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PM Highlights
— Current Contract ends 05/15/24
— Task 3.1.1 Identify CTI 4501 messaging requirements for testing

— Identify subset of message requirements to be test at each site: Complete
— Provide Development Discussion documents: Complete
— Site Updates: Complete

— Task 3.1.2. Perform Testing Activities
— Develop data collection plan and itinerary: Complete
— Test (collect data) at each site: Complete

— Collected data in GDOT and UDOT the week of 03/11/24
— Collected data in Ohio the week of 04/08/24

— Task 3.1.3. Assess Data
— Process and assess the collected data : In Progress
— Update result in Phase I Final Report: In Progress

— Task 3.2: Technical Assistance:
— Meetings held with each site to review contents of Development Discussion and discuss 

feasibility of implementing changes: Complete
— Provide technical assistance during the development process: Complete

— Task 4. SCMS Manager Coordination
— Competed

— Task 5.1: Update to the IOO Guidance Document
— Assisted UDOT with comments to the 5GAA Day One Deployment Guide
— Identify areas in the document that need to be updated: in progress
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Schedule
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Task Name Duration Start Finish
NTP 1 day Tue 8/15/23 Tue 8/15/23
Task 1: Project Management 177 days Tue 8/15/23 Tue 4/30/24
Task 3. Development Site Selection 
and Support

172 days Tue 8/22/23 Tue 4/30/24

   TASK 3.1: Testing 172 days Tue 8/22/23 Tue 4/30/24
      Task 3.1.1 : CTI message 
requirements

46 days Tue 8/22/23 Tue 10/24/23

         Identify CTI 4501 messaging 
requirements to test (Complete)

45 days Tue 8/22/23 Mon 10/23/23

         Meet w/DriveOhio (Complete) 1 day Tue 10/24/23 Tue 10/24/23
         Meet w/GDOT (Complete) 1 day Tue 10/24/23 Tue 10/24/23
         Meet w/UDOT (Complete) 1 day Tue 10/24/23 Tue 10/24/23
      Site updates 85 days Wed 10/25/23 Mon 3/4/24
      Task 3.1.2. Perform Testing 
Activities

11 days Mon 3/11/24 Mon 3/25/24

         DriveOhio 1 day Mon 3/25/24 Mon 3/25/24
         GDOT (Complete) 2 days Mon 3/11/24 Tue 3/12/24
         UDOT (Complete) 2 days Wed 3/13/24 Thu 3/14/24
      Task 3.1.3. Assess Data and Update 
Test Results

10 days Mon 3/18/24 Fri 3/29/24

      Final Report Draft 10 days Wed 3/27/24 Tue 4/9/24
      Final Report Panel Review 10 days Wed 4/10/24 Tue 4/23/24
      Final Report Update 5 days Wed 4/24/24 Tue 4/30/24
   Task 3.2: Technical Assistance 90 days Wed 10/18/23 Mon 3/4/24
Task 4. SCMS Manager Coordination 177 days Tue 8/15/23 Tue 4/30/24
Task 5: Guidance Material 170 days Tue 8/15/23 Fri 4/19/24
   Task 5.1: Update to the CI Guidance 
Document:

170 days Tue 8/15/23 Fri 4/19/24

      Prepare CI Guidance update draft 155 days Tue 8/15/23 Fri 3/29/24
      CI Guidance update draft Panel 
Review

10 days Mon 4/1/24 Fri 4/12/24

      Submit CI Guidance update 5 days Mon 4/15/24 Fri 4/19/24


Sheet1

						Task Name		Duration		Start		Finish		Predecessors		% Complete		Notes

						NTP		1 day		Tue 8/15/23		Tue 8/15/23				0%		Contract PoP is 08/15/23 - 04/30/24

						Task 1: Project Management		177 days		Tue 8/15/23		Tue 4/30/24		1FS-1 day		95%

						Task 3. Development Site Selection and Support		172 days		Tue 8/22/23		Tue 4/30/24				61%

