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" 3D Elevation Program (3DEP) Goal

m Complete acquisition of nationwide lidar (IfSAR in AK) by 2023 to provide the first-ever national
baseline of consistent high-resolution elevation data — both bare earth and 3D point
clouds — collected in a timeframe of less than a decade

m Address Federal, state and other mission-critical requirements

Annual Benefits
Potential

m Realize ROI 5:1 and potential to generate $13 billion/year ey

m Leverage the expertise and capacity of private mapping 1 Flood Risk Management e
firms :\:Z:zgss:z;i and Construction $206M  $942M
m Achieve a 25% cost efficiency gain 3  Natural Resources Conservation $159M  $335M

$122M  $2,011M
$85M $156M

m Completely refresh national data holdings 4 Agriculture and Precision Farming
5 Water Supply and Quality

Wildfire Management, Planning and
Response

Geologic Resource Assessment and
Hazard Mitigation

$76M $159M

b i

$52M  $1,067M

All Points

8  Forest Resources Management $44M $62M

River and Stream Resource
Management

10 Aviation Navigation and Safety $35M $56M

3DEP Status 4 |
2023

$38M $87M

.

Bare Earth

»
- gfm Th y 20 Land Navigation and Safet $0.2M  $7,125M
< e National Ma g y ,
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Total for all Business Uses (1 — 27) $1.2B $13B
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" GPS/GNSS — The Foundation of 3DEP Data

m Trillions of 3D coordinates (lidar points) covering the surface of the U.S.

m 3DEP based on active remote sensing technologies, namely large format airborne
lidar data collected and processed by commercial contractors
(Alaska collected with airborne IfSAR)

m Data fidelity is designed to be 2 2 lidar measurements per square
meter over conterminous U.S. and outlying islands (for many
projects, 2 8 measurements psm!)

m Lidar data are controlled and validated with multi-
constellation GNSS data

m Airborne multi-constellation GNSS controls lidar sensor
positions

m Ground-based multi-constellation GNSS observations
produce ground truth for vertical control and data validation

é USGS %@ The National Map GNSS reference station (base station) outside LeChee Arizona
Your S
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+ Airborne GNSS-inertial Systems for Large
Format A”‘bOrne L|dar m GNSS-inertial market owned by two companies

— Applanix (Trimble) and NovAtel (Hexagon |

Large format airborne lidar companies (4) Leica Geosystems)
N
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Position and Orientation System (POS) Sensor Position Attitude
Navigation (SPAN)

= USGS !@i% YThse National Map
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+ Exterior and Interior Orientation

m How position, attitude, and acceleration (GNSS-inertial) data are physically tied to lidar
measurements

Exterior Orientation:

Airborne GNSS Lever-Arms — measurement for each of
three axes between antenna reference point and LiDAR
sensor reference point. Right thumb down rule.

Optech Orion H300 reference
point - Image

Optech Orion C200
schematics

Interior Orientation:

Lidar sensor reference frame
including IMU and optical center;
offsets and mounting angles

a USGS !@i% The National Map /\/:_;\’
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+ Alrborne GPS-inertial — The Early Days

m Pre-planning was essential
m Number of GPS Svs -4, 5, 6, maybe even 7!
m PDOP ruled the day

m AGPS baseline lengths kept short (~ 25 km) to
maintain bias correlation to one or two
reference stations

m Dual frequency - a real boon for kinematic
positioning

m Many processing options: start/stop times, KAR
initialization, omitting/adding SVs, changing the
mask, ionospheric and tropospheric modeling,
more KAR settings...

m Comparing the forward/reverse solution of one
reference station to another

m When AGPS is as good as it can be, sync up
with IMU data and process through the Kalman
filter

% USGS !@i‘% T e National Map

science for a changing world ur Source for Topographic Information

Bank angles < 20° to mitigate masking
signals

Cessna 402



+ Alrborne GNSS-inertial — Present Day
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+ Alrborne GNSS-inertial — Present Day

m Trajectory data

Applanix SmartBase Network employing Trimble VRS i i
almost alwayS technology — corrections computed from surrounding CORS = Unbound errors in IMU I_npUtS
and applied to virtual roving reference station can grow Ieadlng to “drift”’. Raw

processed “tightly

coupled” GNSS can help constrain, but

not fix these errors.

