Smart Road Project




Introduction to Smart Highways

1. Traffic Management

 Use of real-time data from sensors and connected vehicles.
« Optimization of traffic flow and reduction of congestion.
« Enhancement of road safety and travel efficiency for all users.

2. Eco-Friendly Routing

« Dynamic routing to minimize fuel consumption and reduce emissions.
* Promotion of sustainable and energy-efficient mobility.

* Integration of green transport principles within digital road
Infrastructure.



Benefits of Smart Road Technologies

Reduced pollution by
promoting eco-driving

and intelligent routing.

Improved safety for
drivers, riders, and
pedestrians through
continuous monitoring
and early hazard
detection.

Advanced
communication
between vehicles and
infrastructure (V21),
supporting real-time

.“ decision-making.
Improved pavement
management through
continuous data
collection and

predictive
maintenance.

More efficient
transportation with
optimized traffic flow
and reduced
congestion.

U)

Identification of high-
risk or deteriorating
road areas, enabling

targeted maintenance.

Enhanced parking and e-
tolling systems, ensuring
smoother urban mobility.



Sections Based on Smart Road Decree

Feature Section A Section B Section C Section D
. . Digital twin,
Main Role Traffic data collection Environmental sensing Intelligent services (ITS experimentation, future
C-ITS) :
services
Key Output F|OV\{, _spet_ad, Rain, fog, ice alerts V21 messages,.lane Digital trans_port gra_ph,
classification control, routing map-model integration

Operational + Real-time

Type Operational Operational Strategic / Developmental

Control
- Mandatory for Type I, Mandatory where digital
Applicability Type 1 and Il roads Mandatory for Type | oartial for Type Il infrastructure planned

RWIS, fog sensors, ARPA | VMS, parking apps, C- | OSM/GDF-based graphs,
link ITS (shockwave info) future V21 layouts

Examples ANPR, FCD, AID




Key Data Types based on section A.1 in Decree to
monitor the road

AID Fixed Sensor (Single Automatic number-plate -
Section) recognition (ANPR) Floating Car Data (FCD)
 \ehicle counts (per lane, per  Time-stamped vehicle ID  Real-time GPS-based data
vehicle class) capture at entry/exit points from vehicles
* Average speeds « Travel time and instantaneous * Provides granular speed and

« Lane occupancy speed estimation position profiles




Key requirements

IData must be collected continuously (24/7) and not sampled.
1Observations must be georeferenced and stable (permanently fixed on the road).
IMonitoring must cover the entire cross-section, each lane, and both directions.

1Observation points must avoid interference from ramps, rest areas, or junctions.



A.2 Recording of data in the central office,
archiving and historicization

Type of Data Description Duration

1. Dati disaggregati

(Disaggregated data) Raw sensor data Only last 1 month

Processed data, aggregated every

) Last 12 months
5 minutes

2. Dati correnti (Current data)

3. Dati storicizzati (Historicized | Long-term statistical summaries,
data) like daily/hourly

At least 10 years




Methodology




1. Data Acquisition and Pre-Processing

2. Network Definition and Segmentation

3. Traffic Model Construction

4. Calibration and Validation

5. Progressive Data Minimization

» Collect traffic datasets
* Derive fundamental traffic indicators (flow, speed, travel time)

» Define the study corridor, focusing on the A7 — Tangenziale Ovest interchange.
« Subdivide the network into homogeneous segments

* Develop a representative traffic model using either:
» Microscopic simulation tools (VISSIM)
« Data-driven forecasting models for short- and long-term dynamics

« Calibrate the model with a selected portion of the dataset to optimize parameter

« Iteratively reduce input data sources, spatial coverage, and temporal resolution

« Identify the minimal data requirements necessary to sustain reliable traffic
representation



