AEGIST: Applications of Enterprise GIS in Transportati
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Integrating data from multiple sources for building an egp@mdards compliant, topologically connected, routable
Road Network Data Model
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Workshop Agenda

A About AEGIST

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

» Transportation Data and Business Use Casammplete Streets (Safety), Design/GALS Integration, Freight,
Asset Management, Travel Demand Modeling; ARNOLD, HPMS 9 and MIRE Reporting Requirements

» Enterprise Data Life Cycle Management, Bia¢&ernance, Data Modeling, Data Engineering
A About Workshop

» Workshop Objectives

» Workshop Schedule: Presentations and Breakout Sessions (Open Discussion and Inputs)
A Workshop Presentation$l.5 Hours) andBreakout Sessiongl.5 Hours)

» Topic I Routes, Centerlines, NG911 Roads, Réeties

» Topic 2 DesignrConstruction to GIS Data Pipeline via Common Data EnvironBihahd GIS Integration)

» Topic 3 Modeling Standards, National & International Initiatives: Standard Organizations, S/w Vendors, Project
A Wrap-Up: Resources & Next Steps




About AEGIST

C Objectives: Federal, State , Local Agencies

C Business Use Cases

C Systems, Applications and Tools

C Data Standards: Management & Governance

C Private Sector, Standard Development Organizations



About AEGIST

Pooled Fund Study (PFS):
FHWA and States
Enterprise Data Management and Governance
Standards, Processes, Tools and Technology
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WWw.gisintransportation.com

SPATIAL DATA MODELING

i3

i3

R
R

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 DOTSs, Local Agencies, FHWA, Private Sector Agencies

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

SPATIAL DATA INTEGRATION, ENGINEERING & DELIVERY

i3
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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

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

3

3

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

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


http://www.gisintransportation.com/

About AEGIST
AEGIST, HPMS 9 and National Road Network

Policy- GeoSpatial Data

Data Access
Act
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Geospatial Data ’ usm HPMS/ARNOLD N"’:Zt";' Rl‘:ad : -
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National

Geospatial Data
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K Enterprise GIS | mﬂﬂ“‘ﬂ'e mfﬂl‘ |
Crowd Source Work Zones For Highways is with theUs
Transportation Census




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

Data Data Integration Data Analytics &
Modeling & Engineering Reporting

Data Quality iy Data
&Readiness W | Modeling
for Use —

Temporality,
Versioning &

Spatial & Linearly

Referenced Metadata SPATIAL
DATA DATA
MODELS ™=\ ¥ GOVERNANCE v /S

Authoritative
Data Sources
Management

Data
Sharing

Data

Data Analytics Integration &
Platform Data Interoperability
Engineering

Platform

© Source: Abhishek Bhargava (2021).



About Workshop

C Objective

C Schedule
x Presentations
x Open Discussion and Survey
x Breakout Sessions and Roundtable Discussions

C Engagement Platform



Workshop ObjectiveRoad Network Data Model Development for Enterprise U
Data Assets

Asset Digital Project Linear Freight Travel Demand Safety Traffic
Management Delivery Referencing Analysis Modeling Analysis Analysis
System System System System System System System




Workshop ObjectiveRoad Network Data Model Development for Enterprise U
Data Models

Asset Digital Project Linear Freight Travel Demand Safety Traffic
Management Delivery Referencing Analysis Modeling Analysis Analysis
System System System System System System System
FMIS NBI, HPMS, ARNOLDRoutes and Roadway Characteristics MIRE NPMRDS
(T : NG911 RCL & Nodes ™~~~ H USRS Road Profiles
| Project | CTTTTTTTIT T s T .
| Junction (Nodes) e Intersection |
( ) ' S e N /
Alignment | Open Street Maps Ways & Nodes------ . OGC Geographic Data Format, CityGl
:ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ/ ________________________________ Y . . R R .
Mile Markers / Mile Posts Road Segments (Edges) > Turns
{:ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ:: |ndUStr """""""""""""""""" ."""""""'_ """"""""" I \’."_"": """"
 Bridge Pavement Foundaton ceneralized Mockeling Network Spectication (SMF
T . Classes (IFC) _ Turn Segments, Median Crossovers |
1 5a48GAY {A3YAS DdzF NRNI A asz x 0 ocomems VEdan Lossevers |

Private Sector Data VendogAsset Data (including Roads), Traffic Data, Safety Data, Traveler Data, Lidar Data, Imagery
National and International Data Standard Development Organizajd89©, OGC, W3C, AASHTO, FHWA, buildingSMART,




Workshop Obijective

Road Network Data Model Management and Governance

USE CASES Data Assets in Road Network Data Model:

A Freight OrigirDestination Routing Analysis A Centerlines/Datum/ Anchor Sections (NCHRR7)

A Travel Demand Modeling A Routes: Vehicle, Bike Routes, Pedestrian Crosswalks an

A Complete Streets: Safety Data Modeling and Analysis Sidewalks

A Traffic Analysis Systems A Intersections, Junctions (Nodes) or Network Links/Nodes

A Asset Performance Management & Life Cycle Anal (NCHRP 207), Intersection Legs

A ARNOLBHPMSMIRE Reporting, National Bridge A Road Segments: NG911, Travel Demand Modeling (Link
Inventory Reports Pavement, Traffic, Maintenance, Project Segments, HPM

A Equity in Project Planning & Programming Road Identification Segments

A Design/CAD to GiSsset Management ABuilts asset A Assets: Linear Bridges, Culverts, Guardrails, Medians, Si
data handoff (including Mile Markers), etc.

