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Reasons to Try?

Remote sensing & GIS tools are remarkable!

You can use these tools to make you a better
knowledge worker

Several data types can provide unique information
Hyperspectral
Thermal

DEMSs

Data Is everywhere.... think “big data”
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Mineral Exploration
Thermal IR

ASTER Satellite
Afghanistan
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Bedrock outcrops in
lowlands covered with
sands and silts
revealed by DEM —
indicates near-surface
bedrock in
surrounding area
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Arid Region Example Credits: Remote Sensing Enterprises, DEM courtesy of USGS Ellis GeoSpatial
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Arid Region Example Credits: Remote Sensmg Enterprlses Image Courtesy of USGS Ellis GeoSpatial




Same valley fill
pattern, but different
thermal pattern —
underlying bedrock
depth different?
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Presenter
Presentation Notes
Carbonate absorption ASTER band 14 minima (11.2 micrometers) , mafics ASTER bands 13 minima, Qtz microcline ASTER bands 11 & 12 minima.
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Carbonate absorption ASTER band 14 minima (11.2 micrometers) , mafics ASTER bands 13 minima, Qtz microcline ASTER bands 11 & 12 minima.
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Presentation Notes
Carbonate absorption ASTER band 14 minima (11.2 micrometers) , mafics ASTER bands 13 minima, Qtz microcline ASTER bands 11 & 12 minima.
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Thermal

Chromite in Ultramafics
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Presentation Notes
Landsat TM not very useful – note mapped Ultramafic outcrop at end of arrow.  Next we’ll see ASTER TIR ratio images of same area.
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Presentation Notes
Not useful for ultramafic (as expected) but note Shyok Suture – calcite-rich
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Presentation Notes
Not useful for ultramafic (as expected) but note Shyok Suture – quartz poor
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MAPPING OIL
SPILLS & SEEPS
WITH HYPERSPECTRAL



HYPERSPECTRAL DATACUBE
Continuous spectrum collected

Stack of B&W
Images, each
a narrow
wavelength
band - from
reflected
visible Blue to
shortwave IR

—50 - 300 bands

Blues
Greens

Reds

Near IRs

Shortwave IRs

DVC Geog 160 Introduction to Remote Sensing J. Ellis Ellis GeoSpatial Feb 2005
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HYPERSPECTRAL

EACH SPATIAL ELEMENT HAS A
CONTINUQUS SPECTRUM THAT
IS USED TO ANALY ZE THE
SURFACE AND ATMOSPHERE

224 SPECTRAL IMAGES
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DETECTING OIL SEEPS WITH HYPERSPECTRAL

“Dibblee Oil Seep”

Probe-1 & GeoSat Committee DVC Geog 160 Introduction to Remote Sensing  J. Ellis



OIL SEEP IN AREA
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DVC Geog 160 Introduction to Remote Sensing J. Ellis



DIBBLEE OIL SEEP

Probe-1 & GeoSat Committee

Value

BUILDING AN
OIL SPECTRAL
LIBRARY BASED

ON FIELD
MEASUREMENTS

Spectral library

1.00 viewer
.98
.96
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.92 — Agphaltan-overview ASD
— Aphaltanl-aypryiew ASD
—— Asphallunh0-overview ASD
90

e
2,200 2,250 2,300 2,350 2,400
Wavelength, nm

DVC Geog 160 Introduction to Remote Sensing J. Ellis



PROVING AIRBORNE SENSING MATCHES GROUND MEASUREMENT
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Probe-1 & GeoSat Committee DVC Geog 160 Introduction to Remote Sensing  J. Ellis



BITUMEN ABSORPTION SIGNATURES COMPARED* o, §

Airborne

——— X:1695 Y: 26 Asphattum 1 00 probe data’,
— X:1700Y; 74 Asphaltum30 profe data
—— X:1707Y: 65 AsphaltumB0 probe data
e 1701 Y: 47 Asphaltum?5 prode data
85 = L1700 Y- 64 Asphaltsmbil probe data
: — 2130 Y: 161 Asphaltom2’ prabe dats
e 2131 ¥: 1610 Asphablum sverviaw prabe date

| 1
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Wavelength,nm

/" Spectral library
viewer

Ground 8

.96
.
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Asphaltem AST
92 ——— A:I:Il:u-mrﬁu ASD
m frphaltun3-averview ASD
—— Asphallun50-averview ASD
.90 B
1 | L= 1 | i
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*Comparison is at wavelength of ~+2,300 nm. "Asphaltum” or tar/asphalt within
the airborne pixel and field FOVS% ranges betwean 25% and 100%

