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Webinar Logistics: Jason Hochschild - ASFPM

Introductions: Alan Lulloff, PE, CFM — ASFPM,
Laura Algeo — FEMA,
Amanda Flegel, PE, CFM - lllinois State Water Survey

USGS 3DEP Program: Diane Eldridge - USGS
FEMA/USGS Partnership: Paul Rooney - FEMA
LIDAR QA/QC: Lewis Graham - GeoCue Group

LIDAR Data Storage: Dave Knipe, PE, CFM - Indiana
DNR
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3D Elevation Program (3DEP)

Overview

m 3DEP Overview

The 3D Elevation Program Initiative—A Call for Action

m 3DEP feeds The National Map
= Elevation
= Hydrography

m 3DEP
= Data Acquisition
m Specifications
m Contracts / SOW

m QA/QC
m Products and Services Circular 1399
US. Department of the bxturinn
US Geclageat Sprvey

% USGS b:% The National Map
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™ The National Map

Geospatial products and services support key priorities

h;‘: The National Map

Your Source for Topographic Information

% USGS Bi% Thﬁ National Map

Area of
National
Leadership

Program Emphasis

DOI/Administration
Priorities Supported

A-16 Lead for

3D Elevation Program

Terrestrial
Elevation (3DEP)
National Hydrography
A-16 Co-Lead and Watershed
for Inland Boundaries Datasets,
Waters NHD+HR and
Open Water Data
Initiative
NatlonW|de_ U.S. Topo and Alaska
Topographic Manin

Climate Resilience

Building a Landscape-
Level Understanding of
our Resources

Ensuring Healthy
Watersheds and
Sustainable, Secure
Water Supplies

Powering Our Future and
Responsible Use of Our
Resources

Enhancing America’s
Great Outdoors
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Elevation and Hydrography Are Linked
The defining features of the topography

% lBGs lﬁ% The National Map
Your Source for Topographic Information
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Elevation-Hydrography Integration
What does it mean?

m The alignment of
elevation and
hydrography such that
streams flow in channels

m Data model that links the
elements

m Data that are temporally
coincident
m Delivery such that the data can be accessed in unison

m Program such that elevation and hydrography can be jointly
produced

=ZUSGS 5 The National Map

science for s changing workd r Source for Topographic Information



_|_
Ele-Hydro Draft Timeline

Early Stages of Development and Planning

Future State

° i o i ° 0,
Establish volunteer Improve techniques Produce 20% | Hydrography data are
committees for automated of CONUS . :
: lidar derived acquired from lidar
n * Establish breakline extraction r:yg:ogerg\ﬁ\y source
c - :
(=) committee * Improve techniques * Integrated Z values
+—J ° H 1 ° 0
O Event migration for - for autc_)mated Produce 10% | Integrated data model
< generalization capability conflation/ of CONUS with 3DEP
— . : replacement lidar-derived
i) NHD+HR pilot apps NHD+  Data model can relay
CEG * Elehydro * Develop services hydro, 3DEP, or both
research (Committee) and sta_lged k|c))rodl(;ct - Interoperability
e Begin to develop extractions base between NHD, WBD,

on data model

integrated data model 3DEP, StreamStats

>
PAONS 2017 2018 2019 FUTURE STATE

a USGS Ny The National Map
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" 3D Elevation Program (3DEP)

Applies ground-breaking
lidar technology to acquire
and distribute 3D data

Includes surface
elevations and natural and
constructed features

Increases the quality level
of lidar being acquired to
enable more accurate
understanding, modeling,
and prediction

Addresses a broad range
of critical applications of
national significance

% lBGs ';; The National Map
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™ 3D Elevation Program (3DEP) /

Mission Critical Applications

> » T
y D N—— . P

Precision Forestry

%lBGs N V The National Map
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Geologic Hazards



" What is the 3D Elevation Program?

3DEP is a call for community action to...

m Address the mission-critical requirements of 34 Federal agencies, 50 states,
and a sampling of local governments, tribes, private and not-for profit
organizations documented in the National Enhanced Elevation Assessment

m Return more than $690 million annually in new benefits, ROl = 5:1

m Leverage collaboration among Federal, states, local and tribal partners to
systematically complete national 3D data coverage in 8 years

m Leverage the capability of private industry mapping firms, create jobs

m Achieve a 25% cost efficiency gain by collecting data in larger projects

m Completely refresh national elevation data holdings with new lidar and ifsar
elevation data products and services

= —
'“t =
¥ ~—~m
o > X = 53 y > - 1 . ( R ﬂ {115+
Natural Resource Infrastructure Flood Risk Mitigation Precision Farming Land Navigation GeO|09|C Resources and
Conservatlon Management and Safety Hazards Mitigation

