Rutgers University

Coastal Ocean Observation Lab
>20 Researchers, > 100 Undergrads, >5100 M Funding
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Engagemen

* Number and types of students funded

* Level (undergraduate, masters, PhD)

* Internships: where for how long

* Post graduation work (where, link to E2E project)
* Evaluation — student, teacher, and end user

f

TOPIC SELECTION: IDEA EDNCAONICOMEORERT
Description of idea, theory,
DHS Research Priorities innovation

and Solicitation and value to HSE end users

RESEARCH PROCESSES

. Theoretical Basis

. Hypothesis tested/questions answered

. Data Needed to answer Qs

. Data Collection Methods

. Immersion of Researchers at end user site
. Analytical Approaches
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Engage to Excel
End to End
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CURRENT STATUS

t and Transitions

End Use - So What?
* Horizon Scan — does it already exist?
What are similar products?
* Potential Applications
* Definite End Users — customers
* Market Assessment
* Potential Transition Partners
* Potential End Users - customers

1

Types of Research Results to date
(where is it now, where does it need to go?)
* Papers
* Patents
* Software Products

Expected / Potential Types of Research Results
(Companies want to be involved in process early)
* Papers * Patents
* Technology * Copyrights

DRAFT PROJECT PLAN

:

Project Team
* Individual (including transition people)
* Role
* Organization Represented
* Discipline or Specialty

i

Initial Funding

Arrangements
* Students * Travel
* Faculty *$
* Equipment
Schno
%Y Devero, A
en

Baseline Measures

* End users’ performance-based

(e.g., weapons or drugs intercepted)
* Reduced security risk and vulnerabilities

(e.g., improved readiness, red-team scores)
* Losses Avoided

(property, lives, income)
* Benefits

(traveler satisfaction, reduced wait times)
* Efficiency

(reduced labor hours for same outcome, increased worker productivity)
* Qualitative measures

Effectiveness Measures
(e.g., technology-driven changes and A as result of
implementing research)
* End users’ performance
(e.g., weapons or drugs intercepted)
* Reduced security risk and vulnerabilities
(e.g., improved readiness, red-team scores)
* Losses Avoided (property, lives, income)
* Benefits (traveler satisfaction, reduced wait times)
* Efficiency
(reduced labor hours for same outcome, increased worker productivity)
* Qualitative measures

The Center for Secure and Resilient Maritime Commerce (CSR)



User Engagement and Transitions

OUP E2E Draft E by
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Page 2 of 2
* Understanding Acquisition
Process
* Incorporating into Acquisition
Planning
* Analysis of Technology'’s effect
on component ops

Hand off:
Legal Issues and When does university MARKET FUNDING FOR TRANSITION TO PRIVATE | TESTING & EVALUATION
Attorney Engagement turn it over to someone ASSESSMENT(S) TRANSITION SECTOR PLAN
else?

* Licensing * How?

*Plans  * How? o .
. . * Commercialization /checklist filled out *Who?

Who? When started & completed? * Liability * Safety Act * Validation Process
A
TRANSITION TO FIRST
RESPONDERS

* Who pays?
* Extent of Market

A

* Federal Agency — How much & for how long?
* FEMA / UASI Grants
* Private Sector

v
INTELLECTUAL PROPERTY DOCUMENTATION, OPERATIONS Legal Issues and CASE STUDY & POST-PROJECT
CONSIDERATIONS & MAINTENANCE, UPDATES Attorney Engagement EVALUATION
A A L

* Federal Govt * University * Plan * Issues * What to Avoid

* Investigator *COE * Institutional arrangements (e.g., * Successes * What to Replicate
* Safety Act university, new company, 501 (c) (3) * Lesson Learned
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s STEVENS ~2ECU,

N —— * 4w The Center for Secure and Resilient
UTGERS .y
X SR Maritime Commerce (CSR) [z}&s

DHS Center of Excellence for Port Security
11 Institutions — Maritime Domain Awareness & Resiliency

Maritime Domain Awareness

Approach -

MONMOUTH

VNS Multi Use Technologies

where beades s ok forward

Demonstrate Nested Vessel Detection
Global > Approaches > Port

IHE.PQF(.TAUTNORNY
University of Miami — -
TEmEeeT Global Satellite Coverage,
{’é\} Visible & Microwave
&