Increasing distance
from pure tar site

Increasing mixture of
non-tar with tar
in airborne pixels

Increasing distance
from pure tar site

Increasing mixture of
non-tar with tar
in ground field of view



USING SPECTRAL SIGNATURE CONFIRMED IN FIELD TO
FIND OTHER AIRBORNE PIXELS THAT HAVE OIL
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Extrapolation of
Dibblee oil seep.

et for clarily)

Spectral signature
from training site
pixel extrapolated to
surrounding area.

value {0ffs

Hydrocarbon Spectral Signature

Probe-1 & GeoSat Committee DVC Geog 160 Introduction to Remote Sensing  J. Ellis



OIL SEEP DETECTION & MAPPING

Red Dots

Mapped

As Oil

Seeps Actual
Locations
Of Ol
Seeps

Probe-1 & GeoSat Committee DVC Geog 160 Introduction to Remote Sensing  J. Ellis



MAPPING CORE
WITH
HYPERSPECTRAL



Core Scanning for Mineralogy

n 55 high-resolution

f#i color pixels in each

w _ hyperspectral pixel
=
L4

Each pixel = 0.5 x 0.5 mm

Corescan Pty Ltd technology



Core Section with Training Sites
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MK-1 Core Color Change - Gaps Masked (BLACK)
Ready for Hyperspectral Mapping

0004 - 06 Core
Color Image

MR-1
0004-06
Analyzed




Spectral Classification — 20 classes

& #2 ROI Tool
Fle ROI_Type Options Help

Window: (%) Image () Scroll () Zoom () D

ROI Name Colot___ Pod
ME-1_0004-06_PC-s0_Class1  Red 1.764 A
MEA1_0004-06_PCdso_Class2  Green 4,184
MK-1_0004-06_PC-so_Class3  Blue 6.043
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Roll-Up Classification into
Four Classes

Red pixels relate to open fractures,
shadows and other noise in the core.

Cyan pixels have moderate absorption
in both clay and carbonate, blue pixels
have strong absorption in both clay
and carbonate, while green pixels
have weak clay with stronger
carbonate absorption
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Using Multispectral Remote Sensing
To Better Understand

Modern Carbonate Environments
-for Improved Subsurface Reservoir Modeling-

Paul (Mitch) Harris, Chevron
Sam Purkis, National Coral Reef Institute
Jim Ellis, Ellis GeoSpatial
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Modern Analogs Help Refine Subsurface
Interpretations
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a . L - - - + —— o MF Y L
Sy + g - Ty, : g . N ke
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© 2011 Chevron U.S.A. Inc. All rights reserved; Copyright DigitalGlobe (2007). Modified after Droste & Van Steenwinkel (2004)



Modern Analogs Can Provide Key Inputs for
Reservoir Modeling

o _ Grainstone
0. —— i
/ —— Reservoir . .
/ Training Images Based on Modern Analogs

Sand Body
A

Sand Lobe

Island

Map view of Tl

Exumas, GBB

architectural
p ro p el’ty Perspective view of Tl

© 2011 Chevron U.S.A. Inc. All rights reserved. Ellis GeoSpatial Nov 2012



MODERN CARBONATE
FLORIDA ENVIRONMENTS

ATLANTIC OCEAN
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What can be
done with
multispectral
images?

Ellis GeoSpatial Nov 2012



Navigation |
Chart e
I E.- | .TH-E:.'ﬂi-
Bl s b “'Eh
H e o
‘ .I--'.‘;‘“.'. 2 +
Ay s A R T 1 1O \
2 r'!_ r% : ..;'l,__. 2
s # CHART EL 1
4'e .: % B 4
b 7| i scaserea corat Hesi 4
4 AP
A ﬁi -
3, -J' -I‘
- 2*.“ *.1.‘ - mﬂr;d;g:
Unsurssyod
4" L8l
*
AE 7° 55' W (2008)
,-E GE 4'W 4
5
l
i T'
KEMPS POINT|
24° 52 80' N
T6° 16.00°' W -
Dl .
‘30 = :-l., J
. |SOUND
[24° 504
2 78" 115
THE BIGHT .
|2‘

Ellis GeoSpatial Nov 2012



TEE0TW TE 00w TE"2000W

Landsat TM
25100 _ Color Image
8 Feb 2000

24*50°0"N )
24°50'0°N

TE40'0TW TE 300w T8 2000"W

Ellis GeoSpatial Nov 2012



y = 3 Example of
Correlating

Highbarne Cay .

