable, for example: «velocity»

Paolo Nesi, IOT overview 2022 28

Mobile Device Models

Mobile Device
• Name:…..
• Model:…..
• Spec:…

Mobile Device Variables
• ID:
• dateObserved: ………..
• Status: ready
• Temperature: 70%
• Gasoline: 35%
• Velocity: 231,3 Km/h
• Position: 44.3223, 11.3432
• …..
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LIVING LAB

Be smart in a SNAP!

A Framework for 
rapid implementation of

- Sustainable Smart Solutions
- Decision Support Systems
as a no-coding, low-coding  



Data Driven Decision Support

•Decision Support system
•Assessment / Strategies
•Data Rendering, visual
analytics

•Data Processing
•Data aggregation, Storage, 
indexing

•Data Ingestion

Paolo Nesi, IOT overview 2022 30
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Ingestion, agg. → exploitation

• Snap4City efficient 
tools for

• Bidirectional data 
channels

• Any format, any 
channel, any data, any 
broker, any protocol, … 

• Km4City Knowledge 
base Ontology reasoning 
on geo, space, time, 
relationships

Paolo Nesi, IOT overview 2022 32



Expert System semantic queries
• via:

• Smart City API 
for 
Apps and third 
party

• MicroServices
data driven 
develop via 
visual language 
Node-RED

Paolo Nesi, IOT overview 2022 33

https://www.snap4city.org/19

Linked Open Data

https://www.snap4city.org/19


Data Type Coverage 
• POI, IOT, shapes,.. 

• maps, orthomaps, GTFS, GIS 
WFS/WMS, GeoTiff, ..

• calibrated heatmaps, ..

• traffic flow, typical trends, ..

• trajectories, events, ..

• 3D, BIM, Workflow, ..

• Dynamic icons/pins, ..

• OD Matrices, scenarios, ..

• prediction models, ….

• decision scenarios, ….

• Synoptics, animations, ..

• social media, Routing, ..

• Satellite data, ..

• KPI, personal KPI,..

• etc. 

Paolo Nesi, IOT overview 2022 34



Ingestion, aggreg. → exploitation
• IoT App Visual 

Programming, no 
coding

• Data transformation

• Integration

• Scripting Data Analytics

• Data ingestion

• Business logic 

• MicroServices data 
driven develop via 
visual language 
Node-RED

Paolo Nesi, IOT overview 2022 35



Solutions: reliable, secure and fast to realize

• Via Snap4City tools
• Dashboard Wizard
• Dashboard Builder
• Data/Visual Analytic

• Smart Solutions results to be
• Real time data drive

• Secure end-to-end

• GDPR compliant

• Reliable, interoperable

• Auditable, marketable

Paolo Nesi, IOT overview 2022 36



Data Analytics on Snap4City platform
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Resource Manager

Creating
MicroServices

Saving / 
Sharing
reusing

Using them into
IOT Applications

Knowledge Base, 
Km4City

Ontology Schema LOG.disit.org

Swagger

Big Data 
Store 

Facility



Big Data Analytics + Artificial Intelligence
• Short and Long terms predictive models on: 

• traffic, parking, people flow, maintenance, land sliding, NO2 
• 3D Flow prediction: Pollutant (NOX, NO2, …)
• Early warning, City Indexes, etc. 
• AI & XAI: 

• RF, XGBoost, BRNN, RNN, SVR, DNN, LSTM, CNN-LSTM, 
Autoencoders, …

• Clustering: K-means, K-Medoid, …
• XAI: Shap, variations, .. 

• Modelling, simulation, routing
• Traffic Flow reconstruction
• Constrained Routing

• What-IF analysis (simulation + AI + data)
• Based on several computational models: 

• trajectories, OD matrices, Typical Time Trends, etc. 

Paolo Nesi, IOT overview 2022 38

https://www.snap4city.org/download/video/course2020/da/S
nap4City-4th-slot-Data-Analytic-v4-6.pdf

to cope with
• any data, format
• any channel, 

protocol
• any AI/ML
• any place
• online 

development
• multi-tenant
• Secure, PENTest
• GDPR, privacy
• → low costs 
• → easy to 

evolve

https://www.snap4city.org/download/video/course2020/da/Snap4City-4th-slot-Data-Analytic-v4-6.pdf
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Standards and Interoperability (5/2022)

40

Compliant with: 
• IOT: NGSI V2/LD, LoRa, LoRaWan, MQTT, AMQP, COAP, OneM2M, TheThingsNetwork, SigFOX, Libelium, IBIMET/IBE, 