%USGS ¢V The Natmnal Map
sciance for a changing workd

ce for Topographic Informatio



" 3DEP Status

As of ylsfzms 3D Elevation Program - FY16 Partnerships’
(May 2016)

For mofe on the 30 Elevaton Progam
|30EP| visit
it //www nationalmap. gov/30EP

Visit the LS nteragancy
Elvation kventory [USEl st 4

hatp//ooast noga gzu'hmemm';‘,f
'Mapshows

atent of progcts
proposad sothe 30
Elevanon Program FY 16
Broad Agency Announzemant
|BAA} and theough ongaing
Feceraf poordination via the
JDEP Working Geoup
m\  rechaitesed NDEP as of
) May 2016 Frogosais may be
submitted to the BAA thiough
Septeerber 30, 2010 Faderal
contdination & orgoing. The map will
b updated 35 new opportynines and
SHECTIONS are ientified

3DEP Specifications:
* (Qualey %ewvel ¢ or betiee idar data
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" 3DEP Data Acquisjilon.

Contracting Mechanisms

G P S C o Contributed
Fm_anmal Data (State
Geospatial Assistance or Local
Products and Local Contracts)
Services Contracts)

Contracts

|
I
|
I
|
I
|
I
|
I
|
: (State or
I
|
I
|
I
|
I
|
I
|
I

3DEP Source Data

(Metadata Raw Point Cloud, Classified Point Cloud, Bare Earth Surface, Breaklines)

2 USGS v The National Map

science for a changing workd ce for Topographic Infor




" 3DEP Data Acquisition $

Partnership Opportunities

I
|
GPSC |
Geospatial Financial .
Prod d Assistance I
ro UC.tS an (State or I
Services Local ; Contributed
Contracts CETEEE) ! Data (State
Partner I or Local
Manages I Contracts)
Acquisition :
3DEP |
Funds to |
Partner

-

Broad Agency Announcement (BAA)

% USGS li% The National Map
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" FY16 3DEP Partnerships

Collaborate — Seasketch (http://seasket.ch/hwpR3E-MxO)

cH www.seasketch org/ ey RAT e 3 1001 60t I ‘B y O =

s U.S. Federal Mapping Coordination

A Dumnonalrason Siie for Fedend Magpsng Dals Acquesiton Coodalion
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Calgw

ey

dernsts |10 s

DEP Amas of Infomst
JOEP Aroos CF Imeron!
WEP Aoy of Irdermst
o KPS 0EP Avvan of Iyt

FENA J0EP Arsas of letwant

LS

FNG S0EP Assas of Intwmsd

B 8 Staes and Locat JOEP interests (1-3 yrs)
v W0E P Mappeng Armas of inteesst

Flutw of Matew 2017 Lidar Acwar of Il rwat
4 Over Partrver Indsresis (1) ymx
6 Toponathymet: Letir Areas of Interest
B Az cumie! Sonar Sathy, wic ) Acsas of Irteim)
& Dagrtal imagery in conpunc tion with Topotopotory star?
1 } Co
8 Topographe L

@ atymetne Ldar

B AcousiiciSooar (Hedry Baltry, Veater Calimn wic
@i Dageal imagery

B Omer fog DEM. CSCAP. EPA NCCA

B NOAA FY 1617 Flews Aloc stion Plars

& Alasxa'Antie

Ohtrusding

B & Exmang Data (not compiele. mom cus Siperce necessary

L 0
ametn  Monterrey &‘m 2 ORAND BAY NERS
-“ 3

Cuboean

& SCSR Wonernog
Muvins

22 USGS .y The National Map
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http://seasket.ch/hwpR3E-MxO

" EY16 3DEP Partnerships
BAA

21

3DEP
# of : e Other Total Cost
ds Sg. mi. FEMA HQ, Partners SM
awar NRCS NGCE SM
$M
Geospatial
Productsand 50 1 81,024 | $6.7 $11.3 $18.0
Services Contract ’ ' ' '
(GPSC)
Cooperative
Agreements 9 41,396 $3.1 $5.6 $8.7
Total as of 5/15/16 | 29 |122,420 $9.8 $16.9 $26.7

 Additional FY16 3DEP acquisitions funded by 3DEP Federal partners are underway

« FY16 increases will help increase overall totals for acquisition
» BAA remains open to new proposals

a lBGs Nep The National Map

sciance for 2 changing workd ce for Topographic Informatio




3DEP FY17 BAA Timeline

Federal 3DEP
Partners Review

posals

National
Public
Webinars
Federal Agencies
Submit Areas of ||
Interest BAA Pro
Released

