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9-1-1 Technology is Changing in the US

e 1968 — First 9-1-1 call made in in Haleyville Alabama.

* 1969 — Esri founded.

1973 — National policy setting aside 9-1-1 established.

e 1981 — first commercial GIS released (ARC/INFO).

e 2000 -93% of US covered by 9-1-1 service.

e 2011 - First national ‘Functional and Interface Standards’ released for i3 (aka NG9-1-1)
* National migration from ‘analog’ networks to pure ‘digital’ now underway.

 We call this ‘Next Generation 9-1-1’, or NG9-1-1 for short.

* Lots of opportunities and new capabilities will come to 3100+ counties and equivalents!

* Lots of challenges come with this change...
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9-1-1 in Operation Today
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Key NG9-1-1 Terms in the Future

e PSAP is a Public Safety Answering Point.

* PIDF-LO (Presence Information Data Format — Location Object) will replace ALl with more location information that
needs to match GIS.

* LVF validates all civic locations in data prior to inclusion in a LIS, ALl or LDB.

e ECRF provides real time PSAP routing instructions, and responder determination, for both location types.
* Civic Location has more detailed location elements than ALI.

* Geodetic Location refers to coordinates for latitude and longitude X / Y (later Z).

» Dispatchable Location, as defined by the FCC, but basically subaddressing.
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Getting the Call to the PSAP

Location & Service Location & PSAP

C—

PIDF-LO + Service URN: :&'ill" PIDF-LO + PSAP.URI:
urn:service:sos LVF / ECRF sos@psap.austin.tx.us

Service URN Location +

(Uniform Resource Name)
Is the reference to the
type of service needed.

Caller Dials
9-1-1 Location Query

PSAP URI

(Uniform Resource Identifier)
Is the identifier of the PSAP
to route the call to.
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ECRF Conceptual Diagram

Geodetic Example: L

Location (X, Y coordinates) is compared to the

Polygon layer representing PSAPs to route to.

PSAP ‘A’
PSAP ‘B’
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ECRF Conceptual Diagram

Civic Example 1:

Location geocoded to RCL layer then compared to

the Polygon layer representing PSAPs to route to.

PSAP ‘A’
PSAP ‘B’

spatial
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FCC Driver for Better Location Determination in 9-1-1

* November 2014 ‘Roadmap’ agreement established between NENA, APCO, 4 CMRS providers.
* FCC 4th report released February 3, 2015 (FCC 15-9).
* FCC15-9 details new accuracy requirements for:

— Outdoor horizontal location accuracy (X /Y)

— Indoor horizontal location accuracy (X/Y)

— Vertical accuracy (2)

— Defines ‘Dispatchable Location’ (Subaddressing)

— National Emergency Address Database (NEAD)

®
YOUR WORLD SMARTER



ECRF Conceptual Diagram

Civic Example 2:

Location geocoded to a Site / Structure or Address
Point layer then compared to the Polygon layer

representing PSAPs to route to.

Only way to handle Dispatchable Location.

PSAP ‘A’

PSAP ‘B’

spatial
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NENA Document Dependencies
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NG9-1-1 GIS Data Related Documents for Functional Elements

e
o
3 |

em— — -

STA-010 v3
STA-006 v3
STA-005 vi1

—
i :

= =19 —y =

External SI’s and .
Spatial Interface

»

(i

Local GIS Admin

LVF & ECRF

ESInet

-

v— -

ECRF s'(Forest (sl)

Guide) Aggregation

STA-010 v3
STA-010 v3

STA-006 v3
STA-006 v3

STA-005 v1
STA-005 v1

PSAP Map /
CAD

STA-006 v3

RRRRRRRRRRRRRRRR

—_1‘ STA-010
ESRP
STA-d;Lo v3 STA-004'v1
STA-006 V3 S——
STA-005 Vi .

