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DIGITAL
TRANSFORMATION
ORIGIN

CHICAGO SMART MOBILITY (CSM) PROGRAM
STARTED IN 2015

KEY COMPONENT IS THE ADVANCED TRAFFIC
MANAGEMENT SYSTEM(ATMS) CENTRAL SYSTEM

MAIN GOAL WAS TO COLLECT AND PROCESS TRAFFIC
DATA IN REAL-TIME AND BRING MULTIPLE CITY
AGENCIES TOGETHER TO SHARE TRAFFIC DATA

CHICAGO
SMART

MOBILITY




911/CAD
Integration

Crash data logs

Arterial congestion
estimates

Stop sign inventory
and asset
management

Data Integrations

DEO Dispatch and
Work Order
Integration

Traffic signal
database and asset
management

Bus and Train
locations

Turning Movement
Count Aggregation

311 Integration

Red light camera
asset management

RWIS Weather
Integration

Video Analytics
Counts

Speed Enforcement
Cameras (Speed
and Counts)

Camera feed

Streets and
Sanitation Work
Order Integration

Streets and
Sanitation
Integration

Speed Feedback
Signs

Dynamic Message
Sign Integration

Google API use for
travel time

Miovision data
interface

Travel Midwest
Integration

Roadway Permits

Portable
Changeable
Message sign
control and location

Trainfo Railway
Gate Down
Interface

National Weather
Service Integration

Travel Time on IDOT
signs

HERE probe data

Sensys Interface integration

Wejo Data Interface

Sensitive / Confidential / Proprietary 5



CDOT CV PROJECT GOALS

o Pilot Connected Vehicle technology & capabilities to be
Implemented at 7 intersections along Roosevelt Road

o OBU devices installed into 10 city fleet vehicles and 25
city buses to be used for evaluation and testing

o Pilot includes evaluating solutions for Pedestrian
Detection (PSM) and Basic Safety Messages (BSM) to
drivers for pedestrian awareness. Additionally, SPaT
messages are to be transmitted to the driver indicating
traffic signal timing countdown, in seconds.

o Become familiar, on a small scale, with C-V2X
technologies and the considerations to be made when
designing, implementing, and maintaining.




CONNECTED VEHICLE APPLICATIONS
Vaisafety | Envionment ] Mobility |

Red Light Violation Warning Eco-Approach and Departure at Advanced Traveler Information System
Curve Speed Warning Signalized Intersections Intelligent Traffic Signal System
Stop Sign Gap Assist Eco-Traffic Signal Timing (I-SI1G)
Spot Weather Impact Warning Eco-Traffic Signal Priority Signal Priority (transit, freight)
Reduced Speed/Work Zone Warning Connected Eco-Driving Mobile Accessible Pedestrian Signal System
Pedestrian in Signalized Crosswalk Wireless Inductive/Resonance Charging (PED-SIG)
Warning (Transit) Eco-Lanes Management Emergency Vehicle Preempt.ion (PREEMPT)
- Eco-Speed Harmonization gr‘:z:‘:vgm (Hoasv":;'ﬁa)m" (SPD-HARM)
vV a ety Eig:;:?;f::; :::S::e SAUg Contis Cooperative Adaptive Cruise Control (CACC)
Emergency Electronic Brake Lights (EEBL) : Incident Scene Pre-Arrival Staging Guidance
Forward Collision Warning (FCW) Eco-Ramp Metering for Emergency Responders (RESP-STG)
Intersection Movement Assist (IMA) Low Emissions Zone Management Incident Scene Work Zone Alerts for Drivers
Left Turn Assist (LTA) AFV Charging / Fueling Information and Workers (INC-ZONE)
Blind Spot/Lane Change Warning Eco-Smart Parking Emergency Communications and Evacuation
(BSW/LCW) Dynamic Eco-Routing (light vehicle, (EVAC)
Do Not Pass Warning (DNPW) transit, freight) Connection Protection (T-CONNECT)
Vehicle Turning Right in Front of Bus Eco-ICM Decision Support System Dynamic Transit Operations (T-DISP)
Warning (Transit) — Dynamic Ridesharing (D-RIDE)
Agency Data Freight-Specific Dynamic Travel Planning and

Road Weather Probe-based Pavement Maintenance Performance

Motorist Advisories and Warnings (MAW)  Probe-enabled Traffic Monitoring Drayage Optimization
Enhanced MDSS Vehicle Classification-based Traffic
Vehicle Data Translator (VDT) Studies S— I Roadside
Weather Response Traffic Information i
(WxTINFO) PO CV-enab!ed Tummg Movement & Smart Truck Parking
Intersection Analysis

