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Selected Projects

Å 2022 to present. National Coordinator of the Spoke Urban Mobility of the National Center for Sustainable Mobility (MOST)

Å 2022 to present. Co-Principal Investigator of the Spoke CCAM, (Cooperative Connected Autonoumos Vehicles) of MOST

Å 2024 to present. Client: Government Commissioner for the Port of Venice: Forecast of the impacts due to the construction of 

the new cruise terminal.

Å 2020 to 2023. Client: Almaviva SpA for Veneto Motorway Company:

ÅDevelopment of a microsimulation model of the extended road network.

ÅDevelopment of a macrosimulation model and for the control of motorway traffic

Å 2022. Client: Moveax. Validation of an algorithm for traffic light regulation through microsimulation

Å 2020 to 2022. Client: ENEA, Italian National Agency for New Technologies, Energy and Sustainable Economic Development. 

Software for the optimization of urban distribution of goods with electric vehicles .

Å 2019 to 2025. Client: ITALCONSULT: Updating Transportation Master Plan for Qatar. 

Å 2016. Client: ASTRAL Regional Road Agency of Latium Region, Italy: Analysis of Road Safety Speed from Floating Car Data

Å2015 to 2020. Client: National Consortium for Telecommunications (CNIT) : ñStudies on optimal strategies for container 

handling at intermodal freight terminalsò

Å 2018. Client. City of Rome: Steering Committee for the Sustainable Urban Mobility Plan of Rome

Å2012. Client: Ministry of Transport: Responsible of ñTechnologies for Intelligent Transport Systemsò in the Italian National 

Mobility Plan
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MOST Platform ïUrban Mobility
Scope and Features

Digitalplatform for network simulation and intelligent strategy
generationthrough:

ÁBigdataanalysisandoptimizationalgorithms

ÁIntegrationof vehicletraffic simulationmodels

ÁAnalysisof multivariateforecastscenarios

ÁCalculationof KPIsandadaptivestrategiesdefinition

Mobility Governance
WP1 Smart Urban Mobility Management and Governance

Intelligent  
Strategies for 
Urban Traffic 
Management

Thesolutionaimsto:

Á"guide"city usersto parkingquicklyandeasily

Áshare information with both city users and other
economicoperators

Áanalyzeand monitor (viaanalyticsand dashboards)the
collecteddataandqualitativeandquantitativeKPIs

WP2Infrastructures and Terminals for Mobility

Smart Parking



Digital Platform Architecture

ÅScenario Choice

ÅControl Variables 

Choice

Simulation

Start Up

ÅControl Variables

ÅSpeeds, Flows,é

ÅSynthetic Indicators

 Map Visualization ofScenario Simulation

Map Visualization of

Scenario Simulation

Traffic Simulation 

Model

OD Matrix Estimation

Procedure

OD Matrices
Paths

Traffic Patterns

Scenarios Characteristics

Performance 

Functions

Dynamic Assignment ïSimulation Model

Results

Saving 
Output

User Interface

ÅControl Strategies

ÅAlgorithm Parameters

ÅSelection Criteria

DSS Input Data

Strategies &

performance

database

Network 

Model

Database

Statistic Input Data

Traffic 

Scenarios

Database

Dynamic Input Data

Events

Weather 

Conditions

Traffic Count 

Sensors, FCD

Toll Gates OD 

Matrix

ÅGraph Shapefile

ÅModel Parameters

ÅAlert Thresholds

Static Input Data

Importazionegrafo

Individuazione 
punti di diversione e 
confluenza

Creazione Geometria 
unica

Segmentazione 

archi 100m

VSL_Results.csv

Speed and 
Traffic Counts:

ω64 stations

ω138 sensors

Toll Gates 
OD Matrices

ω(01/11/2022-
30/04/2023)

Events

ωJan ςNov 2021

ω3759 events

Variable Speed 
Limits

ωJan ςNov 2021

ωActivated in 
246 days
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Modeling Framework in MOST Platform: Architecture

Model Features
Å Assignment Model - Method of Successive Averages (MSA) 
Å Mesoscopic Simulation - Single Vehicles / Macroscopic Cost Functions
Å Offline and Online Assignment

Å Adaptation of Dijkstraôs Algorithm

Å Time Dependent ïExperienced Travel Times ïProhibited Turns

Å Exploded Paths

Å 3h of simulation -suburban network of Veneto (400 Mln of links )

Å 24h of simulation -suburban network of Veneto (3,200 Mln of links )

4h 4h 4h 4h 4h 4h

Simulation Time - 24h

store store store store store

Technical Features
Å Object -oriented programming in Python 3

Å Fully configurable by database or files

Å Data source independence 

Å Local or cluster -based parallelization functions

Å Map-Reduce approach (10x on single machine)

Å Simulation Splitting Technique



Nome Cognome Ruolo

Online Applications - MSA:

Å Loading pre-calculated equilibrium paths offline 

Å Demand Estimation ïUpdate and Forecast

Å Distributes the updated demand on the paths according to the 

flows of balance

Å Simulate the outflow over the entire simulation interval using 

the updated flows of the K paths. 