STA-006 v3
STA-005 v1
INF-028 v2
INF-014 v1
71-501 vi1

ALl / MSAG / LDB
STA-010 v3

Source: NENA



i3 Architecture and NG9-1-1 GIS Data Model Standards

e NENA-STA-010 i3 Standard for Next Generation 9-1-1 and NENA-STA-006 Standard for NG9-1-1 GIS Data Model

e Sections regarding GIS data use in i3 v3:

— Section 3.6 Spatial Interface for Layer Replication

— Section 3.7 Discrepancy Reporting (DR)

NENA Detalied Fenctiona! and
Interface Stamdards for
the NENA LS Solatien

— Section 4.3 ECRF and LVF
— Section 4.4 MSAG Conversion Service (MCS)
— Section 4.5 Geocode Service (GCS)

— Section 4.13 Forest Guide (FG)

— Section 4.19 Map Data Service (MDS)

— Section 10.32 GIS Data Layers Registry 51 at the present time

sl?,%t!a'l Source: NENA



GIS Data Model v3 Standard - SSAP Schema Example

‘Required’ = An attribute value MUST be provided for the data field

. TEXT (25)
for each record. The data field MUST NOT be blank. —
Ly Stk Mamie Pris [Nroctionad®
- . . . . Liz Sheat Name® ; i TEXT (75)
‘Conditional’ = If an attribute value exists, it MUST be provided. If ey —
no value exists for the attribute, the data field is left blank. ey St e Pl /erston oo
MEAG Community Mamse* r TEXT {30}
Toble 4-3 StteStructursddressPolnt Layer " LE%‘*'EWW'D' LeountylD | Conditional | TEXT f
Bn:npu“ Hlm | ﬁnhl Hlmn F:l-qulmd T\'H 'SuhTm-l 2l s i |
Discrepancy Agency 1D DiscrpaglD Yes TEXT (100) P —— Lot | TET{F)
Date Updated Yes DATETIME - | [Postal Code Extarsion TEXT (4)
| Effective Date Mo | DATETIME | Site TEXT (254)
E-Prabml:un Mo | DATETIME SubSite JTEXT(2) |

Floor Labed

TEXT (75)

{Administrative Lewel 1

| TexT(2)

Floor Indey

INTEGER
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Data Model v3 — Sample Attribute Definitions

5.27 Altitude

Description: The measure of the orthogonal distance from the WGS84 ellipsoid,

given in meters. For Site/Structure Address Points, Altitude measures the orthogonal

distance from the WGS84 ellipsoid to the surface (such as a floor or ground).

Domain: Restricted to a double-precision floating point number with a precisio s s7 Left FROM Address Number
nine and a scale of three (e.g., REAL (9,3)). Description: In the RoadCenterLine layer, each feature has a begin point and an
Example: "75.000" representing the altitude (in meters) associated with the endpoint. The FROM Node is the begin point while the TO Node is the endpoint.
address "123 Main Street, Suite 401" Each has a left side and a right side relative to a begin node and an end node. The
Note: WGS84 (GPS) altitude, also known as the Z Coordinate, is measured as Left FROM address is the address number on the left side of the road segment
distance above or below the ellipsoid, which varies significantly from the geoid ';fl:"‘fi':? pt‘hoz :ROM Nods:

(approximately mean sea level). For more information, see NENA Requirements Example: See Figure 5-2 below

3D Location Data for E9-1-1 and NG9-1-1, NENA-REQ-003 [24]. Business Rules: CLDXF-US [4]: Yes; CLDXF-CA [23); Yes

Key

® FROM Node

Section 5 - Description of Field Names and Associated | 4 TO Node
Attribute Data includes: - — -
<« . °
1 1 i 1 199
* Description of the data attribute 1 esmsiier OV | Vesunaicues
, . YT T
* The data attribute domain T oAt T
Left TO Address 195 Left TO Address 1
. . Night FROM Addroys ¢ fught FROM Addeesy 1.
* Examples of the attribute in use WGHTTOAdoress | 198 RIGHT 10 Address ?

