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L3HARRIS

L3Harris Technologies is an agile
global aerospace and defense
technology innovator, delivering
end-to-end solutions that meet
customers’ mission-critical needs.
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Geospatial Solutions

Geospatial Solutions

Commercial Off-the-shelf and Data and imagery Machine learning
geospatial analytics custom geospatial technologies
products/services
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Core offerings

We have more than 30 years of experience developing scientifically proven solutions using cutting-edge
technology. Today, organizations across industries use our in-depth knowledge of advanced geospatial
analytics, machine learning and remotely sensed data to make better decisions.
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MicaSense

Most trusted brand in drone-based,
multispectral imaging since 2014

e Engineers, Remote Sensing Scientists,
and GIS specialists
e Sensors designed and manufactured in
Seattle
e Global presence in over 70 countries
through reseller network
e Platform agnostic products
O Sensors integrate with most
drones.
O Data can be processed in third-
party softwares
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Poll Question

Which remote sensing methods do you utilize?
O Satellite

L Manned Aircraft
L Drones

1 Combined approach
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Dual Camera
System,

10 multispectral
bands




Drone Integrations @



Filter Selection

RedEdge-MX Dual Camera Imaging System
Compared to Satellites

0.6

Sentinal 2A +—0.5
—04
(9}
-
8
Landsat 8 ;3
03 @

RedEdge MX- ] = 1 1 B .

Dual Camera System
" N

RedEdge-MXblue "
‘ 0.1
Visible Light R Non-Visible Light
400 450 500 550 600 650 700 750 800 850 900

Wavelength (nm) @




Spectral Quality

Narrow bandwidths. One filter per sensor.
Multiple checks for optical quality
completed before any camera ships

o Filter manufacturer ensures wafer is
within spec and uniform before dicing
desired filter sizes.

o Once camera is assembled,
MicaSense calibrates each unit
before shipping. Calibrations cover:

m Distortion
m Radiometric correction
m DLS2 calibration

Comparison with Landsat 8 and Sentinel 2A

LANDSAT 8

SENTINEL 2A

DUAL CAMERA
SYSTEM

COASTAL AEROSOL
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442 (20)

444 (28)*

BLUE

482 (60)

490 (66)

475 (32)

GREEN

531 (14)*

560 (60)

560 (36)

560 (27)

RED

654 (37)

650 (16)*

664 (30)

668 (14)

REDEDGE

704 (15)

705 (10)*

717 (12)

740 (15)

740 (18)*

782 (20)

NIR

832 (100)

864 (28)

864 (21)

842 (57)




Coastal Blue

Band 1 : 444-10

- Classifying invasive emergent aquatic
reeds.

- Stream depth for monitoring shallow
stream channel change

- Reflects blues and violets, displays subtle
differences in the color of water; can
indicate what is mixed in the water (i.e.,
suspended sediments)
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Red Edge 705

Band 7: 705-10
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- Superior to 717 for identifying
chlorosis. Great for leaf roll or leaf
blotch as well.

5

- Mentioned in multiple publications
as key in identifying micro/macro
nutrient deficiency.

- Better for planophile canopies
(i.e., soybeans, potatoes).
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Red Edge 740

RedEdge-MX Dual Camera Imaging System
Compared to Satellites

Band 9: 740-18 .
Matches Sentinel-2A red edge
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Processing 10-band data

> Agisoft

DIX4p

MAPPER ¢) w4 Metashape

GitHub

https://github.com/micasense/imageprocessing



https://github.com/micasense/imageprocessing




Bands and Spectral Indices

« Spectral indices are mathematical formula that
use two or move spectral wavelengths to
highlight specific features including
vegetation, mineralogy, and burn area.