Data StandardsNational & International Initiativesg
Standard Development Organizations Private & Public Sector Agencies




Workshop Schedule

Presentations, Open Discussion, Survey and Breakout Sessions

A About AEGIST, Workshop and Workshop Background (Business Use Cases) 20 Minutes
A Topic 1: Engineering Road Network Data Model using LRS, Open Street Maps, NG911, LiDAR, Imager§0 Minutes
» Presentation 1Building Topologically Connected Road Network Model with Intersections, Links, Nodes [30 Minutes]
» Breakout Session #1: Open Discussion and Survey [30 Minutes]

BREAK: 10 Minutes

A Topic 2: Acquiring and Integrating Road Network Data from Project, Design, Construction Systems 75 Minutes
» Presentation 2EXxisting Practices: Pennsylvania Turnfdkenmission [20 Minutes]
» Presentation 3Emerging Practice: Digital Twin, CDE & IFC Based Data Migration: Tennessee & Pennsylvani25 Minutes]
» Breakout Session #2: Open Discussion and Survey [30 Minutes]

BREAK: 10 Minutes

A Topic 3: Governing Road Network Data across Sources using Standards 50 Minutes
» Presentation 4National and International Agencies Collaboration and Initiatives for Standardizing Roads Mof2lildinutes]
» Breakout Session #3: Open Discussion and Survey [30 Minutes]

A Wrap-Up: Resources and Next Steps 15 Minutes




Topic 1: Integrate Multiple Data Source

C Building Road Network Data Model

C Integrating Data from following Data Sources

X

X X X X X

LRS Data: Routes, Roadway Characteristics

Imagery

NG911 Road Centerlines, Local Agencies

CSRSNYf [IYyRa
Open Street Maps
LIDAR Data: MIRE FDEs

0. [ az

. hwX X



Topic 1 ObjectiveRoad Network Data Model Development for Enterprise Use

Engineering Junction, Intersection and Roads Segments from LRS Routes, NG911 Roads, Lidar/Ir
Open & Proprietary Roads Datasets

Asset Digital Project Linear Freight Travel Demand Safety Traffic_
Management Delivery Referencing Analysis Modeling Analysis Analysis
System System System System System System System
FMIS NBI, HPMS, ARNOLDRoutes and Roadway Characteristics MIRE NPMRDS
(T : NG911 RCL & Nodes ™~~~ H USRS Road Profiles
| Project | CTTTTTTTIT T T s T ST
; Junction (Nodes) e Intersection |
( ) ' S e N /
Alignment | Open Street Maps Ways & Nodes------ . OGC Geographic Data Format, CityGil
:ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ/ ________________________________ . Z0 . PSS e .
Mile Markers / Mile Posts Road Segments (Edges) > Turns
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Private Sector Data VendogAsset Data (including Roads), Traffic Data, Safety Data, Traveler Data, Lidar Data, Imagery
National and International Data Standard Development Organizajd89©, OGC, W3C, AASHTO, FHWA, buildingSMART,




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

Contents » I X Dlntersection Modeling Pilot X P Model
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A Automatically Calculated Junction and Intersection
1 Locations Using ARNOLD Routes
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Road Network Data Model

LRS/ARNOLD Routes for Creating Junctiorslarigl & 2 OA |
f s e

Bookmarks : g .
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1111 - Undivided-
Undivided - NS-89568 .
and NS-96258 [WAKE]

1112 - Undivided-
Undivided - NS-977 and
NS-97396 [WAKE]

1222 - 3 Divided - 1

Undivided - SR-3126 & ]
NS-99594 -2 )
Topological Connectors ()
[WAKE] b

N "

: ~ l
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1225 - 2 Divided - 2 g
Undivided - NC-55 and ¢
SR-1621 [WAKE] : g "

S

1125 - 2 Divided - 2 /
Undivided - NC-55 and (%]
SR-1621 [WAKE]

1228 - 2 Divided - 1 ‘ ok Nifd | ,
Undivided - SR-1728 o -
and RMP-797 [WAKE]




Junction_Active (NODE)

PK ObjectlD

PK JunctiionlD

Fi, Mull | InteresectionlD

FK JunclionTypelD
<TemporalityFields>
<MetadataFields>
Geom

Type
Type
Type
Type

Type =
Type
Geometry

r.‘.lum:tinnHnuteMeasure_Actiue =
FK |JunctionlD Integer
FK |OnRoutelD String{100)
OnRoutehMeasure Dec(22,.3)
FK |AtRoutelD String({100)
<TemporalityFields>
OBJECTID * JUNCTION ID * ON ROUTE ID
59867 130966 03720040000
59868 130966 03720040000
59869 130966 03750067900
59870 130966 05750067900
59871 130966 03750135900
59872 130966 03750135900

r IntersectionApproach_Active
P ObjectiD Integer
[ Intersection_Active FK  |GloballD Integer
PK ObjectiD Integer PK IntersectionApproachlD (MIRE-129%) Integer
PK GloballD Integer ~—=|FK |IntersectionlD Integer
PK IntersectionD (M-110) Integer Ul IntersectionApproachMName String{100)
EK IntersectionTypelD (M-111) Type L =MIRE Intersection Leg Fields=>
FK  |IntersectionGeometryTypelD (MIRE-126) |Type <TemporalityFieldsActiveTable>
FK  |IntersectionTrafficControliD (MIRE-121) | Type SourceCheckSum Type
FK | SignalizationPresenceTypelD (MIRE-122) |Type \ Geom Geomelry |
NumberOfLegs (MIRE-125) Integer
IntersectionAngle (MIRE-119) Type
<TemporalityFieldsActive Table= Type
=MetadataFields> Type
Geom (MIRE-128) Geomeltry
g
S
&
=)
S
N
\‘35900 38023 - %4002
6 0312 ? (80001409, 31
ON ROUTE MEASURE AT ROUTE ID J \ e
4320 130966 -4370
27.761996 03750067900 = Saiplone -
27.761996 03750135900
1.052282 03720040000
o
1.052282 03750135900 =
=)
o\
0 03720040000 2
0 03750067900



