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Linear Referencing: a location reference for networks

Relies on uniquely identified lines and a known measuring system.

NYSDOT, along with every other State DOT, has used linear
referencing to locate roadway data for decades...long before GIS!
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Linear Referencing: a location reference for networks

A primary benefit of linear referencing is that it may be used to
easily associate multiple sets of attributes to linear features.

The geometry of the road is stored once.

Lanes 2 3
Material Asghalt Concrete A:ghalt
Speed 45 35 45 55
Quality Fair Good Poor Good
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NYSDOT Linear Referencing I\/Iethods (LRI\/I)
Milepoint SN T

— Mileage based

— Roadway Inventory System (RIS) is
the system of record.

— Locates roadway characteristics,
administrative attributes, traffic data

and hl?hway projects from the
Capital Program

Reference Marker
— Field posted

— Safety Information Management
System (SIMS) is the system of
record.

- Loqates accident records and
maintenance work
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Linear Referencing
and Dynamic

Segmentation
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What happens when we don’t use linear referencing?

Mission Critical Piece of Info #1

Mission Critical Piece of Info #2

Mission Critical Piece of Info #3

Realignment é

Route 20

NYSDOT still maintains dozens of highway layers as individual GIS layers.
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What is this road called?
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a) State Route 9D b) Route 9D c) NYOD d) North Avegfw
Answer: all of the above In Milepoint: 10050503  * |
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NYSDOT LRS in GIS

Where we are...
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-
ERIS » Internet Explorer provided by NYSDOT

Save | Reset | Export to Excel | Criteria | Help | Default [~ Length Correction |~ New Construction |~ Realignment Cascade
Route View DOTId: 100233 Rte: NY275 Beg: 1.47 End: 1.61 Len: 0.14 CoOrder: 1 Primary Segments
End Desc : Jump To | S olum ~ | Column

DOTIHd  Rte . | Begin Desc End Desc *Maint Jur = Owning Jur *Muni Owner HPMS  UAC | MPA | Name
100233 NY275 RT 417 BOLIVAR PLUM ST = = 01 01 1049 - Boliv
100233  NY275 X PLUM ST 01 01 1049 - Boliv
100233  NY275 01 01 1049 - Boliv
100233 NY275 VILLAGE RICHBURG 01 01 1049 - Boliv
100233 NY275 E X VILLAGE RICHBURG = = 01 01 1420 - Richb
100233  NY275 01 01 1420 - Richb
100233 NY275 = = 01 01 1420 - Richb
100233 NY275 1. E X o o 01 01 1420 - Richb
100233 NY275 1. 01 01 1420 - Richb
100233 NY275 1. E X 01 01 1420 - Richb
100233 NY275 1. E X 01 01 1420 - Richb
100233 NY275 = = 01 01 1420 - Richb
100233  NY275 X 01 01 1420 - Richb
100233  NY275 01 01 1420 - Richb
100233 NY275 VILLAGE RICHBURG = 01 01 1420 - Richb
100233 NY275 5 VILLAGE RICHBURG = 01 01 0921 - Wirt
100233  NY275 = 01 01 0921 - Wirt
100233 NY275 CR 8 INVALE RD 01 01 0921 - Wirt
100233  NY275 E CR 8 INVALE RD = 01 01 0921 - Wirt
100233 NY275 01 01 0921 - Wirt
100233 NY275 E 01 01 0921 - Wirt
100233 NY275 : 01 01 0921 - Wirt
100233 NY275 01 01 0921 - Wirt
100233  NY275 X 01 01 0921 - Wirt
100233  NY275 a a 01 01 0921 - Wirt

(=l [>]
Page|1 of2 Show 25 |+ |records Displaying records 1 - 25 of 44

NYSDOT’s Roadway Inventory System (RIS) maintains roadway
attributes for all public roads. System of record for Milepoint

NEWYORK | Office of Information
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Roadway Inventory System Table

+ Milepoint LRM Network

Roadway Inventory System Geodatabase

= ¥ Roadwaylnventory = ¥ Roadwaylnventory

Pavement Score Total Lanes

- 3 2

-l 3
5 -4
6 -5
7 - 6
8 -/

a9 - f
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<4 ArcCatalog - P\GIS\HighwayData\RoadwayInventorySystem2014.gdb

File Edit View Go Geoprocessing Customize Windows Help

lers @6 x| EEER QERBD Iy iwc

P:\GIS\HighwayData\RoadwaylnventorySystem2014.gdb v s
= E g
Catalog Tree 2 X | Contents IPreview I Description‘

R

L3 RoadwaylnventorySystem2012.gdb »

L3 RoadwaylnventorySystem2013.gdb

L3 RoadwaylnventorySystem2013MidYe -

3 RoadwaylnventorySystem2014.gdb EdRoadwaylnventoryTable

L3 RoadwaylnventorySystemCurrent.gdi~—
—

Name
[=JRoadwaylnventory

=

20.

