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cnvironment and waste
Goals:

* Reduction of emissions and EC taxations

* Cost reduction for waste collection,
* reduction of waste collection impact on mobility

* AIR quality (Indexes) monitoring and warning
* Environment Management & producing predictions/prescriptions:
— Monitoring, long and short-term predictions, warning for:
* GHG, emissions, pollutants, aerosol, chemical plants analysis

— Traffic Flow impact emissions, predictions
— Sea conditions, UV conditions, etc.

* Land slide prediction warning
e Coastal erosion monitoring and analysis

 Smart Waste Management and Optimisation:
— costs reduction, optimal routing production, pay as you throw,
— avoiding out of bins, predictions of waste production on bins, alarms

* KPI: SDG, 15MinCitylndex, QOS, costs, Km, colleting time, EC KPI, emissions
* Mobile App: final users services/informing and operators

— Info Waste for operators, participation, optimal routing, RAEE Collection, ..
* Participatory: problem reporting, ticketing, etc.

* Integration of any kind: env/weather, mobility, ticketing,
presences, POI, ..
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THE POWER OF ARTIFICIAL INTELLIGENCE
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3 GOOD HEALTH QUALITY
AND WELL-BEING EDUCATION

v| N

e 15 Minute City Index:

13 subindexes: energy, slow mobility, fast
moblllty, housing, economy education, culture
and cults, health, entertainment, gov, food,

security...

*  Optimization of car sharing/pooling

*  Monitoring and Prediction of energy consumption
e Stimulating: Bike sharing, e-bikes, car charge, etc.
* Sizing energy plants, Community of energy

Predictive maintenance

Decisions Support Systems

Process optimization, control
Industry 4.0 integrated solutions

Al assistant for commercial activities

~ + Reduction of emissions, reduction of congestions

* Smart City infrastructure: monitoring and resilience, long
terms predictions, optim. operation and plan

» Effective and Low cost smart solutions

* What-if analysis, Simulations, optimization

* Origin Destination matrices computation

Optimization of Waste Collection

business intelligence tools for decision makers
Reduction production costs

Monitoring resource consumption

Advisor for documentation, generative Al

13 henov

O

ction of emissions, reduction of congestions

itoring and Predicting: NO2, NOX, CO2, Traffic
pollutant, landslide, waste, etc.

ic flow reconstruction, optimisation
and vs Offer of Mobility analysis

PEACE, JUSTICE
AND STRONG
INSTITUTIONS

W

Shortening justice time

Prediction of mediation proneness

Assisting institution is taking legal decisions
Anonymization and indexing legal docs.
Ethical Explainable Artificial Intelligence
Advisor for legal documentation, generative Al
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Environment and Quality of Life

Air Quality Predictions

* Multiple Domain Data

* Traffic Flow data, Pollutant: NOX, CO2,
PM10, PM2.5, O3, ....

e 3D City structure, weather, ...

¢“SNAP‘crry
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* Multiple Decision Makers =
e Pollutant Predictions: NOX, NO2, ..
 City officers, energy industries b
. pug/m3
* Dashboards, What-IF analysis Wou
g - ‘B 26-35
> Tra ffl C F | OW Re CO n St ru Ct I O n / 36-60 Air Quality Directive WHOguidelines
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* Dashboards, Mobile App D V) il g
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* Prediction Traffic Flow Manager on multlple cities

Sun 2 May 23:16:31
G . a L.,,ij\vi fw—‘ )i - 3 ‘._, ry = N )
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* Traffic Flow is one the main source

of CO2 (ton of CO2 x Km x Vehicle)
e K1: Fluid Flow

 K2:Stop and Go ,,f/ |
Computing Traffic Flow * Dense estimation of CO2 into the:‘m,,.fﬁ.» gt )
into CO2 sensor area oy e / \ B i,
city is very useful to know to target =~ ¥
EC’S KPIS \\M - A “:k"ft_ﬂ_‘ ™ a8 '4
Computing CO2 on the basis of . R F
traffic flow data e / =
' B QWY |
Traffic Flow data CO2 estimation

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/
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Dataset Construction Previsional Model

Dataset Model training
Construction And validation
1 y
Model EE%
Data ~HENENENE
SNAP4City]Advanced APIs

Snap4City Servers and Tools:
Dashboard manager, Heatmap

Field: rain,
weather, etc.

