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Workshop Agenda

▪ About 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

▪ About Workshop

» Workshop Objectives

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

▪ Workshop 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 (BIM and GIS Integration)

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

▪ Wrap-Up: Resources & Next Steps



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



About AEGIST
SPATIAL DATA MODELING

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

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

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

Junctions, Intersections, Turn Segments,  and Topological Connectors

 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 

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

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

SPATIAL DATA INTEGRATION, ENGINEERING & DELIVERY

 Data Hubs and Data Engineering Platforms for Preparing Data 

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

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

SPATIAL DATA ANALYTICS

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

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

 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

Asset Management Systems

Pavement 
Management

Maintenance 
Management

Bridge 
Management

Enterprise Data Engineering Platform
Data Mining, Parsing, Normalization, Conflation, 
Processing, Structuring, Transformation, Updates

UAS & Survey Data 
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Program & Project 
Management System
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Assets
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Signs Safety 
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Planning
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Enterprise Financial System
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Multi-Channel Data Storage
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Mobile Apps Web ApplicationsLRS App Desktop GIS 

Apps
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Local 
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Labor (HR)

Equipment
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Enterprise Analytics Platform

Data Warehouse

Data Lake

Document Content Management
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Delta Lake

Experience APIs from Data Hub, DataWH,  
Data Eng. Platform or System APIs

RDMSs

.. .. ..

…
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File Servers

..
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… … … …
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.. .. ..
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Data Management and Governance



About Workshop
❑ Objective

❑ Schedule
❖ Presentations
❖ Open Discussion and Survey
❖ Breakout Sessions and Roundtable Discussions

❑ Engagement Platform



Workshop Objective: Road Network Data Model Development for Enterprise Use
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Linear 
Referencing 

System

Freight 
Analysis 
System

Safety 
Analysis 
System

Digital Project  
Delivery 
System

Travel Demand 
Modeling 

System

Routes and Roadway Characteristics

Junction (Nodes)

Road Segments (Edges)

Turn Segments, Median Crossovers

Intersection

Traffic 
Analysis 
System

Asset 
Management 

System

Turns

Alignment

Mile Markers / Mile Posts

Bridge, Pavement

Assets: Signs, Guardrails

Project



Workshop Objective: Road Network Data Model Development for Enterprise Use
Data Models

Linear 
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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 – Asset Data (including Roads), Traffic Data, Safety Data, Traveler Data, Lidar Data, Imagery Data 

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



Workshop Objective
Road Network Data Model Management and Governance

USE CASES

▪ Freight Origin-Destination Routing Analysis

▪ Travel Demand Modeling

▪ Complete Streets: Safety Data Modeling and Analysis

▪ Traffic Analysis Systems 

▪ Asset Performance Management & Life Cycle Analysis

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

▪ Equity in Project Planning & Programming

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

Data Assets in Road Network Data Model:

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

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

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

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

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

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



Workshop Schedule
Presentations, Open Discussion, Survey and Breakout Sessions

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

▪ Topic 1: Engineering Road Network Data Model using LRS, Open Street Maps, NG911, LiDAR, Imagery 60 Minutes

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

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

▪ 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]

▪ 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]

▪ Wrap-Up: Resources and Next Steps 15 Minutes

BREAK: 10 Minutes

BREAK: 10 Minutes



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

❑ Integrating Data from following Data Sources
❖ LRS Data: Routes, Roadway Characteristics
❖ Imagery
❖ NG911 Road Centerlines, Local Agencies
❖ Federal Lands (BLM, BOR, …)
❖ 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 – Asset Data (including Roads), Traffic Data, Safety Data, Traveler Data, Lidar Data, Imagery Data 

National and International Data Standard Development Organizations – ISO, 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 “Associating” them with Intersections



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

 When 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

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

❑ 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

❑ Topological Segments

» Intersection Connectors

» Turn Segments/Lanes (HPMS 12, 13)

» Median Crossovers (MIRE-62)

Connectivity: 

