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Motivation

DARPA and AFRL

o Provide a Mechanism for Intelligent Selection
of K-A Algorithms, Parameters, and Training
Data to Evaluate Performance Improvements
Over Conventional Processing

©  Evaluate System Operational Performance
Utilizing an Integrated Approach to K-A Signal

& Data Processing

~ Demonstrate That Greatest Improvements are
Achieved in the Most Severe Environments

Black River Systems Co, Inc.
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Platform Dynamics

Integrated S S KASSPER Testbed
Simulation & Sensor XF\\ Components
. Knowledge Sources
MOdeI I ng (USGS, NIMA, SAR, Dgetections, Track, etc.)
erg) Knowledge-Aided Algorithms
.g. Detection (Sample selection, filtering, detection, track)
Follage xGene{aﬁon Integrated Modeling Tools

(RLSTAP, MIST, STK, GVS, etc)

2 &

Measures of Performance
(Definitions and Analysis Tools)

Knowledge
Sources  Radar Data

Simulated & Measured Data Sets
(Sensor data cubes, target truth, detections, tracks)

Libraries Demonstrations

Requirements

- Integrated KASSPER Algorithm Evaluation
- R&D Support

Components

- KASSPER Data Sets

- KASSPER Contractor Algorithms

- Integrated AFRL Testbed

Collected

Simulated

Black River Systems Co, Inc.
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Knowledge-Aided Algorithm
Evaluation Testbed

DARPA and AFRL An emerging technology in radar signal processing “sspin
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Multiple Knowledge Sources
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Data Sources

7 A Priori Data Sources

*Exploit Available Information Sources

(apriori & real-time) " A * USGS: DEM, LULC, DLG

= CFAR = Tracking

RADAR
AID Data

et *Knowledge-aided Signal and Data
..q.,.-‘? - + Sample b
"'_'_h__h- ; Processing oo [ | ERS * NIMA: DTED & VMAP
= . Knowledge Aided Controller r_ .
Pl 1 Real-Time Data Sources
|
— |« [ )
Detection & Track Data

| mproved * Ownship Kinematics
M iS_Sion * SAR Imagery
Effectiveness

e (Off-board Sources

Measured # 1 = BLUE
Measured # 2 = GREEN
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Evaluate K-A Algorithm
Combinations

DARPA and AFRL

1 emerging technology in radar signal processing nsspin
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Integrated Modeling Tools

DARPA and AFRL

RLSTAP

GRAPHICUSERINTERFACE

SITE SPECIFIC
ENVIRONMENT CONVENTIONAL/STAP
MODELING ALGORITHM ANALYSIS

RLSTAP is an environment for STAP
simulations, processing and analysis
functions. It creates high fidelity data
cubes as its output.

Black River Systems Co, Inc.

KMOWLEDGE-AIDED SEMEDRA SIGNAL FROCESSING
— G EXPERT REASOMIMNG s——

MIST

B R e [ pre E G
CREE & LA B :..'l='...*.*|'ﬁv

L e N ey T P e -1 — gl

F | e D [ B

e L L
Ahe  fn 3] Swieeie | Nellpry
R |
T waa | i)

MIST is a high fidelity analysis tool for MTI
radar architecture and scenario evaluation.
High fidelity data cubes and detection
results are simulated.



Integrated Modeling Tools

DARPA and AFRL An emerging technology in radar signal processing nsspin
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STK is used for determining the concept-
level requirements for remote sensing/
Imaging missions. STK provides the
capability to obtain full knowledge of the
technical aspects of the platform.

Black River Systems Co, Inc.
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SCATS simulates terrain scattering and
propagation effects for radar: return from
the target (as affected by the local terrain),
scattered, direct signal from an interferer,
and interference scattered from the ground.
(Resident at ISL)



Tools for Visualization

DARPA and AFRL An emerging technology in radar signal processing nsspin
Fusion Map MTIX
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TR e T i | Tack Towrs

Fusion Map is a visualization tool capable of displaying MTIX accepts streaming GMTI detections in NATOEX
truth, detections, tracks, and platform data format, populates an MTI database and serves the
simultaneously. It accepts broadcast packets and can detections to the Kinematic Auto-Tracker. Output

be set up to use multiple map layers and other tracks are stored in a KAT database.

Earameters
Black River Systems Co, Inc.



DARPA and AFRL
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Target KNOWLEDGE-AIDED SIGNAL

State AND TRACK PROCESSING
vectors | DATA CUBE GENERATION

USING MIST

a g

o

}-tnnn:!in;l.'n?fémj
[

Sensor
State
Vectors

=

VISUALIZATION
USING FUSION MAP

Antenna
Pattern

ANTENNA PATTERN
GENERATION USING RLSTAP

Terrain Elevation
& Land Use
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Evaluations of Measured Targets
Immersed in Synthesized Clutter

DARPA and AFRL

GVS Scenario

5Minute
Duration

33 Ground
Targets

1 Sec Update
Rate

Tracking Evaluation Using T SPI
Measured TargetsInserted in
Synthetically Generated Background

Terrain Elevation Effects
in Detection and Tracking

Black River Systems Co, Inc.



Visualization of Detections & Tracks <.,
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DARPA and AFRL

T

Detections
& False Alarms
(Marked with a O)

TGT31
Terrain Detection
Masking T~
TGT31
(Truth Marked
with an X)
= S
L B
Target Detection Evaluation Target Tracking Evaluation

Black River Systems Co, Inc.
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MOPs Evaluation

DARPA and AFRL

— G ENP _

© Signal Processing MOPs Typically Inadequate
for Characterizing End-to-End (signal and
data processing) Sensor Improvement
* Misleading / Subject to Interpretation
e Confusing to User / Operator

1 Tracking / Exploitation MOPs Most Useful to
Users

" Devise Testbed That Provides Processing-to-
Exploitation MOPs Translation

Black River Systems Co, Inc.



