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Workshop Agenda

ÁAbout AEGIST 

» Objectives: Federal, State, Local Agencies, Private Sector 

» Transportation Data and Business Use Cases:Complete Streets (Safety), Design/CAD-GIS Integration, Freight, 

Asset Management, Travel Demand Modeling; ARNOLD, HPMS 9 and MIRE Reporting Requirements

» Enterprise Data Life Cycle Management, Data Governance, Data Modeling, Data Engineering

ÁAbout Workshop

» Workshop Objectives

» Workshop Schedule: Presentations and Breakout Sessions (Open Discussion and Inputs)

ÁWorkshop Presentations (1.5 Hours) and Breakout Sessions (1.5 Hours)

» Topic 1: Routes, Centerlines, NG911 Roads, Road Names 

» Topic 2: Design-Construction to GIS Data Pipeline via Common Data Environment (BIMand GIS Integration)

» Topic 3: Modeling Standards, National & International Initiatives: Standard Organizations, S/w Vendors, Projects

ÁWrap-Up: Resources & Next Steps



About AEGIST
Ç Objectives: Federal, State , Local Agencies
Ç Business Use Cases
Ç Systems, Applications and Tools 
Ç Data Standards: Management & Governance 
Ç Private Sector, Standard Development Organizations



About AEGIST
SPATIAL DATA MODELING

ß Linear Referencing System: Routes, Single/Dual Geometry, Concurrencies, Temporality

ß Other Enterprise Systems: Asset Management, Traffic, Safety, Design, Construction, etc

ß Linear/Spatial Referencing Data Models and Data Structures: Routes, Road Segments, 

Junctions, Intersections, Turn Segments,  and Topological Connectors

ß GIS Features and LRS Events Data Modeling across various Enterprise Systems: GIS-

LRS, Asset Management, Design, Construction, Unmanned Aerial Systems (UAS), 

Project Management and Programming 

ß Publication Data for Users at DOTs, Local Agencies, FHWA, Private Sector Agencies

ß Data Quality, Topology, Data Availability, Readiness (FAIR), Authoritative Sources

SPATIAL DATA INTEGRATION, ENGINEERING & DELIVERY

ß Data Hubs and Data Engineering Platforms for Preparing Data 

ß Data Conflation, Integrating and Engineering Business Data using LRS.GIS

ß Governance of (Spatial) Data Engineering Platform: Systems, Applications, Tools

SPATIAL DATA ANALYTICS

ß Analytics Platforms: Open Data Portals, Data Warehouses, Enterprise Databases 

ß Spatial Statistics, Econometrics, AI/ML, Big Data Analytics

ß Governance of (Spatial) Data Analytics Platform: Systems, Applications, Toolswww.gisintransportation.com

Pooled Fund Study (PFS): 
FHWA and States 

Enterprise Data Management and Governance 
Standards, Processes, Tools and Technology

http://www.gisintransportation.com/


About AEGIST 
AEGIST, HPMS 9 and National Road Network



Building Information Modeling (BIM): Enterprise Systems, Applications, Tools and Processes Deployment Activities
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Data Management and Governance



About Workshop
Ç Objective

Ç Schedule
× Presentations
× Open Discussion and Survey
× Breakout Sessions and Roundtable Discussions

Ç Engagement Platform



Workshop Objective: Road Network Data Model Development for Enterprise Use
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Workshop Objective: Road Network Data Model Development for Enterprise Use
Data Models
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Project
NG911 RCL & Nodes USRS Road Profiles

OGC Geographic Data Format, CityGML

MIRE

Open Street Maps Ways & Nodes

NBI, HPMS, ARNOLD NPMRDSFMIS

Generalized Modeling Network Specification (GMNS)
Industry 
Foundation 
Classes (IFC)

Private Sector Data Vendors ςAsset Data (including Roads), Traffic Data, Safety Data, Traveler Data, Lidar Data, Imagery Data 

National and International Data Standard Development Organizations ςISO, OGC, W3C, AASHTO, FHWA, buildingSMART, etc



Workshop Objective
Road Network Data Model Management and Governance

USE CASES

Á Freight Origin-Destination Routing Analysis

Á Travel Demand Modeling

Á Complete Streets: Safety Data Modeling and Analysis

Á Traffic Analysis Systems 

Á Asset Performance Management & Life Cycle Analysis

Á ARNOLD-HPMS-MIRE Reporting, National Bridge 
Inventory Reports

Á Equity in Project Planning & Programming

Á Design/CAD to GIS-Asset Management As-Builts asset 
data handoff

Data Assets in Road Network Data Model:

Á Centerlines/Datum/ Anchor Sections (NCHRP-20-27)

Á Routes: Vehicle, Bike Routes, Pedestrian Crosswalks and 
Sidewalks

Á Intersections, Junctions (Nodes) or Network Links/Nodes 
(NCHRP 20-27), Intersection Legs

Á Road Segments: NG911, Travel Demand Modeling (Links), 
Pavement, Traffic, Maintenance, Project Segments, HPMS 
Road Identification Segments

Á Assets: Linear Bridges, Culverts, Guardrails, Medians, Signs 
(including Mile Markers), etc.

Data Standards: National & International Initiatives ς
Standard Development Organizations        Private & Public Sector Agencies



Workshop Schedule
Presentations, Open Discussion, Survey and Breakout Sessions

Á About AEGIST, Workshop and Workshop Background (Business Use Cases) 20 Minutes

Á Topic 1: Engineering Road Network Data Model using LRS, Open Street Maps, NG911, LiDAR, Imagery60 Minutes

» Presentation 1: Building Topologically Connected Road Network Model with Intersections, Links, Nodes [30 Minutes]

» Breakout Session #1: Open Discussion and Survey [30 Minutes]

Á Topic 2: Acquiring and Integrating Road Network Data from Project, Design, Construction Systems 75 Minutes

» Presentation 2: Existing Practices: Pennsylvania Turnpike Commission [20 Minutes]

» Presentation 3: Emerging Practice: Digital Twin, CDE & IFC Based Data Migration: Tennessee & Pennsylvania[25 Minutes]

» Breakout Session #2: Open Discussion and Survey [30 Minutes]

Á Topic 3: Governing Road Network Data across Sources using Standards 50 Minutes

» Presentation 4: National and International Agencies Collaboration and Initiatives for Standardizing Roads Modeling[20 Minutes]

» Breakout Session #3: Open Discussion and Survey [30 Minutes]

Á Wrap-Up: Resources and Next Steps 15 Minutes

BREAK: 10 Minutes

BREAK: 10 Minutes



Topic 1: Integrate Multiple Data Sources
Ç Building Road Network Data Model

Ç Integrating Data from following Data Sources
× LRS Data: Routes, Roadway Characteristics
× Imagery
× NG911 Road Centerlines, Local Agencies
×CŜŘŜǊŀƭ [ŀƴŘǎ ό.[aΣ .hwΣ Χύ
× Open Street Maps
× LiDAR Data: MIRE FDEs 



Topic 1 Objective: Road Network Data Model Development for Enterprise Use
Engineering Junction, Intersection and Roads Segments from LRS Routes, NG911 Roads, Lidar/Imagery, 
Open & Proprietary Roads Datasets
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Private Sector Data Vendors ςAsset Data (including Roads), Traffic Data, Safety Data, Traveler Data, Lidar Data, Imagery Data 

National and International Data Standard Development Organizations ςISO, OGC, W3C, AASHTO, FHWA, buildingSMART, etc



Road Network Data Model
LRS/ARNOLD Routes for Creating Junctions and Intersections

Automatically Calculated Junction and Intersection 
Locations Using ARNOLD Routes



Road Network Data Model
LRS/ARNOLD Routes for Creating Junctions and ά!ǎǎƻŎƛŀǘƛƴƎέ ǘƘŜƳ ǿƛǘƘ LƴǘŜǊǎŜŎǘƛƻƴǎ



Junctions and Intersection Features
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Kansas NG-911 Centerline Shape/Taper

ÍWhen the centerlines from a Dual Carriageway end to join a single centerline segment, 
a taper angle shall be used to connect the centerlines.

Source1: Kansas NG-911 GIS Data Model

LRS Centerline (2D) Modeling Accuracy (LOA)

https://kansas911.org/wp-content/uploads/2017/07/Kansas_NG911_GIS_Data_Model_v2_0_Final.pdf


OGC Topology: Geographic Data Format (GDF)

Intersection and Junctions
Road

Road Elements

Junctions

Intersections

Linear and Spatial Referencing

Ç LRS Route, Centerline (Datum), Route-Centerline (M:N)

Ç LRS Events

» Junctions (Nodes): At Intersections, TAZ Centroid*, Bridge, Access Points, 

Median Cuts, Intersection Median Ends, Intersection Leg Begin/End, 

State/County/Town/Parish Boundaries (Snap Points)

» Intersection Point at Centroid, at a perpendicular offset from LRS Route 

(e.g.: Median Cut Intersection, MIRE-126)

» Road Segment: Junction to Junction

Ç Topological Segments

» Intersection Connectors

» Turn Segments/Lanes (HPMS 12, 13)

» Median Crossovers (MIRE-62)

Connectivity: 

Ç Road Segments and Intersection Parent-Child Data Relationship

Ç Junctions (Nodes) with Road Segments, Connectors, Turn Segments/Lanes, 

Median Crossovers, Reverse Route Segments, Inventory Routes, Continuity 

Intersection Points



Road Segment Use Case: Freight Origin-Destination Routing

Freight Route Segment ID Begin Junction ID End Junction ID Road Name Speed Limit

100 73325903 69431853 69431880 .. 65

100 358758343 69148880 69431863 .. 70

100 73325904 69431863 69431865 .. 65

100 73325905 69431865 69148897 .. 60

100 73325905 69148897 69431891 .. 70







Use Case: Travel Demand Modeling 
Links, Nodes & Roadway Characteristics

Link Attributes

ID

From Node ID

ToNode ID

Direction

Length

Functional Class

Facility Type/LinkType

Area Type

Auto/Truck tolls

Number of Lanes

Parking Restriction

Truck/HOVUsage

Median

Access Control

Signal Density

TurnLane

Ramp Type

Bridge,¢ǳƴƴŜƭΣΧ

Important general classification, 
used to calculate link speed and 
capacity

Software default fields

Components of generalized cost 
used for model path-building

Time of day characteristics used 
to build period networks

Model specific attributes used to 
compute the appropriate 
physical link types together with 
attribute listed above
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Referencing 

System

Travel Demand 
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System

[1] Road Segments (Links)

[2] Junctions (Nodes)

[3] Intersection

Link Attributes

Road Segment ID

Begin Junction ID

EndJunction ID

Direction

Length

HPMS-01 - Functional Class

HPMS-03 - Facility Type/LinkType

HPMS-02 ςUrban Code

Auto/Truck tolls

HPMS-07 ςThrough Lanes

Parking Restriction

HPMS 08-11 ςHOV/HOT/Toll

Median

Access Control

Signal Density

HPMS 12/13 ςTurnLane

Ramp Type

Bridge,¢ǳƴƴŜƭΣΧ

MIRE Road Segments Attributes for Safety



[Option 1] 
Create Road 
Segments 
from LRS 
Routes

Ç Road Segments (Links) are Events 
on the LRS, created automatically 
from Junctions and LRS routes
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Ç Road Segments (Links) are Events 
on the LRS, created automatically 
form Junctions

Routes Road 
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Intersection
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(Leg)

Ç NG911 RCL created as separate 
feature and associated with 
LRS/ARNOLD Routes since 
Geometry cannot be conflated

NG911 Road 
Centerline 

Feature

[Option 2] 
Create Road 
Segments 
from LRS 
Routes.
Add NG911 
RCL

Street 
Name 
Alias



Ç Road Segments (Links) are Events 
on the LRS, created automatically 
from NG911 Road   
Centerlines (RCL). 

Create Junctions from NG911  
From/ToNodes

Routes Road 
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Junction
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Route 
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Approach 

(Leg)

NG911 Road 
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Feature

[Option 3] 
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RCL: Road 
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Name 
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NG911 RCL and 
Street Name Alias

Source: https://cdn.ymaws.com/www.nena.org/resource/resmgr/standards/nena-
sta-006.1.1-2020_ng9-1-.pdf



Roads 
Modeling

HPMS 9 Road 
Identification 
Tablesimilarto
NG911Road
Centerline and 
Street Name 
Alias 

Information 
about Road 
Name and Route 
Concurrencies



Complete Street 
Features
Á Sidewalks 

Á Bike lanes (or wide paved shoulders)

Á Special bus lanes

Á Comfortable and accessible Public 
transportation stops 

Á Frequent and safe crossing opportunities

Á Median islands

Á Accessible pedestrian signals 

Á Curb extensions

Á Narrower Travel Lanes 

Á Roundabouts 

and more.



Complete Streets & Transportation Safety

Source:  Technology Review and Roadmap. Research Report from National Center for Sustainable Transportation (2021)



Pennsylvania
Arizona
Washington DC

Pennsylvania
Florida
West Virginia
Washington DC
Connecticut

Pennsylvania 
Florida
West Virginia
Vermont

States with Routes for Bike, Ped/Trail, Rail 
Networks

Number of Responses: 9



Generalized Modeling Network Specification (GMNS) 
Modeling Multimodal, MIRE-Compliant Signalized Intersection from ARNOLD and 
NG911 Roads

Red:  Vehicle links and movements
Blue:  Cycle track links and movements
Green:  Pedestrian links and crosswalks

Selected Movements from Ames St.



AEGIST Data Model with 
GMNS Multiresolution 
Representation

- Link level
- Lane level



Use Case Project Planning Project Delivery Operations & Maintenance

Project Information Modeling in FMIS & DOT PPMS LOD 0, LOD 1 LOD 0, LOD 1

Complete Streets for Highway Safety Analysis LOD-0, 1, 2-4 LOD 0, LOD 1, LOD 2-4

Asset Inventory & Performance, ARNOLD Reporting LOD 0

Travel Demand Modeling, Freight OD-Routes Analysis LOD 0

Traffic Design Model Simulation LOD 2-4

Roadway Geometry (Alignment, Pavement Cross-section, Profile) LOD 1, LOD 2-4

Point Cloud Classification and Asset Data Extraction from Lidar LOD 2-4

Level-of-Detail 
(LOD) (Geometry)
Source: CityGML



CityGML Road Network Model Elements



Detecting Pedestrian and Vehicle 
Conflicts, Crashes in an Intersection





Nodes: A Node does not have to be at an Intersection, e.g.: CT Tie Points

Turns

Michigan Travel Demand Modeling Network (Emme)[9] Modeling 
Turns



Complex Urban Intersection Modeling, Complete Streets  
Source: CityGML



Publish Routes with Z-Values

Business Use Cases

1) Calibrating Measure values for Routes

2) Distinguishing at-grade intersections vs. 

Under/Overpasses for Routing, Analysis

a) Freight Routing based on vertical clearance, 

bridges

b) Oversized/Overweight Vehicle Routing

3) Geometric Safety Analysis (Curve, Grade)

a) Vertical Curves for Safety

b) Spatial Econometric Models for Safety 

Performance Functions 

4) Asset Management: Risk & Resiliency Analysis

a) Flood Impact Analysis

b) Rockfall Analysis

c) Snow Removal (Identifying Steep Hills)

d) Estimating Resurfacing Volumes

e) Slope & Superelevation Calculations

f) Vertical Bridge Clearance

5) Other?