❑ Road Segments and Intersection Parent-Child Data Relationship

❑ 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

To Node ID

Direction

Length

Functional Class

Facility Type/Link Type

Area Type

Auto/Truck tolls

Number of Lanes

Parking Restriction

Truck/HOV Usage

Median

Access Control

Signal Density

Turn Lane

Ramp Type

Bridge, Tunnel,…

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

Linear 
Referencing 

System

Travel Demand 
Modeling 

System

[1] Road Segments (Links)

[2] Junctions (Nodes)

[3] Intersection

Link Attributes

Road Segment ID

Begin Junction ID

End Junction ID

Direction

Length

HPMS-01 - Functional Class

HPMS-03 - Facility Type/Link Type

HPMS-02 – Urban Code

Auto/Truck tolls

HPMS-07 – Through Lanes

Parking Restriction

HPMS 08-11 – HOV/HOT/Toll

Median

Access Control

Signal Density

HPMS 12/13 – Turn Lane

Ramp Type

Bridge, Tunnel,…

MIRE Road Segments Attributes for Safety



[Option 1] 
Create Road 
Segments 
from LRS 
Routes

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

Routes Road 
Segments

(Links)

Junction

Junction 
Route 

Measure

Intersection

Intersection 
Approach 

(Leg)



❑ Road Segments (Links) are Events 
on the LRS, created automatically 
form Junctions

Routes Road 
Segments

(Links)

Junction

Junction 
Route 

Measure

Intersection

Intersection 
Approach 

(Leg)

❑ 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



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

Create Junctions from NG911  
From/To Nodes

Routes Road 
Segments

(Links)

Junction

Junction 
Route 

Measure

Intersection

Intersection 
Approach 

(Leg)

NG911 Road 
Centerline 

Feature

[Option 3] 
Create Road 
Segments 
from NG911 
RCL: Road 
Centerlines

Street 
Name 
Alias



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 
Table similar to
NG911 Road
Centerline and 
Street Name 
Alias 

Information 
about Road 
Name and Route 
Concurrencies



Complete Street 
Features
▪ Sidewalks 

▪ Bike lanes (or wide paved shoulders)

▪ Special bus lanes

▪ Comfortable and accessible Public 
transportation stops 

▪ Frequent and safe crossing opportunities

▪ Median islands

▪ Accessible pedestrian signals 

▪ Curb extensions

▪ Narrower Travel Lanes 

▪ 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

▪ 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 Roads dataset

» 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. 

▪ 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 

▪ 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 to create 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 support business



LRS Centerline Data 
Integration from 
Authoritative Sources

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

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

▪ 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



Breakout 
Session 1: 

Open Discussion & 
Survey

•
•

•

•

•

•

•

•

•

•
•

•

•

•

•

Mentimeter

https://www.menti.com/ngxax2swdw


Topic 2: Design/CAD Data Integration
❑ National BIM-GIS Integration: Design/CAD to GIS Asset 

Information Model

❑ Integrating Data from following Design/CAD
❖ Existing Practices, Tools & Techniques

▪ Pennsylvania Turnpike Commission
▪ Connecticut DOT
▪ Utah DOT

❖ Envisioned IFC Based Process



Topic 2 Objective: Road Network Data Model Development for Enterprise Use
Integrating Asset, Roadway and Project Data from Digital Project Delivery Systems into  
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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)

Alignment

Mile Markers / Mile Posts

Bridge, Pavement

Assets: Signs, Guardrails, …

Project

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

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



Why Design to GIS/AM Data Exchange?

▪ Road Network Data Stewards need to 
specify “Asset Information Requirements” 
for Digital Project delivery Teams (#ISO-
19650)

▪ Most State DOTs working on Digital 
Delivery Roadmaps for Building 
Information Modeling. GIS-LRS Personnel 
will be requested for AIRs.

