Hyperspectral Technology
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Comparing Hyperspectral to Multispectral

Collecting Spectra in the Field to Calibrate
Airborne Data

Mapping Oil Seeps, Soils, Geology

Mapping Vegetation with VNIR only
Mapping Vegetation with VNIR-SWIR
EAFB Poster

Demo of AVIRIS 124-band Data

Lessons Learned
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Experience with Hyperspectral

1997

1998-2002

2001-2003

2001

2002

2009

2009-2010

2011-2013

2013

Mongolia*

Industrial facilities — CA, TX, OH

Niger Delta

Venezuela

Central Asia*

Red Sea

Mojave Desert*

Afghanistan

Peru

airborne HYyMAP VNIR-SWIR
mineral exploration

airborne HYMAP VNIR-SWIR
land cover, oil spills

airborne HYMAP VNIR-SWIR
vegetation communities/species

airborne CASI| VNIR
vegetation, oil detection

satellite Hyperion
landcover, oil detection

airborne SPECTIR VNIR-SWIR
nearshore sea bottom features

airborne Galileo VNIR
vegetation communities, soils

airborne AVIRIS
mineral exploration

Satellite Hyperion
mineral exploration



HYPERSPECTRAL
Datacube over
Pacheco Wetlands
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HYPERSPECTRAL DATACUBE
Continuous spectrum collected

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

~50 - 300 bands

Near IRs
Shortwave IRs

DVC Geog 160 Introduction to Remote Sensing J. Ellis



REMOTE SENSING
TECHNOLOGY

- Lab

- Ground
- Airborne
- Satellite

\ 5
DVC Geog 160 Introduction to Remote Sensing J. Ellis EGS Feb 05




A HYPERSPECTRAL
SENSOR

EARTH
SEARCH S
Wl SC/E/NCES, I1YC,
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APL

HYPERSPECTRAL

EACH SPATIAL ELEMENT HAS A
CONTINUOUS SPECTRUM THAT

IS USED TO ANALY ZE THE

SURFACE AND ATMOSPHERE

224 SPECTRAL IMAGES
TAKEN SIMULT ANEQUSLY

CSTARS

Ground-based

Spectral Library

Probe-1 Data

The GeoSat Committee, Inc.

EGS Feb 06
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VEGETATION VIGOR 1, chiorophyll Multispectral

. (Quickbird, Ikonos, Landsat
Absorption Feature SPOT, ASTER, ADS-40, etc.)

&4 ENVI Plot Window O] =]

File Edit Options Plot_Function

White Bars show
wavelengths collected

by one band. Only 4
bands or images
collected per pixel.

0.70 0.E0
Redavelength N I R

0.60

Blué' Green

Example of Quickbird’s three Visible -
(Blue,Green, Red) and one NIR (Near-Infrared)

Bands (white bars) response to vegetation with .
different vigor. IKONOS and Landsat record similar ng hest | owest
wavelengths. Much less detail compared with

Hyperspectral on plant type, chlorophyll, & internal VIGOR

structure. NDVI from normalized ratio of

Red & NIR brightness values (vertical axis above).

Ellis GeoSpatial Nov 2007



VEGETATION VIGOR 1, chiorophyll Hyperspectral

Absorption Feature

&4 ENYI Plot Window

File Edit Options Plot_Function

“Red Edge”

0.60

B I EISZI G reen Re d I":fl'."' :I-:Ll ength I:::Iﬁl:ilR

Hyperspectral records 10-50 wavelengths

between Blue-Green-Red-NIR. A continuous - .
response of the plant to these wavelengths is .

documented. The shape & depth of the chlorophyll H |g heSt LOWGSt
absorption feature & Blue-Green-Red, VI GOR

and the position of the “red edge” reveal vegetation

type and vigor (or stress) with exceptional detail.
NDVI from a normalized ratio of Red & NIR brightness
values (vertical axis above).

