ITS (Intelligent Transportation Systems)

ASCE Richmond, Va.




Whatis ITS

The integrated application of advanced computer, electronics, and
communications technologies to increase the safety and efficiency of
transportation is known as Intelligent Transportation Systems (ITS)

- ITS Includes communications, sensors, information processing, controls,
and other technology-based strategies to facilitate the movement of
people, goods, and information to save time, lives and money.

- ITS strategies are used for toll roads, the movement of freight (trucking,
railroads, marine, and air), public transportation, intermodal, 'smarter’
CV/AV vehicles on the roadway, weather and traffic information,
emergency medical services, electronic payment systems, internet
applications, cellular phone systems, and just about anything else you can
imagine that can involve transportation.
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ITS Roadway Sub-Systems
(DMS, Detectors, CCTV's, Control/Data Centers

ATMS and much, much more)




ITS Intersection Sub-Systems
Traffic Signals, Pedestrian, Bicycle detectors,CCTV-360
and VDC
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ITS Transit Sub-Systems
(AVL, Real-time Passenger Information, Transit Signal

Priority/Conditional Priority, Security, Fare Collection
Automatic Stop Annunciation, Automatic Passenger

Counts and much, much more)
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Other ITS Sub-Systems and much, much more...

Rail

Freight

Port (Marine)
Aviation

Bus Rapid Transit
Smart Cities

“\l’ Travelers Information (511,Waze, Google etc.)



Telecommunications/Network
Wired or Wireless




Active Traffic Management

FHWA definition: "The ability to dynamically manage
recurrent and non-recurrent congestion based on prevailing
and predicted traffic conditions. Focusing on trip reliability,
it maximizes the effectiveness and efficiency of the facility. It
increases throughput and safety through the use of
integrated systems with new technology.
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Smart Poles/Integrated Applications

- Wifi Access Points
ELE;% :’;Z;Z' providing broadband
wireless network coverage
4G Telecom upgradable Weather proof, IP Network

as per user's choice Camera for Traffic &

(options available Safety surveillance
Panic Button for any Air Quality Monitoring

emergency sifuation

(as an option)
or distress call

@

Interactive Screen for Car or EV Charging

specific applications (os an option)
®
®
O
Smart Billboard,

PA System for BGM &
communication from
city control room

Signage, Advertising,
Troffic signalling, efe.
(on demand)
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-Monitoring cities' environment
-Noise sensor

-Air pollution detector
-Temperature / Humidity sensor
-Brightness sensor
-Monitoring municipal buildings

Video Monltorl
Widoo Morktoring

-Security monitoring
-Vehicle monitoring

RFID
L ]

-Special populations Monitoring
-Manhole Monitoring
-Community security monitoring
-Municipal facilities monitoring

Emergency call
mergency °

-Field contact with the
monitoring center

-Active broadcast from the
monitoring center to field
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.Infnrmah'on Display

Intelligent Lightl
.n igent Lig ng\\.

-Cellular cooling technology
-Light distribution based on brightness

single lamp / ized
-A variety of optional module design

o Wireless network =

WiFi

~WiFi hotspot

|

-Advertising
-Political news
-Information release

n

Charging plle
o Tuuapke  §
~Electric car a=

-Electric bicycle
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NATIONAL ITS ARCHITECTURE

FHWA Rule 940

Travelers Centers
Commercial Maintenance &
Traffic Emergency Taoll . ;
Remote B ; Vehicle Construction
Traveler Manage ment Management Administration Administration Management
Support \
-\.\ Information — . Fleet and Archived
Parsonal H“h Service METLEE' 2_:?.“ MEI;E n?nte nt Freight Data
Information Provider ge a= Managememnt Manage me nt
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Systems Engineering for ITS

Vee Diagram

Phase -1 Phase 0 Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Interfacing with | Concept Exploration | Project Planning and | System Definition | System Development | Validation, Operations System
Planning and the and Concept of Operations and Design and Implementation | and Maintenance, Retirement /
Regional Architecture| Benefits Analysis Development Changes & Upgrades Replacement
Systems .
Regional Meeds Concept § Project Engineering DF:I:E"DHS Gh:r':'ges Retirement /
Architecture Assessment Selection §§ Planning H::.?Enement ertreyss Wl Replan::ement
)
T — T
Concept of System
: - Operations idati
Cross-Cutting Activities _pe__ T;llli{;?tmn
Stakeholder Involvement Sysiem _Deployment
Reguirements e
. ; High-Leve
Project Management Practices Elii}esign Intﬂehgr;srtaehpan
Risk Management Subsystem 3 “Subsystem
1 H s ]
Program Metrics Reguirements Verification
. — Suhsys!em
Configuration Management Detailed Integration
) N —
Process Improvement Design  —3 Unit Testing
Decision Gates Software Codin Decision Gate

Trade Studies
Technical Reviews

Traceability
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Hardare Fabrication

Life Cycle Time Line
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Architecture Reference for Cooperative and
Intelligent Transportation (ARC-IT)

b / (Physical Objects I&
Functlonal
Information Flows Objects

\\\I)



\\\I)

Center to Center

Physical Wiew
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Comwrectibomn=s betwean Fhyysical Obhjacts

