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Background — Reason for SPEAR
SPEAR Architecture Discussion
SPEAR Components Description
“Demo” With KASSPER Data Set #2

Summary
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A 4
Why SPEAR? \,;{

More Effective Demonstration of Warfighter Relevance &
Transition to Warfighter Requires Detailed System-specific
Analysis and Mapping to Appropriate Metrics (i.e. Tracking)

Integration of Tools Across Disciplines:

— Scenario Generation

— Modeling & Simulation (Datacube Generation)

— Measured Radar Datasets (MCARM, etc)

— Knowledge Sources (DTED, NLC, etc)

— Algorithm Library (Filtering, Detection & Tracking)
— Measures of Performance

Classified Facility (Computers, Telecomm, etc)

Rigorous Algorithm Evaluation & Analysis
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] iiti’“ SPEAR supports end to end processing from target simulation,
through data cube generation, filtering, detection processing and 4
tracking.
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SPEAR Processing Architecture \
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The SPEAR Software
consists of multiple
Local pc cOmponents to allow for
controlled and secure
processing on local or
remote processors.

Remote
Cluster
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A )
Administrative Tools \/

L semusme Hosiname
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Generate Mew Policy Digtnbute Configuation Diitiibuste: Pobcy Ewt

« SPEAR contains a central administration tool for adding algorithms,
datasets, users, and hosts to SPEAR configuration.

» Distributes new configurations to servers and all clients registered in the
database.

» Allows the administrator to permit or deny access for any user to
algorithms.

* Works hand in hand with the other components to provide a seamless
testbed configuration
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A )
Administrative Tools \/
e Adding Algorithms oo
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SPEAR Server \,’,/

* Provides secure access to the SPEAR MATLAB
processing environment

* Manages user sessions using MySQL database

® Queues jobs on any given host. Allows SPEAR users
to put jobs on queue to process in the order which
they were received

* Dynamic Configuration

— New Algorithms are recognized as soon as
administrative software distributes their info

— No need to recompile, restart server or client
software
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SPEAR Server §;{
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is will be the server that ac

nwide
atez and securit

T

hed_configh
ocument Enqueued. ..
Jequeved Document...Preparing parser to execute

ain Server Thread Started
¥

* Provides secure access to the SPEAR MATLAB processing environment
« Manages user sessions using MySQL database

* Queues jobs on any given host. Allows SPEAR users to put jobs on queue
to process in the order which they were received

* Dynamic Configuration

New Algorithms are recognized as soon as administrative software
distributes their info

*No need to recompile, restart server or client software
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Software Security \‘_’/
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* Layers of security

— Authentication — Users must log on to the SPEAR
System to be allowed to access any of its
capabilities.

— Intellectual property protection — Users can only
use algorithms and datasets that they have
permissions for in the SPEAR policy

— File system security — algorithms and other
Important files will be protected from general users

— Physical Security — server and administrative
software located on hosts that are not available to
everyone physically
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A )
@ Automated MATLAB Process \.,/

Q*_
Load
Data Set &
Auxiliary Data
KASSPER Detection
JSTARS, :
VST Processing
Data Motion Compensation Post
Clutter supprestc,ion Processing
CFAR Processing
I_, Multi-pass Processing Detection/Truth Association
Angle Estimation Error Estimation
Before/After Clutter
> Suppression Plots

Estimated SINR Loss

Track Processing

NATOEX File Generation
— Tracking
Email Notification
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SPEAR Demo
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MopEaR Soltware Testbed v1.1

SPEAR Software Testbed

Main Menu

FProcessing Setup

FPerformance Analysis

Diata Retrieval

File Conversion Toola

Exat Testbad

 Show how to select data set (KASSPER data set)
 Show how to configure automated processing

« Show how to view detection MOPs

e« Show how to view tracking MOPs

« Show Visualization of detections

12



™ SPEAR Software Testbed v1.1
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SPEAR Main Menu

SPEAR Software Testbed

Main Menu

Processing Setup

Performance Analysis

Data Retrieval

File Conversion Tools

Exit Testhed
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Processing Setup Screen \‘,{
,.