Ellis GeoSpatial Nov 2007



Multispectral Spectral Signatures

-ioix

File Edit ©ptions Plot Function Help

Reflectance

: 1.5
Wavelength {microns)

Shippert, 2001



Airborne Hyperspectral Spectral Signatures

-1oix

File Edit ©ptions Plot Function Help

Reflectance

1.0 1.5
Wavelength {microns)

Shippert, 2001



Lab Hyperspectral Spectral Signatures
EIETE

File Edit ©ptions Plot Function Help

Reflectance

1.5 2.0
Wavelength {microns)

Shippert, 2001



SENSOR Spatial Spectral Resolution Application
Resolution
Airborne Hyperspectral

HyVista, Australia 3-20m 128 bands of visible, NIR | Geologic and environmental, large areas
Whiskbroom &SWIR light

Galileo, Florida 1-5m 244 - 365 bands of Detailed environmental, soils, geology, urban,
Push Broom visible, NIR & SWIR agriculture, water quality

SpecTIR, Reno 1-5m 244 - 365 bands of Detailed environmental, soils, geology, urban,
Push Broom visible, NIR & SWIR agriculture, water quality

CASI/SASIITASI, 0.5-5m 15-40+ bands of visible & | Detailed environmental, soils, geology, urban,

Calgary Push Broom NIR, SWIR, Thermal agriculture, water quality

DVC Geog 160 Introduction to Remote Sensing J. Ellis




WHY IS HYPERSPECTRAL A UNIQUE
MAPPING TOOL?

« CAN IDENTIFY MANY MATERIALS BASED SOLELY
ON SPECTRAL SIGNATURE anzomig LB

« FOCUS IS ON INDIVIDUAL PIXELS

« SUPPORTS DETAILED MAPPING

. SUBPIXEL AND UNMIXING ALGORITHMS
COMPENSATE FOR RELATIVELY LARGE PIXELS

 SPECTRAL LIBRARIES JUMPSTART PROJECTS

DVC Geog 160 Introduction to Remote Sensing J. Ellis



MAPPING OIL
SPILLS & SEEPS



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

DVC Geog 160 Introduction to Remote Sensing J. Ellis



DIBBLEE O.IL SEEP BUILDING AN

OIL SPECTRAL
LIBRARY BASED
ON FIELD
MEASUREMENTS

e d el W

&4 Spectral Library Yiewer

File Edit Options Plot_Function

™ Scale Image

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



PROVING AIRBORNE SENSING MATCHES GROUND MEASUREMENT

&l ENVI Plot Window =10] x|
File Edit Options Plotl_Function

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



USING SPECTRAL SIGNATURE CONFIRMED IN FIELD TO
FIND OTHER PIXELS THAT HAVE OIL

Extrapolation of
Dibblee oil seep.

et for clarily)

Spectral signature
from training site
pixel extrapolated to
surrounding area.

{05

E_—:u
=

Hydrocarbon Spectral Signature

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



OIL SEEP DETECTION & MAPPING

Actual
Locations
i Of Oil
| Seeps

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



SOILS ANALYSIS

2 ArcVisw GIS 3:2a
Eile- Edit “iew Theme .ﬁraphic_sh Window  Help

CoEFCEEEREEND .

' Soil Types

ﬂ Hiomass photo -_’—'t:_sl__f_]

ﬂ Biomazz
[

&1 Mantmorilonite she
L1

ﬂ Damp_montmarille
||

ﬂ- “0F &t moontmorilla ni
|

ﬂ Dirt phote 1.shp

ﬂ Dirt phote 2shp

ﬂ Clay_dirtshp
L]

] ChiaritsMont phott
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o] Dakiandti

-
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SOILS - SPECTRAL SIGNATURES

#] ROl Means
File Edit Optionz  Plat_Funchion  Help

IWean:Ragicn 43 Clay/Dirt
Mean:Feqicn #46 Clorile_hant

SWIR SPECTRUM
IDENTIFIES
COMPOSITION
OF SITES ACROSS
INDUSTRIAL ZONE

245 900 245 230 035 040 2.45

DVC Geog 160 Introduction to Remote Sensing J. Ellis



Equivalent of TM 4,3,2 _Minerals
(veg is red) kaolonl_te_-s_mect_ltes (red)
montmorillinite-lllites (green)
Hyperspectral provides clay Calcite (blue)

composition of exposed terrain

DVC Geog 160 Introduction to Remote Sensing J. Ellis PROBE-1



EVALUATING PAVEMENT
AT OAKLAND AIRPORT

DVC Geog 160 Introduction to Remote Sensing J. Ellis



EVALUATING PAVEMENT
AT OAKLAND AIRPORT

2 AucView G5 3.2a
Eil=  Edit “iew Theme ﬁraphlcs Windew  Help

@ F FEE B EEEEE
Iﬂ] R[] uj@ﬂ@%ﬂl*”*if?] W[ <[T] ]