Enocean, Zigbee, DALI, ISEMC, Alexa, Sonoff, HUE Philips, Tplink, BACnet, TALQ, Protocol Buffer, KNX, ..
• General: HTTP, HTTPS, TLS, Rest Call, SMTP, TCP, UDP, SOAP, WSDL, FTP, FTPS, WebSocket, WebSocket Secure, GML, WFS, 

WMS, RTSP, ONVIF, AXIS TVCam, CISCO Meraki, OSM, Copernicus, The Weather Channel, Open Weather, OLAP, ….
• Formats: JSON, GeoJSON, XML, CSV, GeoTIFF, OWL, WKT, KML, SHP, db, XLS, XLSX, TXT, HTML, CSS, SVG, IFC, XPDL, OSM, 

Enfuser FMI, …
• Database: Open Search, MySQL, Mongo, HBASE, SOLR, SPARQL, ODBC, JDBC, Elastic Search, Phoenix, OBD2, PostGres, MS 

Azure, ..
• Industry: OPC/OPC-UA, OLAP, ModBUS, RS485, RS232,..
• Mobility: DATEX, GTFS, Transmodel, ETSI, ..
• Social:Twitter, FaceBook, Telegram, ..
• Events: SMS, EMAIL, CAP, RSS Feed, ..
• OS: Linux, Windows, Android, Raspberry Pi, Local File System, ESP32, etc.

https://www.snap4city.org/65

Paolo Nesi, IOT overview 2022
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https://www.Snap4City.org
• > 7 running installations

• Toscana, Pisa, Sweden, ISPRA, Snap4.eu,

• Altair, Italmatic, ….

• 13 projects, 12 pilots on 10 Countries
• >40 cities/area

• Wide MULTI-tenant deploy, e.g.,
• 18 Organizations / tenant

• > 7400 users on

• > 1400 Dashboards

• > 16 mobile Apps

• > 2 Million of structured data per day 

• > 520 IoT Applications/node-RED

• > 700 web pages with training

• > 60 videos, training videos

Paolo Nesi, IOT overview 2022 41

• Trials in Israel, Brasile, Australia, India, etc.…....……

https://www.snap4city.org/
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Dashboards and AppsIOT Applications

Big Data Analytics, Artificial Intelligence

IOT 
Brokers

Snap4City Services also on IOT Edge!!!

Paolo Nesi, IOT overview 2022 42

IOT Networks

IOT Devices

IOT 
Gateways

IOT Brokers
IOT Brokers

IOT 
Gateways

IOT Edge Devices

Mainly fog computing and NGSI V1, V2 with security



Controlling Energy Power

IOT Edge: 
Node-RED 

+ 
Snap4City

Alexa: Voice Commands

Measuring any kind of sensors values

Contextual (smart city/home) data, Data Analytics
Historical Data, Remote Control, Mobile App

Local Control

Measuring
Energy Consumption

Paolo Nesi, IOT overview 2022 43

DCS

Any kind of notification channel

Administrative Servers

https://www.snap4city.org/369

https://www.snap4city.org/369


IOT Edge

IOT Edge
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Snap4City/Industry Detailed Architecture

DCS/
SCADA

Orders

IoT App

IoT App

IoT App

Orion 
Context Broker

IoT App

Planning

Predicting

IoT App

IoT APP

Business LogicData Analytic

IoT Devices from the field

Admini-
stration

Energy Services

Transportation

Production 
Parameters

External
Services

GW-NGSI

Data Storage

IoT APP
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IoT Devices

IoT Devices

KeyCloak, LDAP

Dashboards, Visual Analytics, 
Synoptics, 3D, Maps

IoT Directory

BPM & BIM

GIS and ResM

CKAN

……………

Data Analytic
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Snap4Home
Sonoff: Controlling Energy Power

IOT Edge:

Raspberry
pi: Node-

RED + 
Snap4City

Philips Hue: Controlling Lights

Hue Hub

Hue: Motion Control / Alarm

Alexa: Voice Control 

TP Link: Controlling / Measuring Energy Plugs

Measuring Temperature and Humidity

Garage Door

Controlling Motors

Window 
Roller Shutters

Controlling
Irrigators

Alarm sound 
and light

Environmental Contextual data from the city
Historical Data, Remote Control, Mobile App

Local Control

Measuring
Energy Consumption

Paolo Nesi, IOT overview 2022 45https://www.snap4city.org/620
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Example: IOT App on Snap4Home
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IOT Edge Device

