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Who is a part of 
AEGIST?

• FHWA Offices of Planning & 
Safety 

• 18 States; 5 more engaged

• Local Agencies

• Federal Lands Management 
Agency

• National and International 
Standard Development 
Organizations

• Software vendors, Data vendors 
and agency consultants

All of the above engaged to deploy 
best practices and standards using 
AEGIST pilots at each agency
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Design & Construction: Digital Delivery

Survey
(Ground Survey, 

Mobile Lidar,     
Aerial Imagery & 

Lidar)

Environmental Planning, 
Design and Fabrication

Construction 
Management

Why AEGIST? 
Enabling Data Offices/Councils & Geospatial Information System Units at State DOTs to meet 
Agency Performance Goals and Objectives of Business Units at their Agencies

Data Office, Data Governance Council, Data Analytics Unit 
Information Technology (IT) Unit, 

Geospatial Information Systems (GIS) Unit 



AEGIST Beneficiaries
• Planners (AEGIST modeled data + traditional census data)

• Land use and transport modeling, impact assessments (resilience, 
environmental justice), complete streets design, investment analysis

• Travel demand modeling and vehicle routing 

• Roadway Inventory & Geospatial Information Systems Unit
• Federal reporting: HPMS, ARNOLD, MIRE
• Data quality automation, GIS products teams

• Safety engineers
• Roadway Improvement Data Program Deployment 
• Roadway safety analysis, Intersection safety analysis, 
• Pedestrian, Bike network for safety analysis

• Asset Managers
• Asset Information Management, Data governance 

(roads/bridges/safety), digital twins, better lifecycle data integration

• Digital Delivery: Design, Construction Management
• Hand-off As-Built Asset and Roadway Characteristics data to Asset 

Managers, thereby improving quality of data reported to FHWA 



AEGIST Beneficiaries
• Federal agencies

• Better data reporting from States for HPMS 9, MIRE, ARNOLD, 
Federal-Aid projects data submission

• Decentralized national road network data creation
• Development of National standards for road data modeling

• Local agencies
• Roadway Mileage Reporting
• Pavement condition information tracking
• Safety analysis using comprehensive roadway inventory data
• Transportation improvement programs data standards

• Emergency management agencies
• NG911 and ARNOLD Road Centerline data integration 

methodology, approach and proof-of-concept pilots

• Federal Lands Management Agency: Roads data integration

• Private Sector: Governance of Emerging Data Technologies
• Integrate Connected Vehicle Environment (CVE), Unmanned Aerial 

Systems and Mobile Survey data in enterprise asset systems



State DOT Technical Activities - Highlights

1. Pennsylvania Speed Limit Data Extraction Automation from PDFs; Integrating NG911 & DOT Roads

2. California Roads Sharing (CaRS) Data and Application Architecture - Integrating NG911 & DOT Roads

3. Idaho Data Governance Portal, Federal Lands Roads Data Conflation with DOT and Local Roads

4. Connecticut: FME for Roads Data Quality Reporting

5. Ohio: Strategic Plan for Road Network Data Management

6. Kansas, North Carolina, New Mexico & Florida: Road Segments and Intersections Model for Model 
Inventory of Roadway Elements (MIRE), Safety  Analysis, Freight Analysis, Travel Demand Modeling 

7. Tennessee: Design to GIS/Asset Management Data Migration 

8. Washington: Building the Linear Referencing System with State and Local Roads in Roads & Highways



State DOT Technical Services Activities Summary
Base Period States (Oct 2019 – May 2023) Coordination Efforts

Connecticut DOT (1) Road Network Data Quality Report Generation using FME (including HPMS Data)
(2) CTDOT LRS-GIS Data Migration to AEGIST Data Model (formerly NRBM) for Publication & APIs

Idaho 
Transportation 
Department 

(1) Spatial Data Governance Platform (Data Portfolio/Catalog; Data Engineering and Data Analytics)
(2) DOT LRS Routes, FLMA Routes and Local Agency Routes Conflation Tool (Python-Based)

FHWA BIM Projects: 
BIM National Strategic 
Roadmap; Data Governance

Tennessee DOT
(1) Strategic Roadmap for Spatial Data Management and Governance at Enterprise Level
(2) BIM-GIS Integration – Roadway Characteristics Data from Design/CAD to Geospatial Information 

Systems using Digital Twins and Building Information Modeling Tools-Techniques

FHWA BIM Projects: 
BIM National Strategic 
Roadmap; Data Governance

Caltrans (1) California Roads Sharing (CaRS): Caltrans, CalOES, Local Agencies (NG-911, ARNOLD-HPMS Data)
(2) CTDOT LRS-GIS Data Migration to AEGIST Data Model (formerly NRBM) for Publication & APIs

e911/NG-911, HPMS 9.0
MIRE, National Roads Pilot

Pennsylvania

(1) Traffic Count Site Selection Using GIS
(2) Geocoding Data Workflow Automation using Python-Based Geoprocessing Tool
(3) Speed Limit Data Quality Review using Routes, Signs, Vertical-Horizontal Curves GIS Data
(4) Local Agency and DOT Roads Integration: NG911 NENA Discussion and Data Exchange with DOT
(5) Data Governance for PennDOT Assets: Traffic & Safety, Projects, 
(6) Building Information Modeling: Building Spatial Digital Twins with Data from Multiple Systems

e911/NG-911, HPMS 9.0
MIRE, National Roads Pilot

Ohio DOT

(1) Strategic Roadmap for Roads Data Administration using LRS: 10 Areas Identified, such as: 
• Road Network Data Model for Travel Demand Modeling & Safety using DOT & Local Data
• Complete Streets: Bike Routes and Pedestrian Network
• HPMS 9.0-ARNOLD Rules Compliance, LRS-GIS Database Administration, Data Quality
• Open Standards Compliant, Machine Readable, Topological Road Network Data Model

e911/NG-911, HPMS 9.0
MIRE, National Roads Pilot



State DOT Technical Services Activities Summary
Period of Performance 1 States (July 2021 – May 2023) Coordination Efforts

New Mexico 
DOT

(1) ALRS Review and Comparison with AEGIST Data Model (National Road Network- NRN Data Model)
(2) Generating Routes with Z-values using Lidar data 
(3) Intersection Features Data Engineering and Modeling with Topology and Connectivity using Lidar 

and Open Street Maps (OSM) data. Pilot Implementation: Limited Study Area. (Semi-Automated 
Data Engineering/Modeling). Statewide Implementation (Investigating Automation with Lidar Data) 

e911/NG-911, HPMS 9.0
MIRE, National Roads Pilot

Washington 
State DOT

(1) Building All Roads LRS – State and County Roads
(2) All/State Roads Data Modeling in LRS Systems: Frontage Roads, Ramps, Local Crossings, 

Roundabouts (LRS DB Modernization)
(3) Best Practices for Managing Road Geometry in the LRS: All/State Roads
(4) Roads Inventory data modeling (e.g. speed limit) & data management (DB modernization)
(5) Provisioning Roads data to Stakeholders: Projects

HPMS 9.0, MIRE, National 
Roads Pilot

Florida DOT
(1) Intersection Features Data Engineering and Modeling with Topology and Connectivity: Open 

Standards Compliant, Machine Readable, Topological Road Network Data Model
(2) Dual-Carriageways Data Modeling

HPMS 9.0, MIRE, National 
Roads Pilot

North Carolina 
DOT

(1) Intersection Features Data Engineering and Modeling with Topology and Connectivity: Integrating 
data from NCDOT LRS, Open Street Maps, Traffic Signals Data for Enterprise Users (e.g. Safety)

HPMS 9.0
National Roads Pilot

Kansas DOT

(1) Intersection Features Data Engineering and Modeling with Topology and Connectivity
(2) Lidar Data Integration into LRS-GIS System and Publication for use by Enterprise Systems.        Mobile 

Lidar Project Tasks: Routes with Z-values from Lidar Data, Creating HSM Road Segments & 
Calibrating Safety Performance Functions 

e911/NG-911, HPMS 9.0
MIRE, National Roads Pilot



AEGIST Implementation Activities at PFS States
CA CT FL ID TN PA OH KS NM NC

Spatial Data Governance, Management
Strategy, Roadmap, Metadata, Data Portfolio & Library, Workshops

Spatial Data Modeling

Roads Data Modeling & Business Rules
DOT, Federal, Local: HPMS, ARNOLD, NG911, MIRE, Intersection

Intersections Data Model 
HPMS 9.0, MIRE, GDF, IFC Roads Based

Data Quality Automation 
HPMS, MIRE & Assets

Spatial Data Integration and Engineering
Roads Data Integration, Authoritative Data Mgmt.

DOT, Federal, Local Roads Data Sharing & Federation

Road Network and Events Data Publication/Sharing
Data Model for Data Warehouses. Data Models & Engineering in Data Hubs 

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

Descriptive, Diagnostics, Predictive and Prescriptive Analytics; Image Analysis



AEGIST Publication Data Model Influencing HPMS/ARNOLD and NRN; 
PFS States to Review & Comment on the AEGIST Model



State DOT Technical Services Examples

 Pennsylvania Speed Limit Data Extraction Automation from PDFs; Integrating NG911 & DOT Roads

 Idaho Data Governance Portal

 California Roads Sharing (CaRS) Data and Application Architecture - Integrating NG911 & DOT Roads

 Connecticut: FME for Roads Data Quality Reporting

 Ohio: Strategic Plan for Road Network Data Management

 Kansas, North Carolina, New Mexico & Florida: Road Segments and Intersections for MIRE 

 Tennessee: Design to GIS/Asset Management Data Migration 



Road Centerlines 
Modeling



Road Network Data Modeling (Creation) Rules, Standards, Policies 
and Processes

Roads Data Modeling Administration Levels and Standards in the US
1. LRS Route Naming and Identification
2. LRS Route Concurrency
3. LRS Centerline Modeling Detail (LOD)
4. LRS Centerline Accuracy (2D) (LOA)
5. LRS Centerline Authoritative Source
6. Mileage Accumulation Direction
7. Divided-Undivided Highways Modeling
8. Linear Referencing Methods (LRM) Maintenance



[3] 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. 



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

[3] Level-of-Detail 
(LOD) (Geometry)
Source Standard: CityGML



[4] Route Concurrency

 Administration Level 1: …
» LRS ignores route concurrency and concurrency is not modeled, or concurrency is modeled in events
» LRS is incapable of storing route concurrencies or route dominance rules
For example: Colorado, Indiana

 Administration Level 2: …
» Concurrency is stored in the LRS Route Tables, i.e., routes are created for both dominant and subordinate route(s), centerline is 

associated with these routes (in centerline sequence), and, an event table is created to flag dominant/subordinate route.
» Because of the way concurrency is setup in the LRS, all business data has to be referenced to the dominant route manually, unless the 

dominant/subordinate events table is used in the Dominance Rules setup.  (due to lack of consistent business rules to automate the 
identification of dominant route)

» Event and roadway characteristics data can only be extracted on the dominant route, thus leaving attribute gaps on the subordinate 
route(s)

For example: ?

 Administration Level 3: …
» Concurrency is stored in the LRS and the system has automated rules to assign business data to the proper dominant route
» Event and characteristics data can be extracted easily on the dominant route and on the subordinate route(s).
For example: Most States?



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.



Tennessee DOT: Design Data to GIS and Asset Management



Tennessee DOT: Design Data to GIS and Asset Management
R&Hs Linear Referencing System – Route Redlines and Events



CalOES

Local Agency Systems
20

NG911 Data
Integration & Checks

Valid NG911 Data
NG911 

GIS Data 
Hub

Local Roads & Assets Data

ARNOLD-HPMS, 
MIRE, NRN & 

National 
Standards 
Compliant 

Statewide Data

App: GeoComm

Road Centerline 
Geometry & 

Attribute Checks
App: 1Integrate

Conflated Roads Data Model

NG911 Road 
Centerlines for 

Conflation

Roads, Intersections Data 
Modeling

App: Esri Roads & Highways

Caltrans

Roads, Assets & Other Road 
Network Data Modeling, QA/QC

Source: Abhishek Bhargava. (2022) Roads Data Modeling Workflow. AEGIST
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California 
Road 
Sharing 
(CaRS)



Idaho Geoprocessing Tool 
for DOT and Federal Lands 
Roads Data Conflation



Pennsylvania 
Speed Limit Data Extraction from Permits PDF using Python

Process to extract data from PDF, Excel or 
other static documents

Scripts and/or models to automate analysis

Create tools or processes to sync data among 
sources or notify when changes occur

Speed Limit Permits
(Authoritative Source)



Intersection Modeling



AEGIST Intersection Model
OGC Geographic Data Format (GDF), CityGML, buildingSMART IFC, Generalized Modeling Network Specification (GMNS) and 
MIRE Standards Compliant

Road
Road Elements

Junctions

Intersection

 LRS Route, Centerline (Datum), Route-Centerline (M:N)
 Intersection Features

» 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). 
Setup as LRS Event.

» Intersection Point at Centroid, at a perpendicular offset from LRS 
Route (e.g.: Median Cut Intersection, MIRE-126). Setup as GIS 
Feature.

» Road Segment: Junction to Junction. Setup as LRS Event. Ideally 
aligned with NG911 Road Centerlines, with MIRE and NG911 
attribution.

» Intersection Leg: MIRE compliant road approaches.

 Topological Segments (GIS features)
» Intersection Connectors
» Turn Segments/Lanes (HPMS 12, 13)
» Median Crossovers (MIRE-62)

Connectivity, Topology: 

 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

Intersection Leg

Intersection Route Measure



26

Undivided 
Highways
(3/4 Way)

Divided-Undivided
Highways
(3/4 Way)

Divided
Highways
(3/4 Way)

15

Caltrans

1.1.1

1.1.2

1.1.3

1

2

1 2 3

4 5

6 7 8 9

1

2

Scenario 1.1:
Intersections with 
Non-State 
Highway System 
Route(s)



Road Network Data Model
LRS/ARNOLD Routes for Creating Junctions and “Associating” them with Intersections



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

Automatically 
Calculated Junction and 
Intersection Locations 
Using ARNOLD Routes





AEGIST Incorporating GMNS Standard for 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.



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



Data Quality



1. Portfolio: Inventoried “data assets”

2. Data Models & their objective. Enterprise Data 
Dictionary, Data Quality Dimensions and rules

3. Automating data processing, integration & 
quality using Data Science Workbench

4. Data Governance Dashboards

Connecticut and Idaho Data Quality 
Rules Automation & Dashboards



Connecticut 
DOT

Data Quality Rules 
Implementation using
Feature Manipulation Engine 
(FME)



Data Governance



Deploying Data Governance System
For On-Premise, Cloud and Edge Computing Data Systems

FHWA, Applications of Enterprise GIS in Transportation

- Idaho Department of Transportation
- Pennsylvania Department of Transportation

- Ohio Department of Transportation

- Tennessee Department of Transportation

FHWA, Identifying Data Frameworks and Governance for 
Establishing Building Information Modeling (BIM) Standards

Data Catalog Object Type 
Library

Data Dictionary 
(Properties & 
Property Sets)

Data Models 
Catalog

Applications 
Catalog

Applications 
Communication 

Diagram

Application 
Integrations 

Catalog

Authoritative Data 
Management 

Models

Data Quality 
Governance

Data Integration & 
Engineering 
Governance

Data Publication 
Governance

Data Analytics 
Governance

Open-Standards 
Compliant



Data Assets Inventory and Applications 
TOGAF 9.2 Standard Compliant

IDAHO TRANSPORTATION DEPARTMENT



Governing Data Using Spatial & 
Linear Referencing Systems

Spatial Data Modeling in 
Transactional Systems of Records (SoRs) 

and Spatial Data Engineering for Publication to 
Enterprise Data Warehouses, Databases to support 

Spatial Data Analytics and Reporting
Via the Systems of Engagement (SoE)

© Source: Bhargava et.al. (2021). Identifying Data Frameworks and Governance for Civil Integrated Management. FHWA Research. WSP

Spatial Data Modeling

Spatial Data Engineering

Spatial Data Analytics & 
Reporting 

Ensuring Transportation Equity by Preparing 
Spatial Transportation Data for Decision Makers 

across All Asset Life Cycle Phases & Processes



AEGIST Developing Roads 
and Assets Data Models 
using Data Standards

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



Asset Management Systems
Pavement 
Management

Asset 
Maintenance 
Management

Bridge & Structures 
Management

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

UAS & Survey Data 
Management & Analysis System

(Videos, Photos, Imagery, Lidar, Mosaics)

Traffic Systems

Program & Project 
Management System

Crowdsourced, Open & Proprietary Data

External Data

Weather DataState GIS Data

Routes, 
Assets

Travel Demand Modeling System

Safety

Design & Construction Systems

Enterprise Financial System

IoT Devices
Traffic & Asset Sensors

Enterprise Data Hub
Multi-Channel Data Storage

Asset Inventory Systems
Mobile Apps 

for Asset 
Inventory and 
Performance

Web 
Applications 
for Complete 
Street Assets

Linear 
Referencing 
Application 
for Routes

Desktop 
Applications  

Complete Street 
Assets

Projects

NG911
NENA 
Roads 

Database

Local 
Agencies 

Roads 
Data

FHWA
FMIS

FHWA
DDIR

FHWA HPMS, ARNOLD

Federal Land Roads & 
Boundaries

Resource Mgmt. 
System

Labor (HR)
Equipment

Material

Cross-Asset 
Tradeoff

Project Planning & 
Programming

Enterprise Analytics Platform

Data 
Warehouse

Data Lake

Document Content Management

Enterprise 
Geo-Database 

Delta Lake

Enterprise APIs Platform 

RDMSs

Vulnerability, Risk, 
Resiliency & Life Cycle 

Planning

.. .. ..

…

FME ArcGIS GCP AWS Azure

File Servers

OSM GMNS Waze INRIX Sharedstreets…

… … … …

…..

.. .. ..

Crash 
Reporting 

System

Right-of-Way Acquisition 
Management

Analysis Apps (Web, Desktop, 
Mobile)

DOT System of 
Record (SoR)

DOT System of 
Engagement (SoE)

INDEX

DOT Application 
(in System)

AEGIST Building Information Modeling (BIM) for Road Network Data Integration

©Abhishek Bhargava 
(2021)

External 
System

©Abhishek Bhargava (2021)



Questions & Open Discussion

Contact: joseph.hausman@dot.gov
FHWA, Office of Planning