« ENVI comes with over 65 pre packaged
spectral indices, covering a wide range of
physical and chemical characteristics
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Spectral Indices included in ENVI

» Vegetation
— Broadband Greenness
— Narrowband Greenness
— Canopy Nitrogen
— Canopy Water Content
— Dry or Senescent Carbon
— Leaf Pigment
— Light Use Efficiency

» Geology
— Clay Ratio
— Ferrous Minerals
— Iron
— Soil Indices

* Miscellaneous
— Burn Indices
— Water Indices
— Urban Area Indices
— Snow Indices
— Mud Indices
— Non-homogenous Features (pavement, roofs)

* You can also create your own spectral indices in
ENVI itself.
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Poll Question

Which category best describes your main application for vegetation mapping?
O Land management

O Aquatic / coastal environment conservation

O Forestry

O Phenotyping / Agricultural research
O Other
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Spectral Indices Cont.
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Indices with the MicaSense Dual Camera System

ENVI — X
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Easy to View
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Spectral Index Comparison

Enhanced Vegetation Index
<0.70 1.76 >2.82

Anthrocyanin Reflectance Index 1 *

1 Mud Index I'P
<0.0001 0.0011 >0.0021

<-0.31 -0.19 >-0.07
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Data Value

Spectral Comparison

G
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Sentinel-2 Spectral Indices

1.64

<001  0.01 >0.02 0.70
Anthrocyanin Reflectance Index 1 Mud Index
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Spectral Comparison &
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Pulling out Features with Spectral Indices
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Scatter Plot Tool

« The Scatter Plot tool can be used to classify features easily in an image.

« Zoom in on the feature and the scatterplot tools screen will fill with what pixels relate to what you see on
the screen.

« Highlight those features in the scatterplot, and zoom out!
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Classification with Scatter Plot Tool

&

= Class 1 o] -~ Q & [JFulBand
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* You can now see where the area we highlighted is compared to the entire scene
« Everything in red is classified as the area of interest, which we can see on the right.

« These AOI can be used for further classification, and to create shapefiles
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Classification @
- There are many different classification techniques available! T Chtiion Waidion
| Decision Tree
 Unsupervised Classifications: Do not use an user input, will classify based [l Endmember Colecton
off of grouping pixel statistics together. This is a good technique touseto - £ Rster Clr Slces
. . =i Supervised Classification
get tO knOW yOUF |magery, OI’ Separate Unlque featureS ----- EEpMaptiue Coherence Estimator Classification
----- EE Binary Encoding Classification
- Supervised Classification: Needs user input, either regions of interest, or g orstned Enery Mimmization Hassficston
spectral information, which will be used to find similar pixels and to set 8 Varimun Licehood Cassficaton
bounds as what counts as one class or another, . 2 Newral Net Classfication
----- EE Orthogonal Subspace Projection Classification
----- 8 Parallelepiped Classification
----- EE Spectral Angle Mapper Classification
. . e T 8 Spectral Information Divergence Classification
 ENVI also comes with many classification clean up tools suchas - £ Suppor Veclor Machne Clssficaton
. . . . =i Unsupervised Classification
smoothing, sieving, and clumping. L 2 IsoData Classicaton
----- 28 K-Means Classffication
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Classifications with Spectral Information @

« Spectral Angle Mapper (SAM) will be used for the next few slides

» This technique works well with multispectral and hyperspectral data sets, and will use the unique spectral
information to pull out unique features.

« SAM checks the similarity between an input spectrum, and the pixels spectra, and creates an n-dimensional
angle between them. It checks this angle similarity between every band portion, and if it is close enough, it is
classified as that type of feature.

« Smaller angles mean that the features are more similar.
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Picking Spectra

& e

File Edit Display Placemarks Views Help
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We are going to pick specific points to use as our spectra, which can be done with the Spectral Profile tool.

Clicking on the pixel of interest will pull up its spectral profile in the imagery, and by Shift+Clicking more profiles
can be added for different pixels.
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Spectrum of Interest

G

 For this example, 6 different
spectra are chosen.

 Shadow is included as a catch
all for darker areas.