Approach to Evaluation
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DARPA and AFRL An emerging technology in radar signal processing KA spin
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— s E

GOAL: Given
detection & track
nuances, score

Define Probability Det.  Probability Track Initiate

MOPs Position / Velocity Error ~ Truth / Track Corr,
SINR  Track Continuity / Purity

difficulty of target
& sensing environ.

[ GOAL: Assess

Nonhomogeneous Environments
Target Density / Dynamics

Quantify

Scenarios Sensor Parameters  Revisit Rate Performance as
Function of
{GOA;@E;?SVE"’F’ Algorithm
procedures : KA Algorithm Truth Generation &
Testing :
Infra- Sensor Model Coordinates Environment
Structure Terrain Model  Map Fidelity

Courtesy of Mr. Jon Jones, AFRL IFEA All three efforts required for evaluation
Black River Systems Co, Inc.



Detection Measures of Performance_,
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DARPA and AFRL

SINR Loss
STAP Algorithms?

0 SINR — Signal-to-Interference Plus
= : : ] ! : : Noise Ratio

0 MDV — Minimal Detectable Velocity
0 Pd — Probability of Detection

0 FAR — False Alarm Rate

45 V] .| = terpoe 0 SCV — Sub Clutter Visibility
' 1 1 ' — EFA STAP, 2uDoF 1
V H i : '—' EFA STAP, 4xDaF m
S :
7 ) : Welooity ( mis) —

1.Dr. W. Méelvin, “Introduction
To Adaptive Radar”

Black River Systems Co, Inc.



Tracking Measures of Performance R

DARPA and AFRL

Track Switching I

Track
Truthy _/ : :
) * " \(
Track,
Trut'r;\ \
Fragmented Tracks |
Track , Tracke
Truthy _/ \ _ r'S /.\‘_>
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o
Truth; ’\\./A /.\YA_>
\0/./ Track,

False Alarms | Missed Detects |

Coastln

Initiation I

Precision
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Horizontal Track Location Error

Track Location Error

Track Speed Error

Target Heading Error
Kolmogorov-Smirnoff Covariance Test (KS)

Assess
Situation

Target Continuity

Target Purity

Track Continuity

Track Purity

Target | dentity Lifetime

Probability Maintain Initial Target I1D
Average Track Life

Track Redundancy

Sensing
Capability

Probability of Declaration
Probability of False Declaration
Track Initiation Time

~ Track
Branchln
Truth,_~

Trackg
TN —

Black River Systems Co, Inc.

Deploy
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Normalized Throughput
Average Latency

Courtesy of Mr. Jon Jones, AFRL IFEA



Track Evaluation Example
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_ Detectionsl
Aircraft Turnsl

Foliage
Obscuration

Detections

Aircraft LOS

2 Target i
Clusters Tree Coverage - USGSI | _
Non-homogeneous l / g:

Background

* Two Target Clusters
— One eastbound
— One westbound

* Eastbound encounters foliage.

e Tracks flounder during 60 sec.

obscuration.
e Gaps due to Aircraft turns offer
good track coast reference.

Non-homogeneous
Background

Black River Systems Co, Inc. Courtesy of Mr. Jon Jones, AFRL IFEA



Track History

DARPA and AFRL
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Enter Exit
a0 Trees Trees . |
I Foliage !
2nd from Last..... fessssasssssa 2nd from Last
2nd from Front . . |essssssssss 2" from Front
| - FOUR targets w/ solid tracks enter Foliage.
|ntermittent Detections Wreak O Obscuration Duration = 10 to 15 minutes.

- ONE track SWITCH (red ).

| 1 1 |
470 &00 510 520 530

Frame Number

Black River Systems Co, Inc. Courtesy of Mr. Jon Jones, AFRL IFEA
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KASSPER Airborne Testbed

DARPA and AFRL

—  4ft

PARAMETERS

Frequency
PRF

Sample Rate
Range
Pulses

Duty Cycle

10 GHz
1.2kHz
20 MHz
112 km
32
10%

Black River Systems Co, Inc.

9 Channels at X-band

o 7 Overlapping Subarrays
o 2 Auxiliary Subarrays

IQ & Parameter Data

Challenging Clutter
Environments



JSTARS Flight Data

DARPA and AFRL
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IQ & Radar Parameters
Indian Springs, NV & Eglin
Mountainous Desert & Littoral

Scripted Targets — Challenge to
K-A Processing

Dense Target Environment

Nonhomogeneous Environment
®* Discretes
®* Road Traffic



DARPA and AFRL

ARTUIAN®

Black River Systems Co, Inc.

IQ & Radar Parameters

High Resolution
Interferometric SAR

Slow GMTI
Off-board HSI

Scripted Targets —
Challenge K-A Processing

Fixed, Calibrated Targets

Nonhomogeneous
Environment
* Discretes
e Road Traffic

Mississippi Test Site
Late April, 2002
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Facilities

DARPA and AFRL
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DREN

KG-175 SIPRNet

v
/ // /

SUN Blade

Platform and System Data

Other PCs and Workstations

100T Ports .
Giga Ports

= Bm | 10v1000Switch

Linux & Windows
Cluster 18 GFlop

SUN
Enterprise
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Summary

DARPA and AFRL

© AFRL Will Utilize Its Integrated Testbed
Capability to Evaluate End-to-End KASSPER
K-A Algorithm Performance

o K-A Algorithm Performance Will Be Related
to System Operational Tracking Performance

© AFRL Testbed Will Demonstrate
Improvements Offered by Integrated K-A
Techniques

Black River Systems Co, Inc.



