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ATR Solves Many Problems

Definition: Computer processing of sensor signals to detect, classify, recognize and
identify targets and other things of interest

/

ATR *Intelligence
. *Plan and Attack
Imagery & Signal Process | Apply «Target Tracking
Situational Awareness
Sense Think Act
Tasks: Detect (Thereisatarget of somekind) Detect Change  (Find what’s new)
Classify (Thetarget isawheeled vehicle) Cue (Look here)
Recognize (ThetargetisaTEL) Delimit (TELS can't drive there)
| dentify (Thetarget isa SCUD-B Target (Kill target)
launcher) Track History (SCUDs appear to be
Screen (Scan these images for all TELS) ready to launch)
Map (That is a pine forest)

ATR spans many different functions
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Data Quantity & Response Time are
Today’ s Forcing Functions

“Intelligence” ATR “Weapons’ & Tactical UAV ATR
% T N c : ATR
- g i
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o c | ' D |
2 % ncoming data a | Human
8 9 S ;
O 8 o Z\ i
17 — Unaided = i Pace of modern warfare
| Human § i dictates operation within
a Performance 2 | enemy cycletime
_________________________ N T |
I I
1999 2005  year Time (sec)
Data to be processed increases over 100 fold Computers are better than people at TR

» Unaided human performance islimited: — poor at repetitive tasks
— poor at area search
— easily fatigued
— exceeds needed response time

We will be overwhelmed without ATR
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Many ATR Reguirements

Area

Topography
/ NTM/U2
. High-Altitude UAV /
55 X JSTARS &
S &
& Battlefield / A
Va Visualization
¢
o?' Apache/Comanche
BAT UAV
SADARM

Required Response Time

>
. Detect Classify Targeting Screen  Chan
FUNCLIONS  Recognize  Identify  (Tactical) Delimitati

Systems Use Cumul ative Functionality
UNCLASSIFIED
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ATR Technology Evolution

00 +

F-22

_
- N

o~ A N S
e N

LOCAAS




Demonstration Objectives

» Remotely Control and Task the Sensor in Real Time

* Process and Display Imagery in Mobile Ground
Processing Facility (GPF)

 Send Processed Imagery to Rosslyn, VA Near Red
Time

 Show Multiple Applications
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GCS

SCHEDULE

1997 1998

Kickoff A

Down Scope
Software Mod

Integration
Data Link Check
Demo on UAV

—

CHARACTERISTICS:

* Increase Current Coverage Rate ~20x

» Day/Night Operation w/2nd GEN IR
FPA

* Multi-Mode: DLIR, FLIR, other

» Aided Target Detection in
Ground Processing Facility

» User Friendly Image Manipulation and
Target Reporting

PM JPSD 16-09



Airborne Sensor Configuration

Power
Supply

Sensorhead

SEU

Altimeter
(Not Used in ALTUS)

FOV
Scanning
FLIR

FOR
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RISTA |l Sensor Characteristics .~

S

A
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120 deg x 2.0 deg
2.75deg x 2.0 deg

+ 90 deg, -180 deg Az
+55 deg, -30 deg El
(+75,-10in ALTUYS)

Clear Aperture 5Inches
EFL 13.75 Inches
System F/# 2.75
Video 12 bit Digital or RS-170
Focal Plane Array SADA I
MTBF > 800 Hours
Environmental Full Military
Weight (Sensorhead, Power

Supply, Electronics Unit) 140 Ibs
Power 650 Watts, 28VDC
Volume 1.63 Cubic Feet
WaveBand 8-12 nm
Resolution 1" / Pixd @ 12,000
Pointing Accuracy 1-2mrad

Gimbal Stabilization
Gimbal Scan Rate

26 Microrads
134 deg per sec

PM JPSD 11-18b
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Forward Scan

Offset Scan
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Oblique Scan
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Sector Scanned Infrared Images of Camp Roberts MATES
from RISTA Il on UAV, Jul 98 (20°< f <60°)

PM JPSD 13-03a



ALTUSUAV

eEndurance > 30hrs

ePayload ~ 350 Ibs
e Ceiling > 40,000 ft

eCruise Speed ~ 90 kts
@ 15,000
~ 145 kts @ 40,000
ft

urn Radius < 500m

* Length 22 ft

* Wingspan 55 ft

* Weight 1600 Ibs

e Payload Power > 1000 w

PM JPSD 08-30
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Author’ s comment: human
unaided search of asingle,
large, cluttered image may :
take 2-3 hours. ATR proved '
effective in search of

RISTA Il images.

