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Agenda @

The value of hyperspectral imagery
« DESIS-30 specs, collecting on the ISS

» Case Studies with ENVI analytics
« DESIS Access
c Q&A
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Poll Question

Have you used hyperspectral imagery before?

J Yes
d No
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Hyperspectral Background

« Capability around for many years, but compute power 7,..
struggled with large size of data 7/}

« That has been overcome and onboard processing is
a reality

* Hyperspectral imagery (HSI) usually has at least 30
bands, as compared to multispectral

« Where as multispectral imagery, like a Landsat
Image, can give you a class like iron bearing
minerals, HSI can give the exact type of mineral - e

 Think of it like a zoom button, multispectral is viewing / | # \
a very blurred scene, where you can maybe pick out v Rozs| -
specific objects, with hyperspectral as the zoomed S i o i
version, where you can much more easily discern . /
what is in the image. e V% L
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Hyperspectral Overview

ULTRA
VIOLET | VISIBLE INFRARED
Reflected IR —— Pinewood
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» A panchromatic band usually has higher resolution
for less unique wavelength information

» Multispectral usually has lower resolution then
pan, but more wavelength information

» Hyperspectral has a great amount of unique
spectral information, and used to have lower
resolution or much more expensive sensors
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Why Hyperspectral?

L3HARRIS | TELEDYNE BROWN ENGINEERING BENEFITS AND APPLICATIONS OF HYPERSPECTRAL IMAGERY FROM THE SPACE STATION [



Poll Question

What are the main use cases you have used
hyperspectral before, or what would you be
Interested In using It for?

Select all that apply

O Marine Monitoring

O Object Detection

O Land Use/Land Cover

O Rare Earth Elements

O Other
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MUSES/DESIS Location on the ISS Express Logistics Carrier 4 (ELC-4)

ELC: An EXPRESS logistics carrier (ELC) is an unpressurized
attached payload platform for the International Space Station
(ISS)
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Multi-User System for Earth Sensing (MUSES) @

DESIS is installed on MUSES (Teledyne developed) MUSES Performance oGt

* Precise pointing and Earth surface target tracking Outboard Cross-Track: 5°
* Upto 4 robotically installed instruments Field of Regard Inboard Cross-Track: 45°
- Total data downlink ~225 GB/day Along-Track: +/- 25°
_ _ Thermal Control Passive
* Onboard processing option Star Tracker Sodern SED26
* Instruments launched in “soft stowage”, ISS National Inertial Measurement | Honeywell Miniature Inertial Measurement Unit
Lab covers transport cost, Teledyne manages Unit (MIMU)
integration, safety, testing, downlink, ops, etc. L Sourced from the ISS GPS,
) ) Precision Time .
«  6-12 months from agreement to installation < + 250 psec to MUSES instruments
« Currently exploring SWIR, other payloads Pointing Accuracy < + 60 arc seconds

< + 30 arc seconds

Pointing Knowledge (~ 60 m on ground from 400 km altitude)

Location knowledge Sourced from the ISS GPS, + 50 meters, RMS

. 51.6° Inclination, 400 km altitude + 5%
Orbit

(nominal)
. Linux Server on-board ISS with redundant 6
Data Processing
TB storage
Daily Downlink 295 GB

Capacity

L3HARRIS | TELEDYNE BROWN ENGINEERING BENEFITS AND APPLICATIONS OF HYPERSPECTRAL IMAGERY FROM THE SPACE STATION 11



DESIS Specs

Ground Sampling Distance
Ground Swath

Spectral Range

Spectral Bins

Quantization

Signal to Noise Ratio @ 550 nm

On-board calibration

Independent Pointing

Independent Time and Location

30 m @ 400 km altitude
30 km @ 400 km altitude

400 nm — 1000 nm

Measured: 235 @ 2.55 nm
Programmable binning on-orbit

12 bits + 1 gain bit

205:1 sampled at 2.55 nm
406:1 binned to 10.2 nm

Dark Field for DSNU
LED Array for PRNU

Pointing Unit
+15° Along Track

On-board GPS
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Earth Observation From the ISS — Why It Works/Challenges

Benefits

« Coverage of ~90% of populated Earth

» Coverage of 100% of tropics, frequent revisit

» Upgrade, repair and exchange of instruments as
technology and/or markets evolution. Traditional
barriers to entry are minimized

Challenges

* Maneuvers, resupplies, spacecraft location can
cause missed collects (field coordination)

« 55 degrees N and below 51 degrees S not
covered in orbit
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MUSES Imaging Opportunities from the ISS

