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Overview

e |Lone Star UAS Center (LSUASC) FAA Test Site

o UAS-based mapping examples
— Medium-scale

— Small-scale
» Imagery vs Lidar-derived topography
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Lead Institution and State Agency

o Texas A&M University-Corpus Christi (TAMU-CC)
— UAS operations since 2011: 30 flights, 32.1 hours w/ RS-16 UAS
— FAA Certificate of Authorization (COA) over a maritime area
— Unmanned Systems Lab, Wind Tunnel facility

o Texas A&M University Engineering Experiment Station (TEES)
— Seven COAs, 2012-2013
» Center for Autonomous Vehicles and Sensor Systems: CANVASS
* Unmanned Flight Laboratory
» Center for Robotic-Assisted Search and Rescue: CRASAR
..... other labs
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The Lone Star UAS Team

(16 entities, 5 with universities)

Texas A&M University-Corpus Christi
(TAMU-CC)

Texas Tech University
(Lubbock, Texas)

Texas A&M Engineering Experiment
Station (TEES)

Camber Corporation
(Huntsville, Alabama)

Governor’s Office of Aerospace,
Aviation and Defense

Chase Field Industrial Complex
(Beeville, Texas)

University of Texas at Arlington
Research Institute (UTARI)

Southwest Research Institute
(SwRI, San Antonio, Texas)
University of Texas at San Antonio
(UTSA)

Bay Area Houston Advanced Technology

Consortium (BayTech)

Texas Department of
Transportation/Aviation

Jerry Thompson Associates
(JTA, Washington, D.C.)

Aviation Specialties
(Sierra Vista, Arizona)

Modern Technology Solutions Inc.
(MTSI, Alexandria, Virginia)
AvMet Inc.

(Reston, Virginia)

Charles Johnson Airport
(Port Mansfield, Texas)




Test Site Status

* FAA proposal submitted on May 3, 2013
e Awarded by FAA on Dec. 30, 2013

2014 actions under way

- Develop capabilities

Mission Control Center, Electronics / Systems Lab, Integrated Data Environment
- Advisory board/executive director
- COA applications proposed to FAA

- Outreach

= Public: safety, privacy, environmental impact
= |ndustry, state, national
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Lone Star UAS Test Site Ranges
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TAMU-CC Padre Range
(active COA)
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Laguna & Duval | Range

Laguna Range

e 17 miE-W,~11 mi N-S
 Directly below Padre range

R

e Charles R. Johnson airport in Port
Mansfield for launch / recovery
&
| ‘.A topography map of the Laguna Range (left) and an aerial view
|lalong Texas' Laguna Madre (right)
e Duval Range
AR / « ~800 square miles
g T ~__ * Adjacent to Padre range
e Covers critical estuarine habitat

In Baffin Bay & Laguna Madre

. A topography map of the Duval 1 range (left), which
: contains some estuaries along its boundaries (right)




Gulf Range

ot

~ Open Gulf range within

m;”m:m bt 4 T . state waters
& e 41NM X ~11 NM
e ~450 NM2
Yo fu + ALT - SFC to 18000 ft

Proposed use is for medium to large-scale UAS to launch from
Charles R. Johnson Airport in Laguna Madre Range
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FAA Research Focal Areas

o UAS system safety and data gathering

o UAS airworthiness

o Command & control link issues

 Control station layout and certification

« Ground and airborne sense-and-avoid technologies
e Environmental impacts of UAS operations

LSUASC R&D teams working on different aspects of above
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Lone Star UAS Test Site Expertise

 FAA operations and coordination

« COA development

o UAS acquisition, operations and maintenance

o UAS range operations (autonomous and manual)
* Payload integration, assembly &testing

« Help with UAS vendor negotiations

 Integration/development and verification of ground control station

- Proposal support to estimate costs for range use
- Fees charged for services (e.g. COA or lab use ) but not airtime

-
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Command Centers

Mission Control Center Mobile Control Cente i

Electronics Lab/ Systems
Integration Lab (Notional)
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TAMU-CC American Aerospace RS-16

Win AAA| Three-Band HOVMP October 10, 2012
1,000' AGL 3,000' AGL
MG Swath Swath
Camera Tvne Band Pixels HEOV Ground Sample ‘u:;;th Ground Sample ".f'::;th
End P {microns) | (MPx) Distance [Inches) (Ft) Distance (Inches) (Ft]
Ceil Ultraviolet |Interlaced 03t004]| 0.307 ]| 184 (5 324 18.2 972
Max Infraraed Interlaced Etol2 0.307 | 18.4 B 324 18.2 Q72
Vicible Frogressive | 451t0.65) 2073 | 184 2 324 b 972
Payl 52 b1 976 183 2928
Payl ; it
PEI‘:.,FI ' %
Law =
Rec 5 v  m—— _