Paolo Nesi, IOT overview 2022 47
IOT Devices

IOT Edge: 
Node-RED + Snap4City

Firewall
Gateway
Toward internet

IOT 
Brokers

Other Local 
Connections

IOT 
Brokers

Remote Access/Control/program
to your IOT Applications via 
secure connection



Knowledge base
Semantic reasoners

Data 
Sources, 
External 
Services

PULL Data

Data 
Sources, 
Brokers, 
External 
Services

Data 
Driven, 

Real Time

Data Ingestion, 
aggregation, 

regularization, 
reconcile:

NIFI, IOT App

Rendering
Acting, 

Widgets, 
MicroApps

User 
interface,

Interactive 
Dashboard,
Drill down, 

maps, 
heatmaps

Inform, announce, Act!, warning, alarms, What-IF, ..

Search and 
Query, 

Smart City API
Facet, semantic 

search 
Indexing and aggregating
Open Search, and Dash

Data Analytics, Simulations
R, Tensor Flow, Python, ….

IOT Applications, Business Logic
Node-RED + Snap4City MicroServices

Front-EndBack-End

Snap4City Architecture vs Data Ingestion, V2 (2022)

Snap4City (C), August 2020 48



Snap4city Data Ingestion Flow Diagram
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IOT Orion Broker
IOT App

Knowledge Base
Semantic Reasoners

Indexing and Aggregating
NIFI, OpenSearch

IOT DirectoryIOT Broker Registration

IOT Orion Broker
Real Time

IOT Device Model Reg.

subscription note

Static or quasi Static
Data: POI, etc. IOT App

(1c) static

IOT Device

push

pull

IOT Device

Real Time data in Pull
Any gateway, server

push

pull

push

IOT Device Registration

sporadic

sporadic

Automatic

periodic

IOT App Adapter
Information, File
IOT Apps
Snap4City Tools
IOT Device/GatewayIOT Brokers IOT Apppush AdapterIOT Brokers

IOT Devices

IOT App
Dynamic NGSI

NGSI

NGSI
NGSI



IOT Orion Broker

Snap4city Data Ingestion Flow Diagram

IOT App

Knowledge Base
Semantic Reasoners

Indexing and Aggregating
NIFI, OpenSearch

IOT DirectoryIOT Broker Registration

IOT Orion Broker
Real Time

IOT Device Model Reg.

subscription note

Static or quasi Static
Data: POI, etc. IOT App

(1c) static

Paolo Nesi, IOT overview 2022
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IOT Device

push

pull

IOT Device

Real Time data in Pull
Any gateway, server

push

pull

push

IOT Device Registration IOT App

sporadic

sporadic

Dynamic

Automatic

periodic

IOT App Adapter Information, File
IOT Apps
Snap4City Tools
IOT Device/Gateway

IOT Brokers IOT Apppush AdapterIOT Brokers

IOT Devices

NGSI

NGSI

NGSI
NGSI



Libelium
• PM10

• Temp

• Humidity

• Pm2.5

• NO

• NO2

• CO2

• Etc.
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https://www.snap4city.org/659 how to set up on Snap4City 

https://www.snap4city.org/659


Libelium vs

• Can be directly connected to Snap4City (data driven)
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IOT Device

IOT Orion Broker

Knowledge Base
Semantic Reasoners

Indexing and Aggregating
NIFI, OpenSearch

IOT Directory

IOT Orion Broker

Real Time

subscription note

(1c) static

IOT Device Registration

Registration

(data driven)

IOT 
App

Processing if needed



Lora IOT Management
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IOT Gateway

IOT Gateway

WiFi, RJ45
3G/4G

LoraWan
Gateway

NGSI

NGSI over IP

IP Gateway

NGSI

NGSI
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IOT Orion 
Context Broker

Knowledge Base
Semantic Reasoners

Indexing and Aggregating

NIFI, OpenSearch

IOT Directory

Real Time

subscription note

IOT 
App



Lora IOT Device, Arduino

• Arduino Uno, Mega

• LoraWan Connection

• Any sensor, + I2C

• Fully Customizable

• Open Source

• NGSI or any other protocols

• Gateway: Lora-NGSI Snap4 
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https://www.snap4city.org/216

https://www.snap4city.org/drupal/node/216


Dragino a development platform for Lora
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LoraWan Gateway/Edge out of the Box
• Raspberry Pi Based LoraWan Gateway

