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World Leader in Optical Imaging GS’tlJ

vernment Systems

& World leader in
O Hyperspectral imaging (HSI) sensors
O Multispectral imaging (MSI) sensors
O Sensor integration
© Near real-time image processing and algorithms
& Proven technologies for tactical intelligence,
surveillance and reconnaissance (ISR)

& Shallow-water naval applications
e Anti-submarine warfare (ASW)
* Mine countermeasures (MCM)
@ Overland object detection and identification

& First to demonstrate utility of Airships for
O Marine Mammal Observations

i STI Proprietary 2




Spectral Imaging Overview bS’tI
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& Measure and store the “spectral fingerprint”

aad

Simulated Needle
Spectral Fingerprint

Simulated Haystack
Spectral Fingerprint

& Examine scene and use “spectral fingerprint” in one of two ways

O Method 1: Spectral match (i.e., look for the needle)
Applications include: ASW, Marine mammal detection, etc.

‘ ' Initial Scene Look For Needle
'|:“I L 'I:'. i
—_ !

Simulated Needle
Spectral Fingerprint

< Method 2: Anomaly detection (i.e., remove the haystack)
Applications include: MCM, camouflage detection, etc.

Initial Scene
'|:I|I (1)
—_—) !

Simulated Haystack
Spectral Fingerprint
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The Emerging ASW Threat “S’tl
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& Problem - Identify and locate diesel submarines in the
littoral environment

& Challenge — Deploy technology that will overcome the
technical limitations of current ASW technology

& Demonstration — Participate in SHip Asw Readiness
Evaluation/Measurement (SHARE) ASW exercises to
validate proposed solution

O Requirement — Detect Class
209 diesel subs at tactically
significant depths in the
Yellow Sea

& Results — STI's LASH-ASW —

| equipped P-3 had the only Kill E =

- ‘ INn the exercise ~ North Korea has over 90 diesel

t_—?‘" submarines which are effectively
; undetectable in the littoral

environment using sonar

STI Proprietary 4
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> il
LASH-ASW (Littoral Airborne Sensor — Hyperspectral, Anti-Submarine Watiafg)) b s.tlj
(50

LASH-ASW is the only system
certified to fly on the P-3 that
can show a picture of a
submerged submarine at
tactically significant depths

Five operational systems being
used for deployment and testing

STI Proprietary

LASH-ASW System Optically Detects Submarines

Selected System Specifications

System Type: Passive Hyperspectral
Spectral Coverage: 390 — 710 nm

Spectral Resolution: 2.5 nm

Field of View: 40°

Spatial Resolution: 1.4’ at 1,000’ altitude
4.3’ at 3,000 altitude
<5’ at 12,500’ altitude
(using advanced sub-pixel
detection algorithms)

Swath Width: 728’ at 1,000’ altitude
2,185’ at 3,000’ altitude
9,104’ at 12,500’ altitude

Supported Platforms: P3-C Orion, SH-60, Fixed- or
rotary-wing aircraft with
optical window

Additional Features: Proprietary three-axis stabilization
Near-real-time on-board processing
Proven in operational situations
Fleet operator ready

Price: $1.5 million per system



Py call
LASH ASW 6 sti

L

Aviation Week and Space Technology (Jan. 15, 2001) has

' described STI's Littoral Airborne Sensor Hyperspectral (LASH)
system as “perhaps the farthest advanced hyperspectral
Imaging (HSI) system worldwide.”

STI Proprietary 6
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- "
Sample LASH-ASW Detections b

Submerged Objects Camouflaged Objects  Objects Under Tree Cover
(humpback whales, (equipment, personnel, (tents, tarps, etc.)
submarines, etc.) etc.) Note: proven from 12,500’ with
advanced sub-pixel detection
algorithms

STI Proprietary ”



AAHIS-3+

/

E ) GPS
GPS Receiver | Antenna Operator
Navigation/ :
Stabilization Display
Computer
Computer
|
IMU
3-Axis Spectrograph 1 Cam
Stabilization
System

Spectrometer Assembly

Spectrograph 2

Scene*Radiance
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Marine Pollution Surveillance bStI
o

Wernment Systams

Oil leakage from USS Arizona, USS Missouri in Pearl Harbor

STI Proprietary



HSI Operations

® Camesra Controls

Camesa [ Creating image file Camera 0052 hsi

Caresz_ [ Imaging

Camesa Ot Peading frames - buffes 1 Filed wath 8012832 bytes

Carerz_(r Completed mage capture

Cama_ [ dechiving bulfers - 8012832 bytes copiad from buffer 1

Camera O Comgleted image archie

Cameta O Completed RGE extracts fon bulfer 1

Exit

I am EameE i
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Benthic Habitat Classification bS’tIJ
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059 Probable Classes
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Airship Applications Q

& Airship Platforms
O Skyship 600
< Other Airships

& |SR Sensors

O IMINT

« Hyperspectral Imagery
Systems

 EO/IR Systems

« Sniper Scope (VIPER) from
NRL

O RADAR
* Raytheon
e Furuno

O SIGINT and other applications

& C4
C Command & Control
O Radios, Downlinks
O Sensor Fusion

STI Proprietary 12
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g & Hyperspectral data collected over Pax
G S A River, Maryland

