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Mission Statements

The U.S. Department of the Interior protects America’s natural resources
and heritage, honors our cultures and tribal communities, and supplies the

energy to power our future.

The mission of the Bureau of Reclamation is to manage, develop, and
protect water and related resources in an environmentally and
economically sound manner in the interest of the American public.
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Executive Summary

The U.S. Customs and Border Protection (CBP), a part of the Department of Homeland Security,
operates and maintains a fleet of MQ-9 Predator B unmanned aircraft systems (UAS) in support of
law enforcement and homeland security missions along the United States borders. Several years ago,
in what the U.S. Geological Survey (USGS) refers to as a ‘good government’ effort, the CBP began
allowing other civilian Federal agencies to submit Predator B tasking requests for remote sensing data
collection over areas along our borders that are routinely patrolled by the CBP Predator B fleet. As
communicated during a pre-2011 meeting between Department of Interior (DOI) agency
mapping/remote sensing personnel, and CBP in Building 810 on the Denver Federal Center, the
primary considerations for Predator B tasking requests were; 1) the remote sensing data requests fit
within the requesting agencies mission, 2) project areas should be within approximately 100-miles of
the U.S. border, 3) DOI tasking requests do not interfere with CBP mission priorities, and 4) CBP had
the final say on all tasking requests. During 2011 the USGS and Army Corps of Engineers
successfully tasked Predator B data collections related to the Mississippi River flooding events, and
the Bureau of Land Management (BLM) and US Forest Service (USFS) successfully acquired
Predator B data for the 2011 Monument wildfire event in Arizona. In 2014, the Burcau of
Reclamation (Reclamation) submitted two project areas of interest for Predator B data collection, data
for both areas were to be obtained using the full suite of Predator B sensors. The tasking request was
to be a test of; a) the effectiveness of the overall tasking procedure, and b) to better understand and
evaluate the utility of the sensor data collected by the Predator B for possible Reclamation
applications.

The CBP Predator B is typically equipped with a remote sensor package optimized for surveillance,
monitoring, tracking, and targeting operations. Primary sensors utilized on the Predator B are full
motion video oriented electro-optical (EO), thermal infrared (IR), and synthetic aperture radar (SAR).
DOI agencies were to submit CBP Predator B tasking requests thorough the USGS National
Unmanned Systems Project Office in Washington, DC. In spring 2014 Reclamation submitted a
Predator B tasking request for two project areas; 1) the Yuma, AZ to Calexico, CA area, for 8 sites
along the All-American canal. Canals, infrastructure, and irrigated lands were to be imaged within
and adjacent to the 8 sites, and 2) the area around Grand Coulee Dam; the Dam itself, associated
electrical and mechanical infrastructure, and switchyards were to be imaged. Both daytime and
nighttime data acquisition missions were requested for each project area, using the full suite of
available Predator B sensors, data acquisition were requested for anytime during May or June 2014.

The results of the Reclamation Predator B tasking requests were disappointing. The Yuma, AZ to
Calexico, CA area request for 8 sites was denied by CBP, the reason given was that the ‘airspace was
too busy’ during every day/night of May and June 2014. CBP offered no alternative timeframe for
data acquisition; it was assumed that Predator B data collections along this section of the US-Mexico
border were for CBP mission priorities only. Reclamation’s request for Predator B data collection
over the Grand Coulee Dam area was also denied; the reason given was that our tasking did not fit
into their NASOC-GF UAS schedule. However, for the Grand Coulee Dam area request, CBP did
offer the use of their Spokane Air Branch helicopter; it could be equipped with EO and FLIR
(forward looking infrared) sensors for remote sensing data acquisition. The CBP alternative offer of
the helicopter sensor platform was respectfully declined, because the purpose of this research scoping
project was to investigate the potential use of the CBP Predator B sensors to collect remote sensing
data during their routine daily overflights of the US/Canada and US/Mexico borders. Without any
current sensor package Predator B collected data to review and analyze for Reclamation areas of



interest, it was not possible to adequately assess the utility of Predator B sensor collected data for
Reclamation use. Questions remain unanswered; including those related to the timeliness of Predator
B data collection and delivery, quality and resolution of the live video imagery vs. delivered imagery
resolutions, data formats available, band wavelengths, software and hardware needed for imagery
data exploitation, and our assessing the overall quality and usefulness of the various sensor types of
data for Reclamation projects.

Reclamation requests for remote sensing data acquisition using the Predator B platform sensors,
during routine daily overflights of the US/Canada and US/Mexico borders, appeared to not align with
CBP mission priorities, at least during the spring-summer of 2014. It should be noted that during
2014, the Bureau of Indian Affairs (BIA) also submitted Predator B data collection requests for
several dams, irrigated land areas, and a forested area for the Blackfeet Indian Reservation in
northwest Montana (see BIA maps in Appendix), and their tasking requests were also denied by CBP
(reasoning not disclosed). For reasons unknown, in 2014 there appeared to be a change in CBP
policy from the previous successful 2011 DOI Predator B tasking requests.

While not successful in acquiring remote sensing data using the CBP Predator B in 2014,
Reclamation was able to gain some insight into CBP operations and procedures for tasking requests.
This experience did help us determine that the CBP Predator B was not a suitable platform for the
acquisition of remote sensing data during their daily overflight missions, and followed by the
effective dissemination of that data to Reclamation for our use. If Reclamation experiences an
emergency in the future; such as a natural disaster, criminal-terrorist incident, or infrastructure
breakdown at one of our facilities, perhaps a request for Predator B overflights to collect remote
sensing data would be approved.