NYS Roadway |nvent°ry System Geodatabase
9 h‘ﬁ; Data Set Details
Revised: 2014

A highway layer generated from NYSDOTs Roadway Inventory System
showing roadway characteristics and administrative attributes. The layer
covers the state highway system and major local roads that are part of the
federal aid eligible system. UTM NAD 83 Zone 18N.

The Roadway Inventory System geodatabase is available to NYS Clearinghouse
members on the NYSDOT page on the NYS GIS Clearinghouse:

http://gis.ny.gov/gisdata/inventories/member.cfm?organization|D=539
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FHWA “ARNOLD” Requirements

Memorandsrm

In August 2012, FHWA expands
HPMS requirement for GIS LRS
network to cover to all public roads Lo
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NYSDOT'’s
Enterprise Linear

Referencing
System Project
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Goals for the Enterprise Linear Referencing System:

1. Maintain a single representation of the NYS highway network

2. Allow NYSDOT business units to more easily maintain asset
locations and highway information using the Milepoint LRM

3. Enable business system and data integration through the
common location reference (Milepoint)
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Enterprise Linear Referencing System Project

* NYS Department of Transportation (NYSDOT)
* NYS Office of Information Technology Services (NYS ITS)
* Esri

Configure and implement the Esri Roads and Highways solution
to maintain NYSDOT'’s Linear Reference System

Office of Information
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What does Roads and Highways do?

Office of Information
Technology Services
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t ALRS Event Properties

Event Behavior Rules

Behavior Rules specify how events must be modified when parent route is
modified

Activity Rules
CalibrateRoute Stay Put
ReverseRoute Stay Put
RetireRoute Retire

ExtendRoute Stay Put
ReassignRoute Stay Put
RealignRoute Stay Put
RealignOverlap Stay Put
CartoRealignRoute Honor Route Meas...

...while managing event data on the network based on predefined rules.

f NEWYORK
STATE OF
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Table of contents 1. Geometry to measure

Overview Esri Linear Referencing REST API - Overview
Getting Started
ArcGIS REST API

Introduction

il i q i P . . . . n : .
Linear Referencing Service The Esri Linear Referencing REST API provides a simple, open Web interface to linear referencing services hosted by ArcGIS Server. All resources

Apply Edits " ! i 4 " 2 M t t
Create Version and operations exposed by the REST API are accessible through a hierarchy of endpoints or Uniform Resource Locators (URLs) for each GIS . e a s u re 0 eo l I I e r

Delete Version service published with ArcGIS Server.
Reconcile Version When using the REST API, you typically start from a well-known endpoint, which represents the server catalog. The table of contents for this Help)
system mimics the hierarchy of resources in the REST API. The default start URL for an ArcGIS Server installation is:

All Lavers

http://<host>/arcgis/rest
Network Layer 3. CheCk EVe nts

Geometry to Measure For example, to get to the root directory of ArcGIS Online services, the URL is:
Measure to Geometry
Translate http://services.arcgisonline.com/arcgis/rest/services
Concurrencies
uery Attribute Set From this base URL, you can traverse to any of the listed service and resources and operations associated with the service.
Gt ' ...and others
The REST API is stateless, which means that REST does not keep track of transactions from one request to the next. Each request must contain
Event Laver all the information necessary for successful processing.
Geometry to Station
Station to Geometry Getting Started

If you want to learn more about how the REST API works, you can start by following the les in Getting Started.

Redline Laver

Centerline Layer Resources and Operations

The REST API has some level of support for each of the ArcGIS Server service types. Each service is a resource and has a unique URL. Although 3
REST system always returns only representations of resources to the clients, for the sake of simplicity, the resources of the ArcGIS REST API are
divided into two types: resources and operations.

Calibration Point Laver

Intersection Laver
The supported service types that include operations are map, geocode, geoprocessing, geometry, and image. Another set of service types that
Non-LRS Laver are supported as resources but have no associated operations include network, geodata, and globe services. One requirement of the REST API is
that ArcGIS Server services must be configured as Pooled. Non-pooled services are not listed in Services Directory.

Locks
Query You can find out additional details about all resources and operations supported by the REST API. To get going, you can review Linear
Acguire Referencing Service, which is the root node for the API.
Release

Map services containing network and event layers can be consumed the same way as other ArcGIS Server dynamic map services. In an ArcGIS
Server web API application, these layers can be visualized either as a ArcGISDynamicMapServiceLayer or as a Feature Layer.
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These capabilities allow us to leverage the Milepoint LRS for external systems...

A BIG deal
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@ Internet

Find highway crash
locations on the Milepoint
LRS as they are retrieved
by NYS’ Accident Location
Information System (ALIS)

(Geometry to Measure)

What is the traffic count
and pavement condition at
a given safety investigation
location?
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Develop an application
that provides an easy to
use interface to locate
proposed Capital Project
locations.
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Print  Zoom to Place
Layers
camc

B, ntto//wvmoap134/ntmisviewer/?