Å Recalculates travel times for each ȹtinterval over the entire 

simulation interval 

In the presence of anomalies:

Recalculate the paths based on the new forecasts by creating a 

new route alternative

Demand Estimation:

Demand Updating - Hybrid Sequential-Simultaneous Approach

Å Sequential for current time interval using current counts

Å Simultaneous for previous interval

Demand Forecasting - Autoregressive Approach

Start

Loading of 
pre-calcualted 

paths

Distribution of 
demand on paths

Simulation
Update of travel 

times

Anomaly 
Detection End

no

Yes

Calculation of 
paths

6

Assignment : Online Application

Demand 
Estimation

Counts
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Rolling Horizon and on -line update
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Rolling Horizon and on -line update
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Filtered forecast (a posteriori)

Temporal intervals

Temporal intervals

Forecast by model

Estimation from observed data

Å Estimate from observed data:

Å Confidence score:

t: time

z: standard (z=1); anomaly (z=0), 

b: smoothing coefficient

ὸ‏ ᾀÅØÐ
ὸ

‍
 

Å A posteriori estimate:

A Bayesian filter performs an a-posteriori update of the 

modelôs a-priori forecastsðcomputed in rolling-horizon 

modeðusing an autoregressive estimate from real-time 

traffic data
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Å The mesoscopic simulation approach, with a 

detailed representation of each individual 

vehicle, enables realistic modeling of both urban 

and interurban road networks.

Å Vehicle-level progression simulation supports 

adaptation to future smart roads development 

with V2X and X2V connectivity.

Å In this future scenario, the online model can be 

dynamically updated with real-time data directly 

from monitored vehicles.

9

Mesoscopic Simulation Model
Update Links:

Speed computation based 

on Fundamental Diagram

Update Nodes:
Capacity update for links 

at signalized and 

unsignalized nodes

Update Network:
Lane closures, speed 

limits, weather conditions, 

etc.

Emission model:
Release new vehicles on 

the network

Link transfer:

Find the exiting time 

and check queue.

Set status as moving, 

exiting or queuing

Node transfer:

Check capacity conditions 

of current and next link

Set status as enteringor 

queuing

if enteringa new link

if exitingcurrent link

Vehicle propagation by Dt

Update vehicles positions

Advance simulation step: t = t + Dt
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1. Entry of new users onto the network:

For each time interval t, extract the vehicles with origin O and 

destination D for each used path k.

2. Vehicle advancement:

- Calculate the travel times of the links based on the speeds 

calculated in the previous interval. 

- Check the outflow capacity and the storage capacity of the 

links.

- Verify the feasibility of the maneuver at the node.

- Update the positions of the vehicles and the queues.

3. Update of travel times and queues on the links:

- Calculate the number of vehicles on each link.

- Calculate the length of the queues at the exit of each link.

- Calculate the density on each link.

- Calculate the link speed as a function of the density on the 

running component of the link.

10

Mesoscopic Simulation Model

ÅUnsignalized intersection : no capacity reduction is applied to the 

major (priority) approach; capacity reductions are applied to the minor 

approaches in accordance with the HCM model.

ÅSignalized intersection : signalized junctions can be represented by 

simulating the traffic signal cycle operations.

Update Links:
Speedcomputation based 

onFundamental Diagram

Update Nodes:
Capacity update for links 

at signalized and 

unsignalized nodes

Update Network:
Lane closures, speed 

limits, weather conditions, 

etc.

Emission model:
Release new vehicles on 

the network

Link transfer:

Find theexiting time

andcheckqueue.

Set status as moving, 

exiting or queuing

Node transfer:

Check capacity conditions 

of current and next link

Set status as enteringor 

queuing

if enteringa new link

if exitingcurrent link

Vehicle propagation by Dt

Update vehicles positions

Advance simulation step: t = t + Dt
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Detailed representation of the 

urban network:

- Links: 10,000

- Vehicles: 80,000

- Centroids: 120

- Explicit outflow capacity 

constraint

- Signalized node model

- Example of progress 

visualization every 6 seconds

- Representation of a sample 

of vehicles (30%)
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Detailed representation of the urban highway

- Explicit outflow capacity constraint

- Priority node model to represent confluence of ramps

- Lane closure scenario

- Queuing vehicles are highlighted by red color

- Changes in route choice: alternative path chosen when 

one lane is closed and a queue is formed

- Example of progress visualization every 6 seconds

- Representation of a sample of vehicles (30%)
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Macroscopic Simulation Model
Ad ognistepdi simulazione(k):

Perogniarco(i):

q(k,i)=r(k,i)*v(k,i)
V(k,i)=vf*exp(-0.5*(r(k,i)/(L(i)*rcr)) 2̂);
Q(k,i)=r(k,i)*V(k,i);

aggiornarer

sein corrispondenzaalla rampadi entrata:

r(k+1,i)=r(k,i)+(T/d)*(q(k,i-1)-q(k,i)+R_mod(k,i));

se in corrispondenzaalla rampadi entrata:

r(k+1,i)=r(k,i)+(T/d)*(q(k,i-1)-q(k,i)-S_mod(k,i));
se interno:

r(k+1,i)=r(k,i)+(T/d)*(q(k,i-1)-q(k,i));
aggiornarev

v(k+1,i)=v(k,i)+(T/t)*(V(k,i)-
v(k,i))+(T/d)*v(k,i)*(v(k,i-1)-v(k,i))...