– Powered 5V, Wi-Fi, RJ45, …

– GeoLocated GPS Antenna

• IOT Edge Snap4City 

– Including Node-RED, IOT APP

• Logical UpLink: LoraWAN TheThingsNetwork, 
NGSI V1, V2 (mutual authenticated 
Snap4City) toward IOT Broker
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Physical UpLink as: 
Wi-Fi, RJ45



MQTT Integration
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TOP



• Can be connected from/to MQTT devices or gateways in push

Paolo Nesi, IOT overview 2022 58

Real Time data in Pull/Push
Any gateway, server

IOT Orion Broker

IOT 
App

Knowledge Base
Semantic Reasoners

Indexing and Aggregating
NIFI, OpenSearch

IOT Directory

IOT Orion Broker

Real Time

subscription note

(1c) static

Push (NGSI)

IOT Device Registration

Adapter

Registered
(i) (ii) 

(ii) 

IOT 
App

Processing if needed

IOT App

Push in MQTT



IOE – Vehicle Monitoring
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CANBUS
sniffer

Tuscany in a 
Snap Mobile 
App on 
Android



MyKPI: Tracking of Devices and Mobiles
• Real Time Trajectories for 

• Mobile Phone
• Moving IOT Devices
• OBU, Vehicular Kits
• Multiple tracks
• Day by day

• Micro Application

OBU

Mobile 
PAX Counter

OBD2

Apps
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IOT Device 
Mobile



DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org
3D views
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjUxMA==
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MzEyNg==

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MzEyNg==


DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ==

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ==


C3PO Street Lights
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DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org
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Environmental Data Predictions: GRAL
• GRAL predictions: PM10, NOX, ….

– Comparison wrt real time values in 
actual value of Sensors

– Graz Lagrangian Model. 

• GRAL model takes into account: 
– pollution sources (for example the 

vehicles, their distribution on the 
streets, the about of pollution they 
produce according to their distribution 
over time and space, etc.), 

– structure of the city (streets and shape 
3D of the buildings), 

– weather forecast (wind intensity and 
direction), etc. 

• GRAL can be applied on NOX, PM10, 
PM2.5, … or any other particles

Helsinki



DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org

SNAP4City
background

Data Analytics IOT App 
Management

Snap4City Servers and Tools: 
Dashboard manager, Heatmap 

manager, GeoServer, Smart City API.In
ge

st
io

n
P

ro
ce

ss
e

s

Real Time 
data from 
Field: rain, 

weather, etc.

Model training
And validation

Predictions

Dashboards and 
Mobile Apps

Dataset
Construction

Previsional Model

landslide DB

Dataset Construction

Model execution
Shap Assessment

SNAP4City Advanced APIs

Big Data 
Storage 
and KB

Data

Model

predictions

Predicting Land slides

E. Collini, L. A. I. Palesi, P. Nesi, G. Pantaleo, N. Nocentini and A. Rosi, "Predicting and Understanding Landslide Events with 

Explainable AI," in IEEE Access, doi: 10.1109/ACCESS.2022.3158328.
https://ieeexplore.ieee.org/abstract/document/9732490 Snap4City (C), May 2022 66

https://ieeexplore.ieee.org/abstract/document/9732490


DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org

Estimating City Local CO2 from Traffic Flow Data 

Snap4City (C), May 2022 67

Computing Traffic Flow 
into CO2 sensor area

Computing CO2 on the basis of 
traffic flow data 

CO2 estimation
Traffic Flow data

S. Bilotta, P. Nesi, "Estimating CO2 Emissions from IoT Traffic Flow Sensors and 
Reconstruction", Sensors, MDPI, 2022. https://www.mdpi.com/1424-8220/22/9/3382/ 

• Traffic Flow is one the main
source of CO2

• Dense estimation of CO2 into
the city is very useful to know 
to target EC’s KPIs



DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org
Overview

• https://www.snap4city.
org/drupal/sites/default
/files/files/Snap4City-
PlatformOverview.pdf
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https://www.snap4city.org/drupal/sites/default/files/files/Snap4City-PlatformOverview.pdf


DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org
Overview

– https://fiware-
foundation.medium.com/sna
p4city-fiware-powered-
smart-app-builder-for-
sentient-cities-acfe24df49d5

– https://www.snap4city.org/d
rupal/sites/default/files/files
/FF_ImpactStories_Snap4Cit
y.pdf
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https://fiware-foundation.medium.com/snap4city-fiware-powered-smart-app-builder-for-sentient-cities-acfe24df49d5
https://www.snap4city.org/drupal/sites/default/files/files/FF_ImpactStories_Snap4City.pdf


DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org
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https://www.snap4city.org/577

https://www.snap4city.org/577

