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Gerry Sjerven Please stand by as other

JoeSapletal . - _
m Sean Vaughn participants join, we will get started
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Welcome!

Thank you fonoining us today

AWe are excited to meet with you today to discu
lidar acquisition planning efforts iinnesota.

AMembers of the 305eomaticsCommittee Lidar
Acquisition Workgroup will be introducir8pGeo,
sharing updates, and information about lidar
collects for Minnesota.

AWe welcome your input today and going forward.



A Pleasemute your microphone if
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AA meeting recording and presentation
slides will be shared after the meeting

AType in questions into thehat .
windowz | YR ¢SQff IR
during the Q&A section (not recorded)

Meeting Housekeeping




Goals for today

AWnho is 3D Geomatic8DGe)?
AWhat is theMinnesota Lidar Plaf

AWhat is the funding opportunity
USGS 3D Elevation Progré88DER?

AWhere are 3DERdJar acquisitions
going currently and planned?

AWhat are thenext step®
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Geospatial Advisory Council (GAGIp Geomatics

Committee

Geospatial Advisory Councll M1 MiNNesoTA

GEOSPATIAL ADVISORY COUNCIL

A The MinnesotaGeospatial Advisory CoundiGAC)s the Project or Intiative Name
coordinating body for the Minnesota geospatial community. All public geospatial data in MN to be free and open to everyone

Updated and aligned boundary data from authoritative sources

The implementation of an archive for Minnesota geospatial data

A Crosssection of organizationshat include counties, cities, Statewide publicly availabl parcel dats
Improvements to the MnGeo Imagery Service, such as Web

U n |Ve rS Itl eS y b U SI n eSS y n O n p rOfIt O rgan I Za.tl O n S y fed e ral an d State Mercator support, tiling, and complementary options such as

“composite of latest leaf off imagery”, and downloading options

agencies, tribal government, and other stakeholder groups. Accurate hydro-DEM (HDEM) that serve modern flaod modling

and hydro-terrain analysis tools, and the development of more

accurate watercourses and watershedsl

Statewide publicly available road centerline data

New LiDAR data acquisition across Minnesota for use in

3 D G e O m a_tl CS CO mm |tte e ? developing new derived products guided by committee developed

standards

An emergency management damage assessment data standard to

A Th 63 D G eo m atl CS CO m m itte@ D G 60) IS a CO m m ittee u n d e r GAC provide an accepted specification to support a request for State

or Federal assistance after a disaster

that works to identify and promote the need for planning, funding| o [sttewide pubicly svaiabie sdress points dats

Maps, procedures, templates and other materials to help all levels

acquisition, and management of threkmensional geomatic data of government implemant the U.S. Nationsl Grid

A parks and trails data standard

an d d e rived p rOd u CtS . A forum (committee, workgroup, etc.) for MN geospatial

professionals to discuss and share best practices, standards,

lessons learned, etc. for implementing and supporting the

ceospatial components of NG9-1-1




&5 | 3DGeo Workgroups

Vegetation

3DGeo Executive Steering Team

&~ X ) | A Workgroups/Subgroups

steering |/ A Hydrogeomorphology
Team
1. Data Catalog

2. Foundational Hydrography Data
Stewards
3. DEM Hydremodification

Human
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Geospatial Advisory Council




3DGeo Data Acquisition Workgroup

Mission:

AThe Data Acquisition Workgroup promotes procurement
of foundational 3D data for Minnesota.

CoChairs
ASean Vaughn, Alison Slaats, and Gerry Sjerven

Lidar Acquisition Subgroup:

A Alison Slaats } Sean Vaughmn ) Gerry Sjerven
, Dan Ross } Jennifer Corcoramnr) Colin Lee :
Matt Baltes ;)Joel Nelson } JoeSapletal

Mark Reineke .and BrandorKrumwiede ) Jeff Weiss




Collaborationg Individual Stakeholder

Transportation
Engineer

You don't have to have
money or be a decision
maker to be a

stakeholder. . . Forester

Dam Engineer
&

S(”p Q,o\,\\e
Yo, <& GIS Specialist

You can be a voice of
SUppOFt LI ASsSesso

A collaborator

GIS Manage€

Natural Resource
Specialist
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$80 Million
A$41Mc DEM

