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Integrated Roadway Condition Assessment
and Traffic Monitoring

Key Objectives

* Development of low-cost
technologies for

* traffic monitoring &
management,

- ¥z A
* roadway pavement condition
assessment

* Integration with and utilization of
other national initiatives
* ‘Smart City’, ‘Digital Twin’,
‘National Single Access Point’,
‘DIAVLOS/, digital
transformation, etc.
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System Platform Architecture

Key Characteristics

* Web/Cloud based WEB APPS
e  webGIS and webDSS General I?ublic it \Weh DSS RONDA-
& Agencies (Python & Plotly Dash) Consortium

* Automation through

* participatory sensing,

i * Video uploading and
° mach i ne_lea rni ng’ : All kinisis web services (site, api, dashboards) run through port 80 * Video verification

XAMPP Apache Web Server RDBMS link creation
+ Video analysis
° maChine‘ViSion, kinisis dashboards Web API GET POST - Image thumbngil a"d_
(Grafana) (PostgREST) kinisis Web API map thumbnail creation

* |P whitelisting
* Metadata addition
* Video geotagging

port 3000 port 8001 video-hub/status app

port 8000

* decision support systems
» User/Agency-based security and

access WebGIS UAV stream
* Modular & Scalable port 8002 port 8004 PO | |
* Open-Source software e S o
* Integration of multiple data-sources SIS - Meteorology
* terrestrial and aerial traffic port 5432 :zﬁziz Airquality
monitoring, roadway
pavements, air-quality, $
meteorology, bus service, etc. Road desgn params e Wisense
*  Multitude of APIs Mieteorclogy schema

Air-quality v2. With Apache Web Server




=

Interactive Dashboards -

traffic, air-quality & meteorology, pavements
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Roadway Pavement Assessment

Participatory Sensing

S ROMDWAY

GET ROADWAY
pavement condition
data

VIDEQ/IMAGE
data

b 117

=
VIERATION Preset Trigger
data Value(s)

Data Reduction

Anomaly Type
Detection &
Verification of
Roadway
Classification ) 118

Data Clustering &
Roadway
Classification
(Classes 0-4)

b M1.1.4

Instant,

1-week,
1-month,
B-months,

1-year )
aggregations . Gacmt_jl ng
& risk analysis (from points to
{based on participatory roadway sagments)

sensing) b 1,15
Figure 18. RONDA-DSS architecture (Level 1.1 — RONDA-DSS/TIA).

Table 3. RONDA-DSS process details (Level 1.1 = RONDA-DSS/TIA)

Process Id
1.1.1

1.1.2
1.1.3

114

1.1.7
1.1.8

Key Characteristics

Choice of RONDA-custom sensor (case of automated processing). or of generic
smartphone plus OBD (case of manual processing).

A typical 30-min drive generates vibration datasets of about 50,000 rows (~20MB).

The data reduction process aggregates data to buffered points, reducing the dataset (of
Step 1.1.2) to about 1200 datarows.

The classification process produces subsets of points in one of five roadway pavement
condition classes:

Class Roadway Pavement Condition
Class ‘0" : Excellent

Class ‘1" : Good

Class ‘2" : Fair

Class 'Y : Poor

Class ‘4’ : Failed

The performed spatial clustering is based on a number of key data parameters and on
variable methods, each time intelligently selecting the classification methods producing
the highest clustering performance metrics and the highest number of incidents in the top
two worst classes.

The clustering process should be performed at periodic intervals, to account for
participatory sensing and to increase the accuracy of the process. Roadway assessment
data is to be processed at the end of each day, at 1 week, 1 month, 6 months and at 1
year, with the corresponding condition appraisal values weighed and stored accordingly.
The detected point roadway anomalies are geocoded to the nearest street segment (and
street direction).

The vibration sensor triggers a 10s-30s video recording of the corresponding roadway
pavement. The trigger value(s) should be adjustable through a two-way communication
between the platform and the sensor, to allow for experimental optimization.

The dropped video is split into images, for further processing based on machine vision.
The dropped images are analysed by use of machine vision (MV), for the existence of
typical roadway anomalies (e.g. cracks, patches, potholes, bumps). The MV-based
detected roadway anomaly is then used to confirm (and/or reclassify) the GIS location of
the corresponding image.




Point-based KPls
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Figure 53. GIS schematic summary of segment-based RONDA-DSS KPlIs.




Roadway Pavement Assessment

Participatory Sensin .
P Y 8 Pavement anomalies detected
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‘kinisis’ webGlIS preview
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https://drive.google.com/file/d/1zKwSB3kd41f90OHwBfbdA1IBbDD-bOCl/view

Motivation

* Traffic monitoring enables a wealth of applications in ITS iﬁ"}‘.ﬁi"

* Information Services:
* Incident information
* Travel time estimation

e Control Services:
 Traffic signal control
* Navigation
* Ramp metering

* Traffic monitoring technologies limitations
* |nstallation time and cost

Traffic Disruption

Device cost

Scarcity of spatio-temporal measurements

Specific measured traffic parameters (flow, speed, density,
turning ratios)
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* Advantages

e Cost comparable to conventional devices
* No installation burden

* No traffic disruption

* Dense spatio-temporal measurements

* Detailed vehicle level-information

e Rapid traffic monitoring
* Intelligent processing of data captured from drone




Intelligent Data Processing

Leverage Artificial Intelligence and

Gather Data Machine Learning to create Extract Analytics/Statistics to Database
vehicle detection algorithms

Traffic information
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Towards an autonomous monitoring platform

* Small drone flies autonomously to the requested location

e Capture traffic video data, receive video and process it in real time
* Autonomous Return and landing on charging stations

* Integrate output into a decision platform

* Swarm of drones can cooperate to cover multiple areas

Vehicle Count: 63

Average Speed: 50 km/h

Vehicles over time (min)




Data Analysis Capabilities
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