Imaging Payload (25 Ib)
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March 2013 Flight over Laguna Madre

* Sample images

Thermal

&evﬂaﬂéupmrg&gd%maemngoﬁ@aa%s it hrbitptsiundation, shoreline, oil...
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Example: Shoreline Mapping
Padre Island National Seashore

~15 cm ground resolution at 1200’ AGL
~120 m x 170 m area

~ 2 km swath of
overlapping imagery



RS-16 LaunchVideo

http://www.youtube.com/watch?v=E6jppmODs-0

RS-16 Operations lead by Dr. David Bridges %
\
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http://www.youtube.com/watch?v=E6jppmODs-0
http://www.youtube.com/watch?v=E6jppmODs-0
http://www.youtube.com/watch?v=E6jppmODs-0

TAMUCC Campus COA

(senseFly eBee)

s i ot COA Boundaries
i
Point Latitute Longitude i Al Covers the main Ward Island
| 1 27.71105 -97.336037 Ward Island Campus and partofthe
2 27.72138 -97.330586| mqm{mm.
3 27.71356 -97.3117%4| Vertical COA Description
b 7'3,1?_?:35 / The vertical airspace for the COA
ate System ranges from Surface to 400" Above
Lobrdinate ystem e Sea Level

All latitute and longitude b

coordinatesare referenced|

to WGS B4 and rounded |,

to 4 decimal places 4
albeni el i

15 Ibs, 3 ft wingspan, < 27 mh wind
45 minute flight time, ~4 mi“area
3cm/pixel resolution

*COA Altitude — SFC to 400 ft x4 ;g’ B
*Can only fly when NAS CC closes (Sunday 8-10 AM ) (A 58K

1’ TEXAS A&M UNIVERSITY
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Imaging Payload

Visible Spectrum Camera (RGB) Near-Infrared Camera (NIR,B,G)

e Canon IXUS 127 HS e Canon Powershot ELPH 110 HS

» 16 Megapixels, ~0.3 Ibs » 16 Megapixels, ~0.3 Ibs

Sensors are modified for auto capture



Command-and-Control Software

Mission Planning

» Select flying height,
overlap

e Create area to map

Command-and control

» Real-time tracking

* Flight information

eMotion 2

n eMotion 2

ol

WARKING

27.7205775°N 97.3080781°W 0-ft/AM

ﬁv @ roposasie. v &@ @ @ "6‘ 'é' ‘ ‘ p ﬂ

54,8

277124559 9
Altitudes!

&
CROSEE

Camerd: STI0
Desired alftude: 3815 ft/ATO
| Use elevation data to set absolute waypoint

altitudes
Lateral overlap: v 60% -~
Longitudinal overlap: | W 0% &~

[ Generate perpendicular fiight lines
[ Reversed fiight direction

Save parameters as default

© Advanced parameters

| * v Upload

(] Rﬁnlting flight characteristics

Number of fights: 2 =
Flight time: 2 00:36:03

Total flight distance: 26.2mi

Total ground coverage: 549.3 acre

Number of fiight lines: pIEE]

Flight ines spacing: 233f

Distance between photos: .1f | @

Single image coverage: 533.3x400.0 ft

Number of waypoints: 2%

Simulator

nmr»[0 31 w

Wind: | W| 5.3kts | W|2540 (A



Post-Processing Software
Postflight Terra 3D

E Postflight Terra 3D 3 - Powered by PixdD - swanterl =@ ﬁ

Project Process View MapView Help

Postflight “>

@4 o0 CbMLE & & Qs g Terma €0
- - ¥ Project Summary B
Pix 4D engine — ,

Name: swanter 1 ‘
Type: Aerial |
Warkspace: C:/Users/Thomas Davis/Documents/postfl
Output datum: NAD33 (High Accuracy Reference Netn
Qutput coordinate system: NADB3(HARN) | Texas Sou;

e Orthomosaic oo P

Mean ground resolution [cm/pixel]: 4. 18898
Parameter files generated: yes

2. Point doud densification done: ves
Image scale: 1 (original image size, slow)

3. DM and Orthomasaic generation done: yes
Resalution [cm/pixel]: 418898
KML generated: yes

) D S M Orthomosaic generated: yes

[DSM generated: yes
DSM point doud generated: yes
Triangle model generated: na

m

Postflight services: L
Uploaded: no

Images:

* Point Clouds

V] Images
[V] GCps
4 [V] Processing Areas
Point Cloud Densification Area

[7] Orthomosaic Area

3D information derived via
automated feature tracking
from image to image =

Structure from Motion (SfM)

Latitude = 27.7281247, Longitude = -§7.349719 x = 413422.046, y = 522801547



Applications:
Facilities assessment and coastal
hazards monitoring




Preliminary eBee Accuracy Assessment

Thomas Davis, TAMU-CC Student
Starts work for USACE New Orleans District in July

o
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Study Area

» Data collected by vendor’s
personal platform

e Winds ~21 mph
* Fly height ~300ft (70% overlap)

—>Horizontal: Orthomosaics
created with & without GCPs

- \ertical: Airborne Lidar vs
eBee-derived DEMSs




GCP Locations

Total of 6 GCP
e Differential GPS (< 2 cm)
e Collected after flight

e Used concrete corners
easily detected in images




Direct ° ,
Georeference

Relative accuracy ok

Horizontal Results

Incorporation of
round Control Points

Distance between image and ground
coordinates (independent check points)

Direct Georeferencing

Average distance: 19.5 feet

Std Dev: 0.71 feet

Inclusion of GCP

Average distance: 0.27 feet
Std Dev: 0.10 feet




Edge Distortion is Function of Image Overlap

7o

Mumber of overlapping images: 1 2 3 4

27



» Accuracy degrades away from GCPs
Mean of ~ 0.4 ft, eBee “- biased”

[Lidar — eBee] . "

Differences in Elevation
(US Survey Feet)

B o-5

[ ].51

. -2 -' B
. -2 Y

A Ground Control Pmntsnl irrant worle 1c tn accace imnact nf vvarviina terrain L, flinht conditinnc
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Contact Information

Mike Starek Lone Star UAS Test Site
School of Engineering and Computing Sciences http://Isuasc.tamucc.edu/
Texas A&M University-Corpus Christi

michael.starek@tamucc.edu

=

Lights & Mirrors Reigning Champion with Kris Shrestha — 2011...


http://lsuasc.tamucc.edu/

one Star UAS Test Site Research

 UAS system safety and data gathering
TAMUCC, UTARI, AvMet Inc.

o UAS airworthiness
TEES, TAMUCC, SWRI

e Command & control link issues
TEES, UTARI

o Control station layout and certification
TAMUCC, TEES, Texas Tech

e Ground and airborne sense-and-avoid technologies
TAMUCC, TEES, SWRI, UTARI

o Environmental impacts of UAS operations

SWRI %
\
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TAMU-CC Research Centers

Unmanned Systems Lab

iCore
Wind Tunnel
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TAMU/TEES Riverside Range

Airspace Dimensions
e ALT: SFC to 400’
o 2.2 NM east-west,
e 1.8 NM north-south

1
N
| e I Lost Link Loiter
-
| 1 - Loiter Area
1 Launch Recover Site
| SR L T
‘.' 0 0475 095 19 [

Test Range Airspace

€@ 306398/ 964994 (B 30.6199 /96,4859 Texas A& M F I i g ht TeSt Stati O n

@ 3064597964928 () 30.6232 /-96.4888

SFC - 400 AGL

Profile Not to Scale

€ 30.6488 /-96.4753
€ 30.6491 / -96.4678
© 306445/ -96 4623
0 30.6399/-96.4569
€@ 306271/ -96.4724
0 3062317964735
©) 30.6248/-96.4776
@ 30.6231/-90.4799
@ 306198/-96.4798

O 30,6248 /-96 4869
P 30.6282/-96.4913
B 30.6304 /96 4888
@ 306445/ -96.4836
) 30.6394 /-96.4738
@ 30.6406 / -96.4651

o Former military airbase
e 7,000°x150" runway
* No functioning control tower

e b
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TAMU/TEES Disaster City Range

00D, (cLu
C AT!S 126.85

+=
p 122,95 '-25

A 434
N

i3
f}'f\(ssa)\/\ R

5 c EGE

Airspace
I oiter Area
& g N - Lost Link Loiter

Test Range Airspace
g 3(.5768 / -96.3537

30.5793 /-96.3522
© 30.5771/-96.3469
© 30.5739/-96.3506
@ 30.5776 /-96.3519
©) 30.5766 / -96.3495

SFC - 200 AGL

Profile Not to Scale

Dimensions of the Airspace:

ALT: SFC to 200’
~0.4 NM east-west
~0.3 NM north-south

Center for Robotics Search and Rescue
Dr. Robin Murphy
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