Data Availability

Dataset Type (Eulerian / Lagrangian) Data Type Temporal Resolution
Floating Car Data (FCD) Lagrangian Vehicle ID (anonymized), timestamp, 1-5s
g grang position (GPS)
. : . . Counts, average speed, occupancy, .
Automatic Incident Detection (AID) Eulerian . gesp . Pancy 15 mins
distanza media
. . . . : Timestamp, vehicle classification, OD
Toll Barrier Data (Milano Ovest) Eulerian (with OD potential) P flows 1 hour
Heavy Vehicle Tachograph Data Lagrangian Timestamp, speed, angle Continuous
Automatic Number Plate e (el GETaE) Anonymized vehicle ID, timestamp, 1s
Recognition (ANPR) g lane 1D, speed
Point Cloud (Instrumented Van) Infrastructure (not traffic) 3D geometry, lanes, roadside assets _




Tabella 2 — Obblighi di applicazone delle specifiche generali Smart Road

Mumva Costrozione

Declinanone dei requisits per Manutensone Straordinana

Adeguamento delle infrastruttore esstent

tipedogna di Smiart Faoad

Ertro il 20125 Engre il 20034

: ; I I l a rt I a O ad Smart Road Tipao | Tutte, da1a12 1,25 4567 8% 111, 12

Smart Road Tipso 11 456,787 4,56

T.8,9

Tabella 1 — Elenco generale delle specifiche Smart Road

D

Drescrzione Specifica Punzionale

1

Presemea road-side di una rete B comuneasaone de dat ad ebevabo bet-rate (e blea)

2

Copertura comtimetiva dell'asse stradale e dele relatnee perinence con serva di connessaone per la loT e di cowtng verso laorete d comumcarione

dan

Rewad-Sicle Uit per la comnomicazone Y21 keaheran i modo ale da comeentime la commessione a vecol dotan d Onebeosdaome V22X che soddefine

gh standard & settore

Presenea di un sstema di het-spot Wil per la connetovit de device persomaly, dislocan almeno nelle aree di servaews e dh parchegioo (ove preseni)

tm

Dratamone di un sestema di alieve del taffioo ed enforcement, nonche dh nheve delle condeson: de deflusso, arbeodato su un Bvello i maginoe
dettaglio per ke smart road di tpo 1, m conformits con quanto desentto nella Seoone A (ohevo del taffeo e delle condioom d defhesso); 1 sestem di
alievo devono avere le carttenistiche miname i quabisa delle misure e nspondene alle repole di qualibicxaone desentte sempee nella Seaone Al
ssterma dive essere progetats n mansera tabe da manimzeare b propoa mpront ecolopen ed energetica

i

Dratamone di un setema di archivasione de dat provenient dall nlevo del traffico ¢ delle condioom di deflusso con funsionali & archiveseone ¢
stancizaaone, secondo le speafiche della Seanone A (Ribevo del traffico e delle comdzacmi di deflusso), nel rispetto dells nomativa inomatena di

reervateeen ¢ proteaone del das personali,

Dystamone di un setema mesdelbstoo per la F-n."l.'ir:i.-:mn.' delle comdeaom di deflusss a medio=lreve temmine, nonche T la hl:il'l'].'l.'ITll.'l.'l."ihilll.'LE per
penoch di termpo seceessna, 0 accordo con le specihche d dettaglo della Seewme A (Bibevo ded raffico e delle condvzsont di deflusso)

Dwstaxione di un setema di monitemygooe o tempo reale delle conduoont climatche e delle pioggre, come dettaglato nells Sexwone B (Monrtoogoo
ickros/ meten); i sistemna deve essere progrettato in mamers tale da manmmaerare b proprs mpoonta ecologica ed enenretica

historical traffic data
storage (No0.6) is
mandatory for type 1
and 2

b

Capacitd, sulla base den dat di alewo ded traffeo o di modell d prevssone db offnre contenut per servia avanean diinfommaeone sul aaggoo 2peh
uten, purmuttl:n-'.‘l-:: eventuall amom d re-routimgs; latmsmissione delle informaeeoni [ avvenare utdreeando sasterm dr comaumseaewane V21 se
permesss dagh standard ¢ dalle dotaon corment, oppure trmate app web