In addition, the acquisition, operation, and maintenance of a large UAS such as the Predator B would
be cost prohibitive for an agency like Reclamation, and likely even DOI. These types of UAS cost
millions of dollars to acquire, and their annual operations and maintenance costs are significant.
These large UAS were developed for surveillance, reconnaissance, monitoring, tracking, and
targeting operations, which they excel at. However, their emphasis on full motion video sensors
hampers their usefulness to Reclamation and other DOI agencies for the majority of the large scale
mapping applications these agencies undertake. While the full motion video sensors could be useful
for certain DOI law enforcement operations, animal counts, and wildfire events; full motion video
imagery is not very compatible with the photogrammetric mapping, CAD, imagery
interpretation/analysis, and GIS based workflows established at Reclamation and other DOI agencies.

It is recommended that for the foreseeable future, and depending on final Federal Aviation
Administration (FAA) rules and Agency guidelines for use of small UAS (sUAS); that use of sUAS
will potentially offer the most timely and cost effective sensor platforms for acquiring remote sensing
data over small Reclamation project areas. With increasing competition, SUAS costs continue to
become more reasonable, a sSUAS system suitable for large-scale photogrammetric mapping
applications can likely be acquired for $25,000 or less. With the continued advancement, accuracy,
and miniaturization of associated components and sensors; such as global positioning systems/inertial
measurement unit (GPS/IMU), thermal IR, multi/hyperspectral, and LiDAR, fixed wing and rotary
type sUAS will become even better and more effective for many remote sensing applications.
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Guardian UAS
Maritime Variant Predator B

U.S. Customs and
Border Protection

won

The U.S. Customs and Border Protection (CBP), Of-
fice of Air and Marine (OAM) MQ-9 Predator B un-
manned aireraft system (UAS) is a strategic asset for
homeland security operated at and beyond the na-
tion’s borders to overcome threats moving towards
the United States. In partnership with the U.S. Coast
Guard, OAM developed a maritime variant of its
Predator B UAS, called the Guardian, to increase re-
connaissance, surveillance, targeting, and acquisition
capabilities in maritime operating environments.

The Guardian was modified from a standard Predator
B with structural, avionics, and communications en-
hancements, as well as the addition of a Raytheon
SeaVue Marine Search Radar and an Electro-optical/
infrared sensor that is optimized for maritime opera-
tions.

OAM pilots use the Guardian to conduct
long-range surveillance in support of joint counter-
narcotics operations in the southeast coastal and Gulf
of Mexico border regions and drug source and transit
zones, where maritime radar is necessary to detect a
variety of threats. Video recorders document suspect
activities for evidentiary use.

CBP UAS Operations

* Six UAS are assigned to the Southwest Border
Region, two are assigned to the Northern Bor-
der and twe Guardian UAS are assigned to
Cape Canaveral Air Force Station in Florida.

Performance and Weight:

« Maximum Speed
240 kriots (276 mph)

* Service Ceiling Altitude
50,000 feet

+ Endurance
Up to 20 hours

+ Maximum Gross Weight
10,500 pounds

Other System Components

* Fixed and mobile ground control stations

s Electro-optical/infrared sensors, which allow
for crewmembers to maintain awareness of
targets in all environments.

For more information, visit the CBP.gov website

or contact the Office of Public Affairs at (202) 344-1780. 5/1/2013

Figure 1: CBP Predator B-Maritime Variant Fact Sheet.
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U.S. Customs and
Border Protection

Unmanned Aircraft System
MQ-9 Predator B

The U.S. Customs and Border Protection (CBP),
Office of Air and Marine (OAM) operates the high-
ly capable and proven Predator B unmanned air-
craft system (UAS) in support of law enforcement
and homeland security missions at the nation’s bor-
ders. OAM selected the Predator B, manufactured
by General Atomics Acronautical Systems, for its
unique combination of operational capabilities,
payload capacity, mission flexibility, potential to
accommodate new sensor packages, and its safety
and performance record with other federal agencies.

The UAS program focuses operations on the CBP
priority mission of anti-terrorism by helping to
identify and intercept potential terrorists and illegal
cross-border activity. It also supports disaster relief
cfforts of its Department of Homeland Security
partners, including the Federal Emergency Manage-
ment Agency and the U.S. Coast Guard.

The remotely-piloted Predator B allows OAM per-
sonnel to safely conduct missions in areas that are
difficult to access or otherwise too high-risk for
manned aircraft or CBP ground personnel.

CBP first employed the Predator B in support of
law enforecement operations on the Southwest Bor-
der in 2005 and along the Northern Border in 2009.
OAM operates Predator Bs from Libby Army Air-
field in Sierra Vista, Ariz., and Grand Forks Air
Force Base in ND.

OAM also operates a maritime variant UAS called
the Guardian. OAM’s threc Guardian aircraft fly
from Cape Canaveral Air Force Station, Fla.; and
Naval Air Station Corpus Christi in Texas. OAM
expeots to employ the Predator B throughout the
border regions with command and control from a

Performance and Weight:

« Maximum Speed
240 knots (276 mph)

« Service Ceiling Altitude
50,000 feet

« Endurance
Up to 20 hours

« Maximum Gross Weight
10,500 pounds

Other System Components

+ Fixed and mobile ground control stations

* Electro-optical/infrared sensors, which al-
low for crewmembers to maintain aware-
ness of targets in all environments.

« Surface Search Radar/Ground Moving
Target Indicator

network of ground control stations across the
country. The Predator B’s capability to provide
high-quality streaming video to first responders,
and to assess critical infrastructure before and af-
ter events, makes it an ideal aircraft to support
emergency preparations and recovery operations.

The UAS provided emergency support for multi-
ple hurricanes and floods since 2008, including
Hurricane Sandy in 2012.

Video recorders document suspect activities for
evidentiary use.

For more information, visit the CBP.gov website
or contact the Office of Public Affairs at (202) 344-1780. 5/1/2013

Figure 2: CBP Predator B- Fact Sheet.



