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SPaT Message:
• From the Signal Controller
• Current Signal Status for each approach
• Expected time of next signal phase change
• Whether pedestrian cross walks are activated
• Others
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MAP Message:
• Details of all lanes
• Nodes (lat/long) of all approaches
• Crosswalks
• Connections from Ingress to Egress
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• Vehicle Lat/long matches node points in Lane 1
• Vehicle identifies as traveling in Lane 1
• Pays attention to SPaT status for Lane 1



Example: Red Light Violation Warning
• May decide to warn drivers if they will not enter or clear 

the intersection before the red light
• Needs the distance to the entrance into the intersection 

for calculations to determine warnings

Vehicle distance to intersection



SAE J2735 Standard
• Describes that the first node point of an ingress lane is 

the point closest to the center of the intersection
• But gives no additional clarification on where to place the 

node
• Feedback from OEMs is that they want consistency in 

placement of the first node point

Vehicle distance to intersection



First Node Point – Ingress Lanes
Overview:

As on-board applications receive and interpret node points describing an ingress lane, it is important to have clear 
understanding of which node point is at the stop line and that the position be determined consistently.  

Guidance:

• When creating a list of node points for ingress lanes, the first node point should be the node point located at the stop line. 
• The first node point should be located at the upstream edge of the stop line (i.e. point where the vehicle would cross into 

the stop line).
• In the absence of a stop line, the first node point should be placed on the upstream edge of a crosswalk.
• In the absence of a stop line and crosswalk, the first node point should be placed, using engineering judgement, at the 

nearest point at the upstream edge of the intersection. 

Basis:

• SAE J2735 indicates that the first node is the closest to the reference point, when describing a path (typically the stop line).

• Because on-board applications (for example, the RLVW application) may use the first node point to determine the vehicle 
distance to the stop line, it is important that this position be the upstream/start of the stop line (not middle or downstream 
edge of the painted line).



Channelization and Traffic Islands
Channelization, Traffic Islands, Continuous Right Turn Lanes

Overview:

Intersections with right turn lanes that involve channelization and traffic islands typically do not have a stop line, nor is there a clear distinction between the 
ingress and egress (as the right turn lane ever officially enters the intersection) 

Guidance:

• If a stop line is present, locate the last ingress node point at the upstream start of the stop line.

• If a crosswalk is present after a stop line, locate the first node point of the egress lane immediately downstream of the crosswalk.

• If no stop line is present and a crosswalk is present, locate the last node of the ingress at the start of the crosswalk and the first node of the egress at that 
downstream side of the crosswalk.

• If no crosswalk or stop line is present, locate the last node of the egress lane at the merge point with the downstream lane.

Basis:

On-board applications may rely on the last node of the ingress lane to identify stopping locations before entering intersections.  In this approach, either stop lines 
or crosswalks provides an interruption between ingress and egress.Egress nodes

Ingress nodes

Source: Smart City Intersection Digitization Update; August 
2019. Greg Antonini, Franklin County, Ohio



Channelization and Traffic Islands



Contents of the MAP Guidance







Reminder about MAP Guidance Revision #3
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• Completed March 2024 and posted on the CV PFS webpage
• https://engineering.virginia.edu/sites/default/files/Connected-Vehicle-

PFS/Resources/MAP%20Guidance%20Document%20-
%20Revision%203%20FINAL.pdf 

• Revision updates
• Node placement for through lane splits into through lane and turn lane
• Ongoing monitoring and validation, including the Connected Intersections 

Message Monitoring System (CIMMS)

https://engineering.virginia.edu/sites/default/files/Connected-Vehicle-PFS/Resources/MAP%20Guidance%20Document%20-%20Revision%203%20FINAL.pdf
https://engineering.virginia.edu/sites/default/files/Connected-Vehicle-PFS/Resources/MAP%20Guidance%20Document%20-%20Revision%203%20FINAL.pdf
https://engineering.virginia.edu/sites/default/files/Connected-Vehicle-PFS/Resources/MAP%20Guidance%20Document%20-%20Revision%203%20FINAL.pdf


Today’s Discussion

• Project extended through July 31, 2025

• Update on MAP message topics and Issues for Guidance 
Revisions

• Update on Support in Preparing for Transition from 
SAE 2735 MAP to SAE 2945/A Road Geometry and Attributes 
(RGA)  Standard
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MAP Guidance Topics

• MAP Validation

• Request for input on any Additional Changes
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MAP Validation

• CTI 4501 identifies a requirement that MAP message node points be 
accurate to within .2 Meters