. SPEAR Software Testbed - Processing Setup Screen
File ‘Windows Help

]: lease Select Node ... ﬂ [F'lease Select Scene ... Setup Summary

Mode:

Scene:
Start CPI:
Stop CPI:

Range Cells:

SDS Alg:

Filter Alg:

Detect Alg

Retum to Main Menu
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Selecting a Dataset N

™ SPEAR Software Testbed - Processing Setup Screen
File ‘Windows Help

]Flease Select Node ... E [

ﬂ Setup Summary
Global Hawk MP-RTIP Version 1

Unclassified JSTARS MPTE 16 Pulse 1 PRF Node:
KASSPER Data 2

KASSPERData2 | .
Global Hawk MP-RTIP Version 2 Scene:

Start CPI:
Stop CPI:
Range Cells:

SDS Alg

Filter Alg:

Detect Alg

Retum to Main Menu
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KASSPER Data Set2 Selected
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™ SPEAR Software Testbed - Processing Setup Screen

File ‘Windows Help

]Flease Select Node ..

=]

[KASSPER Data 2

Generated By: ISL

Generated With: SCATS
Location: Southem Califormia
Channel 12

Description: KASSPER data et 2 in Califorria.

Settings

Filtering
Algonithm

x|

Setup Summary

Mode:

Scene: KASSPER Data 2
Start CPI:
Stop CPI:
Range Cells:

SDS Alg:

Filter Alg:

Detect Alg

Retum to Main Menu
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A
Selecting CPIs to Process \./

Please Select Node ... Setup Summary

Mode:

Scene: KASSPER Data 2
Start CPI:
Stop CP:

| S0 Range Cells:

SDS Alg:

Filter Alg:

Filtering Hange Lells to Process

Algorithm I—.I 67

Detect Alg:

17
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A
Selecting CPIs to Process N

™ SPEAR Software Testbed - Processing Setup Screen

|Please Select Node ... | |KASSPER Data 2

Generated By: ISL

Generated With; SCATS

Location: Southem Califormia .
Channet 12 Scene: KASSPER Data 2

Description: KASSPER data et 2 in Califorria. g:g; EE{;D

Range Cells: 1667

Seltings l SDS Alg:

Filter Alg:

Setup Summary

Mode:

Filtering
Algonithm :J

| Detect Alg

Retum to Main Menu
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Secondary Data Selection Scheme \/

Flease Select Node ...

" None
" Range Bin Avoidance List

" GIP Lineat Threshold

" GIP Polynomial Threshold

f« CFAR Feedback

Setup Summary
Node:
Scene KASSPER Data 2
Start CPI:1
Stop CP1:90
Range Cells 1667
SDS Alg:

Filter Alg:

Detect Alg:

Retumn to Main Menu
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Clutter Suppression Algorithm

Factored STAP

]F‘Ieaw Select Node ...

(" Element Space Post Doppler

Elemerit Space Pre Doppler
Beam Space Post Doppler

Beam Space Pre Doppler

(« JDL

- Algoiithm Library

SDs
Algoithm

SLC Post Doppler

505
Parameters

SLC Pre Doppler

Post Doppler Element Space
C STAPT

" PAMF

Setup Summary
MNode:
Scene: KASSPER Data 2
Start CPI:1
Stop CP130
Range Cells: 1667
SDS Alg: CFAR Feedback

Filter Alg:

Detect Alg
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s
Configuring STAP Algorithm \/

thed = Brot % £ 10r IDL Parameters

Include Delta Beam

MT! Weighting Method

Temporal T aylor Sidelobe Level
Spatial Taglor Sidelobe Level

Temporal Sidelobe T aylor nbar

Spatial Sidelobe T aplor nbar CFAR Feedback

RMS Noise Level it

Diagonal Loading

Reference Range Cells Pet Side

Guard Cells Per Side
Temporal Degrees of Freedom

Spatial Degrees of Freedom
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Selecting CFAR Technique

]Flease Select Node ..

MAST Greatest Of
BSTARS CFAR

Cell Average CFAR
Greatest Of CFAR
Ordered Statistic CFAR

Trimmed Mean CFAR

Knowledge Aided CFAR

~|

Setup Summary
Node:
Scene: KASSPER Data 2
Start CPI:1
Stop CPI:30
Range Cells: 1667
SDS Alg: CFAR Feedback

Filter Alg: JOL

Detect &lg:
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A
Configuring CFAR Algorithm \./

Please Select Node ...