GMATS _ Rutgers, UPRM, UAF -
Over-the-Horizon Compact
High Frequency Radar Networks

NERSC Stevens Institute of Technology —
Local High-Resolution Optics & |
S h al Iow U n derwate r Aco u Sti CS The National Center for Secure and Resilient Maritime Commerce
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Rutgers University — CODAR Ocean Sensors
3 Academic — Industry Partnership since 1998

CSR’s HF Radar Mission:

UNIVERSITY

TR, 1. Develop & Verify the HF Radar Multi-Use
— Capability for Current Mapping & Vessel
e Tracking.

2. Transition these Capabilities to Operational
Use for Search And Rescue (SAR) and
Maritime Domain Awareness (MDA).

3. Educate the Workforce Required to Operate
these National Systems.
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Rutgers University —- CODAR Ocean Sensors
HE Radar Team Academic — Industry Partnership since 1998

UNIVERSITY

Rutgers University - —— :
g y ' _ OLEANDER INBOUND TO NEW YORK HARBOR

Scott Glenn, Josh Kohut, Hugh Roarty, 4
Mike Crowley, John Kerfoot, Ethan

Handel, Mike Smith, Colin Evans
CODAR Ocean Sensors -
MONMOUTH Don Barrick, Pete Lilleboe, Chad Whelan

UNIVERSITY

——————2 Belinda Lipa, Bill Rector, Jimmy Isaacson

University or Puerto Rico — Mayaguez
meporTauwory Jorge Corredor, Julio Morell, Miguel Canals

Applied Mathematics, Inc -

nrewmmescrous.  Bill Browning

University of Alaska — Fairbanks
Tom Weingarter, Hank Statscewich

Ocean Power Technologies - |

. . + 051449.48Z AUG 04
Debbie Montagna, Bruce Downie
NERSC b ] X 051852.03Z AUG 04

Naval Research Laboratory ' LOVELADIES
Michael Lovellette, Dan Newton -

Norwegian Defence Research Establishment (FFI)
Terje Johnsen, Walther Asen

CODARNor
Anton Kjelaas 27 Researchers @ 9 Institutions

ONR - 2004




CODAR Compact HF Radar Antennas

13 MHz - 5 MHz

Combined Transmitter & Receiver Separate Transmitter & Receiver

gﬂ The Center for Secure and Resilient Maritime Commerce (CSR)



Standard CODAR Shore Site:

Shed, Enclosure, Tx/Rx, Comms, Power, GPS, AlS

monitor

A.C. unit

Shed

Lightning Protection

computer
& external
hard drive

”’AH.IIII

sé‘

UPS
system

receiver

_L Two lines of
Communication

Enclosure

?_;k The Center for Secure and Resilient Maritime Commerce (CSR)



HF Radar Bistatic Transmitters —
Extending Range

On Buoys On Ships On Shore

?_;k The Center for Secure and Resilient Maritime Commerce (CSR)



OUP E2E Engage to Excel Transition Pathway

1. Topic Selection
DHS Solicitation — COE for Maritime Security — MDA Component

2. ldea
3 Scales — Global, Approaches, Port
3 Technologies — Satellites, HF Radar, Acoustics

3. Research Component — HF Radar
Multi-Use (currents and vessels)
Multi-static Network (monostatic + bistatic)
3 Steps for Currents (radial data > total vector maps > current products)
3 Steps for Vessels (detections > association > track fitting)

4. Education Component
Summer Research Institute
Team Projects with Grand Challenges

‘‘‘‘‘

?}k The Center for Secure and Resilient Maritime Commerce (CSR)



CSR Research Objective — Develop the Multi-Use Capability in 3 Testbeds

OLEANDER INBOUND TO NEW YORK HARBOR

40" 3

LATITUDE
14 — i’ -
- o]
C ‘”M
<—
T

\ + 051449.48Z AUG 04
L4 X 051852.03Z AUG 04

Association Track Fitting

w ,,,,,,,,,,,,,,,,,,,,,,

Urbanized Harbor Testbed Tropical Testhed Arctic Testbed
e, CSR —Year 0

S The Center for Secure and Resilient Maritime Commerce (CSR)



