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AEGIST Activities for Development of Complete Streets and for
Ensuring Transportation Equity




Background: Complete Streets

« National Complete Streets Coalition,
established in 2005

« Complete streets are those that are designed
and operated to enable safe access and travel
for all users.
» Pedestrians
 Bicyclists
* Motorists
» Transit users '

and travelers of all ages and abilities will be able to
move along the street network safely. /

o

Complete
Streets


https://smartgrowthamerica.org/program/national-complete-streets-coalition/

Complete Street Goals

o @
o ﬂ OiO
REDUCE MOTOR VEHICLE- REDUCE PEDESTRIAN RISK REDUCE BICYCLIST RISK

RELATED CRASHES

Transportation Equity, Safety and Mobility for all Travelers



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.




1,312 cities and towns

Complete Streets Policy Adoption = 1:520/ s3counies
jurisdictions | 1 trice

2020 : with policies | 78 regions
. f 36 states and territories
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* Technology Review and Roadmap for
Inventorying Complete Streets for Integration
into Pavement Asset Management Systems

» 7 agencies have Complete Streets
performance measures

CO m p | ete Stre etS * Three primary challenges that need to be

addressed to develop complete streets and

ROa d Md p complete roadmap activities:
* inadequate funding related to
USDOT d nd Ca Itra ns organizational structure (25 Agencies)
* the need for a rating system, and

* the need for improved data accessibility,
collection methods, and management
techniques.

* Roadmap for Incorporation of Complete
Streets into Asset Management



https://rosap.ntl.bts.gov/view/dot/57067/dot_57067_DS1.pdf

Complete Street Performance

Measures

STATE USAGE SAFETY CONDITION ACCESSIBILITY NETWORK OTHER
lowa Bike and # of accidents, % of rural and urban # of miles of bicycle % of Transportation
pedestrian # of accidents network suitable for facility added Alternatives Program funds
mode share  involving bike and ped used for bike/ped; # of MPOs,
children counties, and cities adopting

Complete Streets policies

Maryland Vehicle miles # of fatalities and Road condition % of network with

travelled, injuries, (not bike acceptable Level of
transit perception of specific) Traffic Stress score,
ridership safety (general) access to transit,

perceptions of
connectivity

Minnesota % of # of fatalities Ride quality (not ADA compliance, Projects addressing
residents bike specific), accessible pedestrian bike, ped, transit,
who bike curb ramp signals installed and freight needs
1x/week, condition (one measure each)
transit

ridership



Caltrans

Caltrans issued its initial Compete Streets
directive (Deputy Directive 64) in 2008 and
updated it in 2014

Caltrans has created a Complete Streets
office and is working on developing an asset
management plan with performance targets
and measures.

Caltrans has Complete Streets associated
targets, performance measures, and an
asset management plan



AEGIST Activities to Support
Complete Streets and
Transportation Equity

Data Collection &
Modeling with
Systems of Record

Optimize Data Collection & Data
Modeling Process for Complete Streets
Data Inventory by integrating road
network and intersection data from a
variety of authoritative sources

NG911 and Local Agency Systems
Open Street Maps
Design Systems

Asset Management Systems

Data Integration,
Engineering & Quality

Improve cost-efficiency in Complete
Streets Data Integration, Engineering
and Data Quality Management across all
authoritative sources by Automating
Processes associated with Spatial Data
Creation and Data Quality Assessment



AEGIST Activities for achieving Goals of Complete

Streets and Ensuring Equity in Transportation

* Building the complete streets
asset management system Optimize
using Building Information e

Modeling (BIM) Project LCCA and
network Cost/Benefit Analysis

* Enabling Complete Streets / LCCA optimized decision trees\

Data G,Ovemance by / Performance Prediction
Deploying Data Governance e

Framework for BIM

Bike lane and sidewalk location and type

Usage and safety data Data Framework,
Collection Methods,
Condition data Databases

Maint & rehab histories and costs (what, where, when, how much)