11l

Comntrolles m tempo reale da una centrale dd iraffico dotata di programmi de agsibio alla gestone come indicato nella seciome ©C (Servn avanean TTS),
che mchsdans b capacita di applicare scenan dh gestone del tafbhioo precostitut (e sogeett 2 amulazicne degh effetn) selenonan ¢ attuats
dinamacamente in femesone dea dati de aleeo del teaffien e di abtee informasion meevate da font anche eterogence; gh scenan peissong prev edere
max cli ic.-s-.-||.1|.|| rmisure qual acd L"il.TI'IFIIII devinzsons des fussy, measo di ostrusom gram; intervent sulle veboens medie, per evitare o osolvere
comgrestron (speed controll; sugpermento & troestone @ comsie (lane contral); pestione dinamaca di accesa (mmp metenngg)

11

Capacita d Formire agh utent della strada, soprattutto a0 gnodaton professonsa ed alle Sotte aoendaly, 2 ndaest, seraa di gestone de pacchegin ¢

dil mformmmeento (eon parteolare nfenmento alla neanca ebettnea))

{::l.Tl.iL'i.I.i dh Formure, sulls base delbe carattenshche stanche ¢ dinameche delle mfrastruttune, din dan di mhieva del trafbeo, delle sime a medes @ breve
termane delle comdziom di deflusso, del sistema de monmomggoo adoo )/ metes « d eventuah modell ed alpontm speabo, seovea di opo C-TT5

secondo le speafiche di cw alla Sencne U3 (Servee Avaneat di spo C-IT3S); m poma stanea, 1 sernn devono potere essere fruin almenco da vercob
di serveaes dell’ente gestore /concessionano della smart-road, nonché dai mesa pesant tranatann @ dotan a bondo di sastemi Qi comunicanone VIR




Feasibility of Aggregation in Current Data - A.2.1

Requirement Data Available Sensor/Data Type Level of Data Availability
. per category
Vehicle counts per category per lane AID Sensor . .
only, not per Partially Available
lane)
Vehicle counts per lane Yes AID Sensor Not Available
Manual
. . computation
Equivalent vehicles (e.g., convert required using AID Sensor
trucks to cars) .
standard Harmonic mean Speed
coefficients
Harmonic mean speed per vehicle Computable from
P P FCD (trajectory- FCD . n
category per lane . H =
derived) T T
- z1 T2 Tn
. Harmonic Mean
Harmonic mean speed per lane FCD
Speed
Harmonic mean speed overall Harmonic Mean FCD
Speed
Speed distribution by vehicle category Yes FCD Instantaneous speed
by lane data
FCD Not Available every 5
e Y .
Speed distribution by lane es Instantaneous speed data minutes
Total Speed class aggregation (e.g., 0— Yes FCD
30, 30-60 km/h...) Instantaneous speed data
Yes (estimated | FCD with standard length
Vehicle length (avg per lane or overall) from vehicle mapping or Use speed,
category) occupancy, vehicle count




Feasibility of Aggregation in Current Data - A.2.1 and A.2.2

Requirement

Data Available

Sensor/Data Type

Level of Data Availability

and Total

Mean Headway for each lane

Yes

Calculate 900/¢q

Variance of headway for
each lane and Total

No (FCD not fully
representative)

ANPR or FCD (Derived from

per-vehicle for all vehicles)

TTC for each lane and total

No, Per-vehicle following
pairs not identifiable from
FCD

Trajectory-based sensors
needed (speed + spacing)

Number of Violations per

lane

category of vehicles and per

Yes (research use)

Valid for analytical

estimation; not certified for

enforcement

Number of Violations per

Valid for analytical

) Yes estimation; not certified
category of vehicles
for enforcement
Valid for analytical
Number of Violations Yes estimation; not certified

for enforcement

Aggregated violations by
predefined speed classes
above speed limit (per
category per lane)

Yes (research use)