CV-enabled Origin-Destination Studies

Work Zone Traveler Information 0 U.S. Department of Transportation 13
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PEDESTRIAN ALERT (PSM) APPLICATION

1 |

|

RSU with . Traffic hazard warning = —
i ' { AN ¢ = BEEE |
Al-based % Al -based camera detects a hazard on ; Al- a%

rlaai s - . the right lane and alert other cars on the camera
road; via precise positioning other cars

avoid the lane with the hazard _ Pedestrian alert

Traffic light detects a pedestrian
crossing the street and alert
oncoming cars via 12V;

Also, possible via direct V2P
communication

Send updated 3D
H-Dgr%\ap with the

hazard via 5G NR
C-v2X

Q Burger spot "
Y 5 mile:




PEDESTRIAN IN SIGNALIZED CROSSWALK

Pedestrian in Signalized Crosswalk
Application alerts the driver when there is
a danger of a collision with a a pedestrian.
It is intended to reduce the chance of a
collision.

How does it work?

Using GPS antenna on the vehicle as well
as messages coming from the RSU and
the cameras on the intersection, the OBU
can determine that it is on a collision
course with a crossing pedestrian.

A%

Limitations Graphic Displayed to the Driver

« Only works at at designated
intersections !\ ¢

 If intersection equipment is down, app ; ; ¢ it g
will not function | | ® ® @ @ @-@. @,

 Could display a warning even if R )\ v o 3 --Of - B
pedestrian already crossed 30 % 8 5 % ":’ 20

B .
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DESIGN CV INFRASTRUCTURE SOLUTION

Miovision
Smartview 360
(Intersection Camera)

(®)

O

TRAFFIC SIGNAL

CTA Bus

~— spAT
«+— MAP

SRM —»
-— SSM

BSM —»
-— PSM

P/ A\\N 1

PED. DETECTION

V2] DATA
EXCHANGE

Denso OBU

/

CHICAGO FLEET VEHICLES

Connected Vehicle Applications ] Ex -

(Traffic Controller)

SmartSense SmartLink

Pedestrianin  Eco-Approach and Departure at

Signalized Crosswalk  Signalized Intersections

CDOT ATMS




HARDWARE AT INTERSECTIONS

Peek ATC-1000 — ATC Controller

Miovision SmartView 360 — Pedestrian Detection

Yunex RSU2X — Roadside Unit




HARDWARE ON VEHICLES

Heads Up Display (HUD)

DENSO On-Board Unit (OBU) CV2X Antenna




TEST CONFIRMS SPAT & PED. WARNING




Create a MAP for
each intersection

Using the online ISD Builder Tool for SAE J2735
(UPER encoding), a MAP is created for each of
the seven intersection locations.

* This tool allows a user to define the lanes and
approaches of an intersection using a
graphical interface. Once designed, the user
can encode an ISD, MAP, or SPaT message as
an ASN.1 UPER Hex string.

+ Each MAP is uploaded into the installed RSU
at each respective intersection location.

« SPaT and PSM messages require this MAP
information to be transmitted out of the RSU
simultaneously to be of use.

* The online tool library can be accessed at the
USDOT weblink:
https://webapp.connectedvcs.com




APPLY FOR FCC LICENSING FOR RSU DEVICES

General Experimental License Application Requirements

All Experimental License forms
1 Radio frequencies required for fixed and mobile units | 5850-5925 MHz
. . . . 2 Conducted Power Leave blank
FCC licensing is required to 3 | Anterna Ganm omve Blank
operate C-V2X transmitters 4 (ERP)/(EIRP) of fixed (BTS) and mobile units 1.21 W ERP mean
which are built into the RSU 5 Any antenna pattern information if not isotropic
device. 6 Fixed antenna locations (lat./long.) United States (leave lat./long. blank)
7 Operational radius Blank
8 Fixed antenna heights Blank
Currently, the FCC processes 9 | Emission bandwidth 20 MHz
C-V2X license applications as 10 | Emission designator W7W
an Experi mental License which 12 Dates experimental license is required Either range or duration
is likely to change in the future. 13 | Manufacturer of equipment
14 Quantity of equipment to be used
STA Specific Questions
Explain why an STA is necessary
2 Explain the purpose of operation




LESSONS LEARNED

* Duplicate all integrated hardware within a lab environment to match final production environment.

« If possible, establish a live lab (i.e. parking lot area mimicking intersection) to be able to test real time
applications and solutions using vehicles and pedestrians.

« Verify firmware updates for devices within the lab environment and allow to run for a good amount of time
before deploying into production.