A $27M ¢ Floodplain Mapping
A$12Mc¢ IT Infrastructure



Minnesota

Lidar Plan




Minnesota Lidar PlanOur Plarc Your Plarg One Plan

‘ CITIES COUNTIES DNR

rEMA/MNOGT MNGED

MNIT NOAA NRCS SWCD

TRIBAL NATIONS

UNIVERSITIES USF
USGS UTILITIES

WATERSHERS and

other partners

|

The Minnesota Lidar Plan

A Oneplan for Minnesota
A Committeeled plan, not a state agency plan
A Collaborationof the geospatial community

A Coordinationof lidar acquisition in
Minnesota leverages federal match dollars

3DEP grant success is built on a guiding plan that pulls
the community together to foster collaboration and
coordinate funding to achieve the common goal of

high density lidar acquisition across Minnesota



Minnesota Lidar Plan artstoryMap

Minnesota Lidar Plan

The Minnesota Lidar Plan
3D Geomatics Committee
Remotely Sensed Data Acquisition Workgroup

The Minnesota Lidar Plan

An introduction to lidar, how it is used in Minnesota,
and the Minnesota Lidar Plan.

November 17, 2020

MY MiINNesOTA

GEOSPATIAL ADVISORY COUNCIL

http://bit.ly/MnLidarPlanStoryMap

https://www.mngeo.state.mn.us/committee/3dgeo/ac
quisition/Minnesota_State Lidar_Plan.pdf



https://www.mngeo.state.mn.us/committee/3dgeo/acquisition/Minnesota_State_Lidar_Plan.pdf
http://bit.ly/MnLidarPlanStoryMap

Lidar Planning Background

Al ARFNJ I OljdzA aA G A2y a [ISRGeoCpAMiRY I 0 SR 0 &

AaAyySazial Qa [ AR N t fliday acRuisiiiarRagegLAa)) ( K S
based on political (county) and watershed boundaries

A Grantfundsare available from USGS for lidar acquisition because there is d@decal
national scale need for a seamless nationwide DEM elevation layer

A3DGeo is working to coordinate lidar acquisition with local, federal, and state
partnerships

A LeveragindJSGS federal funding opportunity

AEconomies of scalare achieved when partners collaborate across landscapes

A The bigger the collection footprint, the lower the cost



Lidar Acquisition Areas
and Blocks of Interesf]
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USGS 3D Elevation Program (3DEP

3D Elevation Program (3DEP)

A Systematicallyguiding the collection of 3D
elevation data in the form lidar data for the |
United States, and the U.S. territories

AGoal: elevation dataset for the natiday
2023

A The firstever national baseline of

consistenthigh-resolution elevation datg Minnesota Numbers
both bare earth and 3D point clouds

collected in a timeframe of less than a APartners: $1.92M
decade.

AUSGS 3DEP: $8.11M



USGS 3D Elevation Program (3DBRA

Broad Agency Announcement
(BAA)

A Grant coordinatingmechanism 3DEP

A Guidespartnershipsbetween the USG
and other Federal agencies with othe

fedeeatod
Suates of
Mcronesa

public and private entities seeking

high-quality 3D lidar elevation data
acquisition.

AUSGS isostsharingvia grant funds fo -

QL2 or greater

Explanation
Available or In Progress Data

that Meet 3DEP Specification

ADNJ yia 0KNRdAzXK 6.

deadlinesare every fall (Oct/Nov)

- Lidar

Se B 152 (Asska)

' Other lidar data

DOIGFB0200046 / G20AS00104 Attachment E

No publicly available lidar data




3DEP: National Enhanced Elevation AssessmiiitH A

Business Use

Flood Risk Management

Infrastructure and Construction Management
Natural Resources Conservation

Agriculture and Precision Farming

Water Supply and Quality

Wildfire Management, Planning and Response

Geologic Resource Assessment and Hazard Mitigation
Forest Resources Management

9 River and Stream Resource Management

10 Auviation Navigation and Safety

20 Land Navigation and Safety

Total for all Business Uses (1 — 27)

Annual Benefits

Conservative
$295M

$206M
$159M
$122M
$85M
$76M

$52M
$44M

$38M
$35M

$0.2M
$1.2B

Potential
$502M

$942M
$335M
$2,011M
$156M
$159M
$1,067M
$62M
$87M

$56M

$7,125M
$13B

Update expected summer of 2021

A Conducted i

A Information gathered from every
state and from 34 different
federal agencies

A 602 Mission Critical Activities
need significantly better data
than available

ABetween $1.2 and $13 BILLION
benefits annually

A5:1 Return on Investment



What is lidar?

point cloud
colored by
elevation

Lidarstands forlight detection and ranging

Alt is amapping technologythat uses gulsed
laserto measure the time it takes for emitted
light to travel from a sensor to the ground or
other objects and back.