Valid for analytical
estimation

Aggregated violations by
predefined speed classes
(per lane)

Yes (research use)

Valid for analytical
estimation

Aggregated violations by
redefined speed classes

Yes (research use)

Valid for analytical
estimation

Partially Available
Not Available

Not Available every 5
minutes




Feasibility of Aggregation in Current Data - A.2.3

Requirement

Data Available

Sensor/Data Type

Level of Data Availability

Forward Speed (from entry
point)

Approximate (because not
matched to full segment)

ANPR with two detection
points

Partially Available
Not Available

Backward Speed (from exit
point)

Approximate (because not
matched to full segment)

ANPR with two detection
points

Not Available every 5
minutes




Feasibility of Aggregation in Historicization- A.2.4

Partially Available

Not Available

Time Requirement Data Available Sensor/Data Type Level of Data Availability
Number of vehicles per Yes, but only total not per
hour, per category per AID sensor
lane
lane
5 harmonic mean speed per Harmonic Mean Speed FCD
° category per lane
-
5 Hourly mean headway per Yes Calculate 900/g
> lane
] Mean Hourly vehicle Use speed, occupancy,
o Yes .
length vehicle count
No, Per-vehicle following .
. . o g Trajectory-based sensors
TTC per lane pairs not identifiable from .
needed (speed + spacing)
FCD
min, max, and std dev of | Yes, but only total not per
AID sensor
Hourly flow lane
Speed frequency
distribution — Peak hour Yes, FCD Yes, from FCD
- Speed frequency
< distribution — Off-peak (< Yes, FCD Yes, from FCD
'::% 1/10 of daily max)
(]
2 Headway frequency l:O; tl:ngf:Icl)::vri‘r: g::;:::z‘: AID data is disaggregated
distribution — Peak hour P . & (per vehicle) or ANPR
all vehicles
. Hc.eadv.vay frequency No, FCD doesn't guarantee | AID data is disaggregated
distribution ~ Off-peak (< spatial following order (per vehicle) or ANPR
1/10 of daily max) P g P




Feasibility of Aggregation in Historicization- A.2.5

Level of Data Availability

Time Requirement Data Available Sensor/Data Type
- Number of Violations for Yes (via FCD, research \'Ialld'for analytlca.tl.
E estimation; not certified
5] each lane only)
T for enforcement
>
o Aggreg.ated violations by - Valid for analytical
w predefined speed classes Yes (via FCD, research . . .
5 . estimation; not certified
o above speed limit for each only)
for enforcement
lane
Violations during peak
hour for each lane Yes FCD and AID using PCE
(Equivalent motor
vehicles)
Violations during low-flow
hours hour for each lane Yes FCD and AID using PCE
(Equivalent motor
E vehicles)
5 Violations during peak
o hour by predefined speed
E classes above speed limit Yes FCD and AID using PCE
for each lane (Equivalent
motor vehicles)
Violations during low-flow
hours by predefined speed
classes above speed limit Yes FCD and AID using PCE

Partially Available
Not Available

for each lane (Equivalent
motor vehicles)




Time

Requirement

Data Available

Sensor/Data Type

Level of Data Availability

Forward Average Segment

For Every Hour

Speed (from entry point to
end point) by predefined
speed classes

Approximate (because not
matched to full segment)

ANPR with two detection
points

Feasibility of Aggregation in Historicization- A.2.6

Forward Average Segment
Speed (from entry point to
end point) by predefined
speed classes (Peak Hour)

Approximate (because not
matched to full segment)

ANPR with two detection
points

Forward Average Segment
Speed (from entry point to
end point) by predefined
speed classes (Off Hour)

Approximate (because not
matched to full segment)

ANPR with two detection
points

Backward Speed (from exit
point to start point) by
predefined speed classes

Approximate (because not
matched to full segment)

ANPR with two detection
points

Backward Speed (from exit
point to start point) by
predefined speed classes
(Peak Hour)

Approximate (because not
matched to full segment)

