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DJI Phantom w/ Modifications

o Flights have been conducted to
support an NSF grant to a Marine
Life Sciences Professor at TAMUCC

o Flights were to monitor bottlenose
dolphin populations in and around
the Corpus Christi, Aransas Pass,
and Port Aransas

« DJI Phantom was modified to -
include a laser altimeter to assist .

with measurements of animals X )

— Based off a research paper, the logger

o ~ *Dye to national ermt
was built in-house at LSUASC P

restrictions, no pictures from the

actual flights are allowed.
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Large UAS BVLOS Testing
—

e In 2022, LSUASC completed a 2.5 - = :u
year project focused on large UAS e
flying BVLOS

o Flight campaignsin 2021 & 2022

— Large UAS flew over 45 flights and had over 17
hours of flight time in conjunction with an
optionally-piloted aircraft (OPA) over the Texas

Inter-Coastal Waterway
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sUAS Disaster Response

. LSUASC received funding from the State of

Texas to develop prototype disaster response ‘(‘ﬁ

packages

e Conducted multiple exercises both internally
and in conjunction with local first response
agencies in August & September 2022

o LSUASC is continuing to build our disaster
response capabilities through 2023
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Moving Forward in 2023

« Flight campaigns and research have increased steadily since
2020-2021

« Moving into 2023, research focus remains high in the following areas:
— BVLOS Operations
— Large UAS Operations
— Mission/Control Dispatch Centers
— Traffic Management
— Disaster Operations
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Project: Simulation and Field Validation of UAS-SfM Accuracy Based
on Different GNSS Solutions for Shoreline Mapping

Research Team (NOAA OCS): LCDR Damian Manda, John Doroba
Research Team (TAMUCC): Michael Starek, Jose Congo, Jacob Berryhill

Research Team (OSU): Christopher Parrish. Chase Simpson, Richard Slocum
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Why UAS-SfM? o
« Improve safety & efficiency, especially in hazardous or remote areas
« Satisfy feature positioning requirements (< 0.5 m vertical uncertainty at 95%)

Eliminate GCPs and “boots on the ground”
for UAS-SfM surveys of shorelines

Investigate GNSS positioning correction

methods and vertical uncertainty
field experiments and simulation

Develop processing workflows compatible
with software available to NOAA
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Research Objective: evaluate GNSS
solutions and SfM software workflows
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Research Objective: test and simulate
GNSS uncertainty on SfM accuracy
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Evaluation of GNSS Solutions

> Post-Processed Kinematic (PPK)

> Baseline distance, sampling rate
> Real-Time Kinematic (RTK)

> Precise Point Positioning (PPP)
> Quantitative comparison (TS/RTK/TLS)

Evaluation of SfM Processing

Data

acquisition

Raw data
processing

@ ArcGIS Pro (v2.9.0)

> Pix4D, Metashape, ESRI Drone2Map,
J # ] CSRS-PPP (v3.0)

Web OpenDroneMap (ODM)

> Assess vertical accuracy
@ Drone2Map (v2.3.2)

O GIT (v2.9.0)
g‘: Inertial Explorer (v8.80)
= LAStools

rapidlassa

.l Metashape (v1.7.2)
pixii] Pix4Dmapper (v4.6.4)

=

> Assess quality of derivative products

> Processing report accuracy vs LAStools

Python (v3.8)

[
GNSS

Solutions

]
| | | |
Autonomous

General workflow used for this study

' «4D» REDtoolbox (v2.82)

SfM

Software

WebODM (1.9.11)

| | | | : °-=:,-°
GNSS Both SfM Software
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MUSTANG ISLAND STATE PARK
CASE STUDY #2

NORTH PACKERY CHANNEL
CASF STUDY #1

* (7
NPC Study Site MISP Study Site
> JP Luby beach > Pedestrian beach
> Sep/04/2020 > Jul/13/2021
> Area: 1 km? > Area: 0.05 km?
> #ofGCPs:7 > #0fGCPs: 25 North Packery Channel (NPC) Mustang Island State Park (MISP)
> Spacing: 500 m > Spacing: 20 m SfM software evaluation only GNSS & SfM software evaluation