« Confirm the applications sought have been vetted and confirmed functional with all device vendors (RSU,
OBU, ATC, Sensor devices (i.e. Camera, LIDAR, FLIR), Backhaul Cellular Router, etc...).

* For large scale production rollout, perform an RF analysis at all intersection locations to determine RF
interference or GPS signal deficits needing mitigation. Adequate GPS signal is an absolute requirement for
C-V2X to function.

- Be aware, the backhaul network will likely need to support IPv6 for a successful large-scale rollout.

» Security certificates and infrastructure support for SCMS will be needed for large-scale rollout. This was not
addressed within the CDOT CV pilot and will require significantly more resources to implement.

« |n advance of testing camera-based pedestrian detection, clean or clear camera lens/dome.

TES Conference 2022 16
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PROJECT GOALS

« Significantly accelerate the adoption of innovative technologies
by the surface transportation community.

= Enhance safety.
= Reduce time to plow pavement.

= Improve traffic flow along the identified corridors during and
after snow removal.

« Support the Nationwide CV2X agenda by sharing the
experience and lessons learned.
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CURRENT METHODOLOGY

Traffic Signal RSU

CDOT Cloud Environment

( CDOT Stand Alone Server Environment \
—_ Linux server TransSuite Server
(7))
O
O Download to local Machine
o
o
© Data Analysis
C
®
=
Key
» Manual Process
Tableau DaShboardS : Automatic Process




y CV Preemption Data Review

12" _‘I‘- > "\'f T
-LQ-L“ 5 197_& 191& _pmh
3, AN AN\ A\ N\ A A
R ] R &0 2o R ey

CDOT Region 1 Connected Vehicle Traffic Signal Preemptions & coLOoRADO

W57 Department of Transportation

. - Preempt Duration
Preempt ID Select date range Intersection_Name

Preemption Events Activations Preemption Events Hotspots

Location D Preempt On - Preempt Off Duration
Belleview Ave 8 Sep 11, 2024, 12:39:58...  Sep 11, 2024, 12:41:35 ... 46./

Crestine Ave 8 Sep 11,2024, 12:40:28...  Sep 11,2024, 12:42:05 .. 9.3 5 Total Preemption Events
Belleview Ave Sep 12,2024, 3:41:04PM  Sep 12, 2024, 3:42:04PM 60.2 ‘ 28

Stanford Ave Sep 12,2024, 3:42:12PM  Sep 12, 2024, 3:43:48PM 953

Layton Ave Sep 12,2024, 3:42:15PM  Sep 12, 2024, 3:43:17PM 623

Quincy Ave Sep 12,2024, 3:42:53PM  Sep 12, 2024, 3:44:19PM 264

1-28/28

Preemption Timeseries Average Preempt Duration

89.6

UG S e O
. e > o
CRN AP AP

Total Preemption Events by Intersection

Preempt ID / Activations

Intersection_Name 8

Stanford Ave 1
(CUTe L G5 T icp dee 92024 Googe | Terms | Report s mes eror |
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SAN DIEGO




PROJECT OVERVIEW

* Pilot demonstration of Bus-on-Shoulder operations on a limited access
freeway using state-of-the-art technology for driver assist. Integrated
with South Bay BRT.

* Objectives

* - Bus performance (travel time and peak hour travel
reliability) will be improved by allowing buses to drive
on the freeway shoulder during periods of traffic
congestion with minimal changes to the roadway

* - Driver assistance technology will enhance safety and
operations along the corridor

* Transit Signal Priority Locations
* - Four Entry Ramps on I-805 N

* - Interchange I-805 N @ SR94 W

* Project Phases s Bus on Outside Shoulder

ww Bus on Inside Shoulder

www Auxiliary Lane

‘wmmm HOV Lane

mmm HOV Access/Egress Point
@® Ramn Transit Rvnass

* - Development / Deployment
- Pilot Operation - 3 Year

TES Conference 2022 24



TYPICAL RAMP LOCATION

'BUS ON SHOULDER:
ROADSIDE EQUIPMENT

. -l
N X ~'“C\i'u

A @ GPS @ Processor Wireless Communication Device Cellular Wireless

Existing RM: I-805 NB at 47" (Source: Google Street View; Image — Wired Connection = === Licensed Secured Wireless Connection
Capture: Nov 2015)

TES Conference 2022 25



FOUNDATIONAL COMPONENTS

Connected Vehicle Technology US DOT Model - Future of Transportation

Fully Connected Vehicle

* Dedicated Short Range Communications (DSRC) to Cellular
V2X

Security protocols: Trust & Confidentiality using SCMS

Vehicle Data
latitude, longitude, time, he
angle, speed, lateral acceler

longitudinal acceleration, yay

throttle position, brake stz
steering angle, headlight st
wiper status, external tempe
turn signal status, vehicle le
vehide width, vehicle ma

