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20, New Product Introduction:

Opticalscape

New ENVI Analysis Feature:
ENVI Modeler

Case Studies Using ENVI and
SARscape: How our technology
is used for customer analysis
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New ENVI Science Research to
improve the automation of
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Technology to Connect, Inform and Protect

Opticalscape

Opticalscape is a new set of ENVI modules that
generates Digital Surface Models (DSMs) and ortho-
rectified images from UAV and Spaceborne data. These
new modules give our users the industry leading tools
for imagery preparation and data fusion.
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Demand for Better Terrain Mapping is Growing HARRES

Rapid growth of UAV platforms is
driving the generation of Digital
Surface Models (DSM) based on
stereo-optical imagery

Local scale mapping, such as terrain
reconstruction, visualization,
simulations, civil engineering,
precision farming and forestry, is
important to understand regional and
global trends

DSMs created from UAVs
complement spaceborne-based
DSMs, which have also seen an
important evolution in resolution and
acquisition technology

SPOT-7 pan-sharpened 3D image, 3 m resolution
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SPOT-7 pan-sharpened 3D image, 3 m resolution
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Opticalscape Modules Overview

Opticalscape generates DSMs and ortho

m

rectified imagery from UAV optical multiple stereo images,

and from spaceborne optical stereo and tri-stereo images.
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The ENVI toolbox integration and ENVITasks enable UAV
geoprocessing on both desktop and enterprise platforms.
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Opticalscape Spaceborne Module HARRES

' Capabilities: ‘ Output options: ' DSM generation uses multi-primitive

matching (uses regular grid, feature

Orientation of stereo and Digital Surface Model points, lines and regions) to ensure a
tri-stereo imagery in Pto'”ft C|°U? (.las) and robust and reliable surface reconstruction
Ground Control Point and raster orr.n.a
Tie Point measurement Ohrthorectgled (pan-

sharpened,
Automated DSM :
generation panchromatic and

multi-spectral) image
Generation of
orthorectified images

Pléiades pan-sharpened 3D false color image, 0.5m resolution
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Pléiades pan-sharpened 3D false color image, 0.5m resolution
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Opticalscape UAV Module HARRES

' Capabilities: ‘ Output options: ' Global solution of the bundle adjustment reduces

camera positioning errors

Orientation of multiple Digital Surface Model in ) . ! -
stereo pair point cloud (.las) and raster Hybrid matching solution optimizes the surface
. format reconstruction
Ground Control Point and . Multicorimiti Semi-Global Matchi
Tie Point measurement Orthorectified image mosaic (Stétmnmltlve and Semi-Global Matching

Automated DSM
generation and mosaicing

Generation of
orthorectified mosaic

5 cm resolution, 450 images
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5 cm resolution, 450 images
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Fusion of Opticalscape and SARscape Products HARRES

Harris Geospatial Solutions and Sarmap bring you industry leading data fusion capabilities

ALOS PALSAR-1 DEM SPOT-5 DEM

Fuse DEM data generated from
other sensors and techniques
* SAR and optical sensors
+ SAR interferometry and
SAR stereo techniques

Fused DEM

Improves the accuracy of the
final DEM, since the fusion
considers the sensor
characteristics rather than simply
averaging the different heights

R
St 4
Weights map

Weights map 1 0
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Integration of Opticalscape and SARscape Products HARRES

High resolution
spaceborne or
UAV DSMs

Are ingested in
SARscape
Interferometric

Stacking
module

To derive
precise land
displacement
maps

Digital Surface Model generated from SPOT-7 stereo-data and
corresponding land displacements derived from SAR differential interferometry

mm/year
[ |
-30 0 +30
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Harris Proprietary Information

wMHS'

Opticalscape TFE

Harris Proprietary Information




Technology to Connect, Inform and Protect

ENVI Modeler

We have developed a new workflow modeling and
programming tool, to help make your analysis even
more flexible and efficient. The new ENVI Modeler
bridges the gap between the desktop and enterprise,
giving you an interconnected platform.
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ENVI Modeler
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ENVI Modeler — Unleash the Power of ENVITasks HARRES
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ENVI Modeler — Create Your Own Lego for Geospatial Analytics ~ FpARIRES"

ENVIAPI Program

task_1 = ENVITask(“ISODATAClassification")
task_1.input_raster = raster_1
task_l.Execute

task_2 = ENVITask("ClassificationSmoothing"”)
input_raster = task_l.output_raster
Execute )

Task 1 Task 2

Technology to Connect, Inform and Protect

ENVI Metatask

: "ISODATAClassification”,
"external_input"“: {

A
ernal_input”

"input_rast erv: "t ask_4.output_raster”

Task 4 Task 5
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ENVIAPI Program

task_1 = ENVITask(“ISODATAClassification")
task_1.input_raster = raster_1
task_1.Execute

task_2 = ENVITask("ClassificationSmoothing")

input_raster = task_l.output_raster
Execute )