ANPR with two detection
points

Backward Speed (from exit
point to start point) by
predefined speed classes
(Off Hour)

Approximate (because not
matched to full segment)

ANPR with two detection
points

Available

Partially Available
Not Available




Tabella 2 — Obblight di applicazione delle specifiche generali Smart Road

Declinasione dei L Mumva Costruzione Adegnamento delle infrastruttore esstent
; i:n"-!"“:JIFL: : I“'E“'zm i Manutenaone Straocdinaria
oo di Smart Raoa - - —
oS ' Entro il 20125 Engro il 200340
I I l a I O a Smart Resd Tipso | Tutte, da1a12 1,254 567 8% 111, 12
Smart Road Tipa 11 4.5 6,7 8D 4, 5.6 T.8,9

Tabella 1 — Elenco generale delle specifiche Smart Road
ID | Descrizione Specifica Funzionale

1 Presemea road-side di una rete B comuneasaone de dat ad ebevabo bet-rate (e blea)

N Copertura comtimetiva dell'asse stradale e dele relatnee perinence con serva di connessaone per la loT e di cowtng verso laorete d comumcarione
- dan

3 Rewad-Sicle Uit per la comnomicazone Y21 keaheran i modo ale da comeentime la commessione a vecol dotan d Onebeosdaome V22X che soddefine

gh standard & settore

4 Presenea di un sstema di het-spot Wil per la connetovit de device persomaly, dislocan almeno nelle aree di servaews e dh parchegioo (ove preseni)
Dratamone di un sestema di alieve del taffioo ed enforcement, nonche dh nheve delle condeson: de deflusso, arbeodato su un Bvello i maginoe
dettaglio per ke smart road di tpo 1, m conformits con quanto desentto nella Seoone A (ohevo del taffeo e delle condioom d defhesso); 1 sestem di
alievo devono avere le carttenistiche miname i quabisa delle misure e nspondene alle repole di qualibicxaone desentte sempee nella Seaone Al
ssterma dive essere progetats n mansera tabe da manimzeare b propoa mpront ecolopen ed energetica

tm

Dratamone di un setema di archivasione de dat provenient dall nlevo del traffico ¢ delle condioom di deflusso con funsionali & archiveseone ¢
' stancizaaone, secondo le speafiche della Seanone A (Ribevo del traffico e delle comdzacmi di deflusso), nel rispetto dells nomativa inomatena di .
reervateeen ¢ proteaone del das personali, Sho rt-te m fo recastl ng

Dystamone di un setema mesdelbstoo per la F-n."l.'ir:i.-:mn.' delle comdeaom di deflusss a medio=lreve temmine, nonche T la hl:il'l'].'l.'ITll.'l.'l."ihilll.'LE per

- .
penoch di termpo seceessna, 0 accordo con le specihche d dettaglo della Seewme A (Bibevo ded raffico e delle condvzsont di deflusso) > (NO- 7) IS mandato ry for
& Dwstaxione di un setema di monitemygooe o tempo reale delle conduoont climatche e delle pioggre, come dettaglato nells Sexwone B (Monrtoogoo t e 1 and 2
ickros/ meten); i sistemna deve essere progrettato in mamers tale da manmmaerare b proprs mpoonta ecologica ed enenretica yp

Capacitd, sulla base den dat di alewo ded traffeo o di modell d prevssone db offnre contenut per servia avanean diinfommaeone sul aaggoo 2peh
] uten, purmuttl:n-'.‘l-:: eventuall amom d re-routimgs; latmsmissione delle informaeeoni [ avvenare utdreeando sasterm dr comaumseaewane V21 se
permesss dagh standard ¢ dalle dotaon corment, oppure trmate app web

Comntrolles m tempo reale da una centrale dd iraffico dotata di programmi de agsibio alla gestone come indicato nella seciome ©C (Servn avanean TTS),
che mchsdans b capacita di applicare scenan dh gestone del tafbhioo precostitut (e sogeett 2 amulazicne degh effetn) selenonan ¢ attuats