Exchange of a series of SAE Messages

SAE J2735 & J2945

. Basic Safety Message (BSM)

. MAP Message (MAP)

. Signal Status Message (SSM)

. Signal Request Message (SRM)

Probe Data Management (PDM)

i i iori . Vehicle Based Data and Availability, B. Cronin, US DOT ITS JPO, 2012
TranSIt Slgnal PI’IOI’Ity(TSP) Caltrans Ramp ContrO”er ht?p::://iw:ﬁ;.dota_g(a)va/i’:spaz/?;c?o{;égolZprglg:gata_availability.pdf

TES Conference 2022 26



ROBUST SENSOR SYSTEM WITH DRIVER ASSIST

Delphi SRR2 -
Electronically Scanning Radar
(quantity 4)

Front Side and Rear Side
Sensor & Camera
(both sides)

* Pedestrian Warning

) * Lane Departure Warning * Blindspot Warning
 Forward Collision Warning

By Rosco / Mobileye By AutonomouStuff (Hexagon)

TES Conference 2022 27



INET® Monitoring and Analysis

A Not secure | 10.99.6.231:8090/atms/atmslite jsp

TOL  INVENTORY  LIBRARY
1125953 : 1-805 N at 805 NB Fr 54 Conn (1125953) B?—X

REPORTING ADMINISTRATION ABOUT LOGOUT

§ Mile Post: 9.25 HLTERS \ >

District: Caltrans

= N - l’
o — Y = A RMIS.88 : 805 N at Imperial Ave @7
AST
COLLEGE AREA = Occupancy < le Post: 12.35 FILTERS
S La Mesa il
HEIGHTS MID-CITY e ook Last Poll: Feb 26 16:29:30 Status: METERING (ON) istrict: Caltrans
Lane 1
\ R T Lemon Gruvé\I Spring Valley: H Status: Metering Metering
(_ 5 DAK PARK Metering Mode: Fixed Rate Fixed Rate
Balboa Park 7 - .
Metering Rate (vphpl): 996 996
Siaton Auersge Metering Plan I AM- 1 AM -1
Command Source:
o -
[+ La Presa Demand Detector Status:
ENCANTO. ) Passage Detector Status:
\ LOMITA 9 Spring:Vall Queue Length:
%U B TS ENCANTAT Status Passage Count
s - EARRIO.LOGAN Volume (VPM) Violation Count:
VA / ofg
4 Corongdo (5] BAY TERRACES] Occupancy (%) —
3
5 XN National Cit l = ¥ A 8 @
3 ! 'y Est Speed (MPH) AVL ESS VDS
= e cres
& o
“.-'ng - Bonita
% RANCHO FILTERS
g SUNNY v DEL REY CER . o N
' i A " Status: OK District:
Chula Vista ‘. ESS EVENT RMS VMS
San Diego. S Cr.l Vi 1 y:“
Bay National narp Chula Vis u@ Ve
{dee Medical(€enter OTAY RANCH FILTERS
Refuge _ n _ . P
Y Boal SUN Last Poll: 2021-02-26 16:18 Status: ON ROUTE District: MTS-5D Air Temp Dew Temp E:.I:"jvfy s Average G Visibility
= =~
Fruitdale
Route ID: 225
South Bay Drive:in Run ID: 41005
Theatre and Swap Meet o l@ Block ID: 922507 )
ImpéerialiBeach= O T Weather Average
Latitude: 32715683
@.\/sidru DMV Longitude: -117.155060
Direction: 5
Tijuana River Schedule Deviation: On Time reeze SubSurf  Salinity Black Ice Water
ana Rivi OTAY MESA emp (°F) Temp (°F Ice Depth  Level (ft
National SVRELLIL Pacific (ool e il 0 eR PR g m
Estuarine Gateway Park
R‘&:‘?‘E[r::‘h"ﬂ Outlets at the Border Q 7—7SAT@ Aeropuero==g g
closed L3 = 3 A B @ w
Google ~pLAYAS e Y ST = ; Msp data 52021 Google INEG| 2 km E EET LS LoE
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Reporting

Dat : .
ate Travel Time Analysis
7/1/2022 9/16/2022

®Minutes by Rapid @Minutes by Car @ Time Saved (minutes)