m Therefore flight line duration
typically limited to < 20 minutes

m “The absolute
position and velocity
accuracy of the
GNSS is used to

Smoothed Best Estimate Trajectory — inertially aided kinematic
ambiguity resolution forward/reverse separation

compensate for the
errors in the IMU
measurements. The
stable relative
position of the INS
can be used as a
bridge to span times
when the GNSS
solution is degraded

or unavailable.”
NovAtel SPAN Brochure
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https://en.calameo.com/read/001915796d1d051759463?authid=gKG8EjL5yKMt
https://en.calameo.com/read/001915796d1d051759463?authid=gKG8EjL5yKMt

+ Accuracy

—_———— - ——

v
GNSS-Inertial data is a No(;/AteIdSPAN with tzralgtical—grade IMU i
critical component and andimodern CNSSchipsets . _ _

. . Applanix POS with tactical-grade IMU and
typically constitutes largest | | sa e modern GNSS chipsets
error source of a calibrated, — e — SPAN PERFORMANCE
boresighted, and adjusted S PERFORMANCE SPECIFICATIONS' (RMS ERROR)
lidar dataset : o | | oo airborne Applications
. = ﬁ T = ﬁ - e :
- GNSS Error greatestinthe | 2|z |2 8 &
vertical component of the - Example Pasition (m)
lidar : - GNSS-
2 inertial Roll & Pitch (deg) 0.005 0005 00025 00025
- However, angular IMU error | . |s|<|2als|2 | 2 L stem
is predominant and AN O emetges o aw ww  ome
manifests in the horizontal T T P l
i ration : -

component of the lidar ! :
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. 1 Optech Galaxy Specifications
Leica ALS80-HP ‘
Of course, th_ere are | product Specifications Laser Configuraion
m a.n y O t h er I I d ar Topographic laser 1064-nm near-infrared
60 Laser classification Class IV (US FDA 21 CFR 1040.10 and 1040.11; IEC/EN 60825-1)
erl'Ol' SOUI’CGS. 'y but 50 = =XY [FOV edge) E I Beam divergence 0.25 mrad (1/e)
. = Xampl@ | |operating aitirudes (1,2,3,4) 150-4700 m AGL, nominal
that’s a toplc for EE 40 XY (nadir) L | d ar p E:!:rivespulsz repetition frequency | Programmable, 35-550 kHz
H - Laser range precision (5} <0.008m,10
an Oth er presentatl O n %% :: o =2 {FOV edge) System Scan angle (FOV) | Programmable, 0-60°
£ Swath width Programmable, 0-115% of AGL
- 10 - = 2 (nadi) SpeCS i:::es(:::npc':duﬂ | ;:;r:;::\b::ﬂ-lzﬂ Hz advertised (0- 240 scan lines/sec)
USGS g& [i] o .1000 - 2000 2000 Absolute horlmrntal accuracy (2,3) | 1/ 10,000 x altitude; 1 0
, h Flying Height (m AGL @ 40 FOV) Absolute elevation accuracy (2,3) <0,03-0.20 m RMSE from 150-4700 m AGL
- 3

L]
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+ Accuracy

ASPRS Positional Accuracy Standards for Digital Geospatial Data

Tasie B.7 Verneal Accuracy/Quanmy Exaseres ror Dicimal ELevanion Diara

Absalute Accaracy Eelative Accoracy (where applicable)
A b S O | u te Vertical Within-Swath Swath-to-Swath
. I Accaracy RAISEz NVA at #5845 VWA af 95th Hard Sarface Repeatability | Swath-fo-Swath Non-Veg Non-Veg Terrain
ve I’t ICa Class Noo-Vegetated | Confidence Level Percentile {Max Diff) Terrain (RAMSDz) (Max Diff)
f (rm) {rm) {rm) {rm) (rm) {rm)
accur aCy o) l-cm 10 0 3 0.6 08 16
3DEP ||dar data 2 54m 25 40 75 15 ) 4
an d | | d ar- Scm 50 o8 15 3 4 8
. 10-cm 10,0 10.6 30 & 2 16
d er I V ed b ar e - - Y 3 GNSS reference station (base
15-tm 150 204 43 [ 12 14 tation) here in the C d
station) somewhere in the Cascades
earth DEMs =1 - 0 = E
tested agal Nnst 333cm 333 553 100 20 )
ground truth 66.7-cm 66.7 130.7 200 40
C apt u red 100-cm 100.0 106.0 300 7]
333 3cm 3333 6333 1000 200

with...GPS/
GNSS!I*

PHOTOCRAMMETRIC BNGINEERING & REMOTE SENSING

* Ground truth sometimes surveyed with
classical optical methods in GPS/GNSS-
denied environments

=2 USGS !ii% The National Map
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https://www.asprs.org/a/society/committees/standards/Positional_Accuracy_Standards.pdf

Adjustment Settings

+ Accuracy o

Control Coordinate

Adjusted Grid Coordinates

Comparisons Point ID Northing Northing Error Easting Easting Error Elevation Elevation Error | .