CSR Research Objective — Develop the Dual Use Capability in 3 Testbeds

OLEANDER INBOUND TO NEW YORK HARBOR

TRACK OF MAAS TRADER and DOLPHIN

LATITUDE
’ t
¥
4_—-

N

‘ + 051449.48Z AUG 04
L4 X 051852.03Z AUG 04

Urbanized Harbor Testbed Tropical Testhed Arctic Testbed
CSR - Year 5 Goal

a £

S The Center for Secure and Resilient Maritime Commerce (CSR)

Q-‘



CSR Research Objective — Develop the Dual Use Capability in 3 Testbeds

OLEANDER INBOUND TO NEW YORK HARBOR

TRACK OF MAAS TRADER and DOLPHIN

40" 30—

LATITUDE
) 2
1
b4 —
4—-
T
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7| w— MAAS TRADER AIS

|| we—— DOLPHIN AIS
MON FFT 256 Thrs 10
IIR FFT 256 Thrs 10

‘ + 051449.48Z AUG 04
L4 X 051852.03Z AUG 04

Bistatic Tx

Urbanized Harbor Testbed Tropical Testoad Arcile Tastoad
T, CSR - Year 4 Status

<
o
a “

S The Center for Secure and Resilient Maritime Commerce (CSR)



CSR Research Objective — Develop the Dual Use Capability in 3 Testbeds

40" 30—

1LAYITUIJE

TRACK OF MAAS TRADER and DOLPHIN

Urbanized Harbor Testbed
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CSR

Tropical Testhed
— Year 5 Status

OLEANDER INBOUND TO NEW YORK HARBOR

+ 051449.48Z AUG 04
X 051852.03Z AUG 04

Arctic Testbed

The Center for Secure and Resilient Maritime Commerce (CSR)




OUP E2E Engage to Excel Transition Pathway

5. Current Status (Pre-CSR)
Multi-use, multi-static capability demonstrated in offline post-processing
Currents — Research results produced in real time
Vessels — Research results produced in offline post-processing

6. Draft Project Plan
Establish 3 Testbeds
Urbanized mainland port — New York Harbor
Remote Tropical — Puerto Rico
Remote Arctic — Alaska, Norway
7. Legal Issues nnnnnn
No restrictions on currents
ITAR restrictions on vessel detection algorithm
Mitigated with compiled software protection key

‘‘‘‘‘

?}k The Center for Secure and Resilient Maritime Commerce (CSR)



* 2005 Report

 Network of compact
Sensors more
effective than few
large phased arrays

* POC Mr. Gary Hover
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Maritime Wide
Area Surveillance

1. Report No. | 2. Government Accession Nessber 3. Recipicat's Cataleg No.

4. Title and Subtitle 5. Report Date

Maritime Wide Area Surveillance Study June 2005

" - Ferlormmg Orp T
7. Autsor) H. Abusalem, S. Borchardt, D. Grant, G. Hover, L. o Tk Orpaniaatien G
S P . 7732

Stiglitz, J. Teti, G. Thomas, S. Thomas, J. Thomason T Ferlormmy Orpenioation Tepor Norber

RDC 690

9. Performing Organization Naste and Addres
U.S. Coast Guard

Rescarch and Development Center
1082 Shennecossett Road

Groton, CT 06340-6048

10. Work Unit No. (TRAIS)

11. Ceatract or Grant Ne.
DTCG2-02-D-RO0010
DTCG9-00-D-RO0009

11 Sponsering Organizasion Name a=d Address

U.S. Department of Homeland Sccurity

Homeland Seccurity Advanced Rescarch Projects Agency
Science and Technology Directorate

Washington, DC 20528

13 Type of Report & Period Covered

Final

14. Sponwring Agency Code

Mission Support Office
Homeland Security Advanced
Research Projects Agency

15 Sepplemcatary Notes

The Coast Guard program sponsor for this work is: Commandant (CG-7M)
U.S. Coast Guard Headquarters
Washington, DC 20593-0001
The RDC's technical point of contact is Mr. Gary Hover, (860) 441-2818, cmail: ghover(@rdc.uscg.mil.