Sce N ar| O 1 . 1 4-Way: Dual/Dual 4-Way: Single/Single | 4-Way: 1 Dual/3 Single 4-Way: 3 Dual/1 Single #1 4-Way: 3 Dual/1 Single #2
Intersections with 5 5 5 5 5
Non-State
Highway System . A} ¢ SEERENL1 S C USRS CSE0' -
| A |A B A Bl |A
Route(s) e
> (— |, =) |p — D —> >
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Highways , s
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Divided > | > i —
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(3/4 Way)
B | ; : B B B
e A B A A
J - ) c ‘ 18
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LRSCenterline (2D) Modeling Accuracy (LOA)
Kansas NB11 Centerline Shape/Taper

I When the centerlines from a Dual Carriageway end to join a single centerline segment
ataper angle shall be used to connect the centerlines

Dual Carriage way terminations

Single termination without ramp Termination with ramp

- m\\\

t

Sourcé: Kansas NQ11 GIS Data Model


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

OGC Topology: Geographibata Format (GDF)

. |
Intersection and Junctions

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
g ® O
Q Topological Segments
» Intersection Connectors . o
» Turn Segments/Lanes (HPMS 12, 13)

» Median Crossovers (MIRE-62)

Connectivity: _l_
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 Ustase: Freight Origestination Routing

= ——-m—-—-—'
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Frelght Route | Segment ID Begin Junction ID End Junction ID Speed Limit

73325903 69431853 69431880
100 358758343 69148880 69431863 .. 70
100 73325904 69431863 69431865 .. 65

100 73325905 69431865 69148897 .. 60
100 73325905 69148897 69431891 .. 70



Counties121_127n

84.4273949°W 33.8415490°N v

Al

:\3 Selected Features: 5

Calculate | Selection: E—?@ Select By Attributes ?é Switch

EdgeSequen
-1692820378713516190,6427226923243275847,7872297807254062231,...
6428011016329063887,2709643821801372940

-3772566523323006118

3883060916671609923

2196668876445222640,-1163535265906310948,-1332252725276495092,...
-2356212690051327139,1945594236381943576,8153266790188650595,-...
1879890688678032704,-4104625364390564628,-2816437862694231411,...
1879890688678032704,-4104625364390564628,-2816437862694231411....
999452697798465524,-2352306268603014173,-2484389090956856686,-...

RoadNames

Eugene Talmadge Memorial Bridge,Atlantic Coastal Hig...

Sullivan Road

Perimeter

N Coastal Highway,North Coastal Highway,South Coast...
Augusta Road,Bonnybridge Road,North Coastal Highwa...
Augusta Road,Grange Road

Perimeter,| 85

Origin_Des
South Carolina
Fulton

Fulton

Fulton

Fulton

South Carolina
Effingham
Effingham
Cobb

NumberOflo
374
135
90
82
78
52
37
36
28

Destinat 4
b12
b15
b15
b15
b15
b12
b12
b12
b15

AvgDistanc

46.02858918582971
10.31696706028589
12.63517712865134
5.724052206339342
19.03045369794904
53.62336855189559
22.97700435052828
19.89434431323804
23.08887507768801



Q!; o ". lllustration of TransCAD Network Link IDs, Topological and Flow
+' Directionality

Classon Ave & Atlantic Ave
= Node ID: 13744

Atlantic Ave (Raised median with curb)

= Two-way road, coded as one bidirectional link (Dir = 0)
¥4« FromIDandToID represent topological direction.

L= Number of lanes, link capacity, ect. are coded in the format
| AB_LANES, BA_LANES, AB_Capacity, BA_Capacity

‘,_’ "~ " Classon Ave (without median)

I M. " One-way road, one link (Dir =1)

= % .= From ID and To ID represent topological direction. If the direction of
S flow is the same with topological direction, then Dir =1, if the

~direction of flow is opp

»

-

— 59 7
g 23

A4 —
p TLAN Tlcsz -

Tt

S~
7 J’ S~
LA :.
.

osite to the topological direction, then Dir=-1.

e A 2 < T N S R —

From ID]]  [To ID] D|Di|  Length| LID331111|NAME? COUNTY|FCLASS|DESIGN|MEDIAN|ACCESS|SIGNAL|DRIVEWAY |TURN [TOT_LANE
13619 13744 59119 0 0.17 59119 ATLANTIC AVE T 0A N H NS NS 6
13744 13732 59124 1 0.07 59124 CLASSON AVE 4 16 0N N H NS NS 2
13744 13873 59123 0 0.16 59123 ATLANTIC AVE 4 14 DA N H NS NS h
13688 13744 59118 1 0.29 59118 CLASSON AVE 4 16 0N N H NS NS 1