All American Canal: Yuma, AZ area, Southern California, and CA-Mexico Border
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Figure 3: Reclamation All-American canal Predator B tasking request (orthoimage).
The red polygons are the eight individual site requests for data collection.
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Figure 3a: Reclamation All-American canal Predator B tasking request (topo map).
The red polygons are the eight individual site requests for data collection.
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Grand Coulee Dam, Washington
Bureau of Reclamation
UAS Predator Data Request
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Figure 4: Reclamation Grand Coulee Dam Predator B tasking request (orthoimage).
The area within the red polygon is where data was requested.
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The area within the red polygon is where data was requested.
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Figure 5: Overall BIA Predator B tasking request map 1, northwest Montana.
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Figure 6: BIA Predator B tasking request map 2; northwest Montana.
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Figure 7: BIA Predator B tasking request map 3; northwest Montana.
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Figure 8: BIA Predator B tasking request map 4; northwest Montana.



Four Horns Dam j\ Map Number 5

Figure 9: BIA Predator B tasking request map 5; northwest Montana.
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LYNX MULTI-MODE RADAR

Increased Capability for Manned and Unmanned Missions

GENERAL ATOMICS
AERONAUTICAL Leading The Situational Awareness

Figure 10: Page 1 of brochure for SAR system carried by the CBP Predator B. General
Atomics is the manufacturer of the Predator B.



FEATURES/BENEFITS
+ [ligh-resolution pholographic quality SAR imagery
« Sclectable resolution
« All-weather, day/might perlormence
« Combal-proven
+ Change detection capability
« Claw™ payload control and exploitation ready
Two LRU sysiem (anlerma and electronics module)
+ Availablo modes
- Synthelic Aperture Radar (SAR)
- Spotlight
- Stripmap SAR
+ Ground Moving Targel Indicator (GMTI)
- Arc scan
- Spol scan
+ Mariume scarch mode
+ Designed [or use on manned and unmenned systems
+ Approved [or export 1o NATO/coalition [orces

Hi esoltition
ode

TECHNICAL SPECIFICATIONS
* Toual Weight: <37 kg (83 Tb)
« Input Power: 28 VDC, | kW peal, 300W nominal
« Transmil Power: 320W peak
* Frequency: Ku-Band
+ Cooling: Scaled conduction
« SAR Resolution: Very [ine 1o 3m
+ SAR Range: >80 km (50 mi)
+ GMTT Range: 23 km (14 mi)

« Anienna (relleetor) Size: 44.5 em x 16.5 em (17.57 x 6.57)

* Electronic Module Size: 51.4 cm x 29.6 cm x 26.7 em
(20.2" x 11.6" x 10.57)

OPERATIONAL USE WITH:

« U.S. Department of Tomeland Sceurity
+ US. Air Force

+ Royal Air Force

« lalian Air Foree

« Iraq Air Force

Provides Current
ituational
Awareness

Instant view oi
 whiere you are

Figure 10a: Page 2 of brochure for SAR system carried by the CBP Predator B. General
Atomics is the manufacturer of the Predator B.



MTS-B Multi-Spectral
Targeting System

Raytheon’s MTS-B Multi-Spectral Targeting System provides electro-optical, MuRinecia
infrared, laser designation, and laser illumination capahilities integrated in a

single sensor package. o, i —_—
The MTES-B provides superior detecting, ranging, and tracking for the LS. Air Force = ' 4 ',"
Fredator B and for today's military forces worldwide, Using state-of-the-art digital " |
architecture, this advanced systern provides longrange surveillance, high-altitude L b

target acquisition, tracking, rangefinding, and laser designation for the HELLFIRE 4| .
mizsile and for all tri-service and MAT O laser-guided munitions. %
Launch Interactive

The MTS and variants are available to support domestic and international user
mizsions for rotany-wing, UAY, and fixedwing platforms.

-

With advanced electronics and optical design driving a clear growth path for image fusion and other performance
enhancements, the MTS systermwill continue to be the woarld's most advanced EQVR multi-use system.

SAS Communications and Public Affairs
2000 East El Segunca Bl

El Segundo, CA Q0245

sa

For business developm ent inguiries:
sashdi@raytheon.com

Toarder part=

Products@ raytheon.com

For suppliet inguirie s

sas.supplier diversibywiraytheon.com

Copyright @ 2005-2014 Rastheon Company
Al rights reserved. Legal notices.

Raytheon isproud to be an equal
opportunity emplover, MDA,

Accessibility

Figure 11: MTS-B multi-spectral targeting system (Raytheon), similar to those used on CBP
Predator B.



RAYTHEON MULTI-SPECTRAL TARGETING SYSTEMS™ (MTS)
4

] !

MTS™ FAMILY OF SENSORS
MTS-B

Incorporating MTS-A capabilities, the MTS-B was specially adapted for high-altitude
applications. It provides superior detection, ranging and tracking for the U.S. Air Force
Predator B and allied military forces worldwide. MTS-B has expanded into the maritime
domain, supporting applications such as broad area surveillance, search and rescue, as
well as customs and border patrol operations.

Designated the AN/DAS-1 by the U.S. military, this technology has been fielded on the
U.S. Customs and Border Protection’s Guardian UAV and the Broad Area Maritime
Surveillance mission.

Figure 11a: Close in view of the Predator B MTS-B targeting system (Raytheon), red areas are
where specific components-sensors are located.
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Section 333

Due to the intense public demand to expedite integration of Unmanned Aircraft Systems (UAS) into the
National Airspace System (NAS), the FAA continues efforts to develop the regulatory framework for safely
integrating small UAS into routine NAS operations. This will primarily be accomplished by the small UAS
(sUAS) rule, which is scheduled to be released for public comment later this year.