DJI Phantom 4 RTK UAS
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WingtraOne MISP flight 1 MISP flight 2
PPK UAS (VTOL) (lower altitude) (higher altitude)
Altitude AGL 75 m 120 m
GSD 1 cm/px 1.6 cm/px
Sensor Sony RX1 RIl (42MP) | Sony RX1 RII (42MP)
# of photos 271 120
Design Side/endlap: 80/70 Side/endlap: 80/70
Phantom 4 MISP flight 1 MISP flight 2
RTK UAS (Quad) (RTK mode) (PPK mode)
Altitude AGL 59 m 59 m
GSD 1.6 cm/px 1.6 cm/px
Sensor FC6310R, CMOS, FC6310R, CMOS,
global shutter (20 MP) | global shutter (20 MP)

# of photos 610 610
Desian Double Double

9 grid grid




-
P
g~

2 fr

Ground control equipment (MISP)

GNSS local base for PPK

> 6 hours of static
> (Good Dilution of Precision

Control survey (25 targets)
> RTK GNSS (10s average, TxDOT RTN)
> Leica Robotic TS (2 stations, LSQ adjusted)

Terrestrial Laser Scanner (TLS)
> Riegl VZ-2000i (1200 kHz)
> 3 scan positions (create DSM)

Beach profiles (RTK GNSS)

> 4 transects (~ 100 m intervals, ~ 5 m shots)

Control in NAD83 (2011) TX-S
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Establishing static setup for local base at MISP



X ’
“‘ TEXAS A&M UNIVERSITY
\ CORPUS CHRISTI

N

GONZALES 1s H5s m15s W 30s e ls # S5s ® 155 ® 30s
~207.87 Km

0510 20 A 128.42 140
KECARe I 68.29

I 12136

I 70 83

N

207.87

28.32
I 27.58 120 ¢
I 25.58
I 2642

151.98

KARNES
cary

~151.98 Km 1589

I 24.67
I 13.72
W 322

92.02

100

431
m 273
Il 489
| 321

27.77

80 o

;| 378

Distance (km)

W 247

26.9
=
®
Z RMSE (cm)

60

STATE PORT

AQUARIUM 401
~26.90 Km ARANSAS

~21.23 Km

40

16.28
=
(¥
(]

ALICE
~2.02 Km CORPUS

CHRISTI
~27.73Km l

I 88! [
/ o
LOCAL BASE . 836 20 [

0 Km

NRC 0 20 40 60 80 100 120 140
~16.28 Km
Z RMSE (em) o.

Map of Remote Base Stations RMSE vs Distance & Sample Rate ) e PL)

(WingtraOne, high altitude, Pix4D report, TS control) 0 20 40 60 80 100 120
PPK Fix Percentage by Sample Rate

Distance 1 Accuracies |



PPP Example

Inertial Explorer
(before PPP
correction)

Inertial Explorer
(after:PPP
correction)

Email for results {required)

nder.tar

Processing mode

Vertical datum

Contribute to passive control maintenance? (Whatlsthiz?

Authorize the Cznzdizn Gecderic Survey to archive 2nd publish CS35-PPP submissio

official Canadian federal or provincial geodetic marker number

» More optlons

RINEX observation fi

5), 300 MB max (.zip, .2, .Z, .tar, .770)

Submit to PPP

Processing Method
() Differential GNSS (® Precise Point Positioning (PPP)
Processing Direction

7\

(O Both (O Forward (OReverse (® Multi-Pass
Processing Settings
Profile: GNSS UAV v | | Advanced ...