\ . (top surface)

pulses RN
v {0\ N first return

last return
(bare earth)

AThe sensor capulsea laser beam hundreds o
thousands of times per second

AMillions of returns (points") are captured,
resulting in a "point cloud" of three
dimensional measurements.




Lidar AcquisitionA Point Cloud

Lidar Acquisition
Lidar Point Cloud

3D Rendition of Natural
and Built Environments

Lidar Classification

Painting the Lidar Point Cloud
Elevation Values




Lidar Acquisitiond Point Cloudd CIaSSiﬁcatiOfA DEM

A Point Cloud Classification Feature Identification and Separation of
Data for Sector Application

LiDAR-derived 3D

Lidar 3D Point Cloud

Digital Elevation
Model (DEM)




ADEMstands fordigital elevation
model

AAdigital representationof the land
surface.

AThe DEM is derived product

A Represented as a gridded tessellatio
of the landscape built from Lidar
derived points withelevation values

(2).

What iIs a DEM?

DEM:

10 | S

EL/EVATION
VALUES (f)



What is Lidar?

To Some Lidar Is:
AA 3D Point Cloud

To Some: To Some:
A 2-ft Contours A Hydromodified DEM & Hydrography
A Digital Elevation Model (DEM) A 1-ft contour Dataset

Note: The two most downloaded A Vegetation and Buildings

authoritative lidarderived products from A Intensity Imagery
MnTOPO are the-# Contours and the .
DEM. A Digital Surface Model (DSM)

A And Many other products

Regardlessvhat lidar isto you andyour businesseeds,d f A Behidé®ith collection of the lidar
data aspart of a dataprocurementproject, within a 3D Geomaticdidar acquisitionblock (LAB)

Data Procurement Data Development Data Disseminatio User Application




What Is:
High-density




Need for New Highdensity Lidar

AUpdateour existing Lidar data holdings WhICh
are now a decade old.

Almprovesour ability toanalyze the landscape
In Minnesota, map assets, and assess
NB & 2 dzND S &

A Provides the foundation for development of
updated authoritativederived productsto
support analysis and informed decistaraking

AEnables practitionersnanagers, and £, B el A TS Y
researchers to be morproactivethan Lidar point cloud colorized by photograph pixel colors
reactive.



Lidar Quality Levels Define
Deliverable Specifications

A Minimum DEMCell Size

A Minimum ContourlInterval

ommittee Minimu M)

USGBase Specification Minimu pams)

CurrentMinnesota Data Holdingesss)

HD Lidac Derived Products

LiDAR BASE
SPECIFICATION
(LBS) Cell Size /f
Supported
Quality Level Minim.um Minim.um
(y) Cell Size | Cell Size Interval
[m] [ft] Accuracy
[ft]
QL-0 0.5 1.0 0.5
aL-1 0.5 1.0 @
aL-2(46QR 1.0 2.0 1.0
ws NaGD) | 50 | G

A Highdensity Pulse = High
Density of Points = Highly
Detailed Derived Products

QL1 = 16 grid cells per one QL3 cg

QL1 = 2 additional contour lines for
every one 2foot contour

2X



What is High Density Lidar?

: TRt - able These two HD technical
H Ig h- De nS Ity | Id ar Sl:g;fci)::ts;ﬂl Minimum NetL:Jsl,s: Dens:w and Spacing .
|S d efl n ed by (LBS) for a Single lidar Collection Mission m eaS u reS I'e | ate tO ﬂ I g ht

tWwO measures: missionand lidar

) Aggregate Nominal Aggregate Nominal Pulse |atf0rmS aﬁ:eCtl n
1. Pulse SpaCIr]g Qual(ig_;.evel PU?SEANPS] EEANPD] pl ot ) f?h "
2. PUlse Density m] [pulse/m’] . oin ensi y 0] e liaar

Point Cloud
Q-0 <035 .80 2. Derived Products
(shown in next slide)
ommittee
Minimum === = Increased Density = Improved Deta
3DEMBase Specification - 28::; f ?Jr pa::gs Efrzlssquu;reer:‘n;‘:i
Minimum e -+ P P . )
currentMinnesota ¢KIFaQa wmcb v[wm Ll
——> QL-3 area of QL3

Data Holdings




Potential Costs of Lidar in Minnesota

Quality Level (QL) | Average Cost per mi2*

QL0 $440

ecommendatioh:> QL1 $330
USGBase Specificatiom™ QL2 $200
CurrentStatewide Lida— QL3 $175

*Please note the following, regarding the above cost estimates:
AThese estimates where obtained2020.