(%)
@
(%)
] ,
Eandslide D; S Big Data Model execution
& Storage | Predictipns (@ _Shap Assessment
. :: > and KB Data Analytics 10T App
Real Time Management
data from 5
2
(%)
@
00
=

manager, GeoServer, Smart City API.

E. Collini, L. A. |. Palesi, P. Nesi, G. Pantaleo, N. Nocentini and A. Rosi, "Predicting and Understanding Landslide Events with
Explainable Al," in IEEE Access, doi: 10.1109/ACCESS.2022.3158328.

https://ieeexplore.ieee.org/abstract/document/9732490
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Load and View Panel

Vector Field Name: | Cecina_Onde_200 v
Version: 2025-02-20 17:35:00 v

| Show vector field || Reload list |

| Remove vector field from map || Hide vector field details |

Output message panel

Insert new vector field

Vector field device successfully loaded!

Create/update vector field entity

Name:

Date Observed:
Latitude:

Longitude:

AX (rows) (meters):
AY (columns) (meters):
Number of rows:
Number of columns:
o angle (w.rt. North):
Legend:

Scale factor:

Magnitude description:

Magnitude matrix (meters):

Cecina_Onde_200
20/62/2025 17:35 D|
43176728

10.281374

10

10

20

[1,3,5,7]

1
|Magnitude

Sun 30 Mar 15:11:34

Heatmap

Cecina_Onde_200_heatmap
Heatmap Controls:
Max Opacity: —

. 2025-02-20 17:35:00
Magnitude

1
I .
San Pietro

Montescudaio
Tn PAlazzi

5 » >
. Fiorino
.

[,

.
Guardistallo

[[2*.71,3.71,3.71,3.71,3.71,3.71,3.71,3.7
1,3.71,3.71,3.71,3.71,3.71,3.71,3.71,3.7
1,3.71,3.71,3.71,3.71,3.71,3.71,3.71,3.7

E’ggina
i)

g LS -
- 3

A SP#abis
Marina di Cecina

Casale Marittimo

La California

1.
!
\
Ly
Marina d®&ibbona
1

Map contributors



v & SnapdCity X ¢¥ Dashboard Management Syste: X o1

< C M 2% snap4city.org/dashboardSmartCity/view/Gea-Night.php?iddasboard=NDY5NA==#

| EDITOR:I ASN  Tutorial SNAP  ToReed | DIDATTICA UNIFI ] 88 ST TrustSigner  db Links @ ChatGPT @ TalkAl [ Pe

S 5 4 T Heatmap
'3"?- - . FloodSimulationFlorenceAnimComplete - 3
v, ) e N a :
) PR Heatmap Controls: -
;,LK:( ;i,; ® iy 7 Max Opacity: 1
3 e T (S b
‘% . \ S PN 1980-11-03 12:00:00 - §
- — . . 4

T146 $+ T @

e

: )|
= ?’}":‘\,”é?-’* a :
y b : ~ @
/\?}{:}ﬁ f o R T

B

HOODD

5

B e RN e S - it o e R Building Displayed: 262385
- @ R WY T L%
Jw: RN me’\ R N T SR R Gl KSR | ———

Air Quality FI-BASSI - NO2 3m ©

goto

L

Amsterdam = Barcellona = Bari = Berlino = Bruxelles = Firenze = Genova = Helsinki ~ London

Milano | New York = Paris | Pisa = Prato | Rome @ Tokyo = Torino




SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES 'SNAMcnv

SNAPACITY
| AND KM4QITY
\_ PROJECTS |
FROM CITY FROED
DASHBOARD TO
APPLICATIONS

—

DATA G/
AND CIT
KNOWLI

MANAGF_

| 1ciTy, AND

‘f"’ m L

SNAPACITY THE
VIEW OF THE
ADMINISTRATORS

982



https://www.snap4city.org/982

Key Benefits
 Lower OPEX: fewer km, better truck utilization,
targeted maintenance