ﬂ Azphaltl.shp

& Asphaltsshp
[ |
o Asphalt2.shp
|
o] Light_grey_aspaht.
ﬂ Tarmaczhp
=
+] Conecreteshp

ﬂ Tamp_runway.shp

o] Main_runway_asph

o Dakland tif

Pavement

Condition &
Type
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PAVED SURFACES - SPECTRAL SIGNATURES

€] ROl Means
File Edit Option: Plot_Function Help

Mean:Region #1Asphalii

IMearcRegion 4Rurnway_Comerede
|MeanFeqian #4Lighl Grev Asphalt

SWIR PORTION OF
SPECTRUM
DIFFERENTIATES
DIFFERENT
PAVED SURFACES

o og 5,30 7,35
waovelenglh

DVC Geog 160 Introduction to Remote Sensing J. Ellis



MAPPING PLANT
COMMUNITIES
VNIR only



Calibrating Ground Spectrometer

VNIR Sensor

DVC Geog 160 Introduction to Remote Sensing J. Ellis



Measuring Reflectance from
Sand

Endmember Coll

0401_1100_ref_sand

VNIR Sensor

DVC Geog 160 Introduction to Remote Sensing J. Ellis



Measuring reflectance from vegetation

VNIR Sensor

DVC Geog 160 Introduction to Remote Sensing J. Ellis



Ground Spectra for Saltbush

Erdmember Collection Spectra

1.0

042 1_12 2 O_Ief_saltbush}‘i—

1
800 SC0

1 I 1
700
Wawvelength
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Ground Spectra for Saltbush Airborne Spectra for Saltbush

Endmember Collection Spectra e

spectral Profile

| Greasewacd

042 1_12 2 O_Ief_saltbush}‘i—

1 I 1 1 1 I 1 1 1 |
| 1 | | 11 1 | 11 1 | | | 1 | 1 1 1 | 1 1 1 |
800 200 400 500 B00 700 00 500 TO00

WGVE|Ength Wawelength
VNIR Sensor

DVC Geog 160 Introduction to Remote Sensing J. Ellis



Gold Fields
Sampling site, ground photo, and ground spectra in GIS

Vegetation
Red Edge

o7 A Y | Ob THE SE YA TR TR N S upe R owar | e A
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0421 1250 ref goldfield
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Blue-Green-Red Near IR
UltraCam natural color image . . .
. . . . Field photograph of Visible-Near IR spectral
In GIShW|tl_1 hypetrrl:rt\k ‘Ijl_ghtlnln%bolt feature where Visible-Near IR signature of feature
showing path fo dispiaye 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 spectra in GIS

S B OMLE Y | WO E S S | AE W W N T e e

==

@0 |e no4
"o e o
UltraCam natural color image
In GIS with hyperlink lightning bolt
showing path to displayed
graphics on right

Field photograph of

feature where Visible-Near IR
spectral signature collected

DVC Geog 160 Introduction to Remote Sensing

J. Ellis

Vegetation
Red Edge

Blue - Green - Red Near IR

Visible-Near IR spectral
signature of feature
shown on left

VNIR Sensor



Coopers Goldenbush

Sampling site, ground photo, and ground spectra in GIS Vegetation
Red Edge

2o

4
[ B ulAr Hv Sv +~

Blue — Green - Red

UltraCam natural color image

. . . . Field photograph of Visible-Near IR spectral
In GIShW|tt| hyper'I]mk gghtlnln%bolt feature where Visible-Near IR signature of feature
showing p?t to Ispiaye spectral signature collected shown on left
graphics on right
VNIR Sensor