16 Abatract (MAXIMUM 20 WORDS)

This report presents the results of an expert pancel study sponsored by the Homeland Security Advanced
Rescarch Projects Agency. The panel examined rescarch and development options for sensor
technologics that can be used to conduct persistent and effective wide arca surveillance (WAS) of the
U.S. maritime borders in the region from approximately 12 nautical miles (nmi) to 90 nmi offshore. The
study focused primarily on land-based, high frequency surface wave radar (HFSWR) and multi-sensor
airborne system options. High frequency, over-the-horizon sky wave radar was also considered for

applications further offshore.

17, Key Words I8 Distribstica Statement

Maritime Domain Awarencess WARNI
(MDA), wide arca surveillance
(WAS), over-the-horizon (OTH)
sensors, high frequency (HF) radar
Secretary
penalty or other action
is govemed by 5

be disclosed to persons with
parts 15 and 1520, except w

'G;: This record contains Sensitive Security Information that is
controlled under 49 CFR parts 15 and 1520. No part of this record may
t a “need to know,” as defined in 49 CFR
the written permission of the
Administrator of the Transportation Security Administration or the

f Transportation. Unauthorized release may result in civil
For U.S. government agencies, public disclosure
.C. 552 and 49 CFR parts 15 and 1520.

19. Secerity Class (This Report)

UNCLASSIFIED - SSI

20. Security Claws (This Page)

UNCLASSIFIED - SSI

| 21. No of Pages | 21 Price

S The Center for Secure and Resilient Maritime Commerce (CSR)




CODAR vs Raytheon

of the 200 Nautical MIIeExclLELVEFonomIt Zone Using
- Raytheon S Land based ngh Frequency Surface W’Qe Radar

$150,000
0-100 km

Cost: $15,000,000
é;k The Center for Secure and Resilient MBARERE CommercO@-RM




CODAR vs ROTHR

U.S. Navy ROTHR
2.6-km Receiving Array

dﬂuﬂ"iﬂﬂh

i

ROTHR-VA

ROTHR-PR
(under
construction)

Annual Cost: $24 million Annual Cost: $20 million
Coverage: 270%103 mi? Coverage: 2.5%10% mi?
Range: 0-100 km Range: 500-3700 km

<3~ CODAR can fill in gap that ROTHR currently has close to shore
S The Center for Secure and Resilient Maritime Commerce (CSR)
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Transition Success Stories — Making a Difference
Optimizing HF Radar for SAR using USCG Surface Drifters

) wr ”m, ‘. B - 2

ArtAllen
U.S. Coast Guard

R
-5

Scott Glenn
Rutgers Univers

Mid-Atlantic
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Transition Objective —
Operational Use of HF Radar Surface Currents for Search And Rescue

Surface
Currents

Data Product
Generation &

Management
(U.S. 100S)

/’ United States Coast Guard
U.S. Department of Homeland Security

Search And Rescue
Optimal Planning
System (SAROPS)

Environmental
Data Server
(EDS)

UNCLASSIFIED

ﬁ;k The Center for Secure and Resilient Maritime Commerce (CSR)



SAROPS Test Case

5000 Virtual Drifters +
1 Real Drifter (Black Line):

Search Area After 96 Hours

@ Untitled - ArcMap - ArcEditor
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Environmental Data Server (EDS) & SAROPS
Operational May 4, 2009