Use Casefravel Demand Modelin
Links, Nodes & Roadway Characteristics

Link Attributes

ID

From Node ID

ToNode ID

Direction

Length

Functional Class

Facility Type/LinKype

Area Type

Auto/Truck tolls

Number of Lanes

Parking Restriction

Truck/HOWsage

Median

Access Control

Signal Density

TurnLane

Ramp Type

Bridge,¢ dzy' y St = X

Software default fields

Important general classification,
used to calculate link speed and
capacity

Components of generalized cost
used for model pattbuilding

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

~

Travel Demand

Linear
Referencing
System )

Link Attributes

Road Segment ID

Begin Junction ID

EndJunction ID

Direction

Length

HPMSO01 - Functional Class

HPMSO03 - Facility Type/LinKType

HPMSO02 ¢ Urban Code

Auto/Truck tolls

HPMSO07 ¢ Through Lanes

Parking Restriction

HPMS 0811 ¢ HOV/HOT/Toll

Median

Access Control

Signal Density

HPMS 12/13%;, TurnLane

Ramp Type

Bridge,¢ dzy' y St = X

[1] Road Segments (Links
[2] Junctions (Nodes)

[3] Intersection

Modeling
System

MIRE Road Segments Attributes for Safety

13.
14.
I5.
16.
¥
I8.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31
32.
33.
34.
35.
36.
37.
38.

Segment Length ™*

Route Signing

Route Signing Qualifier

Coinciding Route Indicator

Coinciding Route — Minor Route Information
Direction of Inventory ™*

Functional Class "*

Rural/Urban Designation "

Federal Aid ™*
Route Type ™*
Access Contro
Surface Type ¢

Total Paved Surface Width

Surface Friction

Surface Friction Date

International Roughness Index (IRI)

International Roughness Index (IRI) Date

Pavement Condition (Present Serviceability Rating [PSR])
Pavement Condition (PSR) Date

Number of Through Lanes ™*

Outside Through Lane Width

Inside Through Lane Width

Cross Slope

Auxiliary Lane Presence/Type

Auxiliary Lane Length

High-occupancy Vehicle (HOV) Lane Presence/Type

I FDE



[Option 1]
Create Road

Segments
from LRS Routes Road
~ollifes Segments
(Links)
C Road Segments (Links) are Events
on the LRS, created automatically
from Junctions and LRS routes
Junction
. Intersection
Junction _
Route Intersection| | APProach
— Measure (Leg)




-
[O ptl O n 2] Descriptive Name | Field Name | M/C/O | Type ;‘;‘; '
Discrepancy Agency ID DiscrpAglD M P 75
( : re ate Road [ Date Updated DaeUpdae | M| D | - |
Effective Date Effective o D -
Expiration Date | Expire [ o [ o - N G 9 1 1 Road
S e m e ntS | Road Centerline NENA Globally Unique | RCL_NGUID M p 254
Left Address Number Prefix AdNumPre_L C P 15 .
g [ Rignt Adaress Number Prefix [agNumPre R | € | P 15| C e nte rI I n e
f L R S R O ad L Left FROM Address | FromAddr_L | M N 6 |
I I l Left TO Address ToAddr L M N 6
ro R O l | te S | Right FROM Address [Fromadar R~ | M| N 6 Fe atu re
| Right TO Address | ToAddr_R | M | 6 |
R O u te S § | Parity Left | Parity_L I 1|
| Street Name Pre Modifier | St_PreMod | ¢ | E 15 |
Ad d N ( ; 9 1 1 Street Name Pre Directional St_preDir c | p 9
- Street Name Pre Type St_PreTyp C E 50
I n S Street Name Pre Type Separator 5t_PreSep C E 20
Street Mame St MName M E &0
| Street Name Post Type St_PosTyp C E 50
Street Mame Post Directional St_PosDir C P 9
Street Name Post Modifier St_PosMod c E 25
Legacy Street Name Pre Directional LSt_PreDir c P 2 I
Lagacy Street Name’ LSt Name [s [ 75 S t re et
- Legacy Street Name Type™ LSt _Type C P 4
C Road Se g m e ntS (LI n kS) are Eve ntS Legacy Street Name Post Directional® LSt_PosDir C P 2
. |ESN Left’ ESN_L C P 5
on the LRS, created automatically S TS Name
. MSAG Community Name Left’ MSAGComm_L C P 30
MSAG Community Name Right' MSAGComm_R € P 30
form Junctions o o A T -
Country Right Country R M P 2 I aS
State Left State L M P 2
= State Right State R M P 2
C NG911 RCL created as separate sty ot corny [ v e w0
. . County Right County_R M P 40
feature and associated with Adatonal Code Lef adcoe L | € | p | 6
Additional Code Right AddCode_R C P 6

LRS/ARNOLD Routes since

Geometry cannot be conflated | nte rsection
Junction _
Route Intersection | APproach