10 | dinsracamente in funesone de dan de alweso del traffieo o dialiee informasom neevate da fonb anche eterogenee; gl seenan peissong prev edere
max cli ic.-s-.-||.1|.|| rmisure qual acd L"il.TI'IFIIII devinzsons des fussy, measo di ostrusom gram; intervent sulle veboens medie, per evitare o osolvere
comgrestron (speed controll; sugpermento & troestone @ comsie (lane contral); pestione dinamaca di accesa (mmp metenngg)

Capacita d Formire agh utent della strada, soprattutto a0 gnodaton professonsa ed alle Sotte aoendaly, 2 ndaest, seraa di gestone de pacchegin ¢

11 . . E . L .

dil mformmmeento (eon parteolare nfenmento alla neanca ebettnea))

{::l.Tl.iL'i.I.i dh Formure, sulls base delbe carattenshche stanche ¢ dinameche delle mfrastruttune, din dan di mhieva del trafbeo, delle sime a medes @ breve
12 termane delle comdziom di deflusso, del sistema de monmomggoo adoo )/ metes « d eventuah modell ed alpontm speabo, seovea di opo C-TT5

'\-EI.'IZH.'I.I'jII II.' h‘l’ll.'I:it-I.L'I'll.' IJI. I.'I.H. .l":l. Hn.'..':i-::-nl.' [_fl I"'ILT'.'L.III. -llu'l.'u'll.'l.'n'h'lli. IJL li.'l'lll ‘. Il:ﬂ., i.r.| T‘I'I.T.H.I i.'\-lll.ﬂ:l!:I., I. SCTVIE l'jL"-'III.'I.l::I Flt.ltl.':l'\'_' CRACTE t-:l'uili. :LII'I'.lEI'Il!:l IJ.'L 1.'|.'i.-|.'||U

di serveaes dell’ente gestore /concessionano della smart-road, nonché dai mesa pesant tranatann @ dotan a bondo di sastemi Qi comunicanone VIR




A.3 Short Term Forecasting

~N AN AN AN AN AN AN ~
Forecast Next 15, 30 and 45 minutes >
Updated Every 15 minutes
i S L S L S L S L S L S L /
A.4 Forecasting models on successive homogeneous time
periods
~N AN AN AN AN AN AN ~
Forecast Next day, week, holiday >
Updated Every 2 years
i S L S L S L S L S L S L /




Short Term
Forecasting A.3




Model Inputs and Output

: : : Update
Input Type Output Meaning Time Horizon Erequency
Predicted
Traffic flow data
Forecasted nur_nber oi 15, 30, and 45 Every 15
. vehicles by . )
traffic flow . minutes ahead minutes
Occupancy dlrecthn and
section
A Speed Expected
Verage ee
J5 5P Forecasted eI Elne 15, 30, and 45 Every 15
travel times bzflckward travel minutes ahead minutes
Travel time data times between
section ends




Methods

Method Type

Time-series models (ARIMA/SARIMA)

Kalman filter models

Machine learning models (Random Forest)

Neural network models (LSTM)




Time Requirement

Activity Timing

Forecast updates Every 15 minutes

Forecast horizons 15, 30, and 45 minutes ahead




A.4 Forecasting models on successive homogeneous

time periods

Input (historical)

Model type Data frequency oeriod required Forecast horizon Update frequency
Several consecutive :
: Months to compute Folloiig eeyE a i
A.4 — Homogeneous Daily / weekly reliable average weeks (successive Model reviewed <
periods averages weekday / weekgen q weekdays or every 2 years
y holidays)
patterns




Input type Explanation
Historical daily traffic data Average number of vehicles per day
Travel time or speed Average daily travel time or speed
Rush-hour factor Ratio of peak-hour traffic to average daily traffic
Day type Whether i1t’s a weekday, weekend, or public holiday
Output Explanation
Average daily traffic (ADT) How many vehicles are expected each day

Rush-hour factor (peak-hour ratio) How intense peak hours will be compared to the daily

average
Expected travel time Average travel time or speed
Typical daily pattern 24-hour flow curve for a weekday or weekend day




Functional Specifications Relevant to This
Study

To achieve compliance with either Type | or Type I, the following data-related functions are mandatory:

-~ Traffic and flow survey (ID 5): continuous collection of counts, speeds, and incidents.
~Data archiving and storage (ID 6): historical data storage is mandatory.