EDS JOB AID WINDS CURRENTS
Offshore of the YES Within the Gulf YE
East Coast Continental ’ Stream? S > NAM HYCOM / NCOM
Shelf (1000 fm)? GFS / NOGAPS FLDA / SLDMBs
S
East Coast «© NO NO NAM HYCOM / NCOM
GFS /| NOGAPS SLDMBs
(FL to ME) i
On the Continental YES Between Cape YES NAM
Sncl — | cod&cape > GFS
Hatteras NOGAPS
NO
v
| In Narragansett Bay |— NO NAM HYCOM
> GFS /| NOGAPS AGG ADCIRC/NCOM
NO ADCIRC
‘} HF radar data/SLDMBs
| In Hudson River —_— YES
NDFD ASA Narragansett Bay
NAM ADCIRC
NO YES
NDFD NYHOPS
NO ! NAM
| In New York Harbor |
YES
NO NDFD NYHOPS
NAM NOS NY
| In Long Island Sound
YES 'I NDFD NYHOPS
NAM HYCOM
NO v ADCIRC
In Chesapeake Bay, YES
Or Delaware Bay > NOS (harbor) NOS (Harbor)
or St. John River, FL NND:I\I;I) :;gl(::l:
: : NO
Gulf of Mexico / Puerto Rico NDED HYCOM
Great Lakes g WL LRCRE

Next page

S The Center for Secure and Resilient Maritime Commerce (CSR)



May 4, 2009: After a year of testing, NOAA Announces on
U.S. Department of Commerce Website that
Rutgers CODAR is Operational in SAROPS

United States of America

DEPARTMENT OF COMMERCE

Contact Us | Site Map | FAQ

You

I Commerce Services & Offices Near

I Office of the Secretary

I Newsroom

I Budget and Performance

I Bureau of Industry and Security

Economics and Statistics
Administration

I Bureau of the Census

You Are Here: Department of Commerce

NOAA, U.S. Coast Guard: New Ocean Current data to
Improve Search and Rescue Activities

Washington (May 4)—A new set of ocean observing data that enhances the
ability to track probable paths of victims and drifting survivor craft should
improve search and rescue efforts along the U.S. coast. The data comes from
the Integrated Ocean Observing System (IO0S®), part of a joint effort among
NOAA, the Mid-Atlantic Coastal Ocean Observing Regional Association, the U.S.
Coast Guard, and the Department of Homeland Security. The new data sets
include surface current maps from high frequency radar systems. (More)

I Bureau of Economic Analysis

Economic Development
Administration

International Trade Administration

Minority Business Development
Agency

Technology

National Oceanic & Atmospheric
Administration

National Technical Information
Service

Secretary Locke Sworn in at White House Ceremony
by Vice President Biden

Washington (May 1)—U.S. Secretary of Commerce Gary Locke and U.S. Health
and Human Services Secretary Kathleen Sebelius were sworn in by Vice
President Joe Biden in ceremonies at the White House. President Barack Obama
also attended the ceremonial swearing-in event in the East Room. "My Cabinet
is now full of energetic innovators like Kathleen and Gary. . . I am thrilled to
have them by my side as we continue the work of turning our economy around
and laying a new foundation for growth that delivers on the change the
American people asked for, and the promise of a new and better day ahead,”
President Obama said. Locke, a key member of the President’s economic team,

is the department’s 36th Secretary, leading its 12 agencies and bureaus and more than 52,000 employees. (President’s

Remarks)

National Telecommunications and
Information Administration

Patent and Trademark Office

I National Institute of Standards and

Secretary Locke Discusses Trade Promotion
Agreement with Colombian Minister for Trade

Washington (May 1)—U.S. Commerce Secretary Gary Locke hosted a meeting
with Colombia’s Minister for Trade, Industry and Tourism, Luis Guillermo Plata,
at the Commerce Department today. This was the first meeting between
Minister Plata and Secretary Locke. The Secretary and Minister Plata reaffirmed
the commitment of both governments to move forward on progress towards
the U.S.-Colombia Trade Promotion Agreement. The two leaders also
underscored the importance of building stronger business ties through activities
like joint cooperation in trade capacity-building for small- and medium-sized

For information about Commerce
agencies’ efforts, visit
Commerce.gov/Recovery.

For information about the entire
government’s effort, visit
Recovery.gov.

