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Simplified Analysis Workflow

4. Results and Validation
* Image Cleanup

* Final QA/QC

* Product generation

1. Data Exploration
* Literal image interpretation
* Manual spectral analysis

3. Data Processing

. Preprocessing / Data Prep
* Hardcore math

Radiometric calibration
Atmospheric correction
Coregistration
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How ENVI Users Incorporate Open Source

o Background Clutter
/W Target Signal
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Data Exploration  Results and Validation  Preprocessing / Data Prep Data Processing
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How Does Open Source Want to Interact with ENVI

Write Code
Modeler Within IDL
ENVI IDL
— e
C)lillj IDL Call Out
Tasks To Code
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Example
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Generalization of Methane Detection Process
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Thank You!
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Fast and Accurate Retrieval of Methane Concentration

From Imaging Spectrometer Data Using Sparsity Prior
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SPECTR AL Fig. 6. Example retrievals of simulated methane plumes using each retrieval
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ENVI

Read in a radiance
image and plot a
spectrum

Read in and plot a
methane absorption
spectrum
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Convolving the Unit Absorption Spectrum
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How Can Open Source Interact with ENVI

&2 ENVI Modeler - Untitled
File Edit Code Server Help

=3 PRn|+ =23e
Basic Nodes Untitled
-~ File
Dataset
Amay of Values
Data Manager
o View
- Herator
Fiter Hterator
Aggregator
Input Parameters
COutput Parameters
- Comment [Raster] AVIRIS-NG
Radiance Image
Tasks

(Convolv Unit =
Convalv Unt Absorption

[SpectralLibrary]

Make the unit absorption spectum  »
match the band centers and full
width half maxima (FWHHM) of our
AVIRIS-NG bands by convolving the
higher resolution unit absorption
spectrum to the AVIRIS-NG spectral
respanse function
[ConvolvUnitAbsorption]

>

Convolv Unit

Absorption

rpion sfy,

Modeler
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[&] Convelv Unit Absorption - O *

Input Spectral Library |

Input Raster

QOutput Spectral Library |

(7] *| 0K Cancel

Tasks

®) ENVI

2SIDL

¢

Write Code
Within IDL




General Format of Tool Wrapper

p

Define Input
Data

Run Tool Package Results

- 4
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Convolving the Unit Absorption Spectrum (IDL Code)

f ; Wrap the Python Task
.Run, "def CUA(rast_ fwhm, specLib wl, rast centers, specLib _vals):\n" + $

; Import Numpy
"  import numpy as np \n" +$

. Build the o C?fﬂfft FWHM into standard deviation
; Buil e new igma !frast fwhm / (2.0 * np.sgrt (2.0 * np.log(2.0))) \n" +$
Get the file name

¥ Gitﬁff h eQA t<PUt %lalu%%alr%n fe%cquo?;m%lo%t@Ut fl p nedi=nge'to eaclt AVIRIS-NG bansﬂ sii’)
ras whm = Alngggﬁg%gger %ETADA El e] - rast centers[None, :])**2 / (2*(sigma**2))) /
Taste adlen tieres ka%pmgg - % % g@gmg I% AVE NGTH ] _

E v1 pectrallerary(output filename)

PaClefjofRiegTitlsl < ek s
input ;feitralF%lgga%glgh Spec S%m(élngut .__spectral library.SPECTRA NAMES) [0])
spedd i @rwavabem%$@s pect rum. ?
onse = nNp.divli res onse, response.sum(axis= where=response.sum(axis=
(LENGTH UNTTS = (:.n;%out raster( METADXTA) [ 'WAVELENGTH UNITS']

GpEeit s pedisr ou%a§§g§§¥¥r%ﬁgtﬁrnpmr e d st_centers, WAVE =

; add the Opec%&llement resamp ng 'convolution' as matrix multiply

output spectral fﬁbraﬁy51%%Fp %: Specls s&teeﬂaaa %?&ﬁ&%%%@e) \n" 48

; Return the convolved spectra
" return uas val avng"

; Run the Python code
uas_val avng = . (rast_fwhm, specLib wl, rast_centers, specLib vals)
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Convolving The Unit Absorption Spectrum (IDL Code)
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Define Inputs

Run Tool <

Package Results <

; the data

rast_fwhm = (inputiraster.METADATA)['F V']
rast_centers = (inputiraster.METADATA)['WA” N
absorptionSpectrum = input spectral library. ((input_spectral library.SPECTRA NAMES) [0])
specLib wl = absorptionSpectrum.Wavelengths

specLib_vals = absorptionSpectrum.Spectrum

Python Task
"def CUA(rast_fwhm, specLib_wl, rast centers, specLib_vals):\n" + §

; Import Numpy
" import numpy as np \n" +$

onvert FWHM intc andard de iation
" sigma = rast fwhm / (2.0 * np.sgrt(2.0 * np.log(2.0))) \n" +$

; sig Gaussian function weights 0 eac AVIRIS-NG i
" sponse = np.exp (- (speclib wl[: centers[None, / (2% (sigma**2))) /
np.sqrt (2*np.pi* (sigma**2)) \n

where=response.sum(axis=0) > 0, out=response) \n" +$

; Implement

uas val

urn the

" return uas val avng"

; Run the Python =

uas_val_avng = . (rast_fwhm, specLib wl, rast centers, specLib_vals)

; Bui ry

; Get 1 e name

if N_ELEMENTS (output filename) eq 0 then output filename = e. ('sli'")

; create the 1 ibrar

output_spectral_lib;ary = EnviSpectralLibrary (output_filename)