Nurmans Cay

" Wax Cay . o B Band 1 Brightness
% shroud Cay b M to Water Depth

. Hawksbill Cay

L-'}ifh.ﬂ-"' - ’:3* :

., Bell Island

N

gy

" ‘Great Guana Cay

__'-:r s .-
The :;9:*
Exumas "1‘,‘:: ';,
' ; Great Exumalsland %,
TR, A iy
R :1:“';.1*.\%. \' ;

SN :ﬁ;ﬁ; N ul.:ttle Exuma IsLmd

0 25 50 100 Km . ;

I I I I I I I | | T M
"> Ellis GeoSpatial Nov 2012



Some Areas had

Navigation
Chart with
Soundings
(1:32,000)

Landsat image
of reflected blue
light as a
grayscale image

Islands masked
black using
Space Shuttle
Radar Image

Ellis GeoSpatial Nov 2012



Using Imagery and
Soundings to make
an Offshore DEM
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Bathymetric Model
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DEMs Enable Perspective Views - Visualization
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Schooners ~ -

Sand Bars
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1,175 GIS polygons
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77°0'0"W Ellis GeoSpatial Nov 201.



Sandbars and Bar Crests

Sandbars

Select Contours of DEM

Bar Crests

Ellis GeoSpatial Nov 201.
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1 Form Factor vs. Area
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Sandbar Centerline Density Map
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Exumas

Grid resolution = 2.5 km

Seismic View -
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Schooners A

architectural
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Information Distribution arccis explorer .
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Digital Elevation Models
DEMs



Acquiring Images with Off-Nadir and Fore & Aft Viewing

Enables stereoscopic 3D viewing & building surface elevation models

First Collection Additional Imaging Second Collection

for Stereo for Stereo

: 480 km Altitude 2 -

A

e 22 kem x 130 km
each swath

Source: DLR http://www. dlr. de/en/desktopdefault. aspx/tabid-1/86 read-4553/ eijournal.com


http://eijournal.com/2012/buying-optical-satellite-imagery

Satellite Image
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90-meter SRTM DEM .
' _—

DEM Elevation v
Elevation (m)

e 705 .
— EOD ’

U 2 Km w .
S o e N O .

Ellis GeoSpatial 28 Oct 2013 USGS (2004), Shuttle Radar Topography Mission, 1 Arc Second scene SRTM



DEM Elevation |
Elevation (m)

e 705

— EOD

4L

0 r:ﬁ

Ellis GeoSpatial 28 Oct 2013

ASTER GDEM is a product of METI and NASA.



DEM DEM
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Ellis GeoSpatial 28 Oct 2013 Source: http://www.astrium-geo.com/na/5455-experience-the-quality-and-accuracy-of-the-worlddem.php#buraydah



12-meter WorldDEM DEM —

Red-blue anaglyph with 10x vertical exaggeration
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Ellis GeoSpatial 28 Oct 2013




ENVIRONMENTAL

MAPPING LAND COVER

Using Multispectral
Satellite Data

Satellite: Landsat, ASTER, SPOT, RapidEYE
IKONOS, Quickbird,WorldView-2, GeoEYE, Pleiades,

Airborne: UltraCAM, Leica ADS, Z/| DMC, ADSI



Building a Land Use/Land Cover (LULC) Map from Imagery

Scope —> Acquire —> Produce —> Implement ——> Validate —> Manage

Consult Acquire :
: Establish
With Area Image & DEM LULC
Experts Data Classes Process

Image
& DEM Document
Training H
o —
GIS Stack of
Images & Maps

Classes

Verification
Sites

Accuracy
Assessment

Add
Metadata

Add Images, Maps,
Accuracy Assessment
to GIS Database

Summary
Visualization  Spatial Analysis  Report
GeoEye Data is owned by GeoEye, Inc. All rights are reserved by GeoEye, Inc.



Building Knowledge of Company Footprints

Oil and mining companies with land acreage can use
remote sensing to most efficiently:
 develop environmental metrics,

» establish an environmental baseline,

» monitor/model change through time
« demonstrate environmental stewardship

The work process can include:

* satellite & airborne images
» digital elevation models (DEMS)

* leveraging existing maps & SME knowledge 2 O i
* building up-to-date, fit-for-purpose land cover maps bﬁ]“ Ve f"& A
* serving up the imagery, DEMs, & maps over the Internet -ﬁ:\ﬁ ,',
» coordination with engineering & exploration ' “ g_,'%?.}
s T

=1 .. e R

Ellis GeoSpatial 2012


Presenter
Presentation Notes
Landsat Image, DEM, Land Cover (NLCD 2006) courtesy of USGS.  