& 4 PVC 5-gallon buckets on surface
& 3 black discs (30" dia.) submerged
about 2’
& Total of 7 MLOs: 4 proud, 3
submerged
76.480 W To48IW

76.480 W mg

38.317 N 38.317 N
76.480 W 76.481 W
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Range Clearance / Marine Mammal !
Survelillance

Airship Locstion:

N 30745435 W 081700347 Filtered Detection
11:27 AM EST 25JAND3 Detection Info

PRIMARY Detection
Target #: 00002

Target|D: <unnamed>

3] Time: 16:27:15
: Pﬂhlllfh

FERMAMDIMNA BEALCH

Position: 30 43°31.79N &
Major Axis:
Raw Detection 3 Z00MLOGK  pginor Axis:

Ratio: 3.14
Orientation: -31.63 degre
Maximum Stack Angle: 1é
SNR:

First Link in Detection CH

Calculated Velocity: 0.00

Calculated Heading: 0.00

(] Show Detection Ellipses Comments:
o : <nones

AirShip Whale Search Network

STI Proprietary 14




Range Clearance / Marine Mammal

Survelillance

These images of a Mother Rightvhale and Calf

were collected by Airship based sensors and
transritted to the Operations Center Ground Site

within minutes by wireless data link.

oy’

AirShip Whale Search Network |
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Benthic Habitat Mapping ‘S’ti
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Science Rationale bS’tl
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- - i

& Federal Order 13089 (Coral Reef Task Force)
& Baseline of US coral reefs:

O Location of reef boundaries

© Overall reef cover and habitats

© Geomorphologic structures

© Economic factors: tourism, fisheries, etc.

© Sustainable management of reefs & coastlines
& GIS compatible for broad application

& Demonstrate hyperspectral imaging as a
mapping tool

STI Proprietary 18



Benthic Mapping: Kailua Bay - S'tl

Government Sysisms

& Hyperspectral
imagery is used to
“peel away” the
water to see the

bottom substrates

High resolution
imagery shows
features to depths
of > 30 meters

. % Map-projection to
give exact location
of features

STI Proprietary



Bathymetry from HSI ~ Stl
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Spectral Imaging Overview b

Coral Reef Mapping

Image |— | Raw Data |—| Information|—>| Knowledge

| ! T

HSI Imaging Basic Image Algorithms and
System Processing Visualization

& Hyperspectral Imaging (HSI) uses the properties of light and
color to transform raw data into knowledge through the

ﬁ__H_ = | collection of spectral “fingerprints” and the application of
7, ‘ complex algorithms that perform matching or anomaly
S detection

STI Proprietary 21



Government Syslams

PROJECT ORGANIZATIONAL AND PROJECT WORK FLOW CHART

NOAA/NOS
|
Principal -in-Charge Project Manager Project Scientist/QC
J. Gradie, Ph.D. M. Knight, Ph.D. E. Louchard, Ph.D.
Data Acquisition Map Production Field Validation Quality Control and
Final Products
DERELABEUEIIED =Em Radiometric Normalization inal
Satellite/Air/MSI/HSI . Mo Field Validation Plan GIS Export & Final
Atmospheric & Bathymetric Map Products
G. Susner (STI) — . ——P
Compensation (STI)
E. Louchard, Ph.D.
v v
e B Existing v h 4
ew Data Data Habitat Delineation & Field Operations Product Release
v v Identification Quality Control
- ’ J. Liebeler
Flight Ops “Buy” (ST)
ASH (ST E _louchard Ph D M _Anderson l
2 v
_ . . Biological | | Geomorphological Ground Truth Product Release
Radiometric, Geometric
Geospatial Calibration STUSOEST — Database to NOAA
G. Susner (STI) | | . (STI)

Data Preprocessing Preliminary Map Products Accuracy Science Products,
De-glint, Snell Angles |— > Assessment ; Publications & Data
G. Susner (STI) E. Louchard, Ph.D. i (STI & SOEST)

i (ACT 221 co-funding)

HSI & MSI ——— Mapping — Validation —— GIS Products
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Example Flight Lines: Molokal

l » l cudl
Government syamlls

10

11

13

Region B: 42 Flight Lines 13
- 21 Phase 24
- 11 Phase 2B 15
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Monthly Rainfall (Honolulu International Airport)

4.00

3.50 .

3.00 ]

2.50 .

2.00 ]
1.50

1.00

0.50 I I

000 I I

s@@*’“’“@ @&@jfﬁff&

Month

Inches

STI Proprietary 24



Government Syslams

E

s, u&

A
2

>
O

1
-
or

b
i
3 . =)
I




Mapping Process b

pul 1) Molokai Test Area.

2) Digitized Detailed
Habitat Map.

% 3) Add biological classes
from HSI data analysis.

' 4) Detailed Habitat Map
Aggregated to Major
Habitats. Generate 50+
random sites per major
habitat type.

assessment sites and
conduct benthic

habitat assessment
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