Figure 5-2 Example of Left FROM and Left TO Addresses

e Business rules for the attribute

* Notes, if applicable Source: NENA



GIS Data Model v3 Standard — Service Boundaries

e Each PSAP Boundary defines the geographic area of
a PSAP(s) that has primary responsibilities for an

emergency request. . Table 4-7 Service Boundary Layers
) Descriptive Name Field Name | Required Type SubType
* Used by the ECRF to perform d geographlc query, Discrepancy Agency ID DiscrpAgID Yes TEXT (100) P
using incoming ‘geodetic’ or ‘civic’ location Dete Upcaed Datelpdate e | DalbubE Y -
Effective Date Effective No DATETIME -
information, to determine PSAP routing. Expiration Date Expire No DATETIME -
NENA Globally Unique ID NGUID Yes TEXT (254) P
» Also defines geographic area of response services V‘ge'?cy LdeTitfier Agency_ID L TEXTA100) ¢
Service URI ServiceURI Yes TEXT (254) U
(‘Police’, Fire, EMS). Service URN ServiceURN Yes TEXT (100) U
Service Number ServiceNum No TEXT (15) P
. Agency vCard URI AVcard _URI Yes TEXT (254) U
. he ECRF rform raphi r
Used by the ECRF to perform a geographic query, Display Nanis Ceplaitias Ve TEXTI(50) >

using incoming ‘geodetic’ or ‘civic’ location
information, to determine which Emergency
Service Responders are responsible for the call
location.

Spatla.l Source: NENA
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County and State Lines For NG9-1-1

* 3,243 Counties
(including 136 county
equivalents and
District of Columbia).

* National, State and
County boundary lines
are essential for NG9-
1-1 GIS data work.

* Gaps and overlaps
‘between’ jurisdictions
are now a challenge to
resolve and require
more coordination.

spatial
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What is a Datum and Why You Need to Know

In a GIS, a ‘Spheroid” mathematically approximates the shape of the Earth. (Earth is not a sphere)

A ‘Datum’ defines the position of a spheroid relative to the center of the Earth.

Datums are needed by a GIS to perform horizontal and vertical calculations (ex. plotting wireless calls).

The NAD83 datum replaced NAD27 and is the most common datum in 9-1-1.

Description

The measurement of the device's orthogonal distance from WGS84 ellipsoid. Often
referred to as "Height Above Ellipsoid" (HAE). This is equivalent to the term "Z
Coordinate" in previous editions of the NENA Master Glossary.

The orthogonal distance of the Earth's surface from the WGS84 ellipsoid at a provided
location and the ground level's altitude. Sometimes referred to as ‘above sea level’.

The distance between Elevation and Altitude for a given location; is often referred to as
"Height Above Ground Level" (AGL).

Term
Altitude
Elevation
Height
Sphere Spheroid
(Ellipsoid)

spatial
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OK, So What is a Projected Coordinate System Then?

 To minimize geometric distortion for a specific area, an appropriate ‘projected coordinate system’ is selected
in a GIS (ex. State Plane), which works in conjunction with a datum (ex. NAD83)

pi— l — —
This much earth (/".\ )( /[ V\ Projection

surface has lo it Plane
onto this muc | Standard parallel
map surface... / \

therefore, much of the earth’s surface
has to be represented smaller than \ =
the nominal scale. |

Central meridian

spatial
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Polygon Edge Alignment

‘UU--Y axis = Prime Meridian
XY Xy
-+ +,+
. ¥ axis » Equator
ltlln 00 tho
XYy X,y
-_- +'-
o NADS83 Nodes Move Transformation to
X values measure Longibsde - distance ind oes past st of the Prime Meridian Local Datu m < >
Y values :wdvrv l,,ml“.l.; |S~,l;\- #in ?9.'0:",:'5 :N)::I I::'r:nm\ of ll‘:- ':?kl'f' . . / L| nes Don’t Wng4
Projection (gap introduced)
(no gap)

 ALL NGCS GIS Data must be converted into WGS84 format
for use in NGCS systems.

e Coincident boundary lines should line up by vertices.
* ArcGIS has tools that can help facilitate this.
e Commercial QC tools can check for problems with this.