» There are similarities between
Grass and Tree Type 1, as well
as Ground and Road, though
the inclusion of further
wavelengths does help
separate those out.
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SAM Workflow

&

» These spectra can be made
into a spectral library, and

Endmember Collection:5AM

File Import Algorithm Options  Help

File: oregon dat (Full Scene)

Mask: <none selected:=

|mp0rted |nt0 the SAM Wavelength: 444 to 840 Nanometers Spectral Angle Mapper Parameters X
Workflow 10 bands (1-10)
’ Spectrum Mame Color | Source [dands| Wavelength Set Maximum Angle (radians)
. . 1 Green Spec Lib |10 |444to0 340 Nanometers | ' .
° The maximum ang |e th at IS 2 |Road Black Spec ib 10 444to 340 Nanometers | OMone @ Single Valve (O Mutiple Values
allowed for classification is 0.1 3 |Ground Senna  |Speclib |10 |444to B4DMNanometers |1} Mayimum Angle fradians)[0.100 |
4 | Tree_Type_1 Cyan1 Spec b |10 |444to 340 Manometers |
fOI’ a” fe atu res. 5 |Tree_Type_2 Maroond |Spec Lib (10 444 to 340 Nanometers |
& |Shadow White Spec ib |10 444 to 840 Nanometers I | Output Resultto @) Fle () Memary
» This can be changed if you
- r- Enter Output Filename | Choose | [ | Compress
want specific features to have a <
. . C:iUsers\mgallal3sD M WSA
higher or lower chance of being Select Al || | Pt || Delete e e Soements Theaene 20
C|aSSIf|ed . Aooly || Cance Output Rule Images ? 3
oK Cancel || Help Preview
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True Color Image Classification

Il Unclassified
[ Grass

Il Road

I Ground

[ Tree _Type 1
Bl Tree_Type 2
[ ]Shadow ‘

L3HARRIS Applications and Answers With High Spatial and Spectral Resolution UAV Imagery

35



Spectral Profile Classification

Il Unclassified

Bl Road

B Ground

Bl Grass

[ 1Tree Type 1

[ITree_Type 2
.
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Spectral Libraries

* ENVI comes with multiple spectral
libraries available!

» These hold spectrum information
about different kinds of vegetation,
minerals, and man made features.

* These are usually collected in labs,
or with hyperspectral cameras, and
so have high spectral resolution.

* YOu can create your own spectral
libraries, or apply any of these to
your data for classification.

Data Value

0.8

0.6

0.2

C. Buckeye
IV Coyote Bush 2
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- f‘) P
,~| o by #l
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L3HARRIS Applications and Answers With High Spatial and Spectral Resolution UAV Imagery

37



Material Identification

&

* One way to use the spectral libraries is for

Material Identification.

* By choosing a spectra, you can load it in and
easily compare it to every known spectra in

ENVI.

» The smaller the spectral angle, the more

similar the items are.

» This example shows that Tree_Type 2 is
most similar to Coastal Sage, with other
kinds of sage brush closely following behind.

- Material Iclen‘i:ific:atinri'_
' - ¥ tvy : ey

Material Identification

Select Libraries to Search Input Signature: 04
Tree_Type_2
o 0.3
Select New Signature % E
S ok
0.2
0.1
Input signature scale:|0.000100
500 600 700 800
Wavelength
|—Ttec— Type_2 —Cpast Sage —Band Import. |
Lol il e Expart to ENVI Plot Plot band impartance
[] Edit bad bands
Signature Name Spectral Angle | Library Source
1 g 0.0731 veq_Z2am sli ~
2 sagebrus spc Sage_Brush [H91-1B Whale 0.0886 usgs_veg.sl
3 salttbrus spc Saltbrush ANPS2-31A Gamt 0.0910 usgs_veg sl
4 Leather Oak 0.1155 weqg_2gm sl
5 rabbitbr.spc Rabbitbrush ANP32-27 whol D222 usgs_veg.sl
3 CDEDS0: Pinyon Pine (Black Needles) D227 weqg_1dry sli
7 GREENVEG 0.1285 igep_2 sli
8 GREENVEG 0.1289 igep_4 sli
9 GREENVEG 0.1250 igop_3 sli W
€ >
View Metadata Export Table
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Questions?

'I -

Callum Scougal
Sales Engineer
MicaSense
Email: callum@micasense.com

Megan Gallagher
Solutions Engineer
L3Harris Geospatial
Email: Megan.Gallagher@L3Harris.com
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