• It is not possible to guarantee this with the current version of the 
USDOT MAP Creation Tool

• To establish trust with OEMs, a validation process was needed
• This was a focus of the UDOT SMART Grant that we updated on in December
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Overview of MAP Validation Approach
Current plan that is being tested involves:

MAP Message 
Created by DOT

LiDAR Road Scan 
Data Generated

Lane Line Edges
Stop Line Edges

MAP Validation 
Tool
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Overview of MAP Validation Approach
Current plan that is being tested involves:

MAP Message 
Created by DOT

LiDAR Road Scan 
Data Generated

Lane Line Edges
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MAP Validation 
Tool

• Accepts the LiDAR Data as Ground Truth
• Computes Lane Centerlines and creates a 

“bounding box” around them of 20 cm 
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for it to “snap” to

• This updated data is used by 
UDOT to adjust the MAP 
message

MAP Message 
Adjusted with 

Corrections
And Retested to get 
a “Validated” output



Specification (developed by CAMP and incorporated into CTI 
efforts that Blaine updated on)

•  Defines the data needed. 

• Does not preclude other trusted sources of lane marking 
positions (e.g., surveying, GIS, etc.)

LiDAR Road Scan 
Data Generated



Data Element Format 
Intersection ID Integer (Road Authority ID will replace) 
Intersection Name String 
Lane Type  Ingress, Egress, Xwalk 
MAP Lane Id Integer 
Sequence Number Integer 
Lane Line Position Points WGS 84 Datum 
- latitude – Left edge, Right edge degrees (7 decimal)  
- longitude – Left edge, Right edge degrees (7 decimal) 
- elevation – Left edge, Right edge meters (1 decimal) 

Lane marker type Lane, Crosswalk 
Distance to Stop bar (Point 0) Meters (2 decimal) 

 

LiDAR Road Scan 
Data Generated



Other parameters in the specification:

• Data pairs representing the edges of each approach lane

• Initial data pair at upstream edge of the stop bar and, if 
present, crosswalk

• Data pairs extend upstream at least the distance of the 
advance notification range

• Maximum spacing between data pairs no greater than 2 meters

LiDAR Road Scan 
Data Generated



Specification has been tested at intersections in 
Michigan and Utah

• LiDAR scans in each location

• Discussions about automating the MAP creation (at 
least the nodes) vs. validating adjusting

LiDAR Road Scan 
Data Generated



Data in CSV from LiDAR Scan Points

LaneType = ingress/egress
LaneID = Lane id from MAP data
lat_x, lon_x = Latitude and longitude of lane boundary
elev_x = Elevation of scan point
Distance = Scan point distance from stop point
LaneMarker = Scanned object 



Example Report of MAP Assessment – Metro Pkwy & Moravian



Screenshot of MAP Assessment Tool User Interface



This is not as simple as inserting updated lat/lon values:
• Each node point is an offset from the previous node 

point
• MAP creators will want to maintain the USDOT MAP 

Creation Tool files to allow future editing through the 
USDOT Tool

MAP Message 
Adjusted with 

Corrections
And Retested to get 
a “Validated” output



In Utah:
• A process is being developed (likely involving a new tool to minimize manual 

entry) to take the MAP node point corrections and create a new file to be 
inserted into the USDOT MAP Creation Tool to enable the corrected MAP files 
to be generated. 

• This will allow the corrected nodes to be in the USDOT Tool file in the event 
there are additional changes to the MAP message in the future. 

• This process & tool will be used in Utah for intersection validation for SMART 
and V2X Accelerator projects

• Proposal is to include this approach in the MAP Guidance document as an 
optional approach to updating and correcting MAP messages

MAP Message 
Adjusted with 

Corrections
And Retested to get 
a “Validated” output



Request for input on any Additional Changes

Soliciting Inputs for Revision #4
• Arizona V2X Accelerator Grant
• Utah V2X Accelerator Grant
• Tennessee indicated MAP creation on a recent webinar
• We invite input from others that are actively creating MAP messages to 

send any challenges or unique situations
• Georgia?
• Ohio?
• Other states?
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Next Steps for MAP Guidance

Revision #4 anticipated July 2025
• Additional details about testing, modifying, validating MAP messages
• Approach change for turn or through lanes with wide tapers
• Other lessons learned from other CV PFS member deployments:

• Any suggestions or input?
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Upcoming Panel Webinars
Occurs the third Friday from 10-11a PT (1-2p ET), as needed
- May 16, 2025
- June 20, 2025
- July 18, 2025
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