* Higher service quality: fewer overflows, faster
reaction to alarms

* Supports stakeholder engagement and transparency
* Optimization based on Typical and/or Real time
* Optional: PAYT, telematics, predictions



iy o B R
Vision & Objectives

* May monitor bins and/or trucks
in Nnear real time oY Trajectorywaste2

DISIT:orionUNIF1:113043.960_ 3

* Optimize collection to reduce &=
km, time, and costs

* Progressive adoption:
* start basic - go advanced

* Integrate with city services
and sensors

* Support FOBS/NFC/RFID
if available and PAYT




Architecture Highlights

* Device-agnostic

¢“SNAP/crr

12 RESPONSIBLE

CONSUMPTION
AND PRODUCTION

ingestion: fill level,
temperature, alarms
 periodic + push (real-time) ¢
data

 City data for bins, trucks,
depots, constraints

-

* Routing engine based on
Snap4City / OSM

 Dashboards for
operators, planners, and

g

Final Users on monitoring
Waste bins on mobile app

Snap4City Platform

User Registration
Bin Management
Sensor/Fobs Mng

Routing Optim.

Fleet Route Assign.
Route Usage

Permissions Mng

KPI Estimation

Alarms from Bins

Bin data Gathering

City Operator

drivers

© Snap4City, November 2025, DISIT lab
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Core Monitoring (Overview Dashboard) e

* Map of bins with color/icon
by fill, temperature, alarm

Snap4Waste - Overview Wed24sep111419  W@D

6 L Steigereiland mﬁ.‘

* Time-series of average fill
by waste type and date

* Filters by bin kind,
thresholds, alarm
conditions

—

generic
%

@mg

v

L& pap:

—

;
%

@ |plastic
%

s

LG stass

e Customizable Ul/
branding per municipality

© Snap4City, November 2025, DISIT lab
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Alarms & Maintenance B

Snap4Waste - Alarms

* Central table of device/bin
alarms (battery, GPS, locker,
accelerometer)

* Per-bin priority score to triage
Interventions

* Actions: locate on map, view
details, push updated states

* Operators can force an alarm to
flag bins for maintenance

© Snap4City, November 2025, DISIT lab



Analytics & KPIs

* Stats per bin kind/date ¢ Snapdllaste - Statistcs
range: bins, trucks, weight, [
km, time, CO,

* Drill-down to single bin:
weekly collections + map
centering

* Planned vs actual when
truck data is available

* |[dentify outliers and adjust

12 RESPONSIBLE

collection frequency L

O

© Snap4City, November 2025, DISIT lab
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Y SNAP/crry

Planning & Routing (Operator View)

* Define optimization profiles
(iterations, runtime, min fill, max
distance, fill time, daily or typical)

* Preview to estimate required trucks
and loads

 Considers
e Differentiated waste collection
 Different bin capacity
* Different trucks kinds/size on fleets _ _
Truck type Nr Time(hr) Capacity (Kg)
2 depots, road graph [Truckype0  v|[60  |[65 | 11000 X

|
* Mix of fleet of trucks Tuckypes  v][0  |[65 | 10000  [x

* Outputs routes with distance, .
duration, bins, weight




I e . ¢“SNAP4ciry
aste Collection Optimization e

1
2 d
é "\'5 E\E 4 D 4

Profile settings

Algorithm stopping criteria

B Max sterations | ~_‘.

¥ Max runtime (s) 40 '

W lter with 50 mmprovement *.
Trucks: |

Bin selection settings

Minimum fllrate 49 W%

Max pearby distance 0 . meters

Chooe b i

Preview

Loading preview

B found: 380 + 0 nearby biss

Bumns weight: 87382 Kg + 0 Kg from nearby buns
Toeal: 87382 Kg

Trucks used

» 8§ trucks of type truck 0,
Capacity per track: 11000 Kg

Snap4Waste - Planning

s g

e
-
28 |

——————i—

Wed 24 Sep 14:11:11

statsGeneration-2(

"

Progress: 100%

Route statistics
Avg
Travel time 1h 43m
Route duration $h5im
Wesght collected (Kg) 9891 80
Bins collected 3821
Routes length (Km) 2595

Navigate route

T S ——

o Weight collected: 9941 Kg
o Bans collected: 64 bins
* Route duration: 6h 24m
* Route length: 42 64 Km

B Skow nearby bens

)

Loaded from: Past Execution

Total

96h S3m
215k A6m
5531
2140
145335

Switch Mode: view
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Execution & Driver Support