Annual MUSES Imaging Opportunities
Solar Elevation = 30°, Off Nadir = 25°

60

Total
R S SR O Calgary 111
40 W % (1 Kansas City 41
L 9% O < G fecccoceccos 4% ¢+ * & 404 000 O Huntsville 40
*» 49 fccecceed fececcecceccend 40 4 » » * o O Houston 43
20 0 W 4 & LC O G C e o i< CC<og R 4 L _ 4 L _ 4 *o& & U Mexico City 41
o >N W 9 N LCO IR CCECC O IR CC O R CCC o fcce, 4 L & 4 L A 4 >0 O San Jose 42
=
= O —909 909 99— —— 90— — W ——— 9 99— ¢ 9 ¢ — 09 ¢ d Quito 32
S
* w > ¢ KV w *® S0 & G000 U Rio Branco 34
20 99— ¢ 44— 0 < s 4 W00 0000000 0O Campo Grande 38
* *® S < fceodiRccceos G & WO WO VP 90000 L 2 O Porto Alegre 42
A0 0400 R . 4 0009 00N00d W00 ®e ¢ (0O Osorno 40
S hC ey pC K S O El Calafate 114
-60
e e e e e e e e e e e e e e e e e e e e
SEEEEEREEEEEEEEREEN 8888%8%88888@@@&&&QRRRQQQQQQQRRRQQQ
g O — OGO OO OO S — O =0l QLU O @O ¢ S = =F = — = L5 a3 1 g3 eo €05 73 O3 M 03 73
SRR PR RS S RS S e RIS e e

Week Start Date

L3HARRIS | TELEDYNE BROWN ENGINEERING BENEFITS AND APPLICATIONS OF HYPERSPECTRAL IMAGERY FROM THE SPACE STATION






ENVI and Hyperspectral

I_:_l__ Spectral

« ENVI was developed originally for working with hyperspectral 1 5utd 30 e
imagery because it is so fast at processing large data T I ot Removal

----- [} Least Squares-Fit Existing Statistics
----- [l Least Squares-Fit New Statistics

----- Il Matched Fittering

----- il Mixture Tuned Matched Fittering

« ENVI has curated a large number of tools specific to L MubiRange Spectral Feature Fiting
hyperspectral imagery as well as all the pre-processing tools S e
such as: i e
— Radiometric calibration T U oot 1y B
— Atmospheric correction m e Ly e ety Bxpansin
— Careful pixel care—preserve the original signal so spectra aren’t e e

m Udd |ed [-1__| Spectral Slices

(-1 Spectral Unmixing

E-1 Vegetation

- I} Agricuttural Stress Vegetation Analysis

- u_uj Fire Fuel Vegetation Analysis

- u_uj Forest Health Vegetation Analysis

------ [l Vegetation Index Calculator

------ u_uj Vegetation Suppression
-] n-Dimensional Visualizer

El-i Statistics

----- [&] Compute Band Statistics

- = Compute Global Spatial Statistics
Compute Local Spatial Statistics
s Compute Pixel Statistics

----- = View Statistics File
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ENVI and Hyperspectral

i Spectral Library Viewer

S XD E mﬂ

. f_&ﬂ vegetation_aviis_217.sli (38)

[-§34 vegetation_beckman_3132.li (15)

£-hit vegetation_beckman_3785sl (15)

----- UU Dry_Long_Grass AV87-2 [W1R1Ba AREF]

----- VU Grass_dry.4+ Bgreen AMX27 [W1R1Ba AREF
""" VU Grass_dry.5+5green AMX28 [W1R1Ba AREF
----- VU Grass_dry.6=.4green AMX29 [W1R1Ba AREF
----- U Grass_dry. 7+ 3green AMX30 [W1R1Ba AREF
""" YU Grass_dry.8+ 2green AMX31 [W1R1Ba AREF
----- UU Grass_dry 9+ 1green AMX32 [W1R1Ba AREF
""" UU Lawn_Grass GDS591 (Green) [W1R1Ba AREF
----- UU Lawn_Grass GD591 +1shf/unshf [W1R1Ba A
----- Al L awn_Grass GDS91 +1shft 3nm [W1R1Ba AR
----- VU Lawn_Grass 91 +const 1.0 [W1R1Ba AF
----- VU Lawn_Grass GD591 /shiftd 3nm [W1R1Ba Al
----- VU Lawn_Grass GDS91 shifted 3nm [W1R1Ba A
----- YU Stonwl_Ply+.1gmGrass AMX33 [W1R1Ba AR
----- VU Stonwll_Ply+ 2gmGrass AM¥34 (W1R1Ba AF «
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Automated Workflows with ENVI Modeler