Commerce Initiatives

® Department of Commerce
Progress Report

® Digital Television Transition

Commerce and You

® Population - U.S. Census Bureau
® Official Time in Your Area - NIST
® Today's Weather - NWS

® Grant Opportunities

® E-Commerce Highlights

International Outreach

® Trade Opportunities for U.S.
Businesses

® Trade Statistics Express
® Iraq Reconstruction Task Force

® Afghanistan Reconstruction Task
Force

Present Activity:

Bring all
sustained
regional-scale
HFR networks up
to operational
status in USCG
SAROPS

3 West Coast
Regions for
California &
Oregon are ready.

enterprises and good governance programs. (More)

to the Department of Commerce Webmaster

rce (CSR)

ite House | Privacy Policy | FOIA | USA.gov | No FEAR Act | Disclaimer | Fo

ality | Fair Act | ESR System | Inspector General




I00S Coordinated Rapid Response: Deepwater Horizon Oil Spill

Contributed Assets:

HF Radar Networks
USF, USM
Gliders N G ; - ;3 R
iRobot, Mote, Rutgers, | | Ei’ Y & i - 1A v USM HFR
. “ e b (14257 & "~i\.'1- {,& s
Drifters & Profilers . SRR e N :
Horizon Marine, Navy ) §-s D é’ﬁ‘f“* %, (eaghi) 4"
Satellite Imagery B |' o - ' | A s 51
CSTARS, UDel II T3 v «\l Doploymoéllocanon }, e i
Ocean Forecasts 42550 i 3 A Wl
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Navy NCSU | I T ! | 42550 | \ SG137 Qaqm‘ﬂ;r,\‘\ Last Surfacing

J /G 7

Data/Web Services o, i \
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| . ;
ASA Rutgers SIO T 4901272 Lo A\ @(“"9"' Waypoint: sam "‘ W{v

W85

X s
¥ DAy
N *)lf 1

Spray40 "\, Lasx‘Surfacm ‘
|
-
Miami 2
Q4901269) : F & /
! y T = léj
| Clm‘ waldg 5 l\? Deployment Location
oM
i

o
Current-Waypoint"ud 134

4901267
2 \ Q4901268 Last Surfacing

Eye alt 1392.66 km _

- USMHFR valldatlor’i’of SABGC | | HFR used for Oil Slick Forecasts
L. dn.regian with sa cted oikslicks: _===e === | by NOAA/NOS/OR&R

< SEC04

?_;k The Center for Secure and Resilient Maritime Commerce (CSR)




I00S Coordinated Rapid Response: Deepwater Horizon Oil Spill

Contributed Assets:

Tropical Storm Bg
HF Radar Networks Bt : B %) ]
USF, USM P ———
Gliders ot | ;
iRobot, Mote, Rutgers, 7. i A X ‘ : ‘
SIO/WHOI, UDel, USF [=5% oam=ml 3 PEGR R o S&T Impact Award
Drifters & Profilers ' - o
Horizon Marine, Navy

Tolisiana

Center for Secure and Resilient Maritime Commerce (CSR)
Rapid Response to the Gulf of Mexico Oil Spill
The DIHS Center for Secure and Resilient Mavritime Commerce (CSR) at the Stevens Institute of

Technology (SIT) vrovided the U.S. Coast Guard and other stakeholders with data and analysis,
which quickity became central to the Federal Government’s coordinated response to the

Satellite Imagery
CSTARS’ UDel Deep Water Horizon Oil Spill in the Gulf of Mexico. Three vesearch labs, all partners with the
Center, at the University of Miami, Rutgers University and SIT, provided surface and

Ocean FOI’ecaStS I {20 underwater monitoring of the oil spill using space-based surveillance, ground-based High

1 42550 Frequency Radar and underwater gliders. The basic image data was used to generate daily
Nav_y, NCSU maps, Reep track of the spill and support forecasts of the spread and landfall of oil along the
coastline and wetfands. 7

Data/Web Services
ASA, Rutgers, SIO

7/ / i
y Gy /,' ,//( / (I
Matthew Clark, Ph.D.
Director, University Programs
Mavrch 30, 2011 Science and Technology Directorate
Department of Homeland Security

!
Nearshore Q4901269

% 1 Y ;o
} N & Surface Oil Forecast woelse
S0 i o s . '\ C\(renl Waypoint Rﬁﬁz@r
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g’ W _elev. Om Eye alt 139266 km

HFR used for Oil Slick Forecasts
by NOAA/NOS/OR&R
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WRITTEN STATEMENT OF