PM JPSD 13-02
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ATR Key Enabling Technologies

, INC.

Computer power
P P N

Sensor resolution /

Computer Power Growing
Faster than Sensor Resolution

— Increase allows —> known techniques to be applied within

enemy’ s operational cycle

Advanced Techniques become Practical

1E+20 System Example
DSP  Pershing JSTARS LOCAAS Comanche  NTM
Tomahawk Apache F-22 (follow-on)
1E+16 o .
% Multi-Source
Enabl % 'm Multi-Frames,
LE+Q8 s, c Multi-Sensor,
Q. Model | Hyperspectral
8 Templat Based
emplate
Feature
1E+00 < " " - - ! | pe | | | | |
1960s 1970s 1980s 1990s 2000s 2010s ’ ' ' ' ’
70 80 90 00 10 20

UNCLASSIFIED
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Today is 10/2/02

® Template Matching provides a useful military
capability

® ATR aids in search of large images

® Resolution and dynamic range are essential
» Spatial
» Spectral

» Doppler
» Temperature

® Greater image dimensionality improves ATR
performance

® False Alarm Rates could be 10X lower

ATR cannot fabricate data that isn’t there
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ATR Approximate Status® 2002

Probability of Identification

Year 2000 Status

100

I
N

60
e \\\\
20 3 - X \;\

—— MSF

= LADAR
SAR/MTI
EO

—+— FOPEN

—— HYP

0O 025 05 075 1
Percent Target Obscuratior

* Strictly the opinion of the author; not endorsed by the DoD or any component, organization.
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Approximate impact of spatial resolution* and dimension
ATR Performance vs Obscuration
R State of the At 2000
10000
v\\‘\\ |dertification
1000 .\‘\'\
= § \\\ —— MEF
ecognifion
% 100 J \\ —u— LADAR
= % = 5 g y \. SARMTI
=
L2 10 | Classification \ =
B ' —%— FOPEN
=8
Detection —8— P
1
*Note that hyperspectral
can match EO
0.1 performance or better if
designed for high spatial

Percent Targel Obscuration

resolution rather than wide
area search.
Page
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Goals

TECHNICAL
CAPABILITY
KEY TECHNOLOGY
Area Covered
__a a A a - Memory
‘ HUMANLIMIT — 2X Human Limit 60X 1000X » Processor Speed
Obscuration * Multi-mode ATR
(CC&D) 2 & ~ » Multi-sensors
o * Foliage Penetration SAR
10-20% Obscured 30% Obscured 50% Obscured 60-70% Obscured « Laser Radar
1 Net, Light 1Net, Moderate 2 Nets, Moderate 2 Nets, Moderate
Canopy Canopy Canopy Canopy
Target Set - Model based ATR
A VN A A « Memory
<10 Targets 35 100 500 * Processor Speed
Scene Analysis « 3D Imagery
A A y $ y N « Model based ATR
< 5 Object Classes 20 100 1000 » Hyperspectral sensors
(Roads, Forest, Net) * Memory
* Processor Speed
1985 1995 2000 2005 2010
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Model Based Vision & Recognition by Components
May Extend ATR Performance to EOC

IMAGE FERATURES
RANGE 721 METERS
ELEVRTION 12 DEGS
AZIMUTH 88 DEGS

ROTATED
IMAGE FEATURES
RANGE 233 METERS
ELEVATION 18 DEGS
RZIMUTH 38 DEGS .-

ROTATED
IMAGE FERTURES
RANGE | ,222 METERS
ELEVATION 18 DEGS
AZIMUJTH =48 DEGS

ROTATED
IMAGE FERTURES
REANGE | ,848 METERS
ELEVATION 185 DEGS
RZIMUTH =8 DEGS

TARGET FRaREL NG
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e develop noyvelland efiicient.techinigues for; rapidly exploiting 3-

dataito achieve preciseitargeting capability:

Classification and ID via
Recognition by

Military Payoff

Approach
o System is given small (100x100x10m) block of 3d data

Components (parts)
 Find and segment the target in the block using context models
:w and statistical features
= * Classify based on functional description before ID (allows
classification of never before seen types)
Target