ENVIRONMENTAL

MAPPING LAND COVER
Using Hyperspectral
Airborne Data

Edwards Air Force Base

1-meter pixels
Visible — Near-Infrared (VNIR) Wavelengths

ech, Galileo, Ellis

oSpatia



Airborne Hyperspectral Flight Lines in GIS

® 4 Hyperspectral_Airborne_Lines-Ground-Sites_9-3 - ArcMap - ArcView
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EAFB EM, Tetra Tech, Galileo, Ellis GeoSpatial




1 meter Grid on Vegetation in SE Area of Edwards Air Force Base
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Calibrating Ground Spectrometer

VNIR Sensor

DVC Geog 160 Introduction to Remote Sensing J. Ellis



Ground Spectra for Saltbush

Erdmember Collection Spectra
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DVC Geog 160 Introduction to Remote Sensing J. Ellis

VNIR Sensor

EAFB EM, Tetra Tech, Galileo, Ellis GeoSpatial



Ground Spectra for Saltbush Airborne Spectra for Saltbush
Endmember Collection Spectra & 44 Spectral r —_ - | 8|[X]

Spectral Profile
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VNIR Sensor

DVC Geog 160 Introduction to Remote Sensing J. Ellis



Gold Fields

Sampling site, ground photo, and ground spectrain GIS

Vegetation
Red Edge

- - - -£ Blue-Green-Red — Near IR
I (LBJIItSraC??hmhnatulrglkclqlor:timagﬁ It Field photograph of Visible-Near IR spectral
f hWI : ypetrhlrtl dl'g lnlngd 0 feature where Visible-Near IR signature of feature
showing path to displaye spectral signature collected shown on left
graphics on right
VNIR Sensor

DVC Geog 160 Introduction to Remote Sensing J. Ellis



Morman Nevada Tea
Sampling site, ground photo, and ground spectrain GIS

Vegetation
Red Edge

|
Y oar1 1753 cef sevedatoa
"Il R e B |

o

Blue - Green - Red Near IR
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UltraCam natural color image

. . : : Field photograph of Visible-Near IR spectral
in GIShW'th hyper}l:nk gghtlnlngCibolt feature where Visible-Near IR signature of feature
SIEITTING) [BEMD U9 RTIETIEYE spectral signature collected shown on left

graphics on right

VNIR Sensor

DVC Geog 160 Introduction to Remote Sensing J. Ellis



Coopers Goldenbush
Sampling site, ground photo, and ground spectrain GIS

Vegetation
Red Edge
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UltraCam natural color image

. . : : Field photograph of Visible-Near IR spectral
in GIShW'th hyperklllnk éll_ghtlnlngdbolt feature where Visible-Near IR signature of feature
SIEITTING) [BEMD U9 RTIETIEYE spectral signature collected shown on left

graphics on right

VNIR Sensor

DVC Geog 160 Introduction to Remote Sensing J. Ellis



East Piute Ponds - Spectra Evaluation
Natural Color UltraCAM
Apr-Jun 2008

Ground spectra sites shown.

Ground Sample
Locations on
Airborne
Orthorectified
Base Image
4" pixels
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|
|
|
|

o 05 1Km

EAFB EM
Telra Tech, Elliz GeoSpatial
Gallea & July 2009


Presenter
Presentation Notes
Different combinations of bands show different things about the land surface.


Airborne
LIDAR DEM

Hluminated from NW
10° above horizon




LiDAR DSM

Alrborne Elevation (m)

LIDAR DEM | -

Hluminated from NW
10° above horizon




Species Map
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MAPPING In the USA
LIDAR from NOAA

Cambria, WNY



Malloy Gravel P,
Newfane Twp.
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Ficure 1. Location map of study area showing end moraines and major strand lines of north-
western New York.



Awesome Geomorphology — Barre Moraine!

NOAA LIDAR Digital Surface Model of Cambria and Surrounding Area - Surface llluminated from Northwest

NOAA Coastal Services Center Download; LIDAR acquired Spring 2007 with 1.4m spacing. Last Return LIiDAR data



Niagara Escarpment with Glacial Deposits

Elevation
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NOAA Coastal Services Center Download; LIDAR acquired Spring 2007 with 1.4m spacing. Last Return LIiDAR data




Streamlined Glacial Landforms?
ara Escarpment
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NOAA Coastal Services Center Download; LIDAR acquired Spring 2007 with 1.4m spacing. Last Return LIiDAR data




Conclusions

Learn to use remote sensing & GIS tools

Leverage these tools to make you a better
knowledge worker!

Try using the geologically-revealing data types
-Hyperspectral

-Thermal

-DEMs
Stereo overlapping satellite/aerial images
Radar

~ LiDAR
e poos



Thanks!!

Questions & Comments
Welcomed

James Ellis
jellis@ellis-geospatial.com

 EulsiBeospatli ® ;
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