; add the wavelengths

output_spectral library->SetProperty, WL=rast_centers, WAVELENGTH_UNITS = (input raster.METADATA) ['WAVELENGTH UNITS']

; 1 the tra
output_spectral library.AddSpectra, 'Spectra # 1', uas_val_avng



ENVI Custom Task Creation

{

"name": "ConvolvUnitAbsorption",

"ENVITaskFromProcedure",

"ConvolvUnitAbsorption",

"Convolv Unit Absorption",

"Make the unit absorption spectrum match the band centers and full width half maxima (FWHM)

« The ENVI Modeler allows ENVI Tasks to be
used as bUilding bI_OCkS for Creating Custom s;;Ctiaiviiiiéizebg:zizn"‘,convolvmg' the higher resolution unit absorption spectrum to the AVIRIS-NG
workflows. Caser: ethane Srarait

"base

["Methane Examp
at: 1o,

e"l,

"name": "INPUT_ SPECTRAL_LIBRARY",

"display name": "Input Spectral Library",
"type": "ENVISpectrallibrary",

~tion": "INPUT",

uired": true,

J"::EM, 4 "¢ iption": "Specify a spectral library from which to retrieve a particular spectrum."
I
{
"name": "INPUT_RASTER",
lay _name": "Input Raster",
": "ENVIRaster",
"direction": "INPUT",
. . uired": true,
« Tasks automatically generate a dynamic use rdescriptiont: "ipect : :
u I n r n I u r . ption": "Specify the AVIRIS-NG raster.
’

.
In‘te rfaces S TT— [ "name": "OUTPUT_SPECTRAL_LIBRARY_ URI",
. &) Convoly Unit Absorption d": "OUTPUT FILENAME",

lay_name": "Output Spectral Library URI",
": "ENVIURI",

" "INPUT",
Input Raster : false,
Output Spectral Library [:::::::::::::::::] "¢ iption": "Specify a string with the fully qualified filename and path of the associated
OUTPUT_SPECTRAL_LIBRARY. If you do not specify this property a temporary file will be
created.",
) + 0K | Cancal ° 4

- Parameters are automatically validated. repecsan: ~oOTEOR SPSH Liotak,

play _name": "Output Spectral Library",
"ENVISpectrallLibrary",
tion": "OUTPUT",

uired": false,
S P E C I RAL de ription": "Set this property to a variable name that will contain an EnviSpectrallibrary
object.",
- "uri_param": "OUTPUT_SPECTRAL_LIBRARY URI"
]
}
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Quick Recap of ENVI Task

Custom Code Folder
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Matched Filter

Open
Source

Convolving the unit
absorption
spectrum

4 )

Matched filter

True Color Image
Methane Detection Image

Columnwise
matched filtering to

\ reduce striping /
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How Can Open Source Interact with ENVI

ENVIModeler - Untitied - o x
Edt Code Sever Help
Sl n .
Basic Nodes
-
E
[Raster] AVIRISNG l
= B A
L= \ N
Exangle { obv Lnt Matched Fiter f
e P oplon o), Eerge
f = o =
[Spectrallibrary] J
Methane Absoption sk, /

(8] Matched Filter Example - O X .
Modeler .

Input Spectral Library r <...>
IDL Call Out
© [ Preview M Displayresut |+ OK || Cancel
To Code
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Columnwise Matched Filtering to Reduce Striping

(IDL Code)

the data that.we will be u n

@drginsmg AT 3&5@& casger REL AR Br) 07

igg VZ%mSuE%the new sysg ggpgng§I)+current dir+"')")
PabDlaef§ nshdid utput Tas (outpyt_ file
m ﬁd Qutﬁ ggtggggeg%éﬁiég% gnce lﬁﬂ.—npu speétraf }Harary SPECTRA NAMES) [0])) . Spectrum
Maéc?ilﬁter E whelythen. routléeMlis:cs(nFlltegExample )f L
ST EsiafﬁEXSTai £_fname, img_fname, uas_val_avng)
current dir = (current_dir)
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Columnwise Matched Filtering to Reduce Striping

(IDL Code)

(

; Get the data that we will be using
hdr fname = ((input_raster.AUXILIARY URI) [0])
img fname (input_raster.URI)
uas val avng =
< (input spectral library. ((input_spectral library.SPECTRA NAMES) [0])) .Spectrum

Define Inputs

; get the path to where this routine is located
current dir = ROUTINE DIR()
k current dir = (current_dir)

r ; Add the current directory to the python path

'null = . ('import sys')
'null = . ("sys.path.append ('"+current dir+"')")
Run Tool <
; Create the IMG reference
MatchFilterExample = . ('MatchFilterExample')
& result = MatchFilterExample. (hdr_fname, img fname, uas_val_avng)

; write out the new image

Package Results output_raster = e. (output_filename, result)
output raster.save
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Quick Recap of ENVI Task

Python

—

Modeler

Custom Code Folder
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Final Display

ENVI
4 )
N\ /
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Final Display

Methane Concentration Regions of Interest (ROIs) Filtered ROls Color Sliced Results

Image Threshald ROI Convert ROls to Classffication Mask Raster by Wigw
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Image Threshold ROI Convert ROls to Clagsification
Classification Smoathing

> r—p r—p !
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[SpectralLibrary] [ ¥ = | =
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=== Convoly Unit Matched Fitter
> Absorption > > Example

o = o =
[Raster] AVIRIS-NG

Mask Raster by
Raster
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ENVI Entry Points

Contact Information
Austin Coates

Sales Engineering Manager
Austin.Coates@L3Harris.com

ENVI Task Framework
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