▪ Design-Construction Systems now allow 
for Road Network Data Modeling similar 
to how Roads Data Model is Setup in GIS-
LRS Systems



Road Network Data Modeling at Enterprise Level
Machine Readable Data Models Based on Open Standards

Digital As-Builts Handoff to Asset Management – Data Life Cycle for Roads & Asset Data



Pennsylvania Turnpike Commission: Design/CAD to GIS 
Route centerlines, mileposts, and stationing

CAD Roads and Highways

AgileAssets

Pavement and 
Sign Inventory

LRM Crosswalk 

Feature classes

LRS Gateway



PTC: Design/CAD
Route centerlines, mileposts, and stationing



PTC: Milepost LRM Events and Use Cases



Design/CAD System 
Application: AutoCAD

Data: Mileposts
(with Stationing information)

Sign Asset 
Management System 

Application: AgileAssets
Data: Mile Markers

Linear Referencing System 
(LRS) 

Application: ArcGIS Roads & Highways
Data: LRSE_MILEPOSTS*

PTC LRM Crosswalk

*NOTE: Mileposts are used to 
create “CALIBRATION POINTS”, 
which are used to calibrate routes 
in “LRSN_MILEPOST”

Station Equation 
Management File 

Application: Excel
Data: Equation Points



PTC LRM Crosswalk Application Screens

LRM to LRM 
Transformation: 
Where am I?
Thursday 3:30-4pm 
Ballroom C1



Road Network Data Modeling using data from Design-Construction

▪ Asset Information Model 

» Road Centerlines

» Stations

» Pavement Construction History

» Assets

– Signs

– Guardrails

– Bridge

– ..

Design System GIS-Based Asset 
Systems

IFC & iModel



Open Design File and Inspect Model Elements, Item Types





Roads Data Model in Design, with Roadway Characteristics



Publishing Roads Design Data Model to 
Common Data Environment (iTwin Hub)



iTwin Platform – Common Data Environment: Roads and Assets iModel



iTwin Platform – Common Data Environment: Roads and Assets iModel



Importing Alignments and Stationing

Road 
Centerlines

iTwin Platform – Common Data Environment: Roads and Assets iModel







ARNOLD ALRS Routes-Centerlines: 2D Geometry



Receiving Realignments and/or New Alignments for Roads & Bridges: 
2D/3D Geometry



Importing Alignments and Stationing





LRS Centerline Modeling Approaches: Current State



Which of these do you think is the most mature way of 
digitizing road centerlines?

▪ 0-10 Scale



LRS Centerline Modeling Source and Accuracy: Document Methodology
▪ Effort Level 1: Utilized National data sources1 (e.g., Census TIGER, NATD) or ordinary Aerial/Satellite Data2

▪ Effort Level 2: Utilized Orthorectified Aerial imagery3, COGO Tools4, CAD/BIM Alignments5 from Digital Delivery/As-Builts

▪ Effort Level 3: Utilized NG911, Local or other Authoritative Agency Data; and/or Private Sector Data Source

Effort Level 1 Effort Level 2 Effort Level 3

Ordinary Aerial 
Imagery 

(2D Centerlines)
National Data Sources 

(TIGER, NATD)
Orthorectified Aerial 

Imagery (2D Centerlines)
Local Agency/NG911 

Centerlines

CAD-BIM 
Drawings/Models
(Digital Delivery)

Proprietary / 
Community Roads      

(OSM, HERE, INRIX..)

1 Arizona Yes Yes

2 Caltrans Yes Yes

3 Connecticut Yes Yes Yes

4 Colorado

5 Florida Yes Yes Yes

6 Georgia Yes Yes

7 Idaho Yes Yes Yes Yes

8 New Mexico Yes Yes Yes Yes

9 North Carolina Yes Yes Yes Yes

10 Oklahoma Yes Yes

11 Pennsylvania Yes Yes Yes

12 Vermont Yes Yes

13 Washington Yes Yes Yes Yes

14 Washington DC Yes Yes Yes

15 West Virginia Yes Yes Yes



Linear Referencing Methods Management
▪ Administration Level 1: No Referent LRM, All Data Stored in one LRM which is mileage based

▪ Administration Level 2: Referent-offset LRMs created, but only used to ingest data all data stored in mileage LRM(s)

▪ Administration Level 3: Referent-offset LRMs created and used for data ingestion, reporting. Data can be reported in any LRM.