April May June July Aug Sept Oct Nov Dec Jan Feb

Other Stakeholders Submit
Areas of Interest

Stakeholders

Selections Announced

Submit

Marc
h

Proposals

State/ Regional
Public Meetings / Workshops

BAA Contract and Grant Administration

a USGS 4‘8’ The Natmnal Map

sciance for 2 changing workd @ for Topographic Informatio

BAA Project Execution
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" 3DEP Data Acquisition

m Preferred method

m Managed by the USGS NGP
NGTOC Commercial Partnerships
Team (CPT)

m Firms on the GPSC have been
selected based on their

G P S C qualifications and performance in

Geospatia| providing the professional services

GPSC

needed for 3DEP
Products and . _ _
. m Private sector firms in place;
Services awarded through a competitive
Contracts process, consistent with the

Competition in Contracting Act and
the Brooks Act.

m GPSC also offered as a service for
acquiring elevation data for external
organizations

3DEP Source Data

(Metadata Raw Point Cloud, Classified Point Cloud, Bare Earth Surface, Breaklines)

%USGS 4& The Nat:onal Map http://geodatacontracts.er.usgs.gov/gpsc_information_sheet.html

science for a changing workd ce for Topographic Informatio



" 3DEP Data Acquisition

Financial Assistance, Contrlbuted Data

m  USGS is committed to assuring data
collected through financial
assistance awards or as contributed
meets 3DEP standards and can be

ingested into the National Map : : Contributed
. . . Financial Data (State
m Technical Assistance and Training Assistance or Local
= Vendors (State or Contracts)
Local

m Specifications

m Lidar Base Specification

m Contract Language
= Award documentation

m  Scope of Work

m  Review of Pilot Data

3DEP Source Daia

Metadata, Raw Point Cloud, Classified Point Cloud, Bare Earth Surface, Breaklines

élBGs S % The Natmnal Map

sciance for 2 changing workd @ for Topographic Infor



" 3DEP Data Acquisition

Specifications, Contract Language, Scope of Work

% = C.3 Final Data Delivery

Data Delivery Specifications

Data shall adhere to USGS Base Lidar Specifications V1.2
(Heidemann, Hans Karl, 2014, Lidar base specification (ver. 1.2,
November 2014): U.S. Geological Survey Techniques and
Methods, book 11, chap. B4, 67 p. with

appendixes,) http.//dx.dol.org/10.3133/tm1154.)

Specifications Scope of Work
Appendis A,
Camtents mtnr :;rm‘;ﬁg,ml:ﬂ?:
USGS NGP Lidar Base Specification V1.2 e —
http.//pubs.usgs.gov/tm/11b4/pdf/tm11-B4.pdf S : e

% USGS l;% The National Map
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http://pubs.usgs.gov/tm/11b4/pdf/tm11-B4.pdf
http://dx.doi.org/10.3133/tm11B4

" 3DEP Data Acquisition

Quality Control; Review of Pilot Data

Returnto | ac |

Production |

Provider is
very time D Delred or
consuming;
Results in a
delay in the
generation
of products
and

services
rovde Chec Mot sess
AmdSampe ‘Samplke Dats,

W Mans fPgte

% lBGs l;% The National Map

science for a changing workd Your Source for Topographic Information

USGS enhancing QA/QC
process to enable the
submission and review
of pilot data



" 3DEP QA/QC

QC Steps

Was everything delivered?

Metadata Review

Automated Checks
LAS files meet ASPRS file format requirements
Vertical Accuracy Assessment
Metadata are FGDC Compliant
Breaklines

Visual Checks
LAS files are appropriately classified
LAS files are geometrically correct

Does DEM meet USGS Lidar Base Specifications and/or project
requirements

2 USGS lz; The Natlonal Map

science for a changing workd ce for Topographic Informatio



3DEP Products and Services
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3DEP Products and Services

The National Map
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" 3DEP Products and Services

The National Map

#| Elevation Products (3DEP)

Product Search Filter

_| All Subcategories
| 1 arc-second DEM
Show Availability
|1 1 meter DEM
Show Availability
1/3 arc-second DEM
Show Availability
| 1/9 arc-second DEM Description
Show Availability
|_J 2 arc-second DEM - Alaska
Show Availability
|1 5 meter DEM (Alaska only)
Show Availability
| Contours (1:24,000-scale)
Show Preview
Eal-oat ¢! Elevation Source Data (3DEP)
® ArcGrid
) GridFloat
MG