-~ Algorithm Library

SDS
Algonithm

5DS
Parameters

High Cells to Trim [eq 1)
Low Cells to Trm (eg. 1)
Guard Cells Per Side g CFAR Feedback

Window Width g JOL

Alg Knowledge Aided CFAF
W

b

Return to Main Menu
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Selecting Tracking Method

. SPEAR Software Testbed - Processing Setup Screen - |

]Flease Select Node ..

KASSPER Data 2

Generated By: ISL

Generated With: SCATS
Location: Southem Califormia
Channel 12

Description: KASSPER data et 2 in Califorria.

— Algorithm Library

SDS
Algorithm

Parametnc Tracke IR

Settings

8DS
Farameters

Mane
Patametnc Tracker
MTIX KAT Triacker

Setup Summary

Mode:

Scene: KASSPER Data 2
Start CPI:1
Stop CPI:90
Range Cells: 1667

SDS Alg CFAR Feedback

Filter Alg: JDL

Detect Alg: Knowledge Aided CFAF

v

Retum to Main Menu
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SPEAR Software Testbed - Processing Setup Screen

File ‘Windows Help

(For Official Use Only)

Selecting Server/Processing Node \*.,
’.

3

7

F'Iease Select Node ...

v|  |KASSPER Data 2

localhost
SPEARWATTO?
SPEAR Server 1
SPEAR Server 2

Generated By: ISL
Generated With: SCATS

Location: Southern Califomia

Channel: 12

Description: KASSPER data set 2 in California.

— Algorithm Library

SDs
Algarithm

Filtering
Algorithm

Detection
Algorithm

SDS

Parameters

Filtering
Parameters

Detection
Parameters

Settings

IParametril: Tracker ,:]

Tracker
Parameters

Setup Summary
MNode:
Scene: KASSPER Data 2
Start CPI1
Stop CPI:90
Range Cells: 1667
SDS Alg: CFAR Feedback

Filter Alg: JDL

Detect Alg: Knowledge Aided CFAF

v

Return to Main Menu
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A
Ready to Run \/

[® SpEAR Software Testbed - Processing Setup Screen _

Eile ‘Windows Help

IIn:u:thl:ust j IK.-'—‘-.SSPEF! Data 2 Setup Surmmany

Mame: lacalhost Generated By: 150 Made: localbost
05 Windows Generated With: SCATS
IF Address; 127.0.0.1 Location: Southern Califormia Scene EASSPER Data 2
Channel: 12 Start CPI- 1
Dezcription: KASSPER data zet 2 in Califarmia. Stop CPI: 90

Fange Cellz: TEET

Settings 505 alg: CFAR Feedback

—algorithm Librany

Filter Alg: JOL

S0S Filkerinig Dretection -
Algorithm lgarithim 2lgarithm Farametric Tracker j L

505 Filkerinig Detectian Tracker Detect Alg: Knowledge Aided LFAF
FParameters Farameters FParameters FParameters -
| »

1

Add to Queue Feturn ta Main kenu
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Configuration Files

Look in: | () SPEAR_CONFIG_FILES

3 g ghtest,spear
| hb j jssim,spear
My Recent kdl:E’.:?pE-ﬁr
Documents a

My Documents

My Network  File name: kdc2 spear
Places

Files of type: SPEAR Process Configurations (" spear)

27
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Loaded Configuration File

L=t SPEAR Software Testbed - Processing Setup Screen

]Flease Select Node ..

KASSPER Data 2

Generated By: ISL

Generated With: SCATS
Location: Southem Califormia
Channel 12

Description: KASSPER data et 2 in Califorria.