Measure (Leg)
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[O ptl O n 3] Descriptive Name | Field Name | M/C/O | Type Wit '
Discrepancy Agency ID DiscrpAglD M P 75
‘ re ate RO ad Date Updated [DateUpdate | M D -
Effective Date Effective o D -
Expiration Date Expire 0 D - N G 9 1 1 Road
S e g m e ntS Road Centerline NENA Globally Unique | RCL_NGUID M p 254
Laft Address Nurrber Prefix AdNumPre_L C P 15 .
Right Adaress Number Prefix [agNumPre R | C P 15 | C e nte rI I n e
Left FROM Address |FromAddr L | M N 6 |
rO I I I Left TO Address | ToAddr_L | M N 6
O l I e S Right FROM Address | FromAddr R | M N 6 Fe atu re
. Right TO Address | ToAddr_R M N 6 |
R ( L R O ad Parity Left | Parity_L M P 1 |
H Parity Right | Parity_R M P 1
O Street Name Pre Modifier | St_PreMod C E 15 |
‘ e n te rI I n e S | Street Name Pre Directional St_preDir C P 9
Street Mame Pre Type St_PreTyp C E 50
Street Name Pre Type Separator 5t_PreSep C E 20
Street Mame St MName M E &0
| Street Name Post Type St_PosTyp C E 50
Street Name Post Directional 5t_PosDir C P 9
Street Name Post Modifier St_PosMad C E 25
Legacy Street Name Pre Directional® LSt_PreDir C P 2 I
Lagacy Street Name’ LSt Name [s [ 75 St re et
1 Legacy Street Name Type™ LSt Type C P 4
C Road Se g m e ntS (L I n kS) are Eve ntS Legacy Street Name Past Directional LSt PosDir [ P 2
. ESN Left’ ESN_L C P 5
on the LRS, created automatically S TS Name
MSAG Community Name Left’ MSAGComm_L C P 30
MSAG Community Narme Right' MSAGComm_R C P 30
from NGgll Road Country Left Country_L M P 2 AI .
. Country Right Country R M P 2 I aS
Centerlines (RCL). St Lo Sote. 1 T ‘
u State Right State_R M P 2
County Left County_L M P 40
County Right County_R M P 40
! Additional Code Left AddCode_L C 3 6
Create Junctions from NG911 o Code R o T T e I

From/ToNodes

Intersection

Junction _
Route Intersection | APProach

Measure (Leq)




Any County

County Route 59

Veterans Memorial Highway

Any County
Some City

State Route 23

NG911 RCL and

Street Name Alias

Avenue of the Pines Main Street gias ;“as Alias
Alias Street [ o . . ree | Street | jas | Street
L * - ® Name o4 NETJn;;r ine N . R Street | Name
RCLI@ACOILtxus  RCL2Z@ACO1ltxus ° RCL3@AC91ltxus  RCLA@ACO NGUID e Selpai P eto | Name | Post
Type r Type
AST1@AC911.bcu | RCL1@AC911.bx.u State 3
Road Centerl S S St S S S - - foute
terline | Street treet reet treet | Street | Stree
NGUID Name |[Name Pre| Name Pre | Name |Name| t ASTE@AEQll.tx.u RCLE@AEQH'H'” g;?]tti 23
Pre |Directiona| Type Pre Type Nam
Modifie | Separato e AST3I@AC911.bcu | RCL3@AC911.bx.u State 23
- - Post s s Route
Type AST4@AC911.tx.u | RCL4@ACI911.bx.u State
n s 5 Route 23
RCL1@AC911.tx. Avenue of the | Pines
us ASTS@AC911.tx.u | RCLI@ACI11.tx.u C":“t 5
RCL2Z@ACO911.bx. Avenue of the | Pines S 3 Route
us AST6@ACI11.te.u | RCLZ@ACO11.beu | COUNt
RCL3@ACI11.tx. Main | Stree . c y 59
us t Route
RCL4@ACI11.tx. Main |Stree AST7@AC911.tx.u | RCL3@ACI11.tx.u veterans | opwa
Memoria
us t 5 5 | y
ASTS@AC911.bc.u | RCL4@ACI11.bx.u ' veterans | opwa
Source: httpg/cdn.ymaws.com/www.nena.org/resource/resmgr/standards/nena . e Memoria y

sta-006.1.22020 ng91-.pdf




Roads
Modeling

HPMS 9 Road
|dentification
Tablesimilarto
NG911Road
Centerline and
Street Name
Alias

Information
about Road
Name and Route
Concurrencies

Complex
Modifications

Route Identifications
Table:

Route Number,

Alt Route Name,
Qualifier, and Signing
are consolidated

with a separate table
structure. (2023)

Expanded to cover all
public roads.

Data Type

Field Name Description Valid Values
(characters)
BeginDate* Date Date at Whld.q the data MM/DD/YYYY
becomes active.
StatelD* Numeric (2) State FIPS code Up to two digits for the FIPS code**
Up to 120 alpha-numeric digits that
" Location reference ID identify the route; this ID must be
ROtratp VAICaat0) for the linear feature consistent with the Route ID in the
State's LRS
Identifies the point of origin for a
BeginPoint* Decimal (8,3) | Beginning milepoint given segment, using a decimal value
in thousandths of a mile
Identifies the terminus point for a
EndPoint* Decimal (8,3) | Ending milepoint given segment, using a decimal value
in thousandths of a mile
Code only the appropriate route
RouteNumber | Numeric The appropriate route | number (leading zeroes shall not be
number used). For example, Interstate 35W
shall be coded as 35.
RotteNurng Text A fa'milia.r, non-numeric
designation for a route
Is this the highest order
IsPrimary Numeric and lowest number Code O for no, or 1 for yes
route designation
See Look-Up Table below. Code the
The route signing value which best represents the
RouteQualifier | Numeric e = manner in which the roadway
descriptive qualifier. A
segment is signed on the route
markers.
See Look-Up Table below. Code the
e . The type of route value that best represents the manner
RouteSigning Numeric feies : ; .
signing in which the roadway segment is

signed with route markers.