File Edit View Favorites Tools Help
% Q Share Browser WebEx v

+ o System Map

— W Structures

+

[ Bridges (Condition)

[ Bridges (Posting)

[ Bridge Needs

[V Large Culverts (Gen Rec)

[ small Culverts (Gen Req)

[ Pavement

[] IRIRanges

M Surface Rating

[0 Pavement Need

[ End of Good Window

[ End of Fair Window

W safety

1 Capital Program

[ Planned Bridge Projects

[ Planned Highway Projects
O NHs

M Accessibility

™ Flooding Vulnerability

M Legislative

i

Make the NYSDOT
Enterprise Asset
Management System
(AgileAssets) aware of
updates to the Milepoint
LRS and Roadway
Inventory data that impact
the agency’s bridge and
pavement programs.
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Integrating Business Systems
Unified Linear Referencing Platform

. Safety Project Operations
Beneflts Programs Plannin
« Common, consistent location reference Desktop Mobile

across all business systems

« Data can be consumed by different systems e ™\
. . L ) ) Esri Roads and Highways
* Integration simplified; consolidation of P ey
redundant data Mkr, Milepoint, and other. LRMs

* GIS can serve many systems and functions

« Expanded spatial and temporal capabilities \_

across enterprise ArcGIS System J

ALIS EAM/BDIS HOOCS ATMS RIS Other

Accident:System wy/.Esri Asset:System in'Graclewy/ Esri Gommercial\Vehicle Iravel Management System RoadwayInventory System Misc:
Geodatabase and/ArcGlS Geodatabase, ArcGIS Server. Permitting System wy/ Esri W/ EstilGeodatabaseiand registered with Esri [IRS Business
Server, AP AP Geodatabaseiand ArcGlS ArCGISIServerakl Systems

Si AP] alé > alé > ala,
Al i ¥ ale | Ale (e
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NYSDOT’s Enterprise Linear Referencing System

» Establishes a common representation of New York’s highway system
based on the NYS Streets layer

» Allows NYSDOT data owners to more easily maintain roadway information
on the Milepoint LRM network

» Provides a common location reference for transportation business data
« Effectively integrates enterprise data for better decision making.

» Provides web based capabilities for roadway data maintenance and
reporting that could eventually be extended to cooperating agencies.
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Thank youl!

Kevin Hunt
Office of Information Technology Services
Revenue and Transportation Cluster
518-485-7152| Kevin.Hunt@its.ny.gov

Office of Information
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Maintaining a Single Highway Network

Geolynx

Geodatabase :

NYS Streets
updates copied
nto R&H nightly

Roads & Highways
Geodatabase

GIS Program Office,
NYSDOT, Municipalities
update NYS Streets using
Geolynx system

NYSDOT Highway Data
Services updates the
Milepoint network based
on NYS Street updates

f NEW YORK
STATE OF
OPPORTUNITY.
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Consolidating maintenance of NYSDOT’s LRMs

Current

Existing Enterprise
Systems

LRM System
Milepoint
P of Record
LRM layer

’ Street Geometry

NYS GIS Program Office Street Layer
NEWYORK
Delivered to NYSDOT Quarterly é
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Consolidating maintenance of NYSDOT’s LRMs

Esri Roads and Highways

....provide users with a GIS

interface to maintain the
system...

The Esri Roads and Highways Geodatabase
becomes the System of Record for Linear
Referencing Methods

Reference Markers
: y Interstate

S

...and keeps business systems aware
of changes to the network.

—

— RIS

NEWYORK | Office of Information
oooooooooooo Technology Services
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The NYS Streets layer is the base geometry

ALRS Data Model

Route features are generated from
two feature classes and two tables

Route
Route definitions

Calibration points
Point feature class

that stores route
- | — measures

Centerline sequence
Key table for M-N
relationship between

Qenterlme and Route Centerline

— Line feature class
that stores route

geomeltry

Office of Information
Technology Services

..50 NYSDOT’s Milepoint system stays aligned e

oooooooooooo




May 9, 2018

LRS web services

Roads and Highways REST API provides external systems access to the LRS...
...and everything stored on it.

 What is the Milepoint location at this coordinate x/y location?

 What is the traffic count and pavement condition at a given safety
investigation location

« How do recent updates in the Milepoint network impact my external
business (event) data?

Office of Information
Technology Services
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Integrating the LRS with NYSDOT business systems

« Accident Location Information System (ALIS)
— Automatically assign Milepoint locations to incoming accident records
— Better support the Highway Safety Program

 Roadway Inventory System (RIS)

— Report discrepancies between the GIS network and the Roadway
Inventory

— Provide RIS data to other business systems

» Enterprise Asset Management

— Provide the Milepoint LRM network to the NYSDOT's AgileAssets
enterprise asset management system for consistent asset Ioziion and

NEWYORK | Office of Information
Technology Services
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