" Algornthm Library

SDS
Algorithm

|Parametric Tracker |

SDS
Farameters

Tracker
Parameters

Settings

Setup Summary

Mode:
Scene: KASSPER Data 2
Start CPI: 1
Stop CPI: 2
Range Cells: 1667
SDS Alg None

Filter Alg: JDL

Detect Alg: Knowledge Aided CFAF

v

Retum to Main Menu
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Selecting Server/Processing Node \/

SPEAR Software Testbed - Processing Setup Screen
File ‘Windows Help

[Please Select Node .. v| |KASSPER Data 2 Setup Summary

localhost Generated By: ISL Node:
SPEAR WATTO? Generated With: SCATS

SPEAR Server 1 Location: Southern Califomia :
SPEAR Server 2 Channel 12 SCBSr::nKéﬁS_IF’E R Data2

Description: KASSPER data set 2 in California. Stop CPI:0
Range Cells: 1667

Settings 5DS Alg: CFAR Feedback

~ Algorithm Library Filter Alg: JOL

sDS Filtering Detection :
Algorithm Algorithm Algorithm IParametru: Tracker ,:]

Detect Alg: Knowledge Aided CFAF

v

5DS Filtering Detection Tracker
Parameters Parameters Parameters Parameters

Return to Main Menu
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A
Ready to Run \/

[® SpEAR Software Testbed - Processing Setup Screen _

Eile ‘Windows Help

IIn:u:thl:ust j IK.-'—‘-.SSPEF! Data 2 Setup Surmmany

Mame: lacalhost Generated By: 150 Made: localbost
05 Windows Generated With: SCATS
IF Address; 127.0.0.1 Location: Southern Califormia Scene EASSPER Data 2
Channel: 12 Start CPI- 1
Dezcription: KASSPER data zet 2 in Califarmia. Stop CPI: 90

Fange Cellz: TEET

Settings 505 alg: CFAR Feedback

—algorithm Librany

Filter Alg: JOL

S0S Filkerinig Dretection -
Algorithm lgarithim 2lgarithm Farametric Tracker j L

505 Filkerinig Detectian Tracker Detect Alg: Knowledge Aided LFAF
FParameters Farameters FParameters FParameters -
| »

1

Add to Queue Feturn ta Main kenu
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Server Side Processing Outputs \/
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Performance Analysis Screen N7

L™ SPEAR Software Testbed - Performance Analysis Screen
File ‘Windows Help

“Measures of Performance - Plot Window 1 —NATOEX Visualization
Signal Processing Measures of Performance
Tracking Measures of Performance

e el

— Measures of Peiformance - Plot Window 2
Signal Processing Measures of Performance
Tracking Measures of Perfformance

——

Retum to Main Menu
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Analyzing Signal Processing MOPs &

e

L™ SPEAR Software Testbed - Performance Analysis Screen
File Windows Help

~ Measures of Performance - Plot Window 1 ~ NATOEX Visualization
Signal Processing Measures of Performance Ot
Tracking Measures of Performance

Process
Log

— Measures of Periformance - Plot Window 2

Signal Processing Measures of Performance
Tracking Measures of Performance

Return to Main Menu
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Selecting Results Files to Analyze

Select a Processing Log File

Lok, ir:

Hiztory

E

|:IE- =k |‘|:| p
[ i 2
@

by Documents

=

4 'li

by Cormputer

E=
by Mebwark, P,

£ kde?_jd_kacfar_feedback

process log

truth_kdcZ 10secs

File harne: process |log.mat

Files of wpe: b4 atlab files [*.mat)
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Selecting Analysis Display s

A Soltware Testhed - Perlormance Atalysn Soreen

- Mastiaes of Parlomards - Pl Window 1
Bl Procesting Mexuer of Pertoimance On I
Tracking Mestuses of Pafoimancs o I
| T | |

b Signal Processing MIDPs — Window &
Fle Edt Yow insert Toos Window Help

Select Plot From Cption Menu Below
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A
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0:2

— SelectNew Fiot— =
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CPI1 #1 Before Clutter Suppression

-} Signal Processing MOPs -- Window A
Ede Edit Yiew [Insert Tools ‘Window Help

Quiescent Data
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Analyzing Tracking MOPs \‘;/

M SpEAR Software Testbed - Performance Analysis Screen )