Comments
(Optional)

VarChar (100)

Comment for State use

Variable text up to 100 characters;
this field is optional 12
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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

Incorporate Complete Streets into asset

Georgia tﬂ RC N Inventorying Complete Streets management systems to cost-effectively
Tech ey DT o aatr e anichi Roadmap for Asset Mana geme nt take advantage of the societal, economic,

and environmental benefits of active
transportation

Development implementation

Davis « Borkeley | CENTER

M t of 1S fressszcscssassacssccs ) BEsasamamenmonmeone e ’ P rr e e r e, e __ .. —----—- §  PeeeesnssEsean i e e
fof:\;ng:_rtrznm of assets E R1. Inventorying Bike E!. R6. Network Level E E D1. Guidance for E g- 11. Best Practices for :
performanc‘e of active 4 Pedestrian (and ! i Measurement of ! Complete Streets : ' Organizational E
ravonrstr e f/_ AOMGacities___ | BkefPedCounts | | Peformance | | tucturestoSupport
4 -t ey e + { Measures, Targets, | | | cs
streets networ . E c R|2. Ct(iJndi':iOtn E E R7. LCCA & Value of : E e prior'mzation' E - _l_z_ _é- o -P_ B

C1. Technology Review || SEEEEEIEEEESEINENI. SENNNEIE. o, | |4 Best Practicesto /
for Inventorying E System of Bikeand Improvements | | D2. Database 7 1 Encourage Interagency {
Complete Streets USSTISEUOIRINIRUINNS: Lo SRR | Collaboration for CS |
Assets 5 R3. Long Term Ei R8. Safety Impacts of | i Complete Streets E E 13. Training for E
E Performance and E i Complete Streets | [—_—_—_-_-_-_-_-_é-f—f-f—t—s_-_-_-_-_-_-_-_-_-: i Complete Streets E
C2. Current Practices E Forecasting for CS 11 lmplementation( t D3. User Interfacefor | | Condition Evaluation E
and Needs Review for || (SSEUSSUSSESEIUINUBEDE oo rooooteousououooy * | Datalnput, Analysis, | :__and Prioritization !
o e ) i haavicvforcsdata | RO-PlotTesting/ i andPresemtation, £y Sandards |
poTTTTTTmTEmTmmTmmmeT : E collection ; i T Fehasi 'i ity ¢ E ' D4. Optimized Data ! i for Complete Streets E
E CS. COUﬂtY/City : E::::::::::::::::::::::‘: E |:\c[e:tooorygil:; ad : E Collection Methods E - Targets and Data '
| Review of Practices | | ’ i .+ for Inventorying / E Collection |
; and Needs . (Rs. CfOWdSOUfC".\g E: Complete Streets : s Comglete Streets E ------------------------

| ; for CS data collection 1 Assets T e

oS T ol Te oo S Io Tt Iiss | | Current Project |




States with Routes for Bike, Ped/Tralil, Rall Pennsylvania

N k Florida
etworks West Virginia
Washington DC  pennsylvania
Connecticut Florida
West Virginia
Vermont
5
Arizona
Washington DC
3
Bike Trail Rail
Network Network Network

Number of Response$



Generalized Modeling Network Specification (GMNS)

Modeling Multimodal, MIRE-Compliant Signalized Intersection from ARNOLD and
NG911 Roads

~

\‘_‘\ .\113.\

e 2y
: P
B S
2
- DS ~
> Y
\'5’\6 SR 175
& A S/ S 21 )
S N S A%
~ AV A

1279

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

Nodes

|

Basic Network:

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
red link)

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




Situation LOD 0 LOD 1 LOD2-4
TransportationComplex TransportationComplex Surface geometry is devided
. provides linear network provides surface geometry thematically into TrafficAreas,
Leve‘l'Of-Detal I with line obhjects describing the actual like:
(LODYGeometry) e et conpi Ll -om
[ ] TransportationComplex [ ] Traffic — emergency lane
Source: CltyGM B (Surface geometry) [ Traffic — restricted area
[ ] Terrain surface [ Auxiliary - grass
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 LODO, 1, 24 LODO, LOD 1, LOD2
Asset Inventory & Performance, ARNOLD Reporting LOD O
Travel Demand Modeling, Freight @&outes Analysis LOD 0O
Traffic Design Modeébimulation LOD 24
Roadway Geometry (Alignment, Pavement Gisession, Profile) LOD1, LOD 2

Point Cloud Classification and Asset Data Extraction from Lid: LOD 24



CityGML Road Network Model Elements

Function

TrafficArea
TrafficArea

Auxiliary

T L)Y \'v
( ’*(‘\‘?::'\%{:‘. { \-v<‘ \,’(\ (\\' ,\ . S oY " \
N .«"\ R .\'(‘ .{\f PP ,.3-“. 4 footpath
2

cyclepath
kerbstone

¥ driving lane
anm l’l III‘P

“pn.

road marking

L 2
..... \
Traffic
area

driving lane

kerbstone

Auxiliary
traffic

areas footpath

Traffic
_area

EETERFRIIIININ

green area

k. d
Road
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' 23:CAR_COLLISION