-((n*T)/(t*d))*((r(k,i+1)/L(i+1)-
r(k,i)/L(i))/(r(k,i)/L(i)+KK));
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Simulation



From Model Calibration to Software Development 
for the Digital Platform

Simulation Time Control

Graduation of
Speed, Flow, 
Density

Rч = 0.8318
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Rч = 0.9149
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Rч = 0.9134
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Rч = 0.77
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Python Environment
Configuration

Python Anaconda (open-source 
distribution of Python) was 
chosen as the programming 

environment because it includes 
a wide range of tools and 
libraries for data analysis, 

machine learningΧ

Libraries used:
Geopandas, Notebook, Ray, 

Psycopg2, Sqlalchemy

Input and Output Files

Graph Shapefile (QGIS)

ωNodes

ωLinks

Data in CVS Text  Format

ωZoning

ωOD Matrix

ωCounts

Data in Json Text Format

ωWeather Conditions

ωSpecial Events

ωModel Parameters

Model Execution
Open anaconda -> spyder -> 

atestautostradale.py

Settings_autostradale.py

Open params.json and update 

{"header": {"date_simulation": null, "description": 
"test_2", "end": "08:30", "network_highway": "1", "op": 
"simulator", "optimized_speed": false, "profile": 
{"profile_code": "FSI", "profile_descr": "Festivit\u00e0 
invernale", "profile_id": 4}, "simulation_id": 22, "start": 
"06:30", "time_agg": 5, "time_step_s": 2}, 
"dynamic_lanes": [], "weather": [], "toll_booth_lanes": [], 
"heavy_vehicles_ban": [], "lanes": [], "speed_limits": [], 
"ramps": []}

Run atestautostradale.py



Simulation of a Lane Closure Event Occurred on 30 November 2021, 17:00
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Allows to manage and control:

ÁUrban and suburban transportation

ÁCCAM, connected networks, smart infrastructures

ÁRail transportation

ÁFreight transport & logistics

The Spoke Urban Mobility aims at creating and improving research and development cooperation between industries and university in studying,

developing and implementing advanced tools to plan, manage, and control urban mobility

Almaviva and Sapienza University of Rome develop different models and procedures for the management of urban mobility

that are being implemented in the MOST Platform, realized by AlmavivA and based on its well-known digital ecosystem

MOOVA

THE MOST PLATFORM

Multi-Tenant 

Multi-Language 

IoT / Big Data

Custom integration
MOST Platform Login Page
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Modeling Framework in MOST Platform
Sub-models, Functions, and Variables

Through the Platformôs Dashboard is possible to:

Set the main simulationô parameters

V Network model

V Day, start and end time of the simulation

Define perturbing variables

V Weather condition impacting traffic 

V Speed limitation on a road link

V Traffic light plans

Save simulation and visualize outputs on 

the Graph, Analytics and KPI

After the simulation running, the state variables (Speed, Density, LoS, Flows, Queue..) 
calculated because of the assignment will be displayed on the network links and 
processed in special Analytics tables and charts shown in customizable dashboards

WeatherMain Simulation  Data Speed limits Traffic light plans



Multi -layer Traffic Analysis 
Å Multi -layer Traffic Analysis Ÿ The framework is based 

on a multi-layered approach to traffic assessment using 
Big Data collected in mobility.

Å Aggregate & Scalable Model Ÿ Operates across 
different scales, from broad areas through urban 
corridors up to small portions of network.

Å Problem Identification Ÿ Quickly detects mobility 
issues and allows for deeper analysis at successive 
levels.

Å In-depth Local Analysis Ÿ Lower layers enable 
detailed investigation of localized mobility problems.



Simulazione OffLineDomanda Simulazione OnLine RisultatiOttimizzazioneRete

Mobility Zoom
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FUNCTIONAL SCHEME OF PRE-SIGNAL

ï Pre-signal controls only the traffic stream with no priority 

ï Transit vehicles or emergency vehicles are not stopped at the pre-

signal and can enter the bus advance area.

ï Then, the no-priority movements can enter the bus advance area

ï The road capacity is not reduced because of a reserved bus lane

ï Benefits of pre-signal system were assessed in microsimulation

Simulation of Transit Priority Corridor



Simulation of Transit Priority Corridor