DVC Geog 160 Introduction to Remote Sensing J. Ellis



Tamarisk
Sampling site, ground photo, and ground spectra in GIS

Vegetation
Red Edge
I d o

& TE MR N RS TR N S e e

a0 3t [ AR T]

0421 1200_ref tamarsk

400 SO0 i) B0 500

W

Blue-Green-Red Near IR
UltraCam natural color image . . .
. . . . Field photograph of Visible-Near IR spectral
In GIShW|tt| hypetrrl‘lrtlk (I;_ghtlnln%bolt feature where Visible-Near IR signature of feature
showing path to disp aye spectral signature collected shown on left
graphics on right
VNIR Sensor

DVC Geog 160 Introduction to Remote Sensing J. Ellis



MAPPING PLANT
COMMUNITIES
VNIR - SWIR



Dominant Factors Controlling Leaf Reflectance

Dominant factors
controlling leaf
reflectance

80
Primary
absorption} 70
bands

Leaf pigments
in the palisade
mesophyll:

s chlorophyll a, b  Scattering in the

* p-carotene, etc.

spongy mesophyll

Leaf water content

Chlorophyll
absorption
bands

60

50+

40-

30 -

20

Atmospheric

water absorption f§
bands

100

90

- 60

- 50

40

- 30

-20

10

>

[ I T
1.4 1.8

1.6 20 22 24 26
Wavelength, um
-l |
Reflective infrared
- »la |
Near-infrared ! Middle-infrared

(9 ) uorssnuusue.dy, dsrydsouny

Water
absorption
bands:
0.97 mm
1.19 mm
1.45 mm
1.94 mm
2.70 mm

VNIR-SWIR

SENSOR COLLECTS
REFLECTED ENERGY
BETWEEN ABSORPTION

WINDOWS

Jensen, 2000




Reflectance Response of a Single Magnolia Leaf
(Magnolia grandiflora) to Decreased Relative Water Content

60 Relative Water Content

of Magnolia grandiflora

N
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N
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VNIR-SWIR
HYPERSPECTRAL
L SENSORS COLLECT

1 | |
045678910 12 14 16 18 20 22 24 SPECTRA HERE

Wavelength, um I

Leaf moisture changes can be significant for identification
| Jensen, 2000




PLANT COMMUNITY - SPECIES
LEVEL MAPPING
VNIR-SWIR

B Baccharis
B Distichlis
BFrankinia
.T-"i'i'] i"!Hl
B Salicornica
BM=cirpus pp,

CSTARS
Ground-based
Spectral Library
Probe-1 Data

The GeoSat Committee, Inc.




Coyote Bush VNIR-SWIR

CSTARS

Ground-based

Spectral Library

Probe-1 Data

The GeoSat Committee, Inc.



CSTARS

Ground-based

Spectral Library

Probe-1 Data

The GeoSat Committee, Inc.
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Introduction

Edwards AFS requires remoledy-sensed dats bo fach it

projects by berefl e kojave Desert ecosysie=. This mageny will also be used o determine
habital stabilliy, Fein an ‘and suppart the regional recoveny
effort for some of te goals and chjectives of B Mojave Desant Recoveny Flan,

Data Collection

= Ower 400 squane miles of

120 fight likes, 128 sepanaie
bands, spadal resaiution 1m

Ground Spectra Collection

= Ground specta mexsuned with an ASD
FisidSpect handneid spectmmeter
100 ground spectra [WHIR), phe

Spectral Quality of Georectified Data Cubes

= ‘Epeciral profies of maiching jpieeis In e
wnrectifed and gecmcified iImagery range from
wisualy dentical fo very simiar.

= The speciral profiles confir that e georedifed
Imagery has phreis wh spedral craracieristcs
ientical o for very simiar io] the onginal
unrecified daba cubss. This speciral qualky ks

fzid pbzerinions and GPS kcatons
recorded

= Dafts poliecied March 315 - Aprll 239, 2009

= GIE miegration of ground speciral Toeary,
probograpthes and fisid obssnadons

Spectral l‘.Z'lu:1I|t1.|r -::f Grnund & Airborne Data

* Armosphenicaly cormeched and
contiruum removed specta
were comelaied over Fe Pluis
Ponids pliok-project area.