Task 1 Task 2
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ENVI Metatask

": "ISODATAClassification”,
"external_input"“: {
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ENVI Modeler — An example multi-temporal workflow HARRES

2 ENVIMadeler BETA - ClassifyNDVITernporalSignatures.madel
File Edit Code Serer Help

New 8 Add desired files and
["Basic s | ClassifyNDVITemporalSignatures processing task nodes

File -
Dataset

Array of Values
Data Manager

i Connect them together

lterator

ﬁi’fs::;ﬂe[m [Riaster] 13 les Jlersior e ResidiRasan [ n the Ordel’ Of
o 2 2E operations

Dutput Parameters =
Extract Propetties/Metadata ==
Commert

m

|| Load output in Data
Manager and into

ENVI display

Search. e Temporal lassiication, Instead of

classlling based on spectra
ol signatures alone, this example

Adaplve Caference Estiata Ui Classfes based o & Sgnate

bddiive Lee Adaptive Fiter made aut of "NOWI ove lime”.

Additive Mulipicative Lee Adaptiv o ISODATA

Apply Giain and Offset > E‘af"‘”t‘“ »

Bpply Gain and Dffse to Exarmples o

Build Band Stack D
Automaiic Changs Thieshold Clase L et N
st _ 2 4
n

o

1 v =4

This task performs the Adaptive =
Coherence Estimator (ACE) spectral
analysis.
[SpectralédaptiveCoherenceEstimat

or]

Technology to Connect, Inform and Protect ™ Harris Overview| 27

ENVI Modeler — B R 5lIfi# 47 —-270—1 HARRES

2 ENVIMadeler BETA - ClassifyNDVITernporalSignatures.madel
File Edit Code Sewer Help

NEm - WWELI7AILENEBIR
(e | T rmr— H)—REBMLES,

File B
Dataset

ey of Valies
Data Manager

Vi BREDIEEICR>TEE

Iterator

oo PR (e e () aheET,

D iz - a: oy ,

Comment 3

= | F—ER—Sr—0H
e = e e HIEREFEHRAATENVI

classiying based on spectial

ol signatures alone, this example - —
Adapive Coneence Emlr st e BmEIcRRLET,
Addiive Lee Adeptive Fiter made ot of "NOWI over time”.
Additive Muliplicative Lee Adaptiv o IS0DATA
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Bard Math 2 > 4
O 1L | b o]

This task performs the Adaptive
Coherence Estimator (ACE) spectral
analysis.
[SpectralédaptiveCoherenceEstimat

or]
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ENVI Modeler — An example auto change detection workflow

m

a% Input Parameters

Input

==l

User configurable input

Patameters pa rameters
o= Index [Normahzed Difference Buil-Up Index vl
e
W [Ehiétljr] 1985.d en
ssWegas 21985,
o is G - T The same workflow can be
oL, reused for urban sprawl,
= flood change detection,
Image Intersection Image Band Automatic Change forest fl re Change analySIS,
> > > Difference > » Threshald.. » t
o i= o = ot iZ etc.
Spectral Index
> — >
[Fraster] View ot =
asvegasl BMap2014. da& >
o i= o
Classification Classification Wigw
> SmuDETg > > Aggreg-ainn > >
o = o = o
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(7]
[Raster] Wiew
1s\v’egasTM5l\-Aiﬂ SEE.di >
o= 4 Specirel Indes
> — >
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Image Intersection
> — >
o =
Spectral Index
> — >
Raster] Yisw of =
asvegasl BMap2014. da&
ol >
o = o
Classification
> SmuDETg
o =
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ENVI Modeler — An example of spectral analysis model HARRES

Analytics: Show me where and the abundance of materials

Create new task/analytics to bridge the gap

Dala
y. Manager
o

Index Genesator
> . > L Wiew
of =
]
[Raster] cupS5eff int Fomward Minimum Subset Raster Llr’\aar Spectral Subset Raster
Hoise Fraction N\ nmising
_ > > > P > ol > I
o= o = o = = o=
Data
> Ma;ger
Indes Generator :
> — >
o =
[ROI] 5 ROIs RO Training Fule Image View
Classification Statistics | Classification » >
> > — > —
o i= o= o= o
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> —»
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ENVI Modeler — Create Code for the Workflow

Creates the

code for the
workflow

Adds to the

custom Can optionally

create an ENVI
Extension

Extension folder
in the Toolbox

Technology to Connect, Inform and Protect

ld F Run  gg Croste Extension

e rProgres
complle_sot
on_error, 1

“we1ts UL gEe Ve _data(t Eee_series)\lantiat_subset|\landsat_sebe
“factory”: “Liastersecies™ + §

Yaes

rasterSeries 1 = (ENVIMyarate(lson_Parseinlnfe))) (0]