While these efforts continue, the FAA is also working to leverage authority granted under Section 333 of
the FAA Modernization and Reform Act of 2012 (FMRA) to establish an interim policy that bridges the gap
between the current state and NAS operations as they will be once the small UAS rule is finalized. Section
333, Special Rules for Certain Unmanned Aircraft Systems, grants the FAA limited statutory flexibility to
expedite requirements for the safe operation of certain aircraft systems in the NAS.

The interim policy provides a framework for authorizing safe civil operations in the NAS, including
operations for air commerce. This framework will provide operators who wish to pursue safe and legal
entry into the NAS a competitive advantage in the small UAS marketplace, thus discouraging illegal
operations and improving safety. It is anticipated that this activity will result in significant economic
benefits.

The FAA Administrator has identified this as a high priority project to address demand for civil operation of
small UAS for commercial purposes. The interim policy established under Section 333 will be superseded
by future regulations, such as the sUAS rule.

Specifically, Section 333 authorizes the FAA to determine:

1. If certain unmanned aircraft systems, if any, as a result of their size, weight, speed, operational
capability, proximity to airports and populated areas, and operation within visual line of sight do not
create a hazard to users of the national airspace system or the public or pose a threat to national
security; and

2. Whether a certificate of waiver, certificate of authorization, or airworthiness certification under section
44704 of title 49, United States Code, is required for the operation of unmanned aircraft systems
identified under paragraph (1).

The FAA is currently considering exemptions under Section 333 from several different companies. You can
view the exemption requests at requlations.qov (hitp:/iwww.requlations gov/#lsearchResults; rpp=25:p0=0:s=%
2522section%252B8333%2522%252BFAA: fp=true;ns=true) .

Page last modified: July 24, 2014 10:26:33 AM EDT

This page was published at: http:/Awww faa.gov/uas/legislative_programs/section_333/

Figure 12: Section 333 information from the FAA website regarding release of sSUAS rule for
public comment by the end of 2014.
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An industry Insider provides an overview of the advantages of using UAS for surveying as well as cormmon misconceptions, plus preparation
steps for surveyors and firms.

By Alistair Stuart

unmanned aircraft systams (UAS) represent a culmination of advancements In e
minlaturization, aelectronics, optics, batterles, and data-processing techniques. After
balng widaly usad in milttary and security operatlons for the past 10 years, this
transformativa tachnology Is now belng adapted and refined to be useful for a varaty
of commarcial applicatlons.

1,

\
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In other wastern countries, UAS are already used for business purposes. Commerclal | / ‘_:—.;"':f 7
davelopment In the U.5. has lagged as the Federal Aviation Administration explonas tha {4“ 5 T~

policies, regulations, tachnologles and procedures that will be required for UAS
oparations to ba Integrated Into the nation’s akrspace. However, the delay In
commerclal approval has done little to dampen the enthuslasm for this promising new
technology—and for good reason. The future of UAS kknt a matter of If, but of when,
and forward-thinking firre are already beginning ta prepare for the coming changes.

\/
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R

Commercial Applications

One of the major beneftts of UAS Is the ahilty ta camy a varety of payloads that are
appropriate for different applications. Depending on the type of vehicle, it might carry
Instruments and sensors that collect metecrulgical data, alr samples, video, digital .
Imagery, lider data, and Infrared Images. UAS are particularly useful In hazardous 4 i
situatlons that could endanger humen Ife, such as night fiying and over storms, forest

Rotary UAS, such as the Aibotix Aibot X6 shown hera, can maneuver close to
fires, floeds, and aceldents Involving toxde chemicals, power lines and other targets to provide high-resclution in-flight imagery.

S
\/

A significant cost-effective application for UAS i monkoring varous types of

Infrastructure and specific locations on a frequent basks. This may Include harbor and border control, area and event securfty, landfils, mines,
and pipelines. Safety Inspections will particulay beneft when UAS become commeiclally avallable. Regular Inspections of pawer transmisskin
lines, pipelines, and brdges will enhance public safety wRkhout Increasing Hek for workers conducting visual Inspections.,

Agriculture is frequently cited as a gruwth area for UAS. The treditional methods of
aetial Imaging, from alreraft or hellcopters, are aften cost-prohibitive other than for
very high-value crops. With UAS, fields can be more frequently fiown, which provides
more detail and indicates whers water, pesticides, and fertiizer needs to be applied to |
increase yiekl. UAS are also used for crop dusting and kcating vestock. After natural
disasters, UAS can map the acreage of crops lost to stonms 5o that fanmers receive 2
fair reimbursement from insurance cormpanies.

UAS can be more cost-effective for traditional topographic mapping of small projects
(from just a few acres to several hundred acres), such as landfills, open- pit mines,
and coal stock plles, which need frequent revisks, Compared to a lamge-format
system, UAS take more plctures so more processing ks Involved, but a lange-format
system Is more expensive to mobllize and operate for short fights.

Emergency response, search and rescue, and damage assessment are other highly
useful applications for the technology. In areas of difficuk termin or during bad
weather, UAS can fly without riskdng the Fvaes of first responders. After natural
disasters, Imagary Is often usad to estimate the cost of rebuliding and the value of Insurance clalms.

Flalds such as raal astata, construction, the flm and entertainment Industry, and accident Investigation ara all potential markets for commerclal
UAS oparations.

Rotary va. Fixad-wing vs. Full-siza Alrcraft

Tha choica batween muiticopter/helicopter UAS technologles and traditional foeed-wing dasigns raquires conslderation, Hellicopter mapping ks not
new, but rotary UAS, with thelr small size and lower costs to aperate, open the dear to broader applications and markets for services, Because
of Itz ablity to maintain a single posftion In space, a rotary UAS can collect data thoroughly and precisely. Rotary UAS can also fly in restricted
or Interlor spaces, such as under bridges or around power Ines, moving horizontally and vertically.