Datum: NAD83(2011) ~

Processing Information

Description: | Run (1) ‘ User: ’JPC

Process |¥ |Save Settings |¥ Cancel

PPP Processing settings on
Inertial Explorer

IE Kinematic PPP Processing:

« Start new project and add raw rover GNSS file (.sbf format in this case)

« Time synchronization performed within software, no human input needed
» Create a csv and assign each solution to its corresponding image

CSRS-PPP and RTKLIB Processing

CSRS-PPP processing ilterface

» Time synchronization still an issue

*UAS has timestamps offset from CSRS-PPP
«Make them equivalent, then interpolate
*Work still in progress
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Autonomous (75m AGL) - | 1«

Autoromous 1z0m A1) | 57
et N -

PPK Local 15 (75m AGL) | 529 base, 1s)
PPK Local 15 (120m AGL) | 8.85 pirikvode [ 7
NovAtel PP (75m AGL) [ 3285 63 / Z:SMSE - 8 85 ?

NovAtel PP (120m AGL) [I s0z0 PPK and RTK results

0 20 40 60 80 1000 1200 1400 1600 1800 (Phantom 4 RTK)

Z RMSE (cm)

‘ Autonomous, PPK, and PPP results
| |
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UAS Ellip. Height (m):
s

. 3165

.........

TLS Ellip. Height (m):
P 225

B 3166

TLS DSM

DSM of Difference (m):

331

-6.58

ek

DSM of Differences [UAS — TLS]

DoD statistics (in meters)

Mean

St dev. Min Max RMSE

0.008

0.16 -6.58 3.31 0.16

Ellip. Height (m)

~23.75 |

—24.00 A

—24.25 A

—24.50 1

=24.75 1

—25.00

=25.25 4

—25.50 A

—o— UAS at 75m AGL
—o— RTK GNSS

(') 1'0 ZID Bb 4'0 5'0
Point Number

Height profiles [UAS vs RTK GNSS]

Statistics of height deltas (in m)

1 2 3 4
Mean of As 0.08 | 0.055 | 0.072 | 0.093
Std. dev. of As | 0.018 | 0.047 | 0.021 | 0.014
RMSE 0.082 | 0.073 | 0.075 | 0.094
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Bl LAStools Processing Report Bl LAStools Processing Report

7.29

Pix4D

Pix4D
|

()

\‘

N

6.13

* Processing report i

= =
S ODM Processing Report N/A o
 LAStools
* Delta (CP to model) & pms s g Wer
(72} ()
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= =
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0 3 6 9 12 0 40 80 120 160
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Study Site 1: NPC Study Site 2. MISP



Drone2Map

Orthomosaics

/

Metashape

DSMs

Drone2Map
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GNSS Evaluation:

> PPK only solutions ~5 to 8 cm vertical RMSE

> Base stations < 30 km (local base not always better)
> No clear pattern for sampling rate, use PPK fix %

> Results comparable to RTK/TLS
> RTK/RTN accuracy comparable to PPK

> Recommend PPK to eliminate rover communication
> PPP (achieved decimeter level)

> Requires more research / initialization tests

(]
“\!J TEXAS As&M UNIVERSITY

W CORPUS CHRISTI

)

SfM Evaluation:

> Best accuracies: Metashape/Pix4D

> |nconsistencies: Drone2Map/ODM

>  Problems handling non-WGS84 datums

> ODM performance varied by site/texture

Water masking in Metashape

Processing report results comparable to

dense cloud results in LAStools

Results environment/version dependent




Monte Carlo and Empirical Assessment of SfM Point Cloud Vertical
Accuracy as a Function of GNSS Accuracy

1. Simulation

— Use simUAS (Slocum and Parrish,
2017) to generate simulated UAS
imagery for scene

"4

o]

— Monte Carlo approach 2=
« Vary GNSS accuracy, run through SfM §§§§ . _
software, assess accuracy of output = ==as Simulation
2. Empirical Testing ==
— Actual UAS flights at OSU survey Empirical Tests
fields and Neptune State Scenic Area e

on Coast

— High accuracy field surveys to obtain
check points

Oregon State
University




simUAS Monte Carlo

e Simulated photogrammetric block
— a9x9; 75% endlap and 75% sidelap
— 100 m AGL

— Simulated Sony A6000 camera with a
6000x4000 pixel (24 Mp) sensor, 30-mm focal
length lens -> 1.3-cm GSD