						   TASK 3.1: Testing		172 days		Tue 8/22/23		Tue 4/30/24				41%

						      Task 3.1.1 : CTI message requirements		46 days		Tue 8/22/23		Tue 10/24/23				100%

						         Identify CTI 4501 messaging requirements to test (Complete)		45 days		Tue 8/22/23		Mon 10/23/23		1FS+4 days		100%

						         Meet w/DriveOhio (Complete)		1 day		Tue 10/24/23		Tue 10/24/23		6		100%

						         Meet w/GDOT (Complete)		1 day		Tue 10/24/23		Tue 10/24/23		6		100%

						         Meet w/UDOT (Complete)		1 day		Tue 10/24/23		Tue 10/24/23		6		100%

						      Site updates		85 days		Wed 10/25/23		Mon 3/4/24		7,8,9		0%

						      Task 3.1.2. Perform Testing Activities		11 days		Mon 3/11/24		Mon 3/25/24				100%

						         DriveOhio		1 day		Mon 3/25/24		Mon 3/25/24				100%

						         GDOT (Complete)		2 days		Mon 3/11/24		Tue 3/12/24				100%

						         UDOT (Complete)		2 days		Wed 3/13/24		Thu 3/14/24				100%

						      Task 3.1.3. Assess Data and Update Test Results		10 days		Mon 3/18/24		Fri 3/29/24				90%

						      Final Report Draft		10 days		Wed 3/27/24		Tue 4/9/24		15FS-3 days		90%

						      Final Report Panel Review		10 days		Wed 4/10/24		Tue 4/23/24		16		0%

						      Final Report Update		5 days		Wed 4/24/24		Tue 4/30/24		17		0%

						   Task 3.2: Technical Assistance		90 days		Wed 10/18/23		Mon 3/4/24		5FS-5 days		100%

						Task 4. SCMS Manager Coordination		177 days		Tue 8/15/23		Tue 4/30/24		1FS-1 day		100%

						Task 5: Guidance Material		170 days		Tue 8/15/23		Fri 4/19/24				97%

						   Task 5.1: Update to the CI Guidance Document:		170 days		Tue 8/15/23		Fri 4/19/24				97%

						      Prepare CI Guidance update draft		155 days		Tue 8/15/23		Fri 3/29/24		1FS-1 day		100%

						      CI Guidance update draft Panel Review		10 days		Mon 4/1/24		Fri 4/12/24		23		100%

						      Submit CI Guidance update		5 days		Mon 4/15/24		Fri 4/19/24		24		0%
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Project History

— CI Program project initiated in March 2021

— CTI 4501 - 128 Message Requirements
— Which requirements sites are meeting today?
— Where is development needed?

— Collect and analyze CV data from three sites
— Marysville, OH 6 intersections
— West Point, GA 3 intersections
— Park City, UT 6 intersections

— Sites have different combinations of equipment / functionality
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2022 Test Results

— 36 Requirements met at all 
intersections at all sites

— 26 All intersections at all sites 
partial pass or did not pass

— 36 Could not be Tested
— 30 Mixed results between 

sites
— 20 Requirements where some 

sites met all, and others met 
none

— 10 Requirements with mixed 
results

9
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2023-24 Development and Re-testing

— Make system updates to address requirement that were 
partially or not met
— Based on results from first round of testing

— Development Discussion provided to site leads 10/6/23
— Requirement-by-requirement overview of expected 

development efforts
— Used to determine what system updates could be made over 

the project development timeframe (4 months)

Connected 
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Site Meetings

— Development Discussion (prior to development)
— GDOT: 10/31/23
— UDOT: 11/1/23
— DriveOhio: 11/16/23

— Technical Assistance (during development)
— GDOT: 12/21/23
— DriveOhio: 1/25/23, 3/26/23
— UDOT: 2/2/24