Additionally, 8 retary UAS can maneuver close to targets to provide higher- resolution, In-flight Imagery. This stabllity makes detafled inspection
work easler to complete. Rotary UAS can ako handle applicatians that require flesdbllity of movement (l.e. herlzontal, vertical, hovering).

Safer, more controlled landings are another advantage of rotary UAS. They require only 8 small amount of surface to gafely take off or land.
This added contral means rotary UAS can ke reled upan te camry mone delicate equipment.

As with every technology decision, however, the applicatikn will dictate the best approach. A common misconception Is that UAS will replace all
current forms of aeral data capture. The realty ks that projects that are large In scope, such as planning surveys for pipelne routing, will lkely
continue to be more cost-effective to achieve with a ful-size alreraft and a larger sensor.

Additionally, the UAS platform Is only part of the package. Professional users will need to cerefully examine aspects such as the durabiity,
safety, and ease of use of the system {Is Kk designed for professianals or habbylsts?), the related software (Is i fully Integrated, fast, and
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accurate?), and the service and suppert provided by the manufacturer (is it a startup -\m-p,
from someone’s garage or a company whkh substantial RAD capabliitles?). 2

For the professional, the UAS |5 a tool that must provkie a sofid retum on Investment, |
and the selection should be made accordingly.

Rotary UAS can be ussd to assass the pracisa condition of rockfall protection
netting.

Allstalr Stunrt handles sales of aeriaf sensor systems for Leica Geosystems, Inc,
Skiabar

Common UAS Misconceptions

Myth: UAS will make everyone a mapping expert, Fact: UAS are affordable, are easy to operate, and may not even require a pllat’s kense to
use, depending on the system and the reguiations that emenge. As a result, UAS will create peral mapping oppottunities for a much wider group
of users than those who have traditionaly been able to perform these tesks. However, this doesnT mean that just anyone will be able ta ga out
and fly @ system, come back with the Imagery, press a button, and preduce high-value deliverables. Because these systems dont have the
same large GNSS IMU sensors that are on full-size plenes, achieving good spatial accuracy will require xpertise and additional survey wark,
such as setting ground control,

Myth: All UAS are created equal, Fact: IF a system seens too good to be tiue, & probably Is. Look for solutlons that are safe, robust, and
designed for professionals. Pay cansful sttention to software and support. An inexpensive “do-it-yourself” system can cost a substantial amount
of meney in dowrtire and lost business if it dossnt produce the required results in a timely manner. Also, rmalke sune the menufacturer is
reputable and has a history of standing behind s products kng tem.

Myth: It's okay to fly a UAS under 400 fest or on private proparty. Fact: Much of the conventional wisdem about UAS simply Bt true, In Fact,
the FAA recently issued & fact sheet to clarify sight of the most common UAS myths, and these two are on the list, Be sure to check the FAA
website or another reputable resource to deternine what activities are permitted.

Sidebar 2

Skx Staps You Can Taka to Prapara

1. Begin exploring capablliities and workflows. Some of the most popular professional solutions are affordable and easy to operate, but there's
stlll a leaming curve for successful adoption. Finms that have purchased a UAS are wisely focusing on Intemal RBD, waorldlows, and
markating stratagles that will ghva tham a competikive edge when the market opaens for commerclal usa.

2. Bulld Internal support. Tha succassful Imegratlon of a new technology requires an Intamal champlen who Invasts time In leaming about
the capabiliitias and applications and then communkcates the benefits to Intemnal stakeholdars to achlave widespread buy-In. Developing
realistic expectations Is a kay part of the process.

3. Establish relatlonships with univarskles and FAA-approved UAS test sitas. Univarsitlas ara actively seeking Industry partners that can
contrbuta to tha genaeral understanding of the technology and alrspace Intagration lssuas. Thraa of tha FAA-approved UAS test skes are
oparated by univaersitias, and there may be opportunities to participate In the other test sitas as wall.

4. Tala an activa role In Industry Inltiatives. Omganizations such as the Assoclation for Unmanned Vahicle Systems International {AUVET) and
MAFPS ara working diligently on behalf of professionals to lknbby the fadaral govarmmant for cormmarcial approval of UAS. Participating in
ralatad task forces, evaents, and campalgns are just a few ways professionals can support thasa efforts.

5. Raspect tha regulations. Despite widespread medla coverage of operators who have seamingly been able to “get away wkh” commercial
use of UAS, the regulations exst for a reason. Safety k= paramount. Continued progress In securing commercial approval requires a
professional approach—and that means playing by the rules.

6. Do your homeworle One of the best ways to prepare far the commerclalization of UAS technology 15 to stay abreast of the btest
devalopments. Maka sure the Information ks coring fram a reflable source; even wall-intentisnad raperts In articles and blogs can be
misleading. Two good resources are the FAA webskte and the AUVSI.

Skdehar 3

Online Resources

> Fer more UAS myths, see “Busting Myths about the FAA and Unmanned Alrcraft™: fas.gov/news/updates/Pnewsld=76381
> Contect Information for all sk FAA-aproved test skes are on the FAA website: f88.gov/about/intiativesiuas/contactss

> Unmanned Vehicle Systems Imtemational: auysi.om

Figure 13: Professional Surveyor magazine article, May 2014, regarding possible sUAS
applications and preparation to operate them.
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Survey Technology Firms Deploy Their Cwn Drones

OOK02E014
By faff Rubansions

1 ‘-ffh S| : » ¥
Photo Courlesy of Lalca Gaosysiams
BEmaill, remoie-controlled drones, auch &a Lalca™s Albot
AS, can be uasd for dam Inapection.