~Traffic modeling (1D 7): forecasting short- and medium-term conditions.

~Real-time monitoring (ID 8): continuous updates of traffic and environmental conditions.

~Information provision (ID 9): The road system communicates with vehicles and users, sharing live traffic and
routing information to help them travel more efficiently and safely.
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Minimum number of FCD vehicles and any
Individual vehicles data needed per section and per
time interval

Determine the minimum number of vehicles needed per section and per time interval (e.g., 15
min or 1 hour) to estimate the total flow with desired accuracy and confidence.

*E[Np]: required number of probe vehicles Z*-p(1-p)
T =

[
1 + 22 .Sz{ir_p}



Accuracy Settings

] Confidence level:
90% — z=1.645, 95% — z=1.96.

J For FCD according to the literature:
J p=0.05 (5%).




A50 and A7

Step Explanation
1. Select a section and period Stable, high-flow conditions
2. Aggregate AID data Total flow
3. Count FCII? ve/h.lcles in same Probe sample AI[_) data p_rovides
section/time precise, section-level
4. Set confidence level Confidence Ie\_/el and Acceptable vehicle co_unts, making it
relative error more suitable than toll
: data for localized FCD
5. Compute r red FCD sampl : :
R s A e calibration.

14 Z%p(1-p)

N



Comparative Analysis (AID vs FCD)

Road Segment AID Directional Files FCD Ramo
. S 8+700 S ,?: |[E) NS ,8+700S .
Sections selected from AID data to OO AID N ATI00N
represent each road segment in A+400 ! N
) 2 AID S
different traffic direction
17+300 17+300W, 17+300E W
23+220 23+220W, 23+220E E
Description Time Interval
Time periods considered for .
P . Morning_Peak 7 to 9 07:00 — 08:59
AID-FCD comparison
Evening Off Peak 22 to 23 21:00 — 22:59




/

Calculate Average Speed
From FCD

Next Step

Integrate Cloud Points
into SUMO or PTV
Vissim

~

Map FCD data Using
GIS

Short-term forecasting
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Study Area and Data
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RQ’s

RQ1: Are harsh braking events and road accidents spatially clustered?

RQ2: Do harsh braking events spatially compatible with road accidents?
RQ3: Where Are the High Risk Level Road Segments Located and Why?

RQ4: Is there a statistical relationship between road functional condition and high-risk

segments identified by harsh braking and accident data?



RQ1: Are harsh braking events and road accidents spatially

clustered?
Techniques Used B
- Multi-Distance Spatial l
Average I\(I,ea\a|<|e|f|§ Neighbor Cluster Analysis (Ripley’s el e
K-function)




RQ2: Do harsh braking events spatially compatible with
road accidents? - Visual Analysis

, Network Kernel Density
Local Moran’s I Estimation (NKDE)

To assess the spatial overlap
between harsh braking and
accident clusters

Identify hotspots, cold To visualize and identify
spots, and outlier zones high-density zones




RQ3: Where Are the High Risk Level Road Segments Located
and Why?

The study area is divided into 1 km segments

Segment-Based  Segments are ranked from highest to lowest based on NKDE
Spatial Ranking

Risk score for both density of harsh braking and accident

Curve
Classification
based on vector Junction
road geometry

Straight segment



RQA4: Is there a statistical relationship between road functional condition and
high-risk segments identified by braking and accident data?

To design a monitoring tool that quantifies the functional condition of road
sections

International Roughness Index (IRI) Cracking




Thank you
Sham.mirou2@unibo.it
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