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Unmanned Vehicles (UV’s) are everywhere

Terminology: (Air, Land, & Sea)

UV or UVS —unmanned vehicle, systems

UAV —unmanned aerial vehicle

UAS — unmanned aerial system

ROV — remotely operated vehicle (submersible)
Drones — generally try to avoid that term
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Applications of UAS’s

-’ F 16,607 Cubic Yards Fearless Eye Inc. ©

Stack Volumes Calculated

Agriculture
Civil Engineering & Mining

Movie Production, Real Estate Sales, Televising & Recording
Events

Emergency Management, Disaster Response, Situational
Awareness for Police & Fire

More & more...
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GROUNDWORK:
A bird’s-eye view of geology: The use of micro drones/UAVs in geologic fieldwork and education

Benjamin R. Jordan
Brigham Young University—Hawaii, 55-220 Kulanui Street, Bldg. 5, Laie, Hawaii 96762, USA

INTRODUCTION

The past few years have seen the rapid development and availability of unmanned aerial vehicles (UAV). Popularly called “drones,” they are remotely operated

vehicles that can be fixed-wing aircraft or helicopters. UAVs are being developed for use in everything from product delivery (e.g., Albright, 2014) to farming (e.g.,
Papadopoulos et al., 2014).

Especially popular are micro UAV helicopters, which are usually in the form of small aerial platforms that have four or more propellers (Fig. 1). This configuration
provides great maneuverability, stability, and control. Newer UAVs have built-in GPS systems that provide even greater control and make it easy for an inexperienced
person to quickly learn the basics of flying. Their size also makes them easy to transport to even the most remote areas (Fig. 1). They require very little launch and
recavery space, and the cost of a basic unit is such that even the total loss of a vehicle is not financially catastrophic (Carrivick et al., 2013). Their low cost also means
that multiple UAVs can be used, providing for redundancy if one is lost or damaged.

Figure 1
An example of a micro UAY, a DJI Phantom 2. The drone has a GoPro camera mounted between the landing gear.
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Examples of products

Full motion HD video (visual impact & able to extract 100’s of
overlapping stereo pairs)

High resolution still imagery (programmable overlapping pictures,
embedded with meta-data)

3-D Point Clouds (xyz locations in space, with attributes like color or
temperature)

Elevation models (colored maps)

Contour maps (traditional topographic maps)

Orthoimagery (uniform scale across images and mosaics)

Segmentation & classification (pixel by pixel analysis to outline
“like areas,” then classify, such as vegetation or landuse)




GEOSPATIAL PRODUCT CREATION WITH DATA ACQUIRED FROM UNMANNED AIRCRAFT SYSTEMS
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Aircraft & Payload Options:

Range from very expensive to very cheap

Most applications still involve photographic payloads
a. Standard RGB cameras (red-green-blue)

b. Infrared cameras

Structure from Motion (SFM) software makes 3D modeling
possible

Popular packages also make orthophoto mosaic mapping
possible

a. Pix4D
b. AgisSoft

Small LiDAR units are becoming available




3D Robotics

{ ey 4
DJI “Phantom” Iris™ Series

“Trainers “
motor memory
development




3D Robotics
“Iris” Series




DJI Inspire
Quadcopter

Pix4D Mapper
Software




aloris

sensekly

albris

The intelligent mapping &
inspection drone

L\
sensefly

fsebee

sensefly




Some of the uses of UAS’s in Geologic Mapping

Gaining an elevation advantage during reconnaissance
Locating outcrops

Producing scaled orthophoto mosaics for base maps
Creating contoured topographic maps

Generating 3D computer models for manipulation, analysis,
and 3D printing

All of the above are useful for both qualitative and
guantitative analyses of potential hazards

All of the above are useful for assessing damage after-the-
fact: landslides, floods, earthquakes, extreme weather
events
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RU Examples:

Extraction of geologic structure data

Areas & Volumetrics

Actual surface areas for treatment (mesh, shotcrete, etc.)
Landslide volumes

Stockpile volumes

Flood reconnaissance
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Extraction of discontinuity orientation data using Split-FX software...

Various steps in processing point
cloud data to obtain structure data
for stereonets using Split-FX




Point Cloud - Stereonet stability analyses
Rt 629 Deerfield, VA

Plotted in Dips Plotted in RockPack IlI
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What do you need to know about UAV’s ?

There are at least 4 different learning curves

1. Understanding and working within government regulations (FAA)

a. Still evolving (exemptions, tail numbers, pilot requirements)
b. Next big change expected summer 2016

2. Choosing appropriate aircraft for your mission

a. Rotor wing v. fixed wing
b. Large or small

3. Choosing appropriate payloads for your mission

a. RGB Cameras
b. Infrared

c. Laser Sensors ?




What do you need to know continued...

4. Processing your data

a. There is so much good software out there !
b. This talk is focused on the stability of rock slopes

5. “Modern Photogrammetry” (SFM — Structure From Motion)

Hollywood Style Computer Generated Imagery (CGl)

Continuous stereopairs, 10k’s of “key” points each, enabling

dense point clouds &

Like used by Industrial Light & Magic Company hariait

VisualSFM (free)
(Changchang Wu, Google) ERSE




Understanding and working within government regulations (FAA)

“Know before you fly” pamphlet describes the three types of UAS
operators

1. Recreational (hobbyist) rules & regulations:
a. Must register yourself as UAV operator
b. Use your number on multiple aircraft
c. Cannot receive compensation for your flights, including incidental
YouTube advertising

2. Commercial 333 Exemption or now follow Part 107 rules:

a. Need exemption or new Part 107 certificate, online training & testing
starting August 29, 2016
Aircraft must be registered & marked with “tail number”

Also still need Certificate of Authorization (COA) for some

missions, beyond line-of-sight, night flights, near airports
3. Public Entities (like universities & state DOT’s):
(next page)




Understanding and working within government regulations (FAA)

“Know before you fly” pamphlet describes the three types of UAS
operators

3. Public Entities (like
universities & state DOT’s):

d.