— Achrlidng —

moat lower-cost drones cant meet, he saye.

Texste: A A

Conaumersdevel unmanned asral wehicles (UM} can
be purchased off the shalf and ba up In the air a8 soon
&4 the betleriea ane changsd, but the dets-tdriven world of
conatrucion auneying oftsn demands someathing e bit
more robuat In anticipation of up- coming reguistions
from the Fadaral Adeation Adminisiretion, surseying and
mapping equipment firma are making blg Imestmants In
UAYE. Mianycompaniea are alresady offaring thelr own
dronea thet ara tallored to the neseds of conatruction

auneying.

"Anybody can run io a hobby shop, get & quadcoptar
[UAM and throw a GoFro [camaera] on it But that's justa
pholo,” aays Bryan Baker, Lolca Geo- sysiams’ NAFTA
roglon aalea manager for unmannsd-aircraft systomns.
"People In conatruction are going 0 want this Integrated
Imio thair CAD aysiems, thelr bullding Information
madeling, theair conatruction dealgn ools. You'ra not
going 1o get that from a hobby ahop.” Lalca now offars
two unmanned alrcraft sysioma: tha high-end Qragon 35
Avncopiar from orginal squipmsant manufaciurar ([CEM}
Ewlsadronea, Bevelen, Bwitmrand, and tha mora
compact, lesa pricay Albot AB hexpcopiar, mada by
Albotix, a Kaanel, Germanmy-hased drong maker Lalca
acquired In early 2014,

In rgcent yeam, manyof the biggest manufacturars of
soratrucion aunsying aquipmant have acquirsd or
made OEM deala with LAY manufacturars, rather than
develop thalr own drones. "Getling [FAARpaecial
cgrification for a LAV Is a very sspanahs and time-
fonauming proces s for us,” seye Baker. T the FAA ande
up requirng ceriification for uss, you'ra going to s&e
about B0% of VAV compankan go awey.”

Not looking to com pete with tha drane malkars thet target
“onaumens and, paricularty, pholographers, surey
echnology firma are pliching their cwn pramium-pricad
LAY 10 tha conetruciion, mining and egricutiure
markate, These machines oftan bosst mora fasturas.
than the atandard “waypaint nevigation with an anboard
camara” offared by antnevs| UAVS, In Bomsa caB48,
thane highar-and machinas can parfform much of the
work donag In traditional aaral sursing,

"Wa'ra already abla o une UAVE In basle sursying:
photogram metry, wolumsdrics for sarthmoung, For tha
sanatruction process, wa can now provide stakeholders
with updetes an tha project—not Just phodos, but
measuramants taksn from thae alrcraft—io sea if e all
up o apac,” saya Bakar, Phologram matry, the pracess of
using aaral photegraphy and location date o maks
aact maasuramants, requires a kel of precialon that
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1 don't balleve UAVs will raplace surmylng squipmaint, but theywlll caralnly namow the &cope of what you'll naed s
toinl station or other ground-besed equipment for,” seys Todd Steiner, Imaging business marketing director for
Trimble's gecs paial divislon. "t la changing the workflow. In the past, you mighthire B sureycompany o do s
topographlc survey of the land. Now, you can iake out B UAY with some other sureytechnologyand do the Inltisl
planning and survey In a couple of hours—versus days or weels using fmdlional tachnolegy—and whal you end up
with Is &8 much denserinfo set," he saya.

Leyout softwam alrmady axsts to Incorpoms ground-basad survey dais Inio the dasign and conaiucion workflow.
According o Sisdner, propar Integration indo fhese platforms s one capability the $50,000 Trimble UXS dmona hes
thet Is lacking In, for mmmple, the §1,268 DJ| Fhantom 2 Vislon+.

Tdmble acquimed Gant, Balglum-based drona maker Gatewing In 2012 and has worked fo Inlegrais Gatswing's
UAVs Info i aurvey and construcion aofiwers platiorme. The L5 la bundled with TAdmble Bualnsaa Centar
software and Indudes photogremmatryand UAY fight-plenning medulss. "l offars us B nlce way o ceals
dalhemables,” saya Salnar. "Rether than a UAY company smying, Hem's yeur UAYV we bring the wheole solulion
Imagraied Inio ground-basad suneying and phologramm ety softeam.”

By parformIng much of tha work of & third-party asral sureyor, UAVE offer gains In producthityand costsavngs thet
mors than Juatty e cost, seye Deve Herderaon, diracior of gaoa patiel aclulions at Topcon Foa lloning Swatams. "In
B 55-minuie filight you can survey 180 acrea. Aak yoursalf What other metod can B contrecior uas o gatall thet?™ he

LT

Topcon's LAV enfry le tha Sirdus, 8 foed-wing, propallar-driven drone mads by MANcl, 8 drons maker based In St
Laon-Rot, Garmany. The baslc $42,000 modal worke with ground reference points to teg Imags locafons pracisely.
The $53,000 Skiua Fro has onbosnd reaktms dnamatics (RTK), which sliminatas the nesd for mulipls ground-
raference pointa whan ohtaining highly accumis map data. "What theas [UAWe] offer Is another el for contmaciors to
gat dote &a neaded on a continuoua besla, baaad on the demanda of he projact,” eeye Hendemon. "ite a diffarant
place of tschnolcgy for tha sam e delverable.”