- "l ‘ : S

3 Defecting Pedestrian and Vehicle

.{ﬁp\?f’ L s Conflicts, Crashes in an Intersection




Access
Point
]
None Median crossover, no left turn bay Median crossover, left turn bay Median crossover, directional left turn Two-way left turn lane
bays (to prevent crossing traffic from
driveways)
Intersection Name | Intersection Type (MIRE- Geometry Type Traffic Control Type | Signalization Presence No. of Legs | Geometry
111) (MIRE-126) (MIRE-121) Type (MIRE-122) (MIRE-125) | (XYZm)

Median CutInt1 1 - Roadway/Roadway 7- Non-Conventional Intersection - Median U-Turn 1 - Uncontrolled 5 - Unsignalized X1,Y1,Zy,my
2 Median Cut Int 2 1 - Roadway/Roadway 7 - Non-Conventional Intersection - Median U-Turn 1 - Uncontrolled 5 - Unsignalized 0 X2,Y2,Z3,m;
3 Median CutInt3 1 - Roadway/Roadway 7 - Non-Conventional Intersection - Median U-Turn 1 - Uncontrolled 5 - Unsignalized 0 X3,Y3,23,m3
4 Median Cut Int4 1 - Roadway/Roadway 7 - Non-Conventional Intersection - Median U-Turn 1 - Uncontrolled 5 - Unsignalized 0 Xa,Ya,Za,M4

mm Median Median Begin End Junction | Route ID | Begin, End Median Crossover Geometry
1 )'oh 720l Crossover ID | Crossover Name | JunctioniD | ID Measure Type (MIRE-62)
102 1 X2, Y22 1 MC1 101 102 No Left Turn Bay [X1,Y1,21]
103 2 X3,Y3Z; 2 McC 2 103 104 Left Turn Bay [X2,Y2,25]
104 2 Xa,Ya,Za 3 MC3 105 106 Directional Left Turn Bay [X3,Y3,23]
105 3 X3,Y3,Z3 4 MC4 107 108 Two-way left Turn Lane [Xa,Y4,24]
106 3 Xa,Ya s
107 4 Xs3,Y3,Z3 Intersection Junctions Median Road Segment
108 5 XoYaZe . (#OGC GDF; #MIRE) (#OGC GDF) Crossover . (LRS Event)
4




9] Modeling

TeatC T

z

Michigan Travel Demand Modeling Network (Emme)

gl
A5
.--"'"-F---

KMODE TPF

Turns &
=]
501 l:H
. 5 —
ﬂ}}#}gﬂgf E "“-i({ ‘!-E‘é 0,
21780 _— - 5nﬁjz1?aﬂ -
. - 21779-5015 El
- ) 2 'F;L.-F-"‘"_P-
T I.?}‘E: {Q{ E % -'-i {J}_{-};ﬁ‘@}
E?D'r'b-.rr:"ﬁff
2
5
2
Turns g
4 QID |ID JNODE  INODE
] 5014-5011-5016 5011 5014 5016
1 5014-5011-21780 5011 5014 21780
2 5014-5011-23853 5011 5014 23853
3 5016-5011-5016 5011 5016 5016
4 5016-5011-21780 5011 5016 21780
|5 5016-5011-23853 5011 5016 23853
B 23853-5011-3016 5011 | 23853 3016
7 23853-5011-21780 5011 | 23853 21780

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

a FD |5hape D

1971
1972
1973
1974
1975
1976
| 1977
1978

DATAT

&S D e | a o e o

Point
Point
Point
Point
Point
Point
Point
Point

DATAZ

e I e Y e e Y e N == (R e R e

501
5012
5013
5014
5015
5016
5017
5018

DATAS

X

302824.18757
30323728123
302943.28115
303619.90612
303722.56241
304274.68762
308747.37487
310742.31248

@avaut
0 33.200001
0 0
0 95.089836
0 0
0 2.4
0 31098734
0 135.8
0 61044226

Y
1750232.1251
1713073.9999
1713000.625
1752033.0001
1751880.125
1750151.9999
1833742.375
1834209.9999

@avbgt
9. 200001
0
42.199997
0
0
195.79999
34.400002
308.18484

DATA1

=N — R — Y R - B R = R

@avhlt
1.43534
0
16.715115
0
0.032135
44,966614
1.572097
86.436714

DATAZ  DATAS

oo o o a @ 9 9

@avh3t
0.302932
0
4.339508
0
0.007318
12.196842
1.774333
23787447

I5Z0OMNE

=T — I — R — I — R — R — R —
oo ([ ) 8 8 ] (8 8 e ]

@avhgt
133. 20001
0
3313.8748
0
1.6
1051.7607
21451406
10592.301

ISINTERSEC

=N — I — B — R

—t

44,600002
9.6
37374204



Complex Urbamtersection Modeling, Complete Streets

SourceCityGML

1
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RO Ute S M Od e I i : ’ ' AM-03: Flood Impact and Climate Resiliency
. - AW Analysis for Highway Segments and Bridges
Publish Routes with X/alues :

Business Use Cases

1) Calibrating Measure values for Routes
2) Distinguishing agrade 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 OSM Line work and imagery
Performance Functions alignment and conflation with
Authoritative DOT LRS and

4) Asset Management: Risk & Resiliency Analysis - 2
Design Systems Centerlines

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?




Develop and publish 3D
Roads Data Model

P’ Set Translation Parameters

Reader

Format: | ASPRS Lidar Data Exchange Format (LAS)

Dataset: az\las_processor_bundled_out\filtered_2021_5444.laz

Parameters... Coord. System:

Multiple Source Dataset Options
(_) Merge source datasets to one destination

® Separate destination for each source file
'.':_1' Separate destination for each sourceLblder

Writer

Format: | ASPRS Lidar Data Exchange Format (LAS)

Dataset: ansas\us-kdot-210312-6923-laz\Option3\<basename>

Parameters... Coord. System:

Help 0K

hd

Cancel

Q KS.mxd - ArcMap

Layer -

File Edt View Bookmarks Insert Selection
Deds B ®.