Pata F’;‘e"t ("] All Subcategories
iy e ('] DEM Source (OPR)
Availability legend Show Availability
|_I Ifsar Digital Surface Model (DSM)
Show Availability
_I Ifsar Orthorectified Radar Image (ORI)
Show Availability »
(¥ Lidar Point Cloud (LPC) Description
Show Availability
File Format
LAS
Data Extent
\aries

Availability legend

7

Product Search Filter

% lBGs WY "o ivauviar wmay
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" 3SDEP Resources

Resources 3DEP@usgs.gov

3DEP Data Acquisition
http://nationalmap.qov/3DEP/3dep about.html
Diane Eldridge

deldridge@usgs.gov

3DEP Products and Services

Integration of New Technologies
http://nationalmap.qov/3DEP/3dep prodserv.html
Jason Stoker

|stoker@usgs.qov

Geospatial Products and Services Contract (GPSC)
http://geodatacontracts.er.usgs.gov/gpsc_information _sheet.html
Tim Saultz

tsalutz@usgs.qov

Lidar Base Specifications
http://pubs.usgs.gov/tm/11b4/pdf/tm11-B4.pdf
Karl Heidemann

kheidemann@usgs.gov

% USGS lz; The National Map
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32

Thank you!

% USGS 5 ‘@ The National Map
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FEMA and 3DEP

= Risk MAP is a major supporter of 3DEP and has provided a significant
portion of the Federal funding so far, along with USGS and NRCS

= FEMA HQ in has provided funds directly to the USGS 3DEP shared
funding pool under the BAA which gives FEMA needs priority over other
Federal needs and can be used to direct specific lidar acquisition if
needed.

= The current 3DEP shared funding approach is opportunistic - so there is
no guarantee that the grant funds will target your short-term needs

= There are ways FEMA can and should steer the 3DEP shared funding
= |f FEMA buys lidar on our own, it is still part of 3DEP

33 IFcreasing Resilizne = Tegether



Planning Lidar in Risk MAP

= [t is reasonable to expect that 3DEP shared funds will meet some of Risk
MAP’s lidar needs over the next few years, but not all

= The primary requirement to steer 3DEP shared funds to FEMA / flood
mapping priorities is to maintain a multi-year plan of future projects,
coordinated with cross state government.

« 3DEP will use the FEMA plans on an annual basis to prioritize which
applications to award funds to

« Coordination with the states by regional offices, particularly aligning the flood
mapping interests with the other lidar interests within the state will help steer
the applications submitted to Risk MAP priorities

* Regions can offer cost-share funding to state and local applicants for 3DEP
grants to further improve the chances a project is selected for a 3DEP grant

e Could fund a current year CTP agreement, or “promise” funding for
successful BAA applications

RiskMAP

34 Ircreasing Resiliznes Tegether




Annual Acquisition Cycles

= Planning and coordination for 3DEP grants begins in Feb-March with the
collection of draft priorities from Federal Agencies.

= FEMA Regions should have tentative plans for the current year lidar
purchases and future year lidar needs. These should be coordinated
with the states.

= Draft priorities are shared with public

= Several months are set aside for public meetings and other coordination
to discuss potential projects

= |n June FEMA can update our future year plans which are then
incorporated into the 3DEP Grant Guidance

= |n parallel, FEMA Regions finalize their current year purchases and share
the information to avoid duplication with 3DEP grants

= |n November / December the 3DEP grants are announced

¥ FEMA . RiskMAP




Current Year Planning

Because no one can be sure which 3DEP projects will get funded, FEMA
Regions must plan assuming the projects they need in the current year
may not get funded by 3DEP.

At this point, most of the current awards have been announced.

In the spring and summer, if near-term a lidar need is not already funded
by 3DEP, the FEMA Region should generally go ahead with the purchase.

Because it typically takes 9 months for delivery of lidar from task order
to product and because using lidar for automated engineering is
expected to produce big efficiency benefits for mapping watershed we
generally need to decide on a lidar purchase in the year before we want
to begin Discovery.

FEMA is planning substantial lidar purchases in FY16. These are shared
on the 3DEP / Seasketch site.

36 IFcreasing Resilizne = Tegether



Current 3DEP Status

= FEMA has compiled and published initial FY16 planned purchases and
“wish list” for next BAA cycle

= We are sharing the information about the wish list project plus planned
and ongoing Risk MAP lidar projects through this interagency mapping
coordination site: http://seasket.ch/2MIimIhju61

37 IFcreasing Resilizne = Tegether



FEMA Lidar Standards and

Guidance

= New Lidar must be QL2. Standard allows project to exclude some bare earth
processing and water flattening.