Connected 
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Testing

— Data Collection
— March 11: West Point, GA
— March 12: Atlanta, GA
— March 13: American Fork, UT; Orem, UT
— March 14: Park City, UT
— April 17: Marysville, OH

— Stationary and video data capture at all intersections
— Driving data capture at new intersections only

Connected 
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— Crosswalk lanes
— Sidewalk Lanes
— Connections between crosswalk 

lanes and sidewalk lanes
— Reference elevation
— Reference Speed Limits

Preliminary Results 
Improvements (All 3 sites meeting)
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— Road Regulator ID
— Protected-permissive turns in 

SPaT
— Signal groups for pedestrian 

phases 
— Pedestrian SPaT data
— Direction of Travel for 

sidewalk/crosswalk lanes
— Lane Sharing (all lane types)

Preliminary Results 
Improvements (2 sites now meeting)
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Protected-Permissive Turns

— <add content>

Connected 
Intersections Program:
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Preliminary Results 
Improvements (1 site now meeting)

— Flashing yellow arrow 
operation reflected in SPaT

Connected 
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Preliminary Results 
Improvements (1 site now meeting)

— Speed changes at nodes
— Elevation changes at nodes

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024

GDOT (Kia @ Kia)
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— A lot of progress made on MAP requirements
— GDOT demonstrates capability to produce MAP with all CTI 4501-

required elements 
— Moderate progress made on SPaT requirements

— 20+ requirements where one or more intersections will show 
improvement in test results
— Number of requirements “not met” by all intersections significantly 

reduced – previously 
— 9 requirements that previously could not be tested

— Addition of crosswalk/sidewalk lanes and FYA intersections

— Opportunity for sites to share knowledge

Preliminary Results Summary

Connected 
Intersections Program:
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Issues Observed

— Latency
— Noticeable delay between intersection and test tool
— Affected all intersections at one site
— Rectified after RSU reboot

— Uptime/Reliability
— No data from RSUs (comms / hardware)
— Affected 2 intersections at one site and 1 intersection at another
— Could not collect data from these intersections

— Signal timing plan change
— SPaT/MAP state did not always reflect actual conditions
— Affected 2 approaches at 1 intersection

Connected 
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Conclusions

— The updated results reflect:
— Capabilities of current tools
— Ability to make system functionality updates without significant 

additional investment (4-month period) to meet requirements

— Greatest challenges are ahead!
— More substantial development needed to meet other 

CTI 4501 requirements.
— RTCM message types, broadcast rate
— Time change details
— Assured Green Period
— Subsequent Movement States (and associated data)
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Next Steps

— Updated Results available May 10
— Format will highlight where improvements have been made

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024

DriveOhio
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— To be released in Fall 2024
— Use of TSCBM discouraged
— New/updated requirements 

(144)
— Protected vs. permissive

— ROW vs. yield
— TimeMark accuracy
— RoadAuthority identifier
— Extended flashing yellow operation
— Prohibited movements 
— Movements Allowed After a Stop

— Added specificity
— Will impact results of this testing

CTI 4501 v02

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Task 5 Guidance Document
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Objectives for Today

— Connected Intersections (CI) Guidance – brief overview of 
December 2022 publication

— High-level Summary of Revisions in Current Draft

— Walkthrough of Revisions to Specific Sections

Connected 
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Connected Intersections Guidance Document

— Initially published in December 2022
— Posted on the Connected Vehicle 

Pooled Fund Study website

Connected 
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Connected Intersections Guidance Document

Document Structure

— Revision Summary
— Executive Summary
— Chapter 1: Introduction 
— Chapter 2: CI Guidance
— Chapter 3: Conclusions and Next Steps
— Appendix A: References
— Appendix B: Documentation from Guidance Steps

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Connected Intersections Guidance Document

Document Structure

— Revision Summary
— Executive Summary
— Chapter 1: Introduction 
— Chapter 2: CI Guidance
— Chapter 3: Conclusions and Next Steps
— Appendix A: References
— Appendix B: Documentation from Guidance Steps