(US survey foot) || (US survey foot) || (US survey foot) | (US survey foot) || (US survey foot) | (US survey foot)

#0C -G -REUHAME BQHOES mitr - %G @ODOD B %S 7 @ WO FintCrecDy237.57C- ) ) 13 1725114818 2 3209803429 ? 5425393 0031 | LL
Fle  Home Suvey GS  CAD  Duafting  Sufaces  Comidors  PointClouds  ConstructionData  Photogrammety  Macros  Support  © Control Point Constraints 1 1729174054 0014 3201771661 0.011 3396244 0,037
| #® Process Feature Codes ~ @ Write FXL to CSV @ Processing Services 1 Clear Processing E Loop Closure | 47 Bg ‘é}, ﬁI 73 o Azimuth Constraints 150 1721931.487 0.009 3212164474 0.008 5419.874 0.032
‘ @ New Feature Library ? Merge Survey Projects e :; SendtoRTX-PP B Tlme—Bafe‘deew 8 Occupation B M'w = - i 1715289.765 0.025 3207516.474 0.018 5374.881 0.045
| @ Convert CSVto FXL: . ) History Log View Download ¥ Process Baselines ’D::Sess\:n Editor &2 Vector FL Fi‘ Network -“ic‘,\.:[mo,, - O | su it 1708112349 0018 3214482155 0014 5432700 0.030
=R == = - 1709086.612 0.021 3215199.965 0.016 5422.036 0.035
B oty Plan View [My Filter] X Point Spreadshest X * Adjusted Grid Coordinates 1724522.767 0021 3218845.005 0.017 5365.329 0.048
1706964.270 0.020 3199366.670 0.016 5414366 0.063

Adjusted Geodetic

Coordinates Coordinates from a free adjustment should only be used for analysis of the inner accuracy of the network. They should not be distributed as final

results.
+ Adjusted ECEF
Coordinates
+ Error Ellipse Components
Adjusted Geodetic Coordinates
_+ Adjusted GNSS
Observations e ohTE
. " eight eight Error :
e [Point ID Latitude Longitude (US survey foof) (US surves fogry | Comstraint
- 457 B46) Covariance Terms s N39°49'18.77549" WI04°4511.08044" 5366.589 0.031 L
S 12 N39°49'57.89109" W104°4237.24639" 5337.094 0.037
>, 114~ COA 10855 (B1. 150 N39°4847.12435" W104°4441.16096" 5361.054 0.032 1
G 5L N39°4741.86693" W10+#454141322" 5316271 0,045
. COA 10855 -~ 151 (B4 N39°4630.36863" W104°4412.94924" 5374.034 0.030
R N39°4639.93694" W104°4403.63092" 5363335 0.035
N39°4912.17429" W104°43'15.27085" 5306303 0.048
N39°4620.23340" W104°4726.65242" 5356.108 0.063

Network adjustment results

3 ot ol o a o! g Q! <]
g 8 g g g g g g
| gl gl gl gl & gl gl §\
: o ] N S| & g 8! &
oot -t oot oo i} —af o] @t &
P Flags Pane vRX
" Flagged Objects Message
[y (3 [@ i 57 L Snap B USSurvey Foot Grid Colorado Central 0502 0 i 33110.18951571.083 f £

i ]

Network adjustment with error ellipses

Static GPS/GNSS processing methodologies
may be employed to produce adjusted ground
truthing coordinates. These are known as
“checkpoints”

3DEP checkpoint survey examples

=2 USGS !@i% The National Map
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+ Accuracy

Scene from lidar dataset near Grand Lake in the Rocky Mountains of Colorado

s R T o 5 L T :‘

Absolute vertical accuracy
reporting is necessary.
However, other indicators of
qguality are equally, if not more
important in assessing the
overall quality of the lidar
dataset.

This swath separation
intensity image shows an
excellent goodness of fit
between swaths (flight lines).
Green color in overlapping
swaths indicates vertical
separation of £ 8 cm

o

% USGS @% The National Map
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Thank you!

Any questions?

[nimetz@usgs.gov
720-576-1838

Special thanks to
Merrick, QSI, and
Woolpert for providing
some of the graphics
used in this presentation
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