é
3 500 = 0.6 5
'.: o Average of Time Saved {minutes)
=
8
fggaggeaasdyddgddsdgdydyggdsddsagagasg
SRR IS SRR R SRR TTRSRRRRRCRRRRRRERES53558
@®Time Saved (minutes) @ Time on Shoulder il e Gaves (s
200
o
2 0
2
A 200
E /
e A
FETIIENERSEESEIEEEESEuEEIAsnEREEELiE )
Time on Shoulder
Date

e Trip Analysis

Y402 2262021

O O

Trip Analysis
@ Total Vehicle Trips ®Trips in TOL
7

Y

Total Vehicle Trips and Trips in TOL

D ogh o D ogh o D ogh o Dogh aN od o\ o\ A g g oh N ogh o D ogh o Dogh aN od o\ o\ A

..nr -Luv g nvn'L..n"r-Luv g nn'L..n"r-Luv Prig nn'L..n"r-Luv P nn'L..n"r-Luv q\:?« nn'L..n"r-Luv @«y 2 _," P ..n"r-lpv P nn'L..n"r-Luv q\:?« nn'L..n"r-Luv o o8 "-Luv qw« nn'L
A AT A AL AN Y B WAV A N o 15@“‘1:9 WA o A b Pl ittty

nou‘n‘no"@n‘no"@n‘no"@n‘no" ¢ e e e ¢ e e e 9 wﬂwo»wl ¥ wo»wn’L

Date

TOL Availability History

@ Available % @ Unavailable % @Minutes Unavailable During Schedule
100%

50%

oo WL |

2 DY e -

200

—
=
Minutes Unavailable During...

Jul 2022 Aug 2022

Date

Date Range

2/2/2021 2/26/2021

Corridor Collision Incidences

Sep 2022

O0——=O

Counts On/Off Shoulder / Lemon Grdye
San D; ;
Week On Shoulder Not On Shoulder Wil - PARK WEST W) % i/plr;ng
212172021 0 9 A Brooklyn e g o
2/14/2021 0 8 Heights
2/7/2021 2 18 ENCANTO
1/31/2021 2 14 e QUARTER P
Total 4 49 Naval Air Statio
North lsiand
Nava Coronado
Ar
Station, v h T
z;r:g u South Bay TergaCes @Sw £,
National it ; ‘
y ERoinAGes Bonita SAN MIGUEL RANCH
San Diego Bay
b Biﬂg Sweetwater ©2021 TomTom, © 2021 Microsoft Corporation Terms

NMEIE
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DUBUQUE



THE CITY OF

DUBGOUE Dubuque Streets Project

Masterpiece on the Mississippi

Metro Dubuque Traffic Data Aggregation for
Connected Vehicles SMART Grant Project

October
2024

o “_’9iuleDO;r _(_Q PEOSTA




STREETS INTEGRATED MODELING

* The STREETS solution uses Parsons iNET® ATMS integrated with Aimsun Next.

* Live model predicts near future traffic (i.e., 15,

30, 45, 60 minutes) T ———————
* Integrates travel demand modeling, static f @ﬁ( |
and dynamic N 'l
e Constantly compares the forecasted I

results to the future observed
e Unusual traffic conditions detected by the real

N
T - (LCE';\/ ' (~ /5

VALTS \“g)"j\\f‘r\”
U g ! | . i ‘l“;‘ /
\ K J—/LP\—1 = 7 >\’ _/:\n?@::;) 1)
= Jl( ‘:",{, HISTORICY- T\ .1

e

L 1

RS

time model and/or events manually entered : JLJ( j%* :i é\ijfﬁﬁgb?ég;x ¥

into the system. S lm' P2,
 Potential responses are modeled in the system S e e R

in near real time and scored.

* The system will allow for an operator to

o \ - : / — B
| south,cANoVIgv 7 i
approve the response or automatically . / K= R\

implement it. berr: -t m OBt~ Qo B O0 Ay of
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INFOTAINMENT DISPLAY

Red Light Assist

Red Light Assist

45

Time to Green

; GLOSA

Traffic Light Information

Possible Red Light Violation

Press OK to dismiss Press OK to dismiss

Disabled Vehicle

Disable Vehicle

Emergency Brakes Wrong Way Driver

Emergency electronic
Brake Light

Wrong Way driver

‘

=

Press OK to dismiss

=

Press OK to dismiss

1km

Reduce Speed

Press OK to dismiss

Roadworks Warning Queue Jam Ahead

Road Congestion Ahead

Road Works Ahead

Tkm

Reduce Speed

10 mi

Press OK to dismiss Press OK to dismiss

Slippery Road Spot Weather

Slippery Road Ahead Bad Weather

2km

Press OK to dismiss

Press OK to dismiss

Accident / Obj on Road

Accident Ahead / Object on Road

=

Press OK to dismiss
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