&

/\
Pa%ers Spectral Angle Output
el I > Mapper Classification > > Parameters
? = o I= (]
o Extract Properties
[SpectralLibrary] and Metadata
veg_ldysi > A= >
o IS e
Get Spectrum from Resample Spectrum Agaregator
> Y >
o e e p—tp = P
o i= o I= o =
—
QuerL)i'bSpectral kerator
> _ > >
o = o
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Marine Debris @

« Marine Debris is a major environmental
and transportation hazard

« Significant impact to marine food chain
and ecological collapse

« DESIS can image these remote gyres,
shorelines and sources for debris/plastics
flowing into oceans

« Some gyre locations known, find dense
debris areas for clean up and transit
avoidance

» Different types of debris appear at
different times of year. The more we can
learn about this global crisis, the more we
can mitigate impacts

When predators eat the smaller prey, the plastic bioaccumulates up the

o Started thlS k|nd Of Work after the .~ . . ‘_ food chain, eventually reaching humans.
Fukashima Earthquake e

https://theoceancleanup.com/great-pacific-garbage-patch/
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Detecting Marine Debris

ENVI Process

* Prepared DESIS imagery
— Radiometric calibration

Seamless Mosaic

RX Anomaly Detection to search a large area

Viewed anomalous spectral profiles

Create new spectral signature library and ROls

SAM to separate anomalies (cloud fringe) from
real plastics

In the Future

 Fully automate workflow for monitoring

» Automate process for other searches

» On-Board processing to downlink locations

aaaaaaaaaaaaa

Qo & e

import~ kx|
Spectral Profile

hClalds .
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Oil Slicks and Seeps

» Mississippi Canyon Seep,
https://coastalscience.noaa.gov/news/mc20report/

» OIil Seeps and spills observable with hyperspectral data
and more detailed level, such as oil type and thickness

i Alabama :
¢ Mississippi Georgia

Taylor Energy Platform ! ' i
“Saratoga" A :

River Delta 1 2013 ul14

@ location of former
Canyon 208 The NBC report number 1 1053820 . . Taylor Energy MC20

drilling platform

DESIS Color Infrared
Band Combination

S are ship

strongly in IR,
which in this
image shows up
as red

L3HARRIS | TELEDYNE BROWN ENGINEERING

BENEFITS AND APPLICATIONS OF HYPERSPECTRAL IMAGERY FROM THE SPACE STATION 21


https://coastalscience.noaa.gov/news/mc20report/

Spectral Properties to Map Oil Extents

File Options Help

nmme2  Jmr O 2 O

. mlms__StIJb
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g 3
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L3HARRIS | TELEDYNE BROWN ENGINEERING BENEFITS AND APPLICATIONS OF HYPERSPECTRAL IMAGERY FROM THE SPACE STATION




Water Quality

* ENVI provides 60+ spectral
indices for detecting different
materials, water quality is just
one

* |[nputs are straight forward so
product creation can be
automated with ENVI workflows

 Those workflows can also be run
in the cloud or inside of ArcGIS

True Color

Color Infrared

(25004 332199 641813 5
Relative Chlorophyll Absorption
X. 7%

o ) L
Lo 408

b

5. 2%
¥
(25004 332199 641813 e
Relative Chloranhvll Absarntion ™
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Archeology

* In dry times, vegetation can
behave differently which can
reveal the presence of ancient
structures

« Ongoing research using DESIS
data

* More frequent equatorial repeats
mean more chances for clear
imagery and comparison

e Collections in coordination with
field efforts with ASD spectra
collection

— Because of ISS activities, can’t
always time correctly, work with
Amanda and Teledyne Operations

DESIS Imagery of Belize City
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Oil and Gas @

CIR Composite of Oil Wells Near Bagra, Iraq

* Observe oil and gas flaring

» Dynamic range large enough to detect fire
through plumes

DESIS True Color, no flame visible

m] X [ Spectral Profile (QUAC.dat =
L Import v | Export v ¢33 Options v

™ Impot v | Expott v  §3 Options v
Spectral Profile Spectral Profile
, r . . .
40000 [
15000 . /f
g 30000 | Fire /
€
g 10000 - » : »
2 Surrounding
s000 - landscape
ok . : : : ; A 0k d ; : ; :
500 600 700 800 900 500 600 700 800 900
Wavelength (nm) Wavelength (nm)
| @ x: Wavelength | v.| Data Value re|p X: Wavelength | y. Data Value v F e
L !
e ——————————— ]
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Vegetation and Food Security