* It’s about the geometry!



PIDF-LO | hXF Element
Element

— Validation & ‘Civic’ Tabular Searches

Country
m Incorporated Municipality
A4 Unincorporated Community PIDF-LO Description Example (fictional)
m Neighborhood Community
LD street Name <Country> 2-letter 1SO code us
m Street Name Pre Modifier <A1> State NY
m Street Name Pre Directional -
STP Street Name Pre Type <A2> County Kings County
Street Name Pre Type Separato <A3> Incorporated Municipality New York
Street Name Post Type <A4> Unincorporated Community Manhattan
m Street Name Post Directional
EZIYB street Name Post Modifier Validation <A5> Neighborhood Community Morningside Heights Example:
I Address Number and search <RD> Street Name Broadway PIDF LO
m Address Number Prefix . ifi —
m T ———— h|erarchy <PRM> Street Name Pre Modifier Content
I wilepost <PRD> Street Name Pre Directional
BLD Building
<STP>

Additional Location Information§ STP Street Name Pre Type
LI Fioor <STPS> Street Name Pre Type Separator
:nit <STS> Street Name Post Type Avenue

oom
- <POD> Street Name Post Directional North
PCN Postal Community Name <POM> Street Name Post Modifier Extension
Postal Code <HNO> Address Number 123
LMK Complete Landmark Name
Landmark Name Part < ;
PLC Place Type NOTE: HNO = Address Number (per RFC 5139)



Road centerline Address Ranges for NG9-1-1 Call Routing

1098 (1100 Longhprn Rd 1198 | 1200
1099 |1101 E psap A | PsAPB 1199|1201

This could make a erenc% in an ECRF

Buffered addressin
ARSI
geospeﬁlal call rPng&\g environment

eal wor ressing
1022 1100 Longhprn Rd 1102 | 1200
1023|1101 PSAP A PSAP B E 1103|1201

Where will ‘1103 Longhorn Rd’ route?
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i3 Architecture Standard Geocode Service (GCS)

* Section 4.5 describes a web service that provides geocoding and reverse-geocoding as two function calls:

o Geocode: which takes a PIDF-LO, as described in RFC 4119, and updated by RFC 5139 and RFC 5491, which contains
a civic address, and returns a PIDF-LO containing a geodetic representation for the same location.

— Locates a civic address, represented by the input PIDF-LO, by finding a match in its site/structure address points
or road centerlines, and uses the matching feature to obtain a geodetic location that represents the civic
address. It constructs a PIDF-LO with the geodetic location.

o ReverseGeocode: which takes a PIDF-LO as described in RFC 4119 and updated by RFC 5139 and RFC 5491, which
contains a geodetic representation, and returns a PIDF-LO that contains a civic address for the same location.

— The ReverseGeocode function works in the same manner. It converts geodetic representation of the location to
civic address in PIDF-LO format.

* The GeoCode Service is provisioned using the same mechanism as is used to provision the ECRF and LVF: layer
replication from the master SlI.

spatial Source: NENA
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GIS Data Model v3 Standard — NENA Global Unigue ID (NGUID)

e NENA Global Unique IDs (NGUIDs) must required for all GIS data in NG 9-1-1. (Section 3.6)
e Format recommended in the GIS Data Model:

— Uniform Resource Name or URN (ex. urn:emergency:uid:gis) — standardized unique prefix defines class of IDs
associated with GIS data. Data provisioning entities maintain local Unique ID numbers for all features in their
GIS.

— Layer Indicator (ex. RCL) — shorter name for the GIS data layer to which the features are associated, as defined
by the ‘GIS Data Layers Registry’ in the i3 standard NENA STA 010.

— Local Unique ID (ex. AD873541 F41C 409E AOBE 1BOC583902A4) — a GIS numeric and/or text “locally assigned
ID,”. Local ID MUST be unique within dataset for all features associated with a specific Agency Identifier.