AEGIST Support for Complete Streets & Transportation Equity

Incorporate Complete Streets into asset

Georgia ﬁ RC N Inventorying Complete Streets management systems to cost-effectively
Tech versrTy of AT PAVEMENT RESEARCH Roadmap for Asset Mana geme nt take advantage of the societal, economic,

and environmental benefits of active
transportation

Development implementation
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AEGIST Complete Street Activities at PFS States
| PA]TNJOH[CT | D] A N|K | PN

R1. Inventorying Bike and Pedestrian Facilities

R3. Long Term Performance and Forecasting
for CS Assets

R5. Crowdsourcing for CS Data Collection

R8. Safety Impacts of Complete Streets
Implementation

D1. Guidance for Complete Streets
Performance Measures, Targets, Prioritization

D2. Database Guidance for Complete Street
Assets

D4. Optimized Data Collection Methods for
Inventorying Complete Streets

|2. Best Practices to Encourage Interagency
Collaboration for CS

|4. National Standards for Complete Streets
Targets and Data Collection



AEGIST Incorporating GMNS Standard for Modeling
Multimodal, MIRE-Compliant Signalized Intersection from
ARNOLD and NG911 Roads
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Red: Vehicle links and movements
Blue: Cycle track links and movements
Green: Pedestrian links and crosswalks




AEGIST Data Model
with GMNS
Multiresolution
Representation

- Link level
- Lane |level

Parent-child
..H

red link)

Basic Network:

Nodes

Directed links

(no explicit representation
of sidewalks)

|

Links may have parent links

- Sidewalks to adjacent roads

- One side of a road to the other
(consider the case where the
only link with shapepoints is the

Nodes may have parent nodes
-Associate crosswalk entrances
with signals

Basic Network:

Nodes

Directed links
Undirected links
(explicit representation
of sidewalks)

Dynamic Network
Movements
Lanes

Nodes
Undirected links




AEGIST Extracting Sidewalks, Crosswalks, Median Crossovers and Turn Lanes From

Open Street Maps for Use in Motorists and Non-Motorist Networks
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AEGIST Extracting Sidewalks, Crosswalks, Median Crossovers and Turn Lanes From
Open Street Maps for Use in Motorists and Non-Motorist Networks
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AEGIST
Complete
Streets Data
Modeling
Standard

Motorist Routes

Pedestrian Trail
Routes

Inventory Routes
(HPMS 9: Route
Identifications?)

Junctions
Intersections

Road Segments
(NG911)