= Virtually all FEMA projects follow standard QL2 product

= Guidance discourages excluding bare earth processing or water flattening
unless partnership strategy is in place to finish the products and incorporate
into 3DEP

= FEMA needs to adapt our long-term strategy to build in the assumption that
full lidar coverage is affordable and allows very high efficiency automated
analysis for many areas
* Planning ahead to obtain lidar to support Automated Engineering

» Assume national coverage is coming via 3DEP, so plan for the long term, not
short-term only

= Currency, resolution, data availability, and the magnitude of difference in
nominal accuracy should be considered in determining the “most accurate”
elevation data under the revised elevation standard

= Incorporating small areas of more accurate lidar into project

¥ FEMA Risk MAP
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General Requirements

= All FEMA funded lidar must allow full, unrestricted distribution

= Must be certified by licensed professional or certified photogrammetrist
= All FEMA funded lidar must be submitted to the FEMA Engineering
Library following the Data Capture requirements
* Point cloud, plus bare earth DEM
» Source data, plus any edited modeling surfaces

* New Data Capture requirement for U.S. Interagency Elevation Inventory
record




Review Question

= How can FEMA and partners influence funding award through the 3DEP BAA?

» Coordinate across state government to guide FEMA priorities that are input
into BAA process

 Establish CTP agreements for lidar projects that can be expanded through a
BAA award

 Plan future year lidar projects that FEMA may fund if a state or local partner
receives funding through the BAA process

* All of the above

w RiskMAP

Ircreasing Resiliznes Tegether




LIDAR Terms, Specifications
and QC

Lewis Graham
GeoCue Group, Inc.

WWW.geocue.com



LIDAR Overview



What Is LIDAR?

* Light Detection And Ranging (LIDAR) is the optical equivalent of radar or
sonar but using an optical source — a laser - instead of microwaves or
sound waves

* NOTE: | prefer “Laser Imaging, Detection And Ranging” to emphasize the
importance of the intensity return of LIDAR

* An optical pulse is emitted from a laser at a precisely known time, the
pulse reflects from something in the ‘object’ space and the instrument
measures the precise time a return pulse (“echo”) is detected

* The time of flight is T, pulse
converted to a distance to — At
the target using the

constant speed of light
Return pulse

* The laser’s precise position and orientation is known via a
“Positioning and Orientation System (POS).” These supplemental
data are used to derive the object space position



How Does It Work?

/ X, Y,Z Position (from GPS)

. .Compact, rugged mst.rument Pitch (from IMU)@SROH (from IMU)
installed on a small aircraft

Heading (from IMU)

* Laser pulses scanned across
the path of the aircraft
measuring range to surface

* LIDAR ranges are combined
with aircraft GPS position and
Inertial Measurement Unit
orientation information

 Post-processing software
calculates X,Y,Z position of
each spot on the surface



LIDARs detect Multi-Returns

Amplitude

First return

Second return

. 7| Time
Third retum {

Fourth return

Last return a={ _

The notion of Return is extremely useful for automated algorithms.
For example, only a last return (e.g. Return 3 of 3) can be a bare
earth return.



Important Point Attributes

* Major attributes produced by the laser scanner:
* Absolute time of pulse

Position (X, Y, Z)

Intensity

Return number (e.g. return “n of m”)

Edge of flight line

e Scan angle

* All of the above are very important to advanced processing
algorithms
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Resolution, Accuracy and Precision

* Resolution is the
spacing of circles in the

target

» Accuracy is related to u

Not Accurate Accurate

Not Precise Not Precise * Precision is related to o

* Knowing o is only
useful if you are given

@ the type of distribution
(e.g. Gaussian, Poisson,
etc.)
Not Accurate Accurate

Precise Precise



Network and Local Accuracy

Poor Network Accuracy, Good
Local Accuracy

( «= Network Control) \

Network Accuracy — The degree to
which positions agree with a reference
network

Local Accuracy — The accuracy of local
measurements (point-to-point, local
length, local area)

Good Network Accuracy, Good Local

Accuracy



Specifying, Buying LIDAR



Write a Data Use Plan!!

 Educate Stakeholders on LIDAR characteristics

* Capture basic requirements:
* DEM, Contours, etc.

* Think outside the box about Just-In-Time use of LAS
data:
* Building footprints
* Electric Distribution vegetation analysis
* Tree Management

» Use all of the above to decide on specifications



Evaluating Buy-ups

* Write a Pie-in-the-sky Data Use Plan
* Price via base and buy-ups
* Do a category-based Return on Investment (ROI) analysis

* Remove options until
you meet the cost target

(A Vegetation and Building Classification Buy-up)



QC is an absolute must

“LIDAR data are very detailed and technical and
require professional QA/QC....”