Soms survey ischnaologyfimms are getiing Infe dronas on thelr own fsmma. Javad Ashjese's firm, JAVAD, |s bast
known for i global navigetion setsliis ayaism {GNES) racahvers and basa ateons. Howsver, whan alghtrotors ars
aitached on four srme and cameras ane fbed i a basa station, it becomea a sunay UAY. "Other pacple just bought
some ioye and puta GFS an it We sdded wings ko our suney unit” Aahjass saye. "R s B fiying GPS sureyunit”

The Tdumph F-1 la designad to get & GPS Inatuments package up io helght and than take the aame preciea
massuramanta sa It can on the ground. "kieally, [twill ba used for amall-acale surmying of bulidings or mofs,” ey
Ash|aes. The done has four 45*-mountad camemns for documentation and a singla high-proctalon, dowmward-
facing camarm for photogram m atry. JAVAD plans Io launch the Tdumph F-1 In tha firet quarsr of 201 5.

While there are Inmadiats hanafis for ua ing a lower-cost LAY 0 got sedal views on the cheap, aurey tech fime are
hating the conatrucion Indusiry I8 mone Infsrsatad In rich data &3 mons slabomba sansom are sdkiad b dmnas,
eays Trimbilss Sisinar. "Wa're going i ba able i provida a desper kind of dellvarahla than constuciion usas today.
Evantually, we'll be comparing a Ive 20 or 3D ecan o 30 modsla In resl ime”

Figure 14: Engineering News-Record sUAS article, September 2014, possible Reclamation
applications for Dam inspections.
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Feature: UAS Appled
Professional Surveyor Magazine - May 2014
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Surveyors provide a topographical survey of a harbor In Ireland with 2 UAS, thus avoiding significant disruption (and risk) that would have been
created by a conventional survay.

By Pawdia Barry and Ross Conklay
Editor's Note: Our October 2013 ksus faaturas a UAS avaluation by a surveying firm in Ireland; they conducted fiald tests using UAS

photogrammetry and comparsed the rasults ta traditlonal survey techniques. Now this company has put thelr UAS to usa cammarciafly on a
first-of-its idnd profect. This artica providas an exceffant exampie of where a LIAS survey can help overcoma many projsct-spacific challangas.

Baseline Survays was awarded a contract to survey approximately -

ona square km (about 247 acres) of the seaside town Dun -
Laoghalre In County Dublin, Ireland, specifically the town center and
marine harbor area. The dellverable was to be a topographic survey
for a detalled engineering redesign of the exdsting port; the chent
was tha Dun Laeghalre Harbour Company.

Project Spacifica

Stte conditipns were such that conventional suUrvey methads woukl The pon Lacghaire promenade in Ireland would have taken a ground survey crew three to four months
have been labor-Intensive and hazardous. Survey wark next to tklal tosurvey—image courtesy of Wikipedia.

water had to Include 3 retaining wall and all waterside features

down to low water, ang survey work outside the confines of the harbor on public and private roadways with Iive traffic was specified.

Gaining access to the private property would have been unusually complicated. The harbor ares Is occupled by Individual staleehalders, clubs,
and statutory bodies. Entry to these sites and the timing was subject to Individual consent outside the Harbour Company’s direct contral.
Although every effert would have been made by Harbour staff te faclitete the survey In advance, the final consents were a matter for Ealson
by the successtul surveyor. Each required a minimum notice of two weeks to faclitate any entry permits,

Addltionally, conventional survey methods would have required a traffic safety
management system, which would have caused substentlal distuption to trafTic for the
duration of the survey. A special track-side penrmit would have hed to have been
obtained from Irsh Rail, and there would have had to have been special safety
considerations In order to ensure the safety of surveyers workng at sea-front
locations.

Additional requirerments included:

> Entry to individual buildings was not ervisaged; however, spot kevels to define
building heights were reguired.

> Contour rmapping of open areas at 0, 1m intervals was requined.

> A list of typical features in the specification to be surveyed included cover level
and location of underground services, overhead services, all street fumniture, curb
lines, fences, road markings, bulldings with helghts, etc., all te be located within
an accuracy of +/-25mm.

> The final output data format was to be In AutoCAD dwg format.

Baseling Surveys tested the C-Astral Bramor UAV extensivaly before
Typkcally, a project such as this woukd have taken a ground survey crew three to four undertaking this project.
months to complata.

Using UAS on tha projact allminated all these obstacles. The data capture took less than aone hour for tha antlre site, and the final survey was
produced within 10 days while achlaving all the requirements as set out In the cllent’s survey specificatlon.

Pra—flight Planning
Attaining a parmit for this work was a challenge, as normally in Ireland UAS are not —
allowad to fly over congasted areas and must fly within a visual line of site of 500m
(-3 milas}. Our unmanned alrcraft required a take-off and landing area of 100m x 100m
clearad land. Tha nearast sultable land was a soccer field, which was 1200m from our
flght location, directly over a congested town center.

For the required aaral works application, we prepared a detalled aperational risk
assessment and mitigation matrix on hazard [dentiication n the tanget and sumounding
areas, Including weather requirements, an outlne of our crew’s experience to date,
and operational altitude and locetion Information.

The Irsh Aviation Authority was very helpful In assisting us In preparing the
operational risk assessment and granted us the permit to execute the work.

We generated a flight plan with an 80% overlap and an 0% skle-lap and an altitude
of 120m to provige an expected grand sample distance (GSD) of 2¢m. Flight direction :
was plotted at 90 degrees to the actual wind direction ta maintain @ constant ground  This 30 point cloud derived from the aerial imagery has 2cm absolte accliacy
speed.

Fiitp/fsanw. profeury.comfmeg azinefariicle 2smdi=71566 13
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Data Acquisitdon System

The data acquisition system we used on this profect was a C-Astmal Brmor UAY, the same model as described In the evaluation feature in the
October 2013 Issue of this magazine. As during that test, we used the RTK GPS to establish ITM (Irdsh Transverse Mercator) coordinates on gur
specifically designed ground markers to provide photo control. The GPS unlt has an expected spatlal accuracy when operated In the subject
reglon of 10-25mm.