New section describing the 
significant changes made in 

Revision #1 (which will be 
described on the following 
slides). This section mirrors 
what is in each CV PFS MAP 

Guidance Revision

Connected 
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Connected Intersections Guidance Document

Revision Summary
— Most updates are about new CTI 4501 v02 CI Implementation Guide 

and affected the entire document:
— “Anticipated publication in 2024; applicable version until that time is CTI 

4501 v01.01.” with link to v01.01
— Updated references to v02; updated text to reflect revisions in v02

— Revisions to describe NTCIP 1202 v03B 
— New version, changes identified in subsequent slides

— Other new and updated references and links to resources
— 5GAA US V2I Communications Day One Deployment Guide (new 

resource)
— CV PFS MAP Guidance (new version)
— CTI 4001 RSU Standard (new version) 
— SAE J2735 (new version)

Connected 
Intersections Program:
Program Management 
and Technical Support
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Connected Intersections Guidance Document

Chapter 1: Introduction 
— Includes a definition and overview of 

CIs
— Describes the key components of CIs
— Describes the stages of CI 

deployment and operations
— Key standards and guidance

Revised to reflect CTI 
4501 v02 RTCM 

transmission rate 
updates
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Connected Intersections Guidance Document

Chapter 1: Introduction 
— Includes a definition and overview of 

CIs
— Describes the key components of CIs
— Describes the stages of CI 

deployment and operations
— Key standards and guidance

Revised here and 
throughout to be 

consistent with language 
used by OEMs and Utah 
DOT SMART Grant effort:
- Testing (bench testing 

and field testing, 
conducted by IOO), 
previously Testing and 
Validation

- Formal Validation (for 
SCMS certification), 
previously Verification

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Connected Intersections Guidance Document

Chapter 1: Introduction 
— Includes a definition and overview of 

CIs
— Describes the key components of CIs
— Describes the stages of CI 

deployment and operations
— Key standards and guidance

Revised to reflect new 
and updated resources 

and standards

Connected 
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Program Management 
and Technical Support

April 2024



Connected Intersections Guidance Document

Chapter 2: CI Guidance
— Contains the guidance in 8 steps that follow general 

activities that are common when deploying CIs

Updates in titles to reflect changes to “Testing” and 
“Formal Validation”

Connected 
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CI Guidance Steps

— Step 1: Assemble Data and Information
— Step 2: Determine Capabilities and Options to Meet CI Requirements
— Step 3: Determine Procurement Specifications
— Step 4: Procure System Components
— Step 5: Assemble and Test System Off-line (Bench Testing)
— Step 6: Deployment and Field Testing Validation
— Step 7: SCMS Provider Validation Vehicle Verification
— Step 8: Operations and Monitoring

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024
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• 54 Guidance
• Arranged in 8 Steps

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Step 1: Assemble Data and Information

— Focuses on preparation to enable CI deployers to better 
understand existing conditions at the intersection and 
remaining needs by documenting information. 
— e.g, includes understanding movement control types, signal 

control, equipment, network readiness, and agency Advanced 
Traffic Management System (ATMS) capabilities.

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Step 1: Assemble Data and Information

— UpdatesUpdates in Guidance #1.2 to describe NTCIP 1202v03B, 
which addresses CTI 4501 updates although products 

supporting it are not yet available

Connected 
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Program Management 
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Step 2: Determine Capabilities and Options to 
Meet CI Requirements

— Builds on Step 1 by understanding the components 
needed at a CI, and what options (e.g., upgrading existing 
equipment or procuring new equipment) make the most 
sense given existing agency systems and capabilities. 
— e.g., considers the readiness and capabilities of signal controllers, 

RSUs, and external control local application (ECLA), and increases 
understanding of security and staffing needs.