AThese averagestimates are based on a series of USGS 3DEP Independent Government Cost Estimate (IGCE) quotes.
Actual cost estimates are subject to change based on a proposed area of interest.

AThe 3DGeo Committee advocates for QL1 lidar and will assist partners to explore acquiring upgrades and additional
derived productsn their area ofinterest (e.g., QLOAN upgrade to point density or additional derived products will
increase costs and will be the responsibility of the requesting partner(s).

AQL3 no longer meets USGS Base Specification, it is crossed out because it would not be purchased under this Lidar Pl



3DEP ProgramLidar Data

3DEPStandard Deliverables
APoint Cloud(classified to minimuntevel¢ meets most needs; data hosted online)
ADigital Elevation ModeDEMBare-Earth Surface Raster)
ALidar Swath Polygon
AHydro-breaklines
AMetadata & Reports



3DEP ProgramLidar Data and Derived Products

Possible Added Deliverables

A Not 3DEP funded deliverables, but can be part of the 3DEP contract as additional products and servic
with the 3DEP contract vendor

A Higher densityPoint Cloud
A 3DGeo advocates f@L1 partners may upgrade areas to QLO

A Improved hydrographic products
V Advancediydro-modified DEM(Conditioned DEM)

A Bare Earth point cloud

A Additional Point Classification

V High vegetation an@uildings

A Intensity imagery,GeoTIFF



State Agency Lidar Derived Products

Foundational Derived Products

A Publicly available data served as authoritative products from state agency distribution
portals

A 1-ft ContourDataset
A HillshadedDEM
A Canopy Height Model

A Other products to come?



HD Lidax Derived Products Hyd rography Example

WATER CONVEYANCE LANDFORMS
Mapping the Unmapped Hydrography

= Features of hydrologic
Significance.

» Fluvial Processes

- Soil Degradation

We Model this

: with DEMs

begin ?  mem—
\ 4
- Where concentrated flow
begins. LiDAR captures these
landform.




HD Lidar ExampleBtydrography & Infrastructure
Culvert Capture High Density QLO (30p&/m

QLO oot DEM




HD Lidar ExampleSinDOTInfrastructure

ATransportation
A 3d Design
A Traffic operations
A Signing and striping
A Highway safety
A Maintenance
A Asset management

AEnergy
A Traditional
A Renewable/Alternative

A Cultural/Historical Resource Nl

The 135/Highway 53 interchange in Duluth, MN (known locally as the "Can of Worms")




HD Lidar ExampleBtnDOT Infrastructure

Supporting Corridor
Mapping
A New HD lidar can

replace existing
mapping methods

A Existing lidar no

. Photogrammetry or Photogrammetry
onger reliably
supports many
engineering

products




HD Lidar ExampleBifrastructure

Supporting
OrthomosaicCreation

A New HD lidar can
replace existing
mapping methods

A Existing lidar no longer
reliably supports the
creation of high
resolution orthophotos




HD Lidar Example€ounty Infrastructure & Hydrograph

MnDOT VerticaAccuracyAnalysis
High-Density 30+pt/n¥ Quality levelO LidarPoint doud

..........

A Reviewed by Colin Lee and District 6 surveyors

A 90% of the lidar points evaluated have elevation values
within 0.033 (ft)to 0.066 (ft)of actual, onsite, vertical
survey results.

LakeByllesbyDam & Reservoir Dakota County (QLO Lidar Point Cloud)

o Test points represent open, hard, smooth surfaces

o 1.0(cm) to2.0(cm) of onsite, vertical survey
results.

A These values are better than the minimum lidar base
ALISOATFTAOIGAZ2Y 2F X nodono



HD Lidar Example&sLidar Intensity

High Density QLO (30ptsAn

N ‘.

L3

;féﬁm}&%&!fﬁ?w .

o
A S

QLO oot DEM HPI




HD Lidar Exampled.idar Intensity

NE Forested LAAL1 Lidar Intensity Hydrography Capture