Turn
Segments/Lanes

Median Crossovers
Crosswalks
Sidewalks

Signals

| LRS Events tied
route active | ARNOLD Routes Pe———— B A Modeled in LRS-GIS | toARNOLD
— - - L HPMSSampleSections_Active IntersectionApproach_Active Systems HPMS Data Items Routes
PK  |Objectun Integer PK | ObjectD Integer . i
PK | Globalld Integer PK  |GlobalD Integer PK|ObisctiD Tvpe ——<|PK |ObiectiD Integer PI | OblectiD Inieger
EK  |MNetworklD Type EK | MetworkiD Integer Key |GloballD Type PK  |GloballD Integer FK | ObjectTypelD String(100)
K | stateCode Type K |Routeld String(100) FK  |ObjectTypelD Type PK  |IntersectionApproachID (MIRE-129*) Integer FK RU“E'D String(100)
PK |RoutelD String(100) PK |InventoryRoutelD String(100) FK |RoutelD Type FK[intersectioniD Integer Seginhieasure Dec(22:3)
Ul |roadname String(500) } = OverlapObjectiD Siring(100) |+ BeginMeasure Type Ul |intersectionApproachName String(100) E”dME‘“‘-"'—? _ Dec(22,3)
BeginMeasure Dec(22.3)" K |Beginsunctionip Integer EndMeasure Type <MIRE Intersection Leg Fields> <TemporalityFields> Type
EndMeasure Dec(22,3)" FK |EndJunctioniD Integer FK  |RecStatusD Type <TemporalityFieldsActiveTable> SourceCheckSum Tvpe
DateCreated Date BeginMeasure Dec(22,3)* RecordDate Type SourceChecksum Type Geom Type ]
RecordDate Date EndMeasure Dec(22,3)* AfiectedRecordbate | Type Geom Geometry
FiK [ReeStatusi tneeger PateCreated Date recSansBegnbate | vpe NENA NGO11 Road Centerline
RecStatusBeginDate | Date RecordDate Date SourceCheckSum | Type i
RecStatusEndDate Date RecStatusiD Integer Georn Tvee IntersectionRoute_Active E: :::J:c:zum ::@E{;m
SourceCheckSum Longinteger RecStatusBeginDate Date . . PK |ObjectiD Integer Fx ﬁtr;et Name Fislds> St::z(lw:
<Metadata Fields> Type RecStatusEndDate Date Intersection_Active FK |IntersectionRoutelD String(100) e
Geom Geometry SourceCheckSum Longinteger ~——{PK ObjectiD Integer FK |RoutelDd String(100) NG911, e911 Segments Imported
-+ =Metadata Fields=> Type PK GloballD Integer BeginMeasure Dec(22,3) as ARNOLD Route Events
A Engineered Geom Geometry | PK ImersecfiorllD (M-110) Integer EndMeasure Dec(22,3) ype
RoadSegment_Active (LNKS) € + ; FK  [IntersectionTypelD (M-111) Type <TemporalityFields> | Type Geom Type J
PK |ObjectiD Integer Junction_Active (NODE) Engineered PK | WtersecionGeometiyTypelD (MIRE-L26) - [Type SourceCheckSum Tvee L
PK GloballD Integer PK ObjectiD Type FK IntersectionTrafficControllD (MIRE-121) Type Geom Type %‘
PK  |RoadSegmentiD Integer - JuncilioniD Type FK |SignalizationPresenceTypelD (MIRE-122) | Type [NENJ\ NG911 Street Name Alias
FK  |RoutelD String(100) FK.Null | Interesectionid Type NumberOfl.egs (MIRE-125) Integer PK [ObjectiD Integer
BeginMeasure Dec(22,) £ FK JunctionTypelD Type IntersectionAngle (MIRE-119) e | Intersection Location/Geom Engineered. FK | Alias Street Name NGUID | String(100)
EndMeasure Dec(22,3) <TemporalityFields> Type <Tempora!r'rjv FieldsActiveTable> Type MIRE Attributes Added & Published. RCL_GUID Type
FK  |BeginJunctioniD Integer <MetadataFields> Type t <MetadataFields=> Type -
FK  |Enddunctionip Integer Geom Geomety W L |ceom MiRe-126) Geormetry Associated NENA Street Name
DateCreated Type - . Alias Table
RecordDate Type .f}' E‘ /}\ f kY
RecStatusiD Type TurnSegment_Active (H12, H13) B MedianCrossover_Active (M62) Turns_Active ReverseSegment_Active
RecStatusBeginDate Type PK ObjectlD Integer PK ObjectlD Integer PK OhjectiD Integer PK ObjectiD Integer
RecStatusEndDate Type PK Globallp Integer PK GloballD Integer PK GloballD Integer PK GloballD Integer
SourceCheckSum Type FK ObjectTypelD Integer FK ObjectTypelD Integer FK ObjectTypelD Integer FK ObjectTypelD Integer
<MetadataFields> Type PK TurnSegmentlD Integer PK MedianCrossoverlD Integer PK TurniD Integer PK ReverseSegmentlD Integer
Geom Geometry TumSegmentName String(100) MedianCrossoverName String(100) TurnName String(100) ReverseSegmentMame String(100)
FK RoutelD String(100) FK RoutelD String(100) FK RoutelD String(100) FK RoutelD String(100)
JunctionRouteMeasure_Active —_EI— BeginMeasure Dec(22,3) BeginMeasure Dec(22,3) BeginMeasure Dec(22,3) BeginMeasure Dec(22,3)
! EndhMeasure Dec(22.3) EndMeasure Dec(22,3) EndMeasure Dec(22,3) Endieasure Dec(22,3)
FK [JunctionlD Integer ) . . . . )
ek |Routeln Stiing(100) EK BeginJunctionlD Integer FK BeginJunctioniD Integer FK BeganunctlonIID Integer FK Bengunf:tlonID Integer
Measure Dec(22,3) FK EndJunctionlD Integer FK End..JunctionID Integer FK Through.]-uncnonlo Type FK EndJunctionlD Integer
<7 lityFields> FK TumSegmentTypelD Integer FK MedianCrossoverTypelD  |Integer FK EndJunctioniD Integer FK Date Created Integer
- Engineered FK Date Created Integer FK Date Created Integer FK Date Created Integer RecordDate Date
g RecordDate Type RecordDate Type RecordDate Type FK RecStatusiD Type
FK RecStatusiD Type RecStatusID Type FK RecStatuslD Type RecStatusBeginDate Date
RecStatusBeginDate Type RecStatusBeginDate Type RecStatusBeginDate Type RecStatusEndDate Date
RecStatusEndDate Type RecStatusEndDate Type RecStatusEndDate Type SourceCheckSum Longinteger
SourceCheckSum Type SourceCheckSum Type SourceCheckSum Longinteger <MetadataFields> Type
<MetadataFields> Type Key |<MetadataFields> Type Key <MetadataFields> Type Geom Geometry
Geormn Geometry Geom Geometry Georn Geometry