« 9 different GNSS quality levels simulated
with 15 iterations (Monte Carlo trials) for

each
e Analyzed spread in output to quantify
uncertainty
Form of modeled relationship: RMSEzs;y = & 0Gnss + P
Oregon State

University

RMSEjy,,, (m)

= No GCPs:; no camera pre-calibration

).0 -|=—No GCPs: with camera pre-calibration

= GCPs: no camera pre-calibration

§ == GCPs; with camera pre-calibration




Conclusions

e Both the simulated (simUAS + Monte Carlo) and empirical
results show that:

— UAS-SfM point cloud vertical accuracy is relatively constant (flat, as a
function of GNSS type) if sufficient GCPs are used

— UAS-SfM point cloud vertical accuracy is well modeled as a linear
function of GNSS accuracy in the case of no or few GCPs

« Slope is significantly steeper in the empirical results

— Possible causes: not accounting for additional uncertainties (e.g., camera calibration)

— Best quality remote aircraft GNSS (PPK or RTK) enabled UAS-SfM
vertical accuracies (RMSEz) of ~0.2 m, even with no GCPs

« Matches empirical field experiments
e,

Oregon State
University



Paper in Development for Aforementioned Work
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Abstract: Small unmanned aircrall systems (sUASs) have emerged as promising platforms for
the purpose of crash scene reconstruclion through structure-from-motion (SIM) phologrammelry.
However, aulo crashes tend to occur under adverse weather conditions that usually pose increased
risks of sUAS operation in the sky. Wind is a typical environmental factor that can cause adverse
weather, and sUAS responses to various wind conditions have been understudied in the past. To
bridge this gap, commercial and open source sUAS flight simulation software is employed in this
study to analyze the impacts of wind speed, direction, and turbulence on the ability of sUAS to
track the pre-planned path and endurance of the flight mission. This simulation uses typical flight
capabilities of quadcopter sUAS platforms that have been increasingly used for traffic incident
management. Incremental increases in wind speed, direction, and turbulence are conducted. Average
3D error, standard deviation, battery use, and flight time are used as statistical metrics to characterize
the wind impacts on flight stability and endurance. Both slatistical and visual analylics are performed.
Simulation results suggest operating the simulated quadcopter type when wind speed is less than
11 m/s under light to moderate turbulence levels for optimal flight performance in crash scene
reconstruction missions, measured in terms of positional accuracy, required flight time, and battery
use. Major lessons learned for real-world quadcopter sUAS flight design in windy conditions for
crash scene mapping are also documented.

Keywords: small unmanned aircraft systems; photogrammetry; structure-from-motion; wind impact;
turbulence; crash scene reconstruction; traffic incident management

1. Introduction

A motor vehicle crash can cause considerable economic loss, serious bodily injuries
and loss of human life. Crash scene investigation and reconstruction are considered crucial
being part of the major concerns in traffic incident management (TIM) [1]. Traditional
coordinate and triangulation methods have long been adopted by investigators at a crash
scene. They use mechanical measurement tools such as tape measures and roller wheels to
acquire baseline measurements and delineate crash scene diagrams [2]. While relatively
low cost, these methods have limited efficiency to document measurements and pose safely
risks to investigators due to possible exposure to traffic. In order to automate accurate
documentation of distance and angle measurements, total stations have started to play
a key role at crash scenes since the carly 19905 [3]. The ability to collect digital data off
the roadway eases invesligalors’ exposure risk lo lraffic and reduces enlire surveying
time. Close-range photogrammetry, which emerged around the same time in accident
investigation, is able to recover accurate two-dimensional (2D) and three-dimensional
(31)) measurements and diagrams by taking overlapping photographs from different
viewpoinls around crash scenes [4]. Over the past two decades, the polential of lerreslrial

24



Other Examples
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National Estuarine Research Reserves System map.
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Port St Joe
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We collaborate with the Apalachicola National Estuarine Research Reserve (ANERR).
Conduct annual UAS surveys of beach and wetland sites.