“Approximately 10-20% of the project cost is
required for a separate QA/QC contract. “

— State of Kansas, LIDAR Implementation Plan



Specifying Data

Accuracy Specifications include:

* Geometric Accuracy
* Network (absolute accuracy)
* Local accuracy

* Classification Accuracy

e Commission Errors — points in a class that should not be present (e.g.
tree points in the ground class)

* Supplemental Data Accuracy
e Example: Hydro breaklines

* Delivery Accuracy
* Adherence to CRS, LAS validity, tiling schemes, .....



Notes on an Example
Specification from a State LIDAR
Procurement




Deferral to a Higher Authority...

All processes and deliverables shall be completed in accordance with the Federal Emergency
Management Agency (FEMA)’s Standards for Flood Risk Analysis and Mapping, dated July 31,
2015, located on FEMA's website at www.fema.gov/quidelines-and-standards-flood-risk-analysis-and-
mapping. These guidelines and standards (www.fema.gov/media-library/assets/documents/35313)
define the specific implementation of the statutory and regulatory requirements for NFIP flood risk
analysis and mapping, and address the performance of flood risk projects, processing of letters of
map change and related Risk MAP activities. Standards and guidance which|may|apply to this
projectjmay lncludeé but are not necessarily limited to, the following: “Standard” numbers
152, 158, and 547;|FEMA Procedure Memorandum No. 61 — Standards for Lidar and Other High
Quality Digital Topography; and FEMA Appendix A: Guidance for Aerial Mapping and Surveying.
Documentation of compliance, along with the required certifications (per Standards 42 and 49)|
shall be included within the project report deliverable. DNRC has notified Contractor of
FEMA'’s anticipated Fall 2015 Maintenance Cycle revisions to Standards 40, 43, 46, 47, and 48
as relevant to the work being performed under this contract.




Density/Accuracy Specs ...

attitude. The system will be flown in a fixed wing aircraft. The LIDAR will be collected at 8
points per square meter to ensure at 'alminimum & ppsm first return. |All overlapping flight
lines will be flown in opposing directions to maximize detection of swath-to-swath
inconsistencies and to minimize any off-NADIR shadowing from vegetation or terrain. LIDAR
data accuracy will be|9.25 crn RMSEz (18.2 cm Accuracyz)land suitable for 1 foot contour
generation.




LIDAR Data Spec

LiDAR
Point Cloud:
¢+ Raw Point Cloud All Returns, LAS v1.2,
Calibrated and adjusted to ground by swath.
o (lassified All returns, Las 1.2 format
Point files will include the following fields: X,Y,Z, Return Intensity, Return Number, Point
(lassifications (0,1,2,7,9,10,11), Scan Angle, GPS Time and intensity. Tiles provided without overlap.
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FEMA CRS Requirement

For areas within the Continental United States field surveys and aerial data acquisition must be

referenced to the North American Viertical Datum of 1988 (NAVD88) and the North American Datum . Eaasgur;”ap & FIRM Panel
1983 (NAD83) and connected to the NSRS. =ayolt

» Have a honzontal datum of North Amep

atum of 1983 (NADS3), National Spatial
Reference System 2007 (NSRS 2007).

But USGS says...

USGS LIDAR Spec 1.2 says a hdgizontal NAD 83, realization of “most
recently published” (currently 2010.00). Most recently published is

FEMA specifications say NAVD88 for the vertical but never mention

ellipsoid/geoid or specify the realization of the geoid (USGS is “latest
NGS Geoid” which is 12B)



Spec Recommendation

* Reference FEMA and USGS specs but....

* Clearly specify at least at a summary level what you expect:

* Format (full, all returns, LAS 1.4, ...), tiling, Horizontal and Vertical Coordinate
Reference Systems (CRS), fully specified including realization!!

Vertical Accuracy

Density and in what classes, maximum void
* Can separately specify density of ground in bare earth areas

Noise treatment
Water body treatment (nulls, hydro constraints, ...)

* Require incremental delivery



Thoughts on QC



lgnoring QC

* With LIDAR, you typically find the issues months or years after the
fact

» Secondary product derivation may be impossible

* Stakeholders lose some percentage of their investment

* Persons involved in the procurement lose credibility

e Often the technology (LIDAR), rather than the process, is blamed.