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Step 2: Determine Capabilities and Options to 
Meet CI Requirements

— Builds on Step 1 by understanding the components 
needed at a CI, and what options (e.g., upgrading existing 
equipment or procuring new equipment) make the most 
sense given existing agency systems and capabilities. 

— For example, this step considers the readiness and 
capabilities of signal controllers, RSUs, and external control 
local application (ECLA), and increases understanding of 
security and staffing needs.

Minor updates
Guidance #2.3: RSU Capabilities - “Note that NTCIP 1202v3B 
was released in 2023 to meet the requirements of CTI 4501; 
however, products may not yet be available that support 
NTCIP 1202v03B.”

Guidance #2.6: Understanding SCMS - Added reference to 
5GAA Day One Deployment Guide 

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Step 3: Determine Procurement Specifications

— Leverages documentation completed in Steps 1 and 2 to 
develop procurement specifications that will support 
procurement in Step 4 of the CI deployment process. 
— Expected to be adapted based on local constraints, conditions, and 

the specific goals for the CI deployment. 
— Covers specifications for CI components including RSUs, ECLA, and 

test equipment, as well as field installation activities.

Only minor updates to references

Connected 
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Program Management 
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Step 4: Procure System Components

— Leverages procurement specifications developed in Step 3 
and includes additional considerations while procuring CI 
system components for a deployment, such as scalability, 
type of procurement, and staffing needs.

Only minor updates to references

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Step 5: Assemble and Test System Off-line 
(Bench Testing)

— Help practitioners understand the role of bench testing 
and support development of a local approach for testing 
all CI requirements using a combination of bench testing 
and field validation that is flexible for the local conditions, 
constraints, and available resources. 

— Bench testing includes reviewing testing resources, 
developing a local approach for bench testing, assembling 
and configuring the bench test environment, and 
collecting and analyzing bench test data.

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Step 5: Assemble and Test System Off-line 
(Bench Testing)

— Help practitioners understand the role of bench testing 
and support development of a local approach for testing 
all CI requirements using a combination of bench testing 
and field validation that is flexible for the local conditions, 
constraints, and available resources. 

— Bench testing includes reviewing testing resources, 
developing a local approach for bench testing, assembling 
and configuring the bench test environment, and 
collecting and analyzing bench test data.

Updated description of SCMS provider validation based on Utah DOT 
SMART Grant efforts with CAMP and SCMS Manager

Updates to bench testing references based on availability:
• Added notes to relevant Guidance about anticipated resources: 

Note that updated CI testing and validation tools are being 
developed by CAMP as part of the CTI 4501 v02 and Utah DOT 
“Enabling Trust and Deployment Through Verified Connected 
Intersections” SMART Grant efforts. These tools are anticipated to be 
available in early 2025.

• Removed CAMP SPaT/MAP Utility resource (not available)
• Updated CAMP resource “CI Performance Assessment Supporting 

Basic RLVW”

Connected 
Intersections Program:
Program Management 
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April 2024



Step 6: Deployment and Field Testing 
Validation

— Describes field testing on operational intersections, which 
will allow the deploying agency to confirm the actual 
operation and performance of the specific intersection 
and to verify that the system is correctly configured for the 
specific intersection.
— Includes information about CI equipment installation, a staffing, 

equipment, and data collection approach to field validation, and 
collection and analysis of data.

Connected 
Intersections Program:
Program Management 
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April 2024



Step 6: Deployment and Field Testing 
Validation

— Describes field testing on operational intersections, which 
will allow the deploying agency to confirm the actual 
operation and performance of the specific intersection 
and to verify that the system is correctly configured for the 
specific intersection.

— Includes information about CI equipment installation, a 
staffing, equipment, and data collection approach to field 
validation, and collection and analysis of data.