— Agency ldentifier (ex. nortexrpc.org) — a fully qualified domain name (FQDN) representing the GIS Data Provider
“Agency.” Agency is as defined in NENA STA 010. FQDN is obtained from Domain Name System (DNS) registrar.

*  Example: urn:emergency:uid:gis: RCL: {AD873541 F41C 409E AOBE 1B0C583902A4}: nortexrpc.org

Spatlal Source: NENA
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Data Model v3 — 3D GIS Support

* Following the guidance created and provided in the NENA 3D REQ
Document:

o Added Vertical Measurement Terms (Altitude, Height) and

updated Elevation ’
‘ i
o Added “Floor Index” f : " R
2% %
o Updated SSAP Placement Method Registry to accommodate - Q\]r\j
3D GIS Requirements : 3 71
o Added initial support for 3D building shapes (2D Address ‘ ] ;3?;: 2NOE(;\IA3f!i%IVd
Polygons) '
spatial
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NG9-1-1 GIS Data Stewardship for NG9-1-1

* Current version of NENA-INF-028.2-2021 covers:

o Section 4: General Requirements

. . Tabde 7-1 Layer Dependency Considerations During WG9-1-1 Data Maintena
— Accuracy (Horizontal & Vertical) : o . s
— Database Precision e L e i
_ o _ Next Generation 8-1-1 (NGS-1-1)
o Section 5: Civic Location Layers o oo g ooy gty gt
P e e i SSARTEAR | SRARMOL AP IFSAT T SEAPTPACH
— Road Centerlines i —
. "t-' R LS RCLMC] BCL/FEAP [ BCLPROW
— Phased Approach for Creation oy
|4 FEAFY
o Section 6: Service Boundary Layers iil. inatl] | et it dl] [Biag
- ESNS/ESZS ! Pl P (L=t ] TR r':'.'a‘::;
* Ay F SRR | apency S BCL | agendy [ PLAR [ A
— PSAPs s
. PECTRLAR FROVAD LT S HT
— Law, Fire, EMS i

— Phased Approach for Creation
o Section 7: Long Term Maintenance of NG9-1-1 GIS Data
— Road Centerlines

— Service Boundaries
* Site, Structure, and Address Point (SSAP) Best Practices WG to follow (Date TBD).

Spatla.l Source: NENA
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Geometry Stewardship Considerations Covered

When and where to split.
Single and multiple Polygons. S

Cul-de-Sacs / Coves.

Driveways. T R e = . = =

Geometry of intersections.

Digitized direction.

‘Range’ gaps and overlaps.

‘Potential’ vs ‘Actual’ ranges.
Right and left side vs jurisdictions.

Coincident vs parallel geometry.

Ramps and frontage roads.

Snap-to-points for intergovernmental coordination.

Phase approach to developing, revising and maintaining RCL data. Source: NENA



Polygon Boundaries for NG9-1-1 Call Routing

* Inaccurate boundary lines may cause
routing issues.

e Polygon boundaries should be the #1
priority for review/updating.

®
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Polygon Boundary Level of Detail vs Accuracy

REVISED BOUNDARY




Information Document for Site Structure Address Point GIS Data for NG9-1-1

 NENA-INF-014 (2015) provides guidelines to support, but are not limited to:
— NG9-1-1 Validation
— NG9-1-1 Call Routing

— 9-1-1 Map Display
— Computer Aided Dispatch (CAD) Derciopirrat of BHABONEtore Abreti

Polnt GIS Data for 9-1-1

— Vehicle Routing

— Emergency Notification

e Contents: &
— Placement Methodologies (Geocoding, Parcel, Site, Structures, Property Access) :570:“ R
— Best Practices LN
— Sub Addresses —y
— Accuracy Considerations
— Metadata

sl?,%t!a'l Source: NENA



Site Structure Address Points for NG9-1-1 Call Routing




Questions?

Richard Kelly, ENP

1Spatial Senior Solutions Manager
512-590-2945

Richard.Kelly@ 1spatial.com

Sheila Steffenson

1Spatial CEO — North America
210-863-4948
Sheila.Steffenson@1spatial.com

spatial
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