Sita Conditons

Tha pravalling waather conditions on the day of our fight were overcast, with 2 wind speed at cur flying altitude of 120m above ground level
(AGL) at a maximum of ?my's.

Tha topography of tha sita had a 17m variation In terrzin and had bulldings, chunch spires, and towar cranas up to 40m tall, which would all
contributa to turbulance at our flying akftude.

As mentioned praviously, the site Is In a marine harbor for martime recreational usa, with Iive road traffic and vessel saflings for the duration of
tha survay.

Data Procasaing

Just 83 wa did during our earller evaluation, we first surveyed 10 ground markers using Netwark RTK GPS In Irenet95 coordinates and then
downloaded the data Into Geosite office 5.1 and exparted K to AutoCADI 2014.

we downleaded 2,800 photographs from the Bramor UAS akeng with the flight log file. We Imported the photog and the logfile Into Agisoft
photoscan, and using the software we eliminated supenfluous photographs by deleting photos with high roll values. The refined 2,000
photographs ware then used for the photo alignment stage.

We then Imported the 10 control stations Into photascan and klentified the center of each contrel peint marker on each photo and attached k
with its eppropriate conminate value.

Nexi: we processad the data Into a 3D model for subsequent orthopholte and digital surface and bare earth model output. The arthophoto was
outputted 8t a respiution of 20mm pixel size and the DEM was gutputted at S0mm phiel sre.

The resulting gec-referenced orthophoto was imparted Inta AutoCAD for the process of heads-up digitizing, which accurately defined the
photographic features In CAD. The ground points wens lsolated In Agisaft Photoscan and exported as a bare earth surface Into Giobal Mapper,
where we generated 10cm contour fMe and spot levels for export to CAD.

Resuls
The outputs were:

AuteCAD topographic survey in 2D or 3D
Orthopheto for CADY/GIS underlay

* DBM B DTM geotiff

* Lidar point cloud

Ground Truth

Once the survey was complete, we retumed to the ske to ground truth our final survey with 20 GPS check points on already-defined features
throughout the extent of the survey. The GFS Z value was cempared with our readymade helght model value at the same point. The mean
difference between the UAS survey and RTK GPS ground truth survey results was 2cm

This project preves that survey-grade mapping k now possible using remotely plioted alrcraft systems. By using UAS to camy out topographkc
survays, European govarmment agenclas {and mostly lkely soon U.5. agencles) can now look forward to spanding less money on better
geographic Informatlon so thay In tum can make better Informed declslons with less risk to Iife and lass disruption to traffic. This geographic
data can be recycled for multiple gecgraphical analyses and design uses across a range of departments.

To raprasant tha landscapa, the orthophoto can be combined with the DEM te produce vary accurata photorealistic 3D models in AutoDesk,
Arcil5, and MaplInfo products and can be analyzed to yleld highly accurate earthmoving volumetric calculations, and viewshed and flood
analysis, as wall as offaring a tool to ald geographlcal communication throughout the lifetima of any glvan project.

Wa carmried out this UAS cperation In a safe manner in accondance to our aerlal works parmit and eperations manual. The flight was wikthout any
Incident or occurrance, and I particularly thank the Irish Aviation Autheority for thelr halpful and progressive attitude.

dia Barry foundsd fne Survays {td and Is a caommittee member of tnmanned Vehicle Systems infarnational

Ross Coakley, BE, MIEI foamad with Baseline Surveys to develop 3 UAY aerial photogrammetry and data-capture service.

» Back to our May 2014 Iggue
Trimble - 2014 call for
DIMENSIONS Speakers
MOVEMBER 3-5 LASVEGAS, NV
hitp: profury.ce pezinaarticle.asm?i=71555 213

Figure 15: Professional Surveyor magazine, May 2014 sUAS article, possible Reclamation large
scale mapping applications.
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Persistent Multi-Mission ISR

0’0 GENERAL ATOMICS
’ AERONAUTICAL Leading The Situational Awareness Revolution

Figure 16: Page 1 of the General Atomics brochure for Predator B-Military version.
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and Strike Aircraft

OBJECTIVE
Perform multi-mission Intelligence, Surveillance,

CHARACTERISTICS

Wing Span: 66 [1(20m)
Length: 36 L(1lm)
Powerplant: [Toneywell TPE 331-10
Max Gross Takeoll Weight 10,500 Ib (4763 kg)
Fuel Capacity: 3,900 Ib (1769 kg)
Payload Capacity: 850 Ib inL. (386 kg)
3,000 Ib ext. (1361 kg)
Weapons: [Tell fire missiles

GBU-12 laser-guided hombs

GBU-38 JIDAM

GBU-49 laser-1DAM
Payloads: MTS-B EQ/IR

Lynx" Multi-mode Radar

Multi-mode maritime radar

Automated Identilication
System (AIS)

SIGINT/ESM system
Communications rclay

Power: 11.0 KW/45.0 KVA (Block5)
(redundant)

PERFORMANCE

Max Alutude: 30,000 [

Max Endurance: 27 hr

Max Air Speoed: 240 KTAS

Persistent Multi-mission ISR

Reconnaissance (ISR) and “Hunter-Killer” missions over land or sca.

FEATURES

* Triple-redundant [light conirol system

+ Redundant (light control surlaces

+ Remotely piloted or [ully autonomous

« MIL-STD-1760 Stores Management System

* Seven external siations [or carriage ol payloads

+ C-Band limc-o[ sight dala link control

+ Ku-Band beyond ling-o~sight’SATCOM data link control
* Over 90% sysiem operational availability

+ C-130 wransportable (or sell-deploys)

Figure 16a: Page 2 of the General Atomics brochure for Predator B-Military version.
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