Based on understanding from Utah DOT SMART Grant efforts 
with CAMP and SCMS Manager.
• Updated descriptions of SCMS provider validation
• Modified descriptions of Supplemental Tests for SPaT

(Guidance #6.7) and MAP Testing (Guidance #6.8) 
• e.g., vehicle driving approach for MAP testing removed

Same updates to field testing references as those made for 
bench testing, including notes about testing and validation 
tools from CTI and Utah efforts.
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Step 7: SCMS Provider Validation Vehicle 
Verification

— Describes how SCMS provider validation may be 
conducted to confirm CI operations to receive security 
credentials and confirm trust for original equipment 
manufacturer (OEM) production vehicles.

Significant updates to describe SCMS provider 
validation based on current understanding from Utah 
DOT SMART Grant efforts with CAMP and SCMS 
Manager, as well as anticipated test tools and 
processes for conducting validation.

Connected 
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Step 7: SCMS Provider Validation Vehicle 
Verification

— Describes how SCMS provider validation may be 
conducted to confirm CI operations to receive security 
credentials and confirm trust for original equipment 
manufacturer (OEM) production vehicles.

Updated text based on current understanding of 
SCMS provider validation in Guidance #7.1: Plan for 
SCMS Provider Validation

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Step 7: SCMS Provider Validation Vehicle 
Verification

Also described anticipated roles during SCMS 
Provider Validation, and clarify distinction between 
SCMS Providers and SCMS Manager
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Step 7: SCMS Provider Validation Vehicle 
Verification

Updated Guidance #7.2: Conduct SCMS Provider 
Vehicle Verification Drive Through Validation Testing

Removed references to drive through testing.

Noted that this may involve “validation as a service” 
and MAP testing may be conducted using contracted 
LIDAR services

Connected 
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Step 8: Operations and Monitoring

— Describes normal CI operations and monitoring that is 
necessary to ensure ongoing accuracy and functionality of 
CI equipment and broadcast.

Reference to Utah DOT SMART Grant efforts with 
CAMP and SCMS Manager and anticipated processes 
for operations and monitoring.

Significant updates to Guidance #8.1: Implement a 
Message Monitor System to describe CIMMS Phase 1 
effort and outcomes.

Connected 
Intersections Program:
Program Management 
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Step 8: Operations and Monitoring

Significant 
updates on 
CIMMS Phase 1 
effort, 
outcomes, and 
anticipated 
role moving 
forward.
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Step 8: Operations and Monitoring
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Step 8: Operations and Monitoring

Reference 
UDOT effort 
with CAMP 
and SCMS 
Manager and 
anticipated 
processes for 
monitoring.
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Connected Intersections Guidance Document

Chapter 3: Conclusions and Next Steps 
— Includes links to other important resources to have on hand while 

using the CI Guidance
— Includes note to check for updated versions of guidance and 

standards
— Includes mechanism to provide feedback on CI Guidance

Updates to links, resources, and standards, as 
previously noted.
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Next Steps for Guidance Document

— Include updated links to new CV PFS website (MAP Guidance, CI 
Test Plan, etc.)

— Make final updates based on comments received from CV PFS 
Members

— Looking ahead to Revision #2 of CI Guidance, future edits will 
incorporate:
— Other updates and links for final CTI 4501 v02 and ITE/SAE CI Phase 2 products
— Description of approach and products from Utah DOT SMART Grant effort 

related to testing, SCMS Provider Validation, and Operations and Monitoring

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Next Steps
57
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Next Steps

— Finalize and submit Test Report
— Finalize and submit Guidance Document updates

— Finalize Project Phase III scope and budget
— Kickoff Project Phase III

— Next CV-PFS Meeting is scheduled for 05/31/24 @ 1pm 
ET

— Next Panel Meeting is scheduled for 06/18/24 at 3pm ET

Connected 
Intersections Program:
Program Management 
and Technical Support

April 2024



Phase III Scope Discussion
59
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Thank You!

Questions? 

Please contact :

Frank Perry

Frank.Perry@WSP.com

734.552.9638

60
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