. BN

JANE LUBCHENCO, Ph.D. iy
UNDER SECRETARY OF COMMERCE FOR OCEANS AND ATMOSPHERE i
' AND NOAA ADMINISTRATOR ‘
. NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
U.S. DEPARTMENT OF COMMERCE
ke L : ON THE

I Tk i Ry NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION’S
k] L FY 2012 BUDGET REQUEST

e ; BEFORE THE ““-Greenland

- "_' . COMMITTEE ON NATURAL RESOURCES

L B ) SUBCOMMITTEE ON FISHERIES, WILDLIFE, OCEANS, AND INSULAR AFFAIRS '
U.S. HOUSE OF REPRESENTATIVES J

- e March 31, 2011 '
: = From Page 10:

~48 A Gult of LS - Also in support of oil spill response, NOAA requests a $5.0 million increase to

~ . implement the U.S. Integrated Ocean Observing System (I00S®) Surface Current

Mapping Plan using high frequency (HF) radar surface current measurements. lgrea:or

HF radar provides information vital to oil spill response, national defense,

homeland security, search and rescue operations, safe marine transportation,

water quality and pollutant tracking, and harmful algal bloom forecasting.

Lawrence
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. v Atlantic
$5 M First Year Investment ultor: . i ocean  SumMer
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Table 4: Full 5-Year Buildout. Estimated

acquisition & maintenance costs.

Plan to Meet the-Nation’s Needs for
— Surface Current Mapping

—— B e e

S S— Cmbbean 5539
= _‘—‘-— 7 ~ - = = - PaClﬁc ISIands .n....-- S7 sw -
= - - Northeast

—— e elelpr ] s m | am | e | o

= " T aNDOODEIERENETEET
—
' ﬂﬂﬂﬂl-- 58,100 m sa78

Gulf of Mexico 5 SS 100 8553

Southuu
. Central & N.
=— EIDDDDEOER A
. S — Pacific
— EE e o e e e

*!

—_— : == - Technician fully encumbered salary is
e - . estimated at $130,000;
~~— » Purchase and deployment for DF HFRs,
e e A o0 LPA HFRs are $160,000 and $300,000,
® — respectively.
. = e » Two technicians for each 7 DF HFRs,
: - - et 4 LPA HFRs, respectively.

o\ (@ C September 2009
‘\’ ) http://www.ioos.gov/hfradar/




80/80 Status

MARACOOS HF Radar Data Coverage from

2012/06/01 00:00 to 2012/12/01 00:00
100 . T I
5 : ‘ = Optimal Interpolation

Spatial Coverage (%)

0 i i ;
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End Users: Watchkeeper

Today

Operator is the Integrator

"y 2 1 +
Momtonng Zone Epicenter l Approach Zone Epicenter

e —

5 > o y .
Narfalk > = B

Approach Zone
£ +*Radar tracking of vessels
* Daytime cameras
* Nighttime Imaging
* Recelve all AlS broadcasts
* Fuse sensor Inputs Into one track
¢ |P-enabled sensor network

»

Monitoring Zone
* Monitor behavior of all vessels
*Provide persistent survelllance of security zones,
; regulated navigation areas and port vulnerabliities
- { «Observe, day/night, activities and operations within
¢ | thezone

Google

Tomorrow Pointer 36'54"18/.75": N T?vs?sg'ss.o:" W L G Eve altl 3202 mi
Operator’s the Evaluator Watchkeeper pulls data from EDS
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~

EDS Highlights \

Applied
Science
Associates

Worldwide data coverage

Seamlessly Integrates with ASA modeling
software

Supports spatial and temporal data subsetting
Data product aggregation

Bult on standard data conventions

Utilizes open standards data delivery protocols
Integrated OGC Web Mapping Service (WMS)
Service oriented architecture

E D s Environmental Data Server

Professional ESI Web Based

TR < THERS :
hick Clents ArcMap Thin Client OTHERS Extensible framework
Automated processing and data QA/QC
_ Forecast and hindcast data archive J
Data Request Interface (DRI) - EDS Web Services

Data Acquisition Data Request Services
and Normalization (DRS)