AEGIST Best Practices to Encourage Interagency Collaboration for o N
i i Calirans System
Creating Complete Streets Road Centerlines Inventory y E —
Roads Data Roads, ——
Integration & Checks Intersectiops A:Ah:lgil:?\l-ll:r:h:s'
Data that Needs Validation 4. Data IXOde-“Lg t: QA/?C Rules Di*:gﬂzgi'gg sr::r:?;ﬂs
Data that Needs Validation P TIEEETEEE Highways Stact:\:zggdlgéta

k)
. O
H — Valid Data .9,
NG911 )
GIS Df:tq ()}
GIS Data ((;:If‘ Dakiq Valid Data sharing :g
Integration & Checks ecks D
2. Data Modeling & QA/QC Rules 3. Data Modeling C I OES s 1' g
- & QA/QC Rules qa stem o]
App: GeoComm App: lintegrate Data that Y 5
o Needs '8
Qo Validation S‘

o

9

O

3

O

> € FIRE/EMS

GIS Authority

Roads, Assets & Other GIS
Data Modeling

Updated Statewide GIS Data

1. Data Modeling & QA/QC Rules PSAP & County
Apps: Multiple (E.g.: Datamark) Coordination
Local Agency GIS
Data: Roads, Updated Local GIS Data
Assets, etc.
LOCQI Agency SyStemS Source: Abhishek Bhargava. (2021) Data Engineering and

Architectures for Building Informagion Modeling in GIS (BIM-GIS)



AEGIST Database Guidance for Complete Street Assets: Integrating and Engineering Roads, Assets Data for

Complete Street Performance Measures Calculation, Performance Forecasting and Life Cycle Analysis

Enterprise Data Hub
Data Lake ¢

® . =
OISTRIBUTE o° ,a — Data

Warehouse

eGDB: R&Hs
Publication

Transactional
Systems of
Record

©Abhishek Bhargava

Data Governance Council
Data Stewards, Architects, Engineers, Analysts

Platform Governance
Data Portfolio

Data Integration, Engineering and Delivery Platform

Transactional
Systems of
Record



AEGIST Guidance on Governing Complete
Streets 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)

Ensuring Transportation Equity by Preparing
Spatial Transportation Data for Decision Makers
across All Asset Life Cycle Phases & Processes