UAS Survey Campaigns at Little St. George Island (LSGI)

Survey Dates

« March 2016 — primarily terrestrial lidar
March 2017 - mapped western segment
« Sep. 2020 - mapped entire beach (1 day)

« May 2021 - mapped entire beach (1 day)
« May 2022 - mapped entire beach (1 day)

~ DataSIO,NOAA, US. Navy, NGA,GEBCO
— . . i Lunad _—

3 '.\ ¥R S
- 4 S -"'"-bv:?... g 4 2 " - 3
ARIL ) -

July 2018 survey occurred ~2 months before Hurricane Michael

*additional UAS—SfM & UAS-LiDAR surveys conducted at wetland sites



Data Hosting: Gulf3D.org

! 0160315 Bayside Pacroste las

® 0O

Select a region
Draw a box around an area of interest on the map to view data
productsin that area

Results: 14

® Clear selection

i201 60315 Bayside Photosite.las

‘Data Type: Point Cloud
{Survey Type: Terrestrial LIDAR

301 60315 Beach Profile R29.las

‘Data Type: Point Cloud
[Survey Type: Terrestrial LIDAR

(201 70320 Beach Profile R29.las
7 ‘Data Type: Point Cloud

{Survey Type: Terrestrial LIDAR

?01 60316 Beach Profile R41.las
=~ ‘Data Type: Point Cloud

[Survey Type: Terrestrial LIDAR

"am 70322 Beach Profile R41.las
‘Data Type: Point Cloud

iSurvey Type: Terrestrial LIDAR

301 60317 Beach Profile D341.las
7 ‘Data Type: Point Cloud

[Survey Type: Terrestrial LIDAR
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Study Objectives

Hurricane Michael made landfall on October 10,
2018 near Mexico Beach, FL (~33 miles to west) . S
Fre-iviichael UAS-S1IVI eV

Use UAS surveys to quantify impact of (western side near inlet)
Hurricane Michael on LSGI

Assess impacts to beach and foredunes

’’’’’

= & Mexico Beach
a&=2 Source: Getty images




Results: Shoreline & Dune Crest Change

Wester segment of the island is left of the vertical line

 Shoreline Change Net Shoreline Change Impact

« Substantial erosion of the far western and eastern
segments of the island after the storm

Shoreline Change (UAS 2018 to UAS 2019 survey)

Average net shoreline movement (m) -6.0

4500 6000 7500 9000 10500

Maximum shoreline retreat (m) -82.9 Distance Along Baseline (m)

Maximum shoreline accretion (m) 20.6

—Pre-Storm Impact

* Dune Crest
« Max loss of -2.3 m in places

 Western side hit hardest a

il W Y
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1000 2000 3000 4000 5000 6000 7000 8000 S000 10000 11000 12000 13000 14000



Depth Inversion

>
_ 5
4 [5S]
ey et}
W v
¥
g2l
>
[
+—
0]
&
&
IS
C
00
@]
+—
) "
on u
= =
]

|

»

&
=
an
>
=
@
Z
Q
o)

UAS Photo-bathymetry?
* consumer-grade cameras

* flexible
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SH 42, Longview, TX

Survey conducted for
TxDOT

Establish local GNSS
base for data post-
processing
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~Rover

~Cameras
Sony A6000

MU
GNSS
-Lidars
Riegl VUX-1LR
-~ Trajectories

v 151531IE cls_LS4_20...
Reference Stations
Flightplans
Geometry
Ground Control
Images

- Intervals
Flightlines
Intervalsl
- Pointclouds
v 20220511-151531
~Terrains
OpenStreetMap

Visualization Edit SLAM
Level OFf Detail =" 50"

Opacity 1.0
Update Attributes From Cloud
Reset
I' Elevation 1.
-16.4901 Jlese 25.2766
C | — —

v ‘

-865.5866 ~lese 52.2766

; Height Above Gri 0

= ColorR 0
. CAalar nv

co LiDAR Point Cloud colored by height ~= 100 pts/m”2




Raster DIM from UAS-LIDAR, ghopwidtpoissekass
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http://www.mantisresearch.org/