Gross Void Checks
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Local Accuracy

* Poor Alignment
* Image Swaths

* Look at Flight Overlap
* Examine Surface

* Examine Cross-Sections
* Buildings in Overlap
e Roads
e Parking Lots




Overlap Analysis

ERAE Rl R

Ground_Relative_Analysis_samples
FID | Shape | ID | DSrct | IDSrc2 | dz2 1
»| ofPointzm | o0 79 81| -0.35
1 |PointzM | 0 79 31 0.03
2| PointzM | © 79 31 0
3|Pointzm | 0 79 81| -0.06
4|PointzM | © 79 81| -0.01
5|PointzM | 0 79 81| 0.0433
6 |PointzM | 1 79 31 0.19
7 |PointzmM | 1 79 81| -035
8|PointzM | 1 79 81| -0.075
o » B | (0 out of 83 Selected)

Ground_Relative_Analysis_s... | Ground_Relative_Analysis_s... |
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Point Spacing/Density Measurement

* Measured as:
* Density - Points per unit area (e.g. points per square meter, ppm)
* Nominal Point Spacing (NPS) — average distance between points
e Ground Sample Distance (GSD) — same as NPS

B 1
JDensity

NPS

(e.g. A 40 ppm helicopter scan has an NPS of ~16 cm)



Density Test

NPS =

JDensity

PritCit
MumCLU zed
CLCht_1
CLCHt_Z
CLCHt_B
CLCht_11
Sumdrea
PrtDen
CLDen 1
CLDen_ &
CLDen B
CLDen_11
NP5

3,404

4

1,010
1,943

444

1
2,446.8992
1.3911
0.4128
0.7965
01815
0.0004
0.8478



Network Metric Accuracy

Control Points Report

— Surface
Method: Triangulation [TIM] LI Source Paints ... |
Z Probe Location
& Control X5
7 Measured 1Y | Calculate DZ I

— Contral / Check Point

Fuaints that exceed limits of 90% Cl .
; . - . i > M Mod | ) . : I
Guick Set: IALL l Unique Mame Field: |FID Easure Mode Points that exceed limits of 955 CI Precizion: | 3

| Marme | Description | Type | Contral ¥ | Contral Y | Control £ | Meazured X | Meazured Y | Surface £ | ZLoc.. | Delta = | Delta ' | Delta =Y | Delta 2 |
a FC 858165760  386319.533  364.045 364.065 Cantral -0.020
1 FC 858847166 385922431 356950 356.900 Cantral 0.043
2 FC 559057 448 385422155 364736 369716 Contral 0.019
X I 758 | 3856401 357.857 E |Conbol _|.0.028 ]0.057 0047 0006 |
4 FE. S58641.019 385344482 354761 34,629 Cantral 0132
5 FC 858783624  385090.073 360984 360985 Contral -0.00m1
g FC 858201154 385260977  361.4A1 361.388 Cantral 0.033
7 FC 858193526 385708.975  358.851 358905 Cantral -0.0583
b FC 858371624 3859200084 360135 360106 Cantral 0.030
| FC 058864423 386246.675 358184 Jeiatsh e Cantral 0.0s7
— Statistical Summarny
r Horizontal - Wertical
Image Layer: |Raster Layer_1 ;I Average Piel Size: I 0.060 Mean Erar * 0.025
* N Flanimetric Eror Range: [-0.083, 0.132]
Mean Emor. MeanEmor. e Mean Eror. Skew: 0.530
Emor Range: e Error Range: e Emor Range: e RMSE: 0.053
Skew:. e Skew. e Skew. e Wertical Accuracy Class: 0.06
RMSE: e RMSE: e RMSE: e Min Contour Interval: 018
Whcouracy Class s Y Accuracy Class 0 e Horizontal Accuracy Class: -
- Point Count * The Mean Emor exceeds 25% of the RMSE. Further investigation of the eror values is recommended to determing if the
Horizontal Measured: 1 erors follow a normal emor distribution.
Wertical Measured: 10
Withheld: Oof10 Wiews Dizclaimer. .. | Export Report |

Help | oK | Cancel

* These data are actually from a high resolution sUAS point cloud



Error Identification:
Pits, Spikes &Undulations

- pits . Y
| A ‘.&r,_;,,/' ,1' /./;"I., pth
* Anomalies : (41 Py
i f mu/} "“/}'” /"f"
* Spikes -
e Atmospheric Particles
* Anomalies

* Undulations
* IMU Measurement/Calibration Error




Classifications Errors

* Missed Ground Points
* Earthen Berms
* Boulders
* Cliffs
* Under Trees

* Missed Building Points
* Near vegetation

e Multiple classification errors
* Vegetation
* Bridges
* Roads
* Etc.