N

&

« 30m resolution effective for regional area analysis
and trend analysis

» Hyperspectral data sensitive to vegetation pigments
that can indicate stress

» Stress over time can create food insecurity and lead
to geopolitical instability

 Agriculture companies can use the subtle pigment
changes to study the efficacy of treatments

DESIS 2.55nm Relzs Spectrlal

Data Value

/ Red Edge

2000 —

Different Wheat Phenotype Nitrogen absorption

David Gouache, SPIE Newsroom 2016

Wavelength (nm)
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Rare Earth Elements

&

* Most geologic features found in
Shortwave Infrared

» REE absorptions are “due to crystal-
field transitions involving deep-lying

electrons”

https://www.usgs.gov/media/images/r

eflectance-spectra-rare-earth-oxides

Spectral Profile

0.60

T | T T T T I T T T T T T T T I T T T T I

Mt. Pass ore —

Bastnaesite Nd signature

oy /
MP17-8L4
b

t T \ ‘f\\’iF’U’SKS

Hydroxylbastnaesite

Nd signature Dolomite 4

absorption

spd0598 r5944, 5914

1 | | 1 | 1 | 1 1 1 1 | | 1 L 1 | I 1 1 | |

 China is primary source of REEs 7% o5 1.0 15 2.0
WAVELENGTH (uum)
» Costs and international politics are EOWRY v
changing REE sourcing k‘ ‘"*- S, &
« USGS scientist confirm ability to 1 W = ;-’;“
delineate 2 versions of REEs present 4 > vy
in 2.55 nm data (bastnaesite from = 3 ‘ﬁ
hydroxylbastnaesite)
» The different kinds of REE’s
separated OH group
science Hch§g§w§
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The Value of Hyperspectral for REE @

» Using ENVI’'s Resampling tools we can see that the absorption features that define REEs disappear
» Gregg Swayze from USGS SpecLab
“So this may be the first demonstration of REE detection from space but may also have
high enough resolution and SNR to allow differentiation of individual REE minerals.”

» Because of DESIS’ quality, this application is a reality

Neodymium Spectra, Stacked

~ World View 2
= Landsat OLI

" e DESIS 10nm
=" DESIS 2.55nm

Data Value {Stacked}

500 600 700 800 900
Wavelength (nm)
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Data Access @

Iﬂ‘ TELEDYNE
TECHNOLOGIES

Catalog can be browsed here: e

Teledyne.tcloudhost.com —

@  amanda oconnor@teledyne com

» Catalog data freely available to US federal A=
Research Scientists VIA NASA contract. _
Yvonne Ivey is the POC for catalog access e
* DESIS will eventually be available here:
https://earthdata.nasa.gov/esds/small-
satellite-data-buy-program " g
« Academic and NGO small data needs i . 2
(Several Scenes), contact the DLR S A=
https://www.dIr.de/eoc/desktopdefault.aspx/t & N e Commercial Smallsat Data
abid-13629/23675_read-54295/ e
» Commercial, Academic/NGO site access, A ”

Program Overview

Smallsat Data Acquisition Program (CSDAP) was established to identify, evaluate, and acquire

technical questions, Amanda O’Connor

Fine print: 2.55nm resolution only available to US Gov and DLR. Larger commercial or site
access may be eligible for a NOAA waiver on a case by case basis

Strategic Objectives
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Every pixel can tell a story.....

b ..

w@ay Funoff - AMNF Transform
Pure Beach pixel$ ) 4 Green i=water, Blue
i =Land, Red =
 The questions yet to be asked of hyperspectral are infinite | N e
. . Iand(s:adc:/)ater
and more and more sensors are coming on line e ) .

 Find your rockhopper penguin colony and understand how it

Straight line

changes Pl i

pix

 For those interested, Teledyne Brown Engineering will make a
DESIS sample image available. Please send Amanda your
contact information

— Name, Address, Country, email, organization

 DESIS Cal/Val information
https://tbe.com/ documents/PDFs/sensors-19-04471-v2.pdf

* If you are interested in Exploring ENVI, please reach out to
your Account Manager to determine Temporary License
Availability
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Questions? @

Amanda O’Connor Megan Gallagher

Director of Geospatial Solutions Solutions Engineer

Teledyne Brown Engineering L3Harris Geospatial
Email: Amanda.oconnor@teledyne.com Email: Megan.Gallagher@L 3Harris.com

NASA ROSES call for Research Opportunities in Space and Earth Sciences, DESIS may be used as
a proposal component
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