1 = EWVETaski“txtr asterieries)
1. dmpet_raster_series = rasterSeries l
ecute

tanl

= EWVITask{ ipectrallnden)
reut_raster = [terator 1
i

Txecute

= emel Getview
= wiew.Crestelayer(tash_ I cutput_raster)
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ENVI Hurricane Analysis: A Cas
Study using ENVI and SARscaf
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Use Sentinel-1 Free Data — ESA Data Portal yﬁm
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Flood Change Detection Workflow Steps

gfdlﬂﬂﬁf

SAR image processing

Import .
—y ANLD Subset Coregister ; Enhanced

Thematic change detection

Sentinel-1
Before
Sentinel-1
After

Technology to Connect, Inform and Protect

Threshold
Classification
Threshold
Classification

Thematic

Export to

Change Shapefile

Detection
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Water Map Before (Blue) and After (Red)
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Reference Map HARRIS
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Before and After (09/03/2017 & 09/15/2017) HARRIS
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Thematic Change — Was Land & is Now Water (Yellow) HARRIS
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Thematic Change — Was Land & is Now Water (Yellow) HARRIS
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ENVI Tornado Analysis: A Case;
Study using Feature Extraction:

e
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Feature Extraction Example HARRES
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Tornado Damage Detection - Imagery

chnology to Connect, Inform and Protect
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Tornado Damage Detection Results
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INNOVATION OF AUTOMATED GCP COLLECTION AND REFINED
RPC ORTHORECTIFICATION USING REFERENCE IMAGE
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Customer Problem and Solution HARRES

Customer Problem:

+ Satellite data is collected on daily basis with RPC replacement sensor model. The bias in
exterior orientation are inherent in RPCs derived without the aid of ground control. The
absolute accuracy is typically 25 m or larger.

* Manually collecting GCPs from the historical reference image is time consuming and prone
to error.

Solution:

* Proposed a fully-automated end-to-end solution.
+ Orthorectification and registration all in one tool.

+ Automated generate GCPs using reference image. Can import them to the RPC
orthorectification workflow to adjust location and evaluate accuracy.

» Can be deployed on both desktop and enterprise platforms.
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Proposed Solution — ENVI Metatask and Dynamic Ul Tool HARRES
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Display result

Innovative use of our patented HyPARE auto image registration
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RPC and GCP Accuracy Analysis HARRES

+ Test Datasets Manually Collected GCPs using Chips
— Raw image with RPC info ]
* Quickbird image of Castle Rock, CO
» Pixel resolution: 0.7 m
» Image dimension: 24964 X 26691, single band
— DEM data

« National Elevation Data 10 meter 6 tiles
downloaded from USDA

* Mosaic the tiles using ENVI Seamless Mosaic
tool

— Orthophoto Reference Image

« USDA NAIP imagery, 1 m GSD, horizontal
accuracy: 6 m

— Ground Control Points (GCPs) collected
using image chips
» Manually collect 8 GCPs by matching image
points to chip centers

 Interactive and very time consuming process
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RPC and GCP Accuracy Analysis HARRES

Raw image with RPC info and use 8 manually collected GCPs as check points.

(8] RPC Orthorectificatio

RPC Refinement
Import GCPs

GCPs | Advanced | Statistics | Eqort

GCP Statistics 0 Al (O Adjustment GCPs @) Independent GCPs

Horizontal Accuracy
RMSE X: 45, Error Overlay Threshold

Ceos. | 552
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Vertical Accuracy
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[C] Preview

o
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Technology to Connect, Inform and Protect

RPC and GCP Accuracy Analysis

m

Raw image with RPC info and use first 4 manually collected GCPs as control point and last 4
points as check points.

RPC Refinement
Import GCPs

GCPs | Advanced | Statistics | Eqort

GCP Statistics ) Al
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[C] Preview
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RPC Orthorectification Using Reference Image HARRES

Auto-Collected
GCPs using
Reference
Image
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RPC and GCP Accuracy Analysis of Proposed Solution

Refine RPC info
with 13
automatically
generated GCPs.

o g

Use 8 manually
collected GCPs
as check points.
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RPC Orthorectification

Orthorectified image
without GCPs

Animation of reference
image and orthorectified
image — big offset

Technology to Connect, Inform and Protect ™ Harris Overview| 77

RPCAILYHHIE

GCP#IZLDOAIILVFEIEEE

SHRERELILVEERD
T A—=23 (F 7t vbX)

Technology to Connect, Inform and Protect ™ Harris Overview| 78




RPC Orthorectification Using Reference Image HARRES

Orthorectified image with
auto collected GCPs

Animation of reference
image and orthorectified
image — aligned well

Envision that the app is
running backend on the
enterprise platform with a
base map and a terrain
source
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Orthorectification and
Registration Demo
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l.,i www.harrisgeospatial.com

' www.facebook.com/HarrisGeospatialSolutions
https://twitter.com/GeoByHarris

wim P i

www.youtube.com/user/ExelisVis
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