[ £10 3151 « = 18-
Table Of Contents
oo m 3

Layers

LRS_County_Sample

[0 LRS_County_LidarPoints
-
LRS_County
las_sample.lasd
Data percentage: 0
LAS point elevation
1.713 - 3375465
- 3351713
- 3350462

3‘ 3.712

W oW W
w W
w
~N 0 8
&
o

&

w
J J
o
— )
N NN

- 3347 962
3346,712
344211 - 3345467
342.961 - 3344211
e 3341.711 - 334266)
2 [0 KS_ShawneeCounty_2006.lasd
5 [0 USGS_LPC _KS SCentral L1 _2015.lasd
# [0 us-kdot-210312-6923
[] Basemap
i M World Imagery

:E
oo
I
-— O -
-

v W W W W

k O

1289

Geoprocessing

-

b=

2 x




Develop and publish 3D

Roads Data Model

S Table Of Contents

Eloe8 3

=
SRQ LR

= [0 LRS_County_Sample

= O LRS_County_LidarPoints
—
O LRS_County
[ las_sample.lasd
Data percentage: 11.8
LAS point elevation
« 3351713 - 3375469
« 3350.462 - 3351.713
+ 3349.212 - 3350.462
3347.962 - 3349.212
3346.712 - 3347.962
3345.461 - 3346.712
« 3344.211 - 3345461
« 3342961 - 3344211
e 3341711 - 3342961
@ [ KS_ShawneeCounty_2006.lasd
® [0 USGS_LPC_KS_SCentral_L1_2015.lasd
# [0 us-kdot-210312-6923
= [0 Basemap
@ M World Imagery

[

|Ed|tov' > P * ¢ v, =8

O0000000000000000000000000000aon

19386
19387
19388
19389
19390
19391
19392
19393
19394
19395
19396
19397
19398
19399
19400
18401
19402
19403
19404
18405
19406
19407
19408
19409
19410
19411
19412
189413
19414
19415
19416

{1 Finish Sketch

X

294826.620
204826.623
294826.625
294826.627
294826.628
294826.628
294826.632
294826.637
294826.638
254826.640
254826.641
294826.643
204826.645
294826.647
294826.649
294826.652
294826.653
294826.655
294826.658
294826.661
294826.661
294826.662
294826.663
294826.665
294826.667
294826.669
294826.670
204826.674
254826.674
294826.675
294826.678

593695.224
593695.322
593695.362
593695418
593695.440
593695.464
593695.569
593695.707
593695.730
593695.776
593695.812
593695.898
593695.931
593695.998
593696.067
593696.133
593696.171
593696.211
593696.296
593696.381
593696.393
593696.420
593696.475
593696.525
593696.577
593696.622
593696.663
593696.760
593696.774
593696.798
593696.894

—

Z

3349.188
3349.145
3349.140
3349144
3349.153
3349145
3349.138
3349.134
3349.159
3349.156
3349.143
3349.174
3349.162
3349.144
3349.149
3349.150
3349.197
3349.210
3349.185
3349.163
3349.161
3349.161
3349.153
3349114
3349.152
3349.181
3349.162
3349.146
3349141
3349.148
3349.158

N



LRSCenterline Management & Governance

A Administration Level 1: Multiple Centerline Geometries
» DOTs manage all DOT Roads. Local roads managed by DOTs and/or Local agencies, who provide data to DOTSs for updadeigs&il Roa

» Multiple Road Centerline geometry sources used to add data to DOT LRS. Theseiscuade©OT CAD/BIM, NG911, HERE, INRIX XD
Segments, Traffic Message Channel (TMC) Sections, Open Street Maps (OSM) Ways

» Different geometries allowed to eexist (for the same road). Each geometry is managed by individual agencies. They areagsattias
for supporting mutually exclusive business processes.

A 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

A Administration Level 3: Conflated Centerline Geometries
» Road Centerlines from Public and Private sector agencies are conflated using a set of centerline conflation rules.czaaéisrie 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)ogsswggsort




LRS Centerline Data A Administration Level 1Multiple Road Centerlines eaxist. At best, locals provide PDF/Paper maps to DOT, who digitizes manually
Integration from A Administration Level 2integration of roads data from DOT CAD. NG911/Local roads appended. Automated processes for Data Inte
Authoritative Sources A Administration Level 3Conflationof roads data from received from NG911/Local agencies and/or proprietary, community data sourt

Administration Level 1 Administration Level 2 Administration Level 3
**Data Sharing Agreemeni Local Roads Data Importing Roadway Local/NG911 Roads Data DOT Conflating DOT Conflating
DOT Manages All Road Imported and Digitized | Alignment from Desigr Authoritative & Appended ta Local/NG911 Proprietary,
State No Locals Coordination from PDF/Paper using Automated Tool DOT Roads Centerlines Geometry Community Roadg
1 Arizona Local to DOT, Append given owne
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 owne 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 owne 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 owne
17 Washingtor* Local, Digitize PDF/Paper Local, Conflate GIS Files
18 Washington DC
19 West Virginia DOT, No Locals Coordination| DOT/Local?, Digitize PDF/Pa