File ‘Windows Help

—Meazures of Perffarmance - Plat “Windaw 1 —HATOER YWizualization

Signal Procezsing Measures of Perfarmance

Tracking Meazures of Perfarmance e

Process Tracking HATOER

Truth File Lag Lo e

—Meazures of Perffarmance - Plat "Windaw 2

Signal Procezsing Measures of Perfarmance i

Tracking Meazures of Perfarmance 0 Remove | Canfigure |

Tiruth File

Frocess Tracking HETOES B un Wisualization |
[Lmg [Log File

Analyze Feturn to Main Menu
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A
Selecting Tracking Analysis Display \*5,

= SPEAR Soltwars Testhed - Forformance Snaliis Screem

Foe Wl Help

“Maasides of Padammants - Plot Wandow | [ HATOEX Visuskeation
Sl Eroditing Mestet o Posmsnds an | o |
Toarehirs Meatised of Pedmmancs i N

B Tracking MOP Plats - Window & E =100 x|

Tn File Edt View Insert Took Window Help
— Select Plot From Option Menu Below
Meman 1r

Sig D9k

07 ¢ |

05F

04
03¢
i 3
B

0 02 04 06 08 i

— Salpct Mew Plot— =] Plot

= Selact Mew Flol —

Gap Tunes

Gap Teme Excoadence Curve

.o Aaogron=5 mirmsoff

Frob. Maintain Init Tu:g,-ad

Tangel Continuity

Target Furiy

Tanget Identity Litetria (Hestogram)
Targel Identity Lifetme (Individual)
Target Location Erars

Track Continuity

Tracker Detecions

Tracker Missed Detechons

Track Purity

Todal Track Ldetime (Histagram
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Track Waterfall Display

J Tracking MOP Plots - Window A
fle Edt Wew Insert Tools Window Hebp
Target/Track Waterfall Plot

EEaT i =7 = = S i § j
15:2220 152240152300 15:23:20 152340 15:24:00 15:24:20 15:24:40 15:25:00
LUTC Time

Wateral | | v Plot
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A 2
Setting Up Visualization Tool \/

CMspraR Soltware Testhed - Performance Analysis Sereen

- Meamnres of Perfamancs - Plot Window 1
Signal Processing Measwes of Peffumance
Tracking Measres of Peformanca

= Prigss Fracking NA&TOE
TR e {em Loq Fin

~ Measures of Perfamance - Plot Window 2
Signal Processing Meatues of Pefamance o I
Tracking Measues of Performance - | A |

rod Select a NATDEX File
u

Bl Loak inc [ '3 kde2_jd_kacter_teedback -] +BFE-

] chusters.natosx
] it o Tk, nabosoc

Type: NATOEX File
Size: 68.00B

fout natoex

| NATOEX Files [* natoes]
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Configuring Display Options

\g

t;_

File

D spEAR Software Testbed - Performance Analysis Screen

Windows Hel

~ Measures of Performanca - Plat Window 1
Signal Processing Measure: of Pefformance Off

™ Enter Fusion Map Configuration Parameters [l[=] E3

NATOEX File:  |G\resuts\kdc2_id_kactar_h =|

Color: |Red ‘-'I

Wishle =

Platform:

Platfoemn Size:

Beam Footprint:

i~ NATOEX Visualization —

Dl

o]

G:\resulls\kde2_jd_kactar_feedbackhoul natoex

Symbol

Return to Main Menu

E3
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A
@ Ready to Run Visualization Tool \‘;’/

~ Measures of Perfarmance - Plot ‘Window 1 —MNATOEX Visualization

Signal Processing Measures of Performance On I
Tracking Measures of Performance

‘Measures of Performance - Plot Window 2
Signal Processing Measures of Performance

Tracking Measures of Performance Remove [

CASPEARiesults\kdc2_jdl_kactar_feedback'out

th File ‘ ﬂ ‘ ‘ ;".'-;_’ Run Visualization |

Return to Main Menu
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Visualization Example \‘_(
Q.

Detection & Truth

Click for Demo

Click for Demo

Click for Demo

Detections, Truth

A/C & Detection Reports & Tracks 43
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Summary "':;;;"

* SPEAR Demo CD Available
* SPEAR Access Requests

e KASSPER Algorithm Integration & Evaluation
e Other SPEAR Uses (MC2A, SBR)
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