Building misclassified as vegetation



Quantifying
Classification Accuracy

A Classification “Confusion” Matrix

Ground Truth

B Vv € G Total
B 16326 2178 224 1486 20214
Classified Vv 1709 24635 62 1535 27941
Data C 111 252 263 327 953
G 667 4827 257 20257 26008
Total 18813 31892 K06 23605 75116
B = Building
V = Vegetation
C=_Car
G = Ground

(misclassified Ground and Building




OpenTopograph
w Hl'g.ﬂgesol;f:o'? Topcgaph,gsfa e? Too?l

by oT processing
trips by the processing

* Bulk download options : e. See help links on the OT site for
more info.



http://www.opentopography.org/

DOWNLOADING DEMS FROM OPEN

TOPOGRAPHY

From the home

page, click Data
Zoom in to Indiana

Click the east or

west zone on map

Click the 2011 -
2013 Indiana
Statewide LiDAR
link in the pop-up

Find Lidar Topography Data

Instructions

mo-
Mzp Scislis

3
USView  Giobal View . %

~v OpenTopography

Datasef Name: 2011 - 2013 indianz Stztewide LIDAR
Plafform: Airbome LDAR

Survey Dafe: 031132011 - 0473372012

Please use the Select 2 Region’ bufion to get more information and
1o access tis datasel in resuits area below the mao




Download and Access Products

C=\8  opentopolD: OTSDEM 0720132956 1

opentopolD: OTSDEM 072013295 1

SV 8 opentopolD: OTLAS.062012 4306 1

1. Salect area of data %o process

< Zo
area ' 7 8_ ,

[

® Click Select A Region U’r’rn._

®* Draw a rectangle around project

ared

/O




creen text

1. Coordinates

Horizontal Coordinates: WGS84 [EPSG: 2966]
Vertical Coordinates: North American Vertical Datum 1988 (NAVDES)

Data Selection Coordinates: [ Manually enter selection coordinates (in the horizontal coordinate system listed above)
Xmin = 3133167382 Ymin = 1671229.464 Xz = 3139161.165 Y e = 1675750.038

The selection area is approximately 2 km?




2. Data Qutput Formats

Arc ASCII Grid

Select Data Output Format:

3. Layer Types & Additional SRTM Data

| Elevation Models (DEMs)  Bare Earth:

Include Global 30m SRTM Data




4. Visualization

i Generate hillshade images and Google Earth files from DEMs Altitude of the light,
(] Generate additional color-relief and colored hillshades

Azimuth of the light, (in




TAUDEM

®* TauDEM options process the Bare Earth to prep various layers for
use in hydrologic modeling

® The original Bare Earth DEM will be processed and slightly
smoothed

® Low lying areas will “fill up” until water can “runoff” the area

®* Am | doing hydrography related analyses in dendritic terrain?
®* Yes: Run TauDEM

®* No: Stick to the Bare Earth and post-process it yourself

5. Hydrologic Terrain Analysis Products (tauDEM):

(] Hydrologically correct DEM (] D-Infinity Flow Direction (] D-Infinity Specific Catchment (] Topographic Wetness Index

with pits filled [1D8 Flow Direction: Area
(] D8 Contributing Area
This option is only available when Bare Earth layer type is selected and data output format is GeoTiff. Click here to select Bare earth layer and and geoTiff format to enable this TauDEM aption




DOWNLOADING DEMS FROM OPEN
TOPOGRAPHY

® Enter job title, description, and e-mail address

® Click Submit

Job Description

These options allow users to describe and keep frack of their jobs. Information entered below is recorded along with other job parameters in your personal lidar Job
archive accessed via myOpenTopo (available only to registered OpenTopography users).

Job title (up to 100 characters) Job fitle
Job description (up to 500 characters) Job description
Enter your e-mail address

for notification upon completion of

processing

SUBMIT




N

DOWNLOADING DEMS FROM OPEN
1 TOPOGRAPHY

® Job Status Window opens & has download links after

processing finishes. A copy of a link to access the window

lodify and resubmit this job Download Job Metadat
ull job metadata report View Jab Configuration

1452115792283 IN_2011_2013_W 2016-01-06 13:29:53 2016-01-06 13:30:08 15 secs Done

Download Job Results

DEM Results + Download compressed raster results: rasters_sdem tar.gz (2.2 MB)






http://www.7-zip.org/
http://www.winzip.com/
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™ Indians DNR HEC-RAS Geometsic Dats Tool


http://dnrmaps.dnr.in.gov/apps/stepc.htm

Contact Information

CTP Subcommittee Co-Chairs
Steve Story - sestory@mt.gov
Amanda Flegel - aflegel@]lllinois.edu

Today’s Presenters
Diane Eldridge, USGS - deldridge@usgs.gov
Paul Rooney, FEMA - paul.rooney@fema.dhs.gov
Lewis Graham, GeoCue Group - Igraham@geocue.com
Dave Knipe, Indiana DNR - dknipe@dnr.in.gov

ASFPM Science Services Program Manager
Alan Lulloff - alan@floods.org
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