* The speddral qualty of arbomes
Dpheeis Companss “vorably with
specira collscied on the ground
at e same iocation.

Epecira colleched for known
piant species on Se ground
are represented in e alfbomne
data cubes. Treerefone, each
piant species has a much
greater probabl By of being
successTuly dentfed in
processing and mapping the
abome mages.

Spatial Quality of Georectified Data Cubes

The spatial #tof the peonecifisd flight sinps k= good compared with the UiraCAM orifoecifad
merial pholograpiy of EAFE, and e LIDAR DEML

Ermmm

T —

Application of Hyperspectral Remote Sensing at Edwards Air Force Base

-. '-'
g

Piute Ponds Image-Processing & Mapping

Pilot Project
1- ot project was « at Fiute Ponds, 3 feshwater marsh anea located in B
jpation of AFE, B the speciral richness and consishency of

um hypespecral data. The refleciance geonecifisd datacubes were used o facliis
Irbegratior: wi the marmy ground spedra faining sies.

Results

The airbome VMNIR data cubes have snough
speciral variation and degth o effectively map
piant species and many difenent plant
communities. Several piant species were
successiully diferentiabed and kdznifed using
EMVI Image-processing algorthms.

The ground speciral Ibrary maiches the arbome
specia very well, making the ground speca an
Irvaiabie resource Sor inferogatng e arbome
data cubes about speciiic targets.
Eupermposing the specim demonsirates S =
Imporiance of slevation and topographic relefio. .+ Supenmposing the spectra
the geogranhical d srbution of vegetaton ez, demonstales how exsing maps can
be comeiated with and upgraded.

The= Piute Ponds pliot project cieary
demonsiaies that the special and
spafial quailty of S georeciied
Imigery enabies exoefient mapping of

drerent bypes of vegetation.
e e migr FLREAY
-———————— B
e —— "‘ .
=

=T




perspectral Demo

AVIRIS 30m VNIR-SWIR
Afghanistan

B
I

68°B B 2E
I T i
I t
USGS Afghanistan 2007 Flight Lines
HyMap data collected from NASA WB-57
August 22 to October 2, 2007

3N

36N

N

32N
e

0 36

Cross-calibration Lines |
K000, K001, K002,
K011,K012,K013,

K015,K016,K017,
Too1,Too2

Figure 4-1. NASA RB 57 aircraft used to acquire HyMap hyperspectral
images of Afghanistan in 2007.

Figure 4-2. Index map of HyMap flight lines, Afghanistan. Yellow rectangle is the portion of image
strip C54that covers West and North Aynak AOIs shown in Figure 4-3. Map from Kokaly and others
(2008, Figure 3).



Lessons Learned

Protocol for Ground Training

Sites

— Note taker, photographer,
instrument handler

— Clothes, orientation,

Flight Planning
— Mow the lawn, N-S vs. E-W

VNIR or VNIR-SWIR?
Size of Pixels
Mixtures in pixels

Atmospheric conditions
— Clouds, shadows

Calibration — Field & Airborne
Rectification

Ellis GeoSpatial 2013

Phenology — timing!
Percent canopy cover
Image Processing

Decide on rectified or raw imagery
Build spectral library

Masking, Band Elimination?

Data compression (PC, MNF)
Whole Pixel Analysis

Spectral classification (unsupervised &
supervised)

Spectral Angle Mapper (SAM)
Subpixel Analysis

Endmembers — linear spectral unmixing
Matched Filtering

Editing
Raster to Vector polygons
GIS attribution & Metadata

Display maps — not imagery....

Use Hyperspectral to Train More
Extensive Multispectral Mapping



How Best to Use Airborne Hyperspectral?

Use for high-value targets
« wetlands

« industrial facilities

« geologic exploration

« high-value crops

« UXO

 remediation

Geographically extend
mapping by using
hyperspectral library to
establish training sites for
multispectral classification

Use LIDAR to increase
classification accuracy

Don’t show imagery....

SSSSSSSS

Full display of 61 flightlines with flightline 41 highlighted
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