Search
using -
context [
cues

- - - - - . - 25 Mar 02
 Achievement of rapid and precise identification in the (completed)
targeting process 15 Aug 02
- (completed)
* |dentification from 3-D data based on measurements 8 Sent 02
obtained directly from the sensor data 1(compl eted)
- - - : 1 Nov 02
* Ability of the military to utilize 3-D datarapidly (on schedule) =
becoming available from advanced sensors 12 Dec 02
. S/W Drop 1
* Creates a superior market for the use of 3-D data. 8 Jan 03
4 Feb 03
4 Mar 03
15 Apr 03

* Fingerprint using discriminating features

* |dentify using alarge model set (achieve .99 Pc)

Major Milestones (Phasel)

BAA published
Contracts started
|CD Design

18 Model Delivery
Component Tech
1% Eval Phase
ICD Design 2

2 Model Delivery
Component Tech



Technology Capability Goal

oFind and locate
oCues from 3-D
e®Change Detection

Local Area 3-D
Data Search

els there anything there?
eDecoy mitigation
eBackground/target
discretion
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Clutter Rejection

eID of 3-D targets using
detailed models
eoClassification using
generic models

ID/Classification
of Targets by
Components

®ID objects by measurements
and unique features
e®Reacquisition of targets: ;5
“Is this the same vehicle | saw yesterday?’———> £

Target
Recognition

Fingerprinting
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OSD ATR Technology Assessment Program

Automatic Target Recognition: Descriptive Summary PE 0603232D8Z

Objective:

® Provide DoD-wide “honest broker” assessment of ATR
technology
» Standardized criteria (procedures and metrics)
» Realistic military scenarios
» Common Data Sets in realistic scenarios/environments
» Broad technical collaboration

® l|dentify/promote early transition opportunities for ISR and
weapon systems
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Assess ATR

DetectnnFalse Blam Perfomane Er' « Bt high Pd, FA=<1/km2
+ Target-sized confusers called tangets
u = | » Combination OCs problematic
)

l;’l.."
LA R
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Assess Hyper spectral Imaging

Define Assessment Measures Develop HS| Taxonomies

Measures of Perfformance, e.g..
—  Detection/False Alarm Rate
- Confidence Interfals
Measures of Com
~  Fleating point op
—  Level of human inter:
Measures of Sensitivity.

- Phenomenology
target/backarau)
- Sensor noise

+  Application Taxonomy
—  Help to define evaluation scenarios
ight inte system concepts

n {spatial. spectral,

Characterize performan
variety of applications

Assess limitations

existing algorithms characterized data sets

Demonstrate role of HSI in multi-
sensor environment

+  Perform parameter trade and
sensitivity studies

| dentify/Sponsor Transition
Opportunities




gy ATR Technology Assessment Program
Transition Opportunities

0.4 - 2.5 pmy, 120 bands
30m GED

7.5 ki = 100 kim acanas
Launchs Koy 2000

- Fand
TR
|| r
bl 0.4 2.5,m 210 ha

— . :.'r_ 30 mGE0

a ssn % . ®
% 30 lom woones - Lawrich: 2002+

Lau ch: early 2001

Hyper spectral Sensors
In Space

A0 lom & 330 km scanas

LOCAAS

Other Opportunities
e Comanche e Globa Hawk  Joint Strike Fighter
 Predator e P-3 o SAIP (Intel.)



: Technology Assessment Program

FYO3 Priorities

® Joint data collections to create Problem Sets for the
evaluation of multispectral sensor fusion ATR technology.

» Participants: AFRL, NVESD, ARL, Sandia, MIT/LL, DARPA, ONR,
IC

» Sensor Domains: SAR, EO/IR, Hyperspectral, LADAR, other
sensors (grd/air/space)

e Creation/use of Problem Sets with standardized
procedures & metrics for ATR technology assessments.

» Benchmark ATR algorithms for: SAR, IR, LADAR and
Hyperspectral

» Assess Sensor Fusion for ATR Enhancement for Precision
Targeting and BattleSpace characterization

® Continue Hyperspectral Assessment

® Transition of the Program to the Services/Agencies for
FYO04
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PRt qummary: ATR Status 2002

Findings & Unfinished Business

ATR key to search of UAV imagery

Needed: ATR for Extended Operating Conditions (industrial
strength ATR)
» Obscuration
— Partial
— Patchy (foliage)
» Articulated and variable targets
» CC&D
» Reduction of false alarm rates in real scenarios and MOUT
Number of target classes needs to grow 10-100X
Programs in place to move to new performance levels
Standard problem sets need wide dissemination and USE
» Quantitative difficulty ratings for problem sets
» Continuation of rigorous evaluation

The Need for Objective Evaluation Will Always be With Us
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