Rules eased on teaching use,
but not operational use

COA’s from the FAA are
required for operational
public use

Difficult to obtain COA’s, but
gives the agency broader
operational freedom

Agencies become self-
regulating in many ways...

Small
Unmanned Aerial
Systems (sUAS)

Operations for Public Agencies

/"
WorkforceServices

THE HIRE EDMCATION CENTER @@ PVCC

workforce@pvce.edu = www.pvec.edu '
1 College Drive, Charlottesville, VA 22902 CC
4349615354 N
THE WIRE EDUCATION CENTER @ PVLE

Training is available...




Far maora information visit
WWW.KNOWBEFOREYOUFLY.ORG

Founding Mambers

== aauvst

Campaign Partner

About Know Before You Fly

"Know Before You Fy® iz an educational campaign
that providas prospactive unmannad aircraft users
with the information and guidance they nead 1o fly
safely and rezponsibly.

About AUVSI

The Association for Unmanned Vahicle Systems
International (ALK S — the world's largest nonprofit
organization dedicated to the advancemant of
unmannad systams and robotics —raprasents more
than 7,500 membars from 680+ allied countries
invalvad in the fislds of government, industry and
acadamia. ALNSI| membars work in the defensa, civil
and commercial markets.

UVSI' For more information,
LW, _ @0 to WwWW.auvsi.ong.




¢ Follow community-based safety guidelines, as
developed by organizations such as the
Academy of Model Aeronautics.

¢ Fy no higher than 400 feet and remain below any
surrounding obstacles when possible.

e Keep your sUAS in eyesight at all times, and use
an observer to assist if needed.

e Hemain well clear of and do not interfere with
manned aircraft operations, and you must see
and avoid other aircraft and obstacles at
all times.

e Do not intentionally fly over unprotected persons
or moving vehicles, and remain at least 25 feet
away from individuals and vulnerable property.

e Contact the airport or control tower before flying
within five miles of an airport.

e Do not fly in adverse weather conditions such as
in high winds or reduced visibility.

e Do not fly under the influence of alcohol or drugs.

GENERAL

RESTRICTIONS

e Ensure the operating environment is safe and
that the operator is competent and proficient in
the operation of the sUAS.

e Do not fly near or over sensitive infrastructure
or property such as power stations, water
treatment facilities, correctional facilities, heavily
traveled roadways, government facilities, etc.

¢ Check and follow all local laws and ordinances
before flying over private property.

* Do not conduct surveillance or photograph
persons in areas where there is an expectation of
privacy without the individual's permission (see
AMA's privacy policy).
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Match Point Details & Imagery
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Pix4D Webinar 1: Introduction to Modern Photogrammetry and Optimal Flight Plans

Pix40

Pix4D WEBINAR

Intro to modern
photogrammetry and optimal
flight plans for best project
results
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Remote Data Acquisition Systems

LIDAR scanning

— Optec

— Leica Geosystems
— Split-FX software

3D photogrammetry
— Sirovision

— Adam Technology

— 3G Joint Metrix




Orientations of planes in space STEREONET ANALYSES
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Rock slope stability controlled by geologic structure
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Orientation: strike, dip, dip direction...
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Enhanced Brunton compass

TruPulse 360b Laser




“an app for that...”

ATET =

129° / 28S

Strike / Dip

44° 44 25' N, 107° 44.73' W

20 m error

Elevation: 3904 m

35 m error

(3

% /( s r

Strike/Dip Bearing




Types of rock slope failures

Failure Types
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I-77 southwest Virginia







1: Introduction to Modern Photogrammetry and Optimal Flight Plans

%
Camera calibration + Exterior  PIxi0
Orientation

Step 1: initial processing

Images => calibration + exterior orientation

: - 600'000 : :
ample 60'000 - Average of . matches=> : Average of GPS :
14MP, keypoints per:  6'000 matches : 150'0003D @ OR :
)0 image " per pair of " Points for 1000 Min 3 GCP

1ages) images images

) 9:09/1:16:02



1: Introduction to Modern Photogrammetry and Optimal Flight Plans

3 main processing steps

Step 1: inftial processing
Step 2: point Step 3: DSM and
Images densification orthomosaic
=> calibr + . .
calibrate cameras Calibrated Point clouds

exterior orientation

cameras => point => DSM and orthomosaic

- = doels > —

7]
Pix4D

—E—
%
2

N !
e"a\'\o

) 8:31/1:16:02



1: Introduction to Modern Photogrammetry and Optimal Flight Plans

Getting enough matches

Enough matches:
@ # matches > 1000 per image pair

@ Depends on overlap, image size and visual content
e |f small image size => more overlap required
e |If low visual content => more overlap required

@ mages of 12 MP => 75% overlap recommended in most cases

) 1847 /1:16:02




1: Introduction to Modern Photogrammetry and Optimal Flight Plans

%
Pix4p
Relative exterior orientation

Pix4D is able to compute a:mibration and relative

model from image content only!

) 7:27/1:16:02



Typical Flight Paths for the
Coal Hollow Test Site
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West End Details
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ction of discontinuity orientation data using Split-FX software...

arious steps in processing point
oud data to obtain structure data
for stereonets using Split-FX




Help




t Cloud  Orientation  Insert  Region  Tools

oA &G R a & %

oy




int Cloud - Stereonet stability analyses
629 Deerfield, VA