Support

Wide Area Wireless

Archived Data
System

Cooperative ITS
Credentials
Management System

Data Distribution
System

Object Registration

Privacy Protection

Center to Field
|

Map Update System and Discovery
System Gateway
) Support Wide Area
Sanwics Masmor Maintenance Information
R Equipment Disseminator System
Center to Center
Center
Border Inspection
Authorizing Center Administration Center
Center
s [ emergeney emisons
Management Center | | Management Center
Center
Fleet and Freight Freight Distribution Maint and Constr
Management Center | | and Logistics Center | | Management Center
ERYen Traffic Management | | Transit Management
Administration C C
Center
Transportation
Information Center
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——————
Center to Field

Field
Border Inspection Commercial Vehicle
System Check Equipment
Connected Vehicle Electric Charging
Roadside Equipment Station
_ Field Maintenance
Field .
Equipment
Intermodal Terminal IS R_l:mdwav
Equipment
Parking
ITS Roadway
Management
Payment Equipment System
Security Monitoring
Equipment
Field to Field

Short Range
Wireless

—

Traveler

Personal Information
Device

Traveler Support

Center to Center

Wide Area Wireless

ARC-IT Subsystern Diagram

Phyysical View
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Emergency Vehicle
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Freight Equipment

Maint and Constr
Vehicle OBE

Transit Vehicle OBE

Vehicle OBE

Short Range
Wireless




L Virginia Department of Transportation

ITS Projects — Systems Engineering and Architecture
Compliance (Rule 940) Checklist

for

Project Title:
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Connected and Automated Vehicles???

Inte rnet Of Thlngs «7g», magine a Transportation System in which
: ‘ VEHICLES CAN SENSE &
(Vehicles) COMMUNICATE
TeCh no | OgieS = 3 Things That You Can’t.
DSRC
5G-6G Cellular
Network
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Definitions - CAV, V2V, V2I, V2X

- Connected Automated Vehicles - Using connectivity

among systems to enhance autonomous technology.

Connected Vehicles - Using communication technology
vehicle-to-vehicle (V2V), vehicle to infrastructure (V2l),
vehicle to anything (V2X) to enhance safety and mobility.

Autonomous Vehicles - Using sensors, cameras, LIDAR,
GPS, and other on-board technology to operate with
reduced, limited, or no human interaction.

Dedicated Short Range Communications (DSRC) - A
radio band allocated by the FCC for ITS and public safety
(5.9GHz). The protocol is similar to in-home WiFi, but was
designed to facilitate large amounts of data transfer at
very high speeds and under varying conditions.



CAYV Definitions

Connected Vehicle @
Communicates with nearby

vehicles and infrastructure; Not
automated

(7 =)

Autonomous Vehicle | :

Operates in isolation from other lv,&“ ))

\\ \ I ) vehicles using internal sensors



Levels of Autonomy

Level 0 Level 1 Level 2 Level 3 Level 4

Feature

Ef EN§ EX- k= 3

Radar LIDAR & 360° radar LIDAR & 360° radar
- Forward sensors Forward sensors High accuracy GPS High accuracy GPS
g Multi-domain Multi-domain Multi-dornain
=) controller controller confroller
I Driver state sensor Forward, HD & IR Forward, HD & IR
ff", cameras cameras
= V2X V2X V2X

Internal moment unit Internal moment unit

W) 2020 2025+
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Commuanications View
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Laysred protocods faciinating cata exschange
between Physical Objscts

RSE Gateway
OBE g5 >
Vehicle OBE Roadside Equipment Servce Monitor System
175 Application Information Layer 175 Application Information Layer
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Application Layer 8 Application Layer
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Presentation Layer Presentation Layer
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Session Layer Session Layer Sessionlayer § 2 Session Layer
ETF OTLS ETFDTLS [ETF DTLS 13 e JETF DTLS
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Network Layer 5z Network Layer NetworkLayer Network Layer
[ETE B g F (3 ETE IPve ETF VG
Data ik Layer o) gL DotaLnk Layer
EEE 16054, IEEE 802,11 iy | il WL ot MAC comsebile mith Frpocs aed Netwer
Physical Layer Physical Layer Physical Layer Physical Layer
[EEE 802.11 |EEE 802.11 Backhaul PHY Backhaul PRY

N

* Only 5 companies offer 5G worldwide: Huawei, ZTE, Nokia, Samsung, and Ericsson
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V2l Applications

Curve Speed Warning

Red Light Violation
Warning

DM mmuucm

mmmto uomll
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(OVY) Example
(static adert message)

Smart Roadside

Pedestrian Warning Application for

Translt Vehicles
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ATMS
Application
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ATMS for Work Zones

PRE-STAGE MOT PRELIMINARY CONCEPTUAL LAYOUT
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Slgnals CCTV & SPaT (Signal, Phase and
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Adaptive Lighting - Technology (how it works)

Increases energy efficiency

» Allows different lighting levels for different areas

or uses
* Increases maintenance efficiency
* Allows retrofit to existing LED lights /
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Adaptive Lighting - Policy

Lights are always on

Schedule on/dim/off times to light the area in hours of heavy use
but dim and/or turn off during the dead of night for wildlife

\\ \ I ) Lights are always on, but dim as the night goes on
based on schedule times 29




Thank You!!l
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