County/Town/District 
Boundary Offset Milepost/Mile-Marker Offset

Derived Measure-Based 
LRMs Intersection-Offset Other Referent-Offset

1 Arizona Yes Yes Yes

2 Caltrans Yes Yes Yes

3 Connecticut Yes

4 Colorado

5 Florida Yes

6 Georgia Yes Yes

7 Georgia

8 Idaho Yes

9 New Mexico 

10 North Carolina Yes Yes

11 Oklahoma Yes

12 Pennsylvania Yes Yes Yes Yes

13 Vermont Yes Yes

14 Washington Yes

15 Washington DC

16 West Virginia Yes Yes Yes



LRS Centerline Modeling Detail (LOD)

▪ Administration Level 1:

» Vertices: No established rules for vertex density when editor digitizes centerlines

» Breaking centerlines: Centerline length and break points not formally managed. No policy or procedure for defining centerline geometries

» Z-values: Z-values are not modeled in the LRS

▪ Administration Level 2:

» Vertices: Formal “internal” procedural document exists, that is used to determine vertex density when digitizing centerlines

» Breaking centerlines: Formal “internal” procedural document exists to determine centerline geometry length and break points 

» Z-values: Z-values are not modeled in the LRS, but Z-values extracted from other data sources (e.g.: LiDAR) are integrated with LRS Routes 
to engineer a 3D linear routes data model. The engineered data model is published for use in specific business processes.

▪ Administration Level 3:

» Vertices: Formal procedural document to (a) determine vertex density (b) bring external linework into LRS (c) Perform QA/QC checks on 
external linework to ensure it meets vertex density rules, and (d) perform geometry conflation, correction for external data in accordance 
with procedural document. (Note: External data source could be NG911, DOT CADD, etc.)

» Breaking centerlines: Formal procedural document to (a) determine centerline geometry length and break points (b) ensure that external 
linework meets centerline geometry and break points related rules 

» Z-values: Z-values modeled in the LRS, and vertical curve is considered in determining centerline vertex density. 



LRS Centerline Modeling Detail (LOD)

Administration Level 1 Administration Level 2 Administration Level 3

No Vertex 
Density 
Rules

NO Centerline 
Break Points & 
Length Rules

Z-values 
Not Modeled in LRS

Vertex 
Density 
Rules 

(Internal)

Centerline 
Break Points & 
Length Rules 

(Internal)

Z-values 
Integrated 

outside of LRS

Vertex Density 
Rules, 

QA-QC for 
Internal-

External Roads

Centerline Break 
Points & Length 

Rules for Internal-
External Roads

Z-values Modeled. 
Vertical Curve 
considered in 

Vertex Density

1 Arizona Not modeled. Would like to.

2 Caltrans

3 Connecticut Don’t include z-values in LRS

4 Colorado

5 Florida Don’t include z-values in LRS

6 Georgia Not modeled. Would like to.

7 Idaho Not modeled. Would like to.

8 New Mexico Not modeled. Would like to.

9 North Carolina Modeled

10 North Dakota Not modeled. Would like to.

11 Oklahoma Yes

12 Pennsylvania Not modeled. Would like to.

13 Tennessee Not modeled. Would like to.

14 Texas Don’t include z-values in LRS

15 Vermont Not modeled. Would like to. Yes

16 Washington Not modeled. Would like to.

17 Washington DC

18 West Virginia Not modeled. Would like to. Yes
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Topic 3: Modeling Standards: What? 
Why? How?
❑ National and International Initiatives
❑ Level of Information (LOI) Content Standards

❖ USRS
❖ HPMS-MIRE
❖ FHWA NBI, AASHTO NBE-BME
❖ buildingSMART Industry Foundation Classes (IFC)
❖ MUTCD

❑ Level of Detail (LOD) Standards: Geometry
❖ OGC Geographic Data Format
❖ OGC CityGML
❖ buildingSMART IFC
❖ Generalized Modeling Network Specification (GMNS)



Topic 3 Objective: Road Network Data Model Development for Enterprise Use
National and International Organizations Collaboration to Facilitate Road Network Data Model Creation

Linear 
Referencing 

System

Freight 
Analysis 
System

Safety 
Analysis 
System

Digital Project  
Delivery 
System

Travel Demand 
Modeling 

System

Routes and Roadway Characteristics

Junction (Nodes)

Road Segments (Edges)