Services (DANS) Data Store (EDS Request
(EDS Catalog Processing Service
Server) Array)
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gﬂ The Center for Secure and Resilient Maritime Commerce (CSR)



U.S. Integrated Ocean Observing System:
Interactive Asset Map (by ASA)

MARACOOS Assets Manager MARACOOS Assets Explorer Legends
> ]r@ O\( R 2 L STEOIINTSIBEW Bookmark © Hep |
» T
$ ° T T T . °
Point Observations - Z \ \
o R NERRS stations
© Turn all assets oft ) Turn al assets on 0 site(s) fetched
. * NN NN~ L,
v NDBC buoys & °
CO-OPS stati i R 1
jons. & ® [ S ~
HRECOS stations P = S g
Maryland DNR stations F B ps” o o S M S SS o =8 5 A
7 NERRS stations F t . N NN NSNS e VSN NN, 't
USGS stations E ) T e e e T W U R R R T N
Gliders & \
L LR TR NS N T T T T TR T T T N Ny
Drifters \
iy LR R T TR R I T T T T T T T T T i N R NN
& Ships & drifting buoys & 0 g
Satellite ground stations 3 . L e e e w - - - . . L . e s
7 @ HF radar ground stations 3 } T T T R T
Models ” " T T T T T T N L A 2 T T T T S
@ Turn all models off T T T T T T T T A 2 A R R S S
Chesapeake currents 3 " e NN S T T T T T T A NN PN
STPS currents F; RN RN T R TR T T I R TR JC A APURSE
Stevens NYHOPS currents g U T R R R T T T T T T TR A T Y
1 E! - \
ROMS ESPRESSO currents [ R R R T T T T T T T T A o O O A T Y e
MARACOOS HOPS currents a e
» L A A A T N e e e T e I T TR TR R
NCOM currents E
. \ \ | / N N
HYCOM currents S 8 4w =0 /NN N WS, TR R A R
NAM winds E E A onow YN NN AVENEAPRT A SURVIRTVERVE RN L\.,/,f .
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> o r ! i
NCOM water temperature F S P20 T "W "W "N VU VR N S SR N Y N T R T T N R G2 S daly o
N GEBCO, NOAA, Natignal Geographic, Al ta i
Spatial Observations - - — — FOAA, Riatigna! D oy ERI
© Turn all cbservations off 2012-00-06 20:00 UTC Date~ <K-6h < -1h [> +1h b>+6h & Bathymetry~ () Basemap~
7] [ HF radar currents 3
Chiorophyll concentration F: Time-Series Query Results
Satellite water temperature & model query layer: HF radar currents v i Cle

GOES visible imagery & Click anywhere on the map or on a dot to view a time-series graph of model or cbsenation output.

NHC storm tracks

Comprehensive General Purpose and User Specific Versions
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Multi-Level Access and Information Sharing with Open

* Open Source (Internet)

Mongoose (MDA CONOP)

(U) Multi-Level Enclaves Provide Appropriate Level Data to Customers

ortal

P

Multi-Level Track Fusion & \T/gaailzlggg xvlggrtal Customers
Data Sources Dissemination
.~ GALE-Lite
& GCCS
R — . ONI, NSA
JWICS Mast Other NTM Users
NWS — SCI ‘ o )
* NTM Data Sources NAFTS US Navy
Fleet, MOC’s
GALE-Lite —
RWS — Secret :
« Joint Maritime Information suara N USCG MIFC USCC,E
Extraction (JMIE) MAGNET COCOM'’s
« Seawatch (Secret) )
« Integrated Broadcast ‘ Singapore
System (IBS) ; (Via CMFP)
« Modular Sensor System GCCS
(MSS)
 Matchlite (SEI) | = ar e ——
v . Web Enabled
Visualization —
OWS — Unclass ~ >Portal
« USCG Coastal AIS NIPRNet | Coast Guard
- Internet NOAA Ship 1 Port Authorities
Weather Position Reports ' Law Enforcement
e ica | Web Enabled Agencies (LEA)
> Visualization
2

e LE*
« HF Radar

Unclassified
Open Mongoose

* Initial Development

<

SECy
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