* Dashboard to view
routes for a given day
and assign trucks

* Driver web/app with
route on map, next bin,
counters

[ )
* Drivers can mark routes
. Planned Actual Next . Remaining r 6. I\Jlrg (;ight (t)nto Burgemeester De Vlugtlaan, S104
a S I n t e r r u te O r o Weight expected: 9983Kg o Weight collected: 0Kg o Bin: wasteBin_52.34693-4.864416 Weight remaining: 2377 Kg - i<(eep p g”ﬁ?j;iz) ———
¢ Bins: 54 bins ¢ Bins collected: 0 bins o Weight: 0 Kg | Bins remaining: 54 J ; ’

meters
¢ Route duration: 4h 47m o Progress: 0.00% ¢ Distance: 7.49 Km i i 8. Turn ri)ght onto A10 - (1829 meters)

[ ]
* Route length: 26.75 Km ] ! [~ 9. Keep right onto A10 - (425 meters)
P X i . 74
re S C h e d u I I n g J] ‘ Interrupt route ! ! |z 10. Turn left onto Cornelis Lelylaan, S106 - (568

* Routing links can be
shared after assignment

Truck: BH732KR - 2025-03-20 Wed 24 Sep 11:48:45

[ [-30]

— —

Jump to

1. Continue - (21 meters)

2. Turn left - (22 meters)

3. Turn right onto Seineweg - (78 meters)

4. Turn left onto Seineweg, S103 - (253 meters)

5. Turn right onto Burgemeester De Vlugtlaan, S104

Routing details ¥

i Parkide

TCBE DT aher dGenoeg

~schinkelbrig ontributors

0 TS




Technical Architecture

g

OpenSearch
— 0 S \
KB, graph ‘

Any API

N

APl Manager

Entity Directory:
Smart Data Models
loT Data Models
Digital Twins

110
o )

Federation
Smart City API

J

e —

h

Entlty Inspector

Data Manager

@ e q;« GeoServer HLT Manager
0y , '
Q @ﬁ K) BlMservencenter A Service Map
/ _~

Simulators’ tools:

]4_,

~ Node-RED SUMO, DORAM, TFR, ..
Social Media N
OSM, BIM, GIS, ITS <= 4 .
Gateways, satellite loT App a le.lthon StUdIO
External Services <muumpp —(_Proclog. Artificial Intelligence tools: —
Web Scraping On Edg pred., classif., optim., LLM, ....

TV CAM streams

loT App
On Cloud {_ProcLogic Event Driven

Y SNAP/crry

Front-End
/ Facilities \ prlecatlonq
Dashboard/View | ( Traffic Optimiz. ]
> :;Jiizrsi::l;ﬁ-l g [ Traffic Light Plaln ]
| gence CSBL J [ Public Transpolrt ]
| Custom ThemesI | [ Parking Mng.l ]
[ Synoptics&WidgetlsI ] [ Fines Mng. :

[ - . ) | Participation Mng.
| 2/3D Digital Twin [ P .g

Lighting Mng.

Tools
[ Routing, MuIDy

[ .

[ Prediction Gen

Building Mng.

)

)

[ )

) | )
[ )

Heatmap Gen

Environment Mng.
1

Waste Mng.
1

[
[ Sharing/pool Mng.

)
g
_J

)

]

[ Measure & Compare

| Notification Mng. Energy Mng.

[

[ Scenario, What-If ]
[
[ SnapAdvisor / Generative Al ]

J
]
)
] |
J |

KPI Support Tourism Mng.
|

Mobile Apps

A&A, RBAC, SSO, Blockchain, Resource Managers and Sharing

) [ sha

Sharing / Market Place

Third parties solutions

3/25 @ @O

N N /




booklets

* Smart City * Industry

https://www.snap4city.orge  https://www.shap4city.org/d https://www.snap4city.o
/download/video/DPL SN ownload/video/DPL SNAPA4| rg/download/video/DPL
APACITY.pdf NDUSTRY.pdf SNAP4SOLU.pdf
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SMARTCITY

EXPO WORLD CONGRESS

¢“SNAP/

Appliances and Dockers

Installations

CONTACT

DISIT Lab, DINFO: Department of Information Engineering Email: snap4city@disit.org
Universita degli Studi di Firenze - School of Engineering
Office: +39-055-2758-515/ 517

Via S. Marta, 3 - 50139 Firenze, ITALY Cell: +39-335-566-86-74
https://www.disit.org Fax.: +39-055-2758570
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