Turn Segments, Median Crossovers

Intersection

Traffic 
Analysis 
System

Asset 
Management 

System

Turns

NG911 RCL & Nodes USRS Road Profiles

OGC Geographic Data Format, CityGML

MIRE

Open Street Maps Ways & Nodes

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

NBI, HPMS, ARNOLD NPMRDSFMIS

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

Alignment

Mile Markers / Mile Posts

Bridge, Pavement

Assets: Signs, Guardrails, …

Project

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



National and International Initiatives
Standards Development and Adoption

▪ FHWA ARNOLD, HPMS 9 and MIRE

▪ AASHTO Resolution: buildingSMART IFC Adoption

▪ Open Geospatial Consortium (OGC) and buildingSMART Collaboration

▪ World Wide Web Consortium Collaboration (W3C) and Initiatives 

▪ Software Vendors: Adoption and Use of Standards – Esri, Bentley, Autodesk, etc.

▪ National and International Transportation Agencies with Standards: Projects, Pilots 
and Best Practices



AEGIST Guidebook v2.0 Data Modeling Standards

Content Standards

1. Highway Performance Monitoring System (HPMS 9), especially HPMS 9.0 Reassessment

2. National Bridge Inventory (NBI); Bridge Management Elements (BME); National Bridge Elements (NBE) 

3. United States Road Specifications (USRS) and US Army Corp of Engineers (USACE) Road Lines

4. United States Census Bureau’s Road TIGER/Line files

5. Model Inventory of Roadway Elements (MIRE)

Geometry Standards

1. All Roads Network of Linearly Referenced Roads (ARNOLD)

2. Geographic Data Format (GDF) from Open Geospatial Consortium (OGC) 

3. CityGML from Open Geospatial Consortium (OGC) 

4. General Modeling Network Specification (GMNS) 

5. Industry Foundation Classes (IFC) from buildingSMART 

6. Open Street Maps (OSM) and Shared Streets

7. Proprietary standards: Esri Roads & Highways ALRS, Bentley AssetWise LRS (AWLRS), GeoMedia, Rizing Intersection Manager, 

TransCAD, Cube, Emme, HERE, INRIX etc.



Big Picture 
Vision

Disclaimer: FHWA is facilitating the discussion around NBTL and currently there are no plans for FHWA to host the NBTL



IFC Implementation: Software Vendors & Business Use 
Cases

Asset Information Modeling (AIM) –

Design, Construction, Operations & 

Maintenance (ISO 19650)

Project Information Modeling (PIM) –

Project Site and Assets

Enterprise Data Life Cycle Management 

using Geospatial Applications

Geometry and Content Data Modeling in 

Geospatial Digital Twins



© buildingSMART International 2021

“One of the common intersections with the great work you guys 
are doing in building standards, so we can interoperate with the 
whole built environment to support the work of your listeners…

Do we support open standards? Any company is a damn fool if 
they don’t support open standards. If you’re going to work in a 
modern world, you must be open and interoperable with other 
companies…

Company’s today have to be open and to innovate in highly 
competitive markets”

Episode link: https://www.buzzsprout.com/1609339/8329446

Jack Dangermond
President and Founder 

Esri

Vendor Support for Open Standards
Podcast Highlights – Jack Dangermond

https://www.buzzsprout.com/1609339/8329446


© buildingSMART International 2021

Vendor Support for Open Standards
Podcast Highlights - Keith Bentley

Keith Bentley
Founder

Bentley Systems

Episode link: https://www.buzzsprout.com/1609339/8544390

“The only real approach to making an industry-wide 
transformation, is for people to organize around things that are 
open – and obviously buildingSMART is big on things that are 
open... 

A lot of people don’t quite understand that ‘open’ can make the 
huge difference between whether your data is valuable long-
term, or not. Do you own your own data? Are you able to get to 
your data without paying somebody… 

Our entire mission on our digital twin journey has been around 
allowing users to have choices to own their own data”.

https://www.buzzsprout.com/1609339/8544390


© buildingSMART International 2021

Andrew Anagnost
Chief Executive Officer

Autodesk

“Customers need an interoperable ecosystem…interoperability 
is key to a successful digital future for AEC and quite frankly, we’re 
proud that we have roots in the early discussions on this 
especially around openBIM”

The importance of having conversations like this, and having 
organizations like buildingSMART, can help drive some of the 
critical process changes that need to happen to drive an 
ecosystem that is more sustainable and efficient. It’s not just 
about technology, it’s about changing the ecosystem to work 
better”. 

Episode link: https://www.buzzsprout.com/1609339/8383669

Vendor Support for Open Standards
Podcast Highlights – Andrew Anagnost

https://www.buzzsprout.com/1609339/8383669


© buildingSMART International 2021

“the view we have of buildingSMART is to make the whole 
greater than the sum of the parts…

We all need to be more open and to have less data loss. Our 
commitment is to have this philosophy of openness and the 
continual pursuit of being more open…

we continue to focus on interoperability”

Episode link: https://www.buzzsprout.com/1609339/8329446

Rob Painter
CEO, Trimble

Vendor Support for Open Standards
Podcast Highlights – Rob Painter

https://www.buzzsprout.com/1609339/8329446


© buildingSMART International 2022

Open

Neutral

Non-Profit

International

buildingSMART International



© buildingSMART International 2022

buildingSMART International 

MembersChapters

Standards & 
Solutions

User Compliance

Sponsors
Partners

Summits



© buildingSMART International 2022

AASHTO Board of Directors Administrative Resolution:

Adoption of IFC Schema as the national standard for 
AASHTO States

Standards Adoption
IFC



IFC 

Industry Foundation Classes (IFC)

ISO 16739

A domain specific open software standard for data 
exchange  



© buildingSMART International 2022

The New IFC 4.3 Standard



© buildingSMART International 2022

buildingSMART International 

Needs and requirements

What does the 

industry need?

Professional Certification

Software Certification

bSI Process

Use 

Cases

Standards 

& Services Compliance



© buildingSMART International 2022

Open Standards Partnerships



© buildingSMART International 2022

IFC

ISO 
19650

DTDL

GTIN

bSDD

CityGMLLandInfra

ETIM

Open Standards Integration



© buildingSMART International 2022

buildingSMART + OGC Collaboration

Demand for BIM – GIS interoperability

Key topics of common interest:
• Semantics
• Placement
• Geology
• Interfaces

Joint Initiatives:
• IDBE (bSI OGC) White paper published 2021 
• IDBE Pilot Project (OGC call for participation)
• White paper for BIM and GIS in the geotechnics domain 
• Airport Room



© buildingSMART International 2022

buildingSMART + OGC Collaboration    BIM → GeoTech



© buildingSMART International 2022© buildingSMART International 2021

IFC Adoption

GLOBAL PERSPECTIVE

South Korea: BIM 

and IFC used 

extensively

Japan: IFC Mandate 

in 2021

USA: General

Services Agency 

(GSA) mandates use 

of IFC

The Netherlands: 

Ministry of Internal

Affairs mandate 

IFC

UK: BIM mandates 

for Govt projects
Canada: 

Department of

National Defense

Switzerland: Swiss 

Railway (SBB) 

mandating use of 

IFC

USA: AASHTO 

publishes IFC 

Resolutions

Swedish Transport 

Agency Trafikverket 

mandate BIM and 

IFC roadmap

Denmark: IFC 

mandate for 

Govt Projects

Spain: IFC mandate 

in Catalonia

Norway: Statsbygg 

mandating IFC

Australia: IFC policy 

mandates

Germany: 
BIM4INFRA2020 sets 

out BIM 
implementation 

roadmap Latin America: BIM 

Gob Latam sets out 

BIM roadmap for 

Latin America



© buildingSMART International 2022

AASHTO

BIM for Bridges

& Structures

TPF
JTCEES

AIM 

Sub-Committee

Roads & Bridges 

Industry Committee

buildingSMART working relationship with AASHTO

BIM for 

Infrastructure 

TPF

Joint 

Sub-Committee 

on 

Data 

Standards

Data Mgt & Analytics

Construction

Bridges & Structures

Design

Asset Management

AASHTOWare

Rooms

Projects

Teams

Expert Panels

Use Cases

Working Groups

Whitepapers

Technical Commitee

Implementer Group

SC Voting

SCTE Voting

Program Mgt Board

Infra Room Steering

Committee

OPERATIONS

GOVERNANCE

Principal Membership

FHWA AEGIST

FHWA , 24 States FHWA, 18 States

FHWA, 18 States



Case Studies and Projects

▪ Interstate Bridge Replacement, Washington and Oregon

▪ AEGIST Pooled Fund Study Pilots with State DOTs

» Pennsylvania State DOT

» Tennessee State DOT

» Ohio State DOT 

▪ New South Wales – Roads and Asset Data Modeling for Design-Asset Systems



2020 buildingSMART Award Winner  
IFC for Design:  Panama Canal 4th Bridge

Open standards enabled: 

✓ Open machine-readable 

manual

✓ Bridge designers used 

IFC software

✓ Developed using Linked 

Data and semantic web

✓ Integrating ontologies 

was key

✓ ifcOWL, IFC 2x3, IFC4

“To use of openBIM® and other open 

standards is the very essence of this 

project”

Elin Dalen-Rasmussen, 

Norwegian Public Roads Administration

Open standards enabled: 

✓ Open machine-readable 

manual

✓ Bridge designers used IFC 

software

✓ Developed using Linked 

Data and semantic web

✓ Integrating ontologies was 

key

✓ ifcOWL, IFC 2x3, IFC4
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Wrap Up



Resources 
AEGIST Presentations, Webinars

https://gisintransportation.com/presentations/
https://gisintransportation.com/webinars
https://gisintransportation.com/about/objectives-themes/

https://gisintransportation.com/presentations/
https://gisintransportation.com/webinars
https://gisintransportation.com/about/objectives-themes/


Upcoming AEGIST Events: 2022 
Peer Exchange 3: AEGIST Guidebook v2.0 Collaborative Development with Agency Practices 

▪ Chapter 1: Geospatial Information Systems: Data & Applications

▪ Chapter 2: Centerlines (Datum) Information Modeling

▪ Chapter 3: Route Network Information Modeling

▪ Chapter 4: Intersection Information Modeling

▪ Chapter 5: Asset Information Modeling (AIM)

▪ Chapter 6: Project Information Modeling (PIM)

▪ Data Management & Applications
» Data Architecture: Information Requirements 

» Data Modeling

» Data Integration/Interoperability

» Data Quality

» Data Engineering & Analytics Platforms

▪ Data & Applications Governance



Acknowledgement

Thomas Roff, FHWA
Justin Clarke, FHWA
Robert Pollack, FHWA
Sarah Pascual Weisman, FHWA
Mark Sarmiento, FHWA
Patrick Whiteford, AZ DOT
Jim Meyer, AZ DOT
Greg Ciparelli, CTDOT
Justin Brunetti, CTDOT
Jerome Breyer, Works Consulting
Erin Lesh, NCDOT
Amity Little, NCDOT
Ryan Koschatzky, NCDOT
Ian Kidner, Ohio DOT
Vikki Hankus, Ohio DOT
Lavanya Sugumar, Ohio DOT
Sam Granato, Ohio DOT

David Alvarez, ESRI
Nathan Easley, ESRI
Rahul Rakshit, ESRI
Chad Baker, Caltrans
Kathleen Mohla, Caltrans
Gerald Schumacher, Caltrans
Yueming Wu, WVDOT
Charles McNeel, WVDOT
Aaron Ferrari, WVDOT
Will Holmes, KYTC
James Graham, DCDOT
Will Thoman, ITD
Margaret Pridmore, ITD
Kevin Koester, KS DOT
Elsit Mandal, KS DOT
Chase Null, KS DOT
James Stewart, KSDOT

Frank Desendi, PennDOT
Patrick Kielty, PennDOT
Jesse Frankovich, MDOT
Karen Faussett, MDOT
Kevin Hunt, NYSDOT
Patrick Kemble, NYSDOT
Tom Neville, TXDOT
Jennifer Bierman, TXDOT
Gene Barrera, Merced County
Natasha Potter, CalOES
Sam Sedgwick, CalOES
Amanda Kabisch-Herzog, CalOES
Marc Kratzschmar, Bentley
Russell Provost, Montgomery County
Jesse McGowan, Montgomery County
David Anspacher, Montgomery County
Eli Glazier, Montgomery County