Routes Model



Develop and publish 3D 
Roads Data Model



Develop and publish 3D 
Roads Data Model



LRS Centerline Management & Governance

Á Administration Level 1: Multiple Centerline Geometries

» DOTs manage all DOT Roads. Local roads managed by DOTs and/or Local agencies, who provide data to DOTs for updating All Roadsdataset

» Multiple Road Centerline geometry sources used to add data to DOT LRS. These sources include:DOT CAD/BIM, NG911, HERE, INRIX XD 

Segments, Traffic Message Channel (TMC) Sections, Open Street Maps (OSM) Ways

» Different geometries allowed to co-exist (for the same road). Each geometry is managed by individual agencies. They are used by agencies 

for supporting mutually exclusive business processes. 

Á Administration Level 2: Integrated Centerline Geometries Based on Ownership

» DOT manages DOT Roads only. Established rules for integrating data from local agencies and/or NG911 into DOT LRS.  

» DOT integrates roads data from local agencies using edge matching and administrative boundary points

» Roadway alignment data integrated automatically from DOT Design System to create new centerlines and/or process realignments 

Á Administration Level 3: Conflated Centerline Geometries

» Road Centerlines from Public and Private sector agencies are conflated using a set of centerline conflation rules. Goal is tocreate one road 

centerline for referencing transportation data & modeling 1.5D/2D/3D Geometry Roads

» Changes are detected automatically and change proposals created to reconcile differences in centerline across agencies

» Road data conflated from external community and/or proprietary roads data sources (e.g.: OSM, HERE, INRIX, Geotab) to supportbusiness



LRS Centerline Data 
Integration from 
Authoritative Sources

Á Administration Level 1: Multiple Road Centerlines co-exist. At best, locals provide PDF/Paper maps to DOT, who digitizes manually 

Á Administration Level 2: Integration of roads data from DOT CAD. NG911/Local roads appended. Automated processes for Data Integration

Á Administration Level 3: Conflation of roads data from received from NG911/Local agencies and/or proprietary, community data sources 

Administration Level 1 Administration Level 2 Administration Level 3

**Data Sharing Agreement

State
DOT Manages All Roads, 
No Locals Coordination

Local Roads Data 
Imported and Digitized 

from PDF/Paper

Importing Roadway 
Alignment from Design 
using Automated Tool

Local/NG911 Roads Data 
Authoritative & Appended to 

DOT Roads

DOT Conflating 
Local/NG911 

Centerlines Geometry

DOT Conflating 
Proprietary, 

Community Roads

1 Arizona Local to DOT, Append given owner 

2 Caltrans DOT, No Locals Coordination

3 Connecticut Local, Digitize PDF/Paper

4 Colorado

5 Florida DOT, No Locals Coordination

6 Georgia Local, Conflate GIS Files?

7 Idaho Local, Digitize PDF/Paper

8 New Mexico Local to DOT, Append given owner Local, Conflate GIS Files

9 North Carolina Local, Conflate GIS Files

10 North Dakota DOT, No Locals Coordination Local, Digitize PDF/Paper

11 Ohio** Local, Digitize PDF/Paper* Local to DOT, Append given owner* Local, Conflate GIS Files

12 Oklahoma Local, Digitize PDF/Paper

13 Pennsylvania DOT, No Locals Coordination

14 Tennessee DOT, No Locals Coordination

15 Texas** Local, Conflate GIS Files

16 Vermont Local to DOT, Append given owner 

17 Washington** Local, Digitize PDF/Paper Local, Conflate GIS Files

18 Washington DC

19 West Virginia DOT, No Locals Coordination DOT/Local?, Digitize PDF/Paper