Complete Streets and
Spatial Data Modeling

Complete Streets Spatial

Data Engineering

Complete Streets Spatial
Data Analytics & Reporting

Information

: Requi ts
Data Quality equiremen

Temporality,
Versioning &

Metadata = (NI TV ==
DATA
= \ GOVERNANCE v /5

Preservation

Authoritative
Data Sources

Data Analytics
Platform

Engineering
Platform

© Source: Bhargava et.al. (2021). Identifying Data Frameworks and Governance for Civil Integrated Management. FHWA Research. WSP
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Complete Streets Inventory and Condition Data Modeling, Integration, Engineering and Analytics using Enterprise GIS

/ Pavement Management System (PMS) \ /

Safety Management System (SMS)
' Application 1: Crash System

Distress

Pavement
Construction
History

Application 1:
Pavement Analyst

Deterioration
Models
Skid IRI

Pavement
Management
Sections

Work Planning

\

-
System (BMS)

Bridge Management

Pavement Bridge

GIS Application 1: ArcGIS R&Hs LRS (Transactional)

Tool 4: Create Tool 5: Crashes
Crash Segments Location Referencing

Tool 6: Assign Crashes to LRS & Segments

Tool 1: Pavement
Management Sections

Tool 2: HPMS Sections

Tool 7: Roadway & Geometric Features: Location Referencing

Lanes Guardrails Median
AADT Intersection, lunction, Leg, Influence Area

Shoulders

Tool 8: Projects Location Referencing, Visualization, Cross-Program Prioritization

(Active, Completed, Programmed Projects)

Tool 3: Structures Location Referencing

Safety Projects & Countermeasures

| Application 2: InspectTech

| Application 4: AW BrR

-
System (MMS)

Maintenance Management

Application 1:

Application 2: Work
Request, Work Order
Operations Apps

Asset Inventory
& Performance
Assessment Web

& Mobile Apps

Data Lake
Al/ML
Data Prep

Enterprise Data Engineering Platform with Data Hub

=] Data

— | Warehouse

Application 1: FME

Tool 1: FME Desktop

| Tool 1: Crashes

Application 2: AW Safety Analyst

Tool 1: Reactive Model
— Safety Potential via
Group Comparison

Tool 2: Black Spots ™
Network Screening
{using LRS Routes)

Tool 5: Network
Analysis and
Project /
Treatment
Prioritization
using EPFS &
Optimization

Tool 3: Proactive
Model Scoring
(Crash Segments]

Tool 4: Project &
Treatments
Composition,
Economic
Evaluation

p
TSMO System

Application 1:
JACKALOPE

" GIS Application 2: ArcGIS Mobile/Desktop Apps (Transactional)

App 2: AWS Lambda

Tool 1: AADT Lambda

Application 1: Maintenance

Quality Assessment (MQA)

Applications Set: Mobile Apps for Asset
Inventory and Inspections (e.g. DDIR)

I’

©Abhishek Bhareava

Enterprise Data
Analytics Platform

Application 1:
PowerBuilder

Application 2: ArcGIS Portal App 3:

Tool 1: Operations Tool 2: Web J":"Ll.l"r ML
Dashboard Mapping Application Model




AEGIST Building Information Modeling (BIM) for Complete Streets Asset Inventory, Performance and

Projects Data Management and for Supporting the Performance Forecasting and Asset Life Cycle Analysis

\ 4
Program & Project Routes, f . . . fee—a- >
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FHWA L . = . = < Crash
DDIR b i o . . -
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| 5 .
| I : UAS & Survey Data : Enterprise Analytics Platform | | Asset Management Systems g----- System
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E— o Enterprise Data Engineering Platform " NENA »
DOT System of : : Data Lake File Servers Data Mining, Parsing, Normalization, Conflation, I Roads
Record (SoR - - - - Processing, Structuring, Transformation, Updates I

(SoR) : ! Design & Construction Systems I Database
f | [ - Document Content Management I
DOT System o ’ : ‘ FME | ArcGIS | GcP | AwS || Azure || 1 $
Engagement (SoE) : T I L
P N\ I A
DOT Application : I o I I : I
(in System) I I - I | Local
I | State GIS Data Weather Data Crowdsourced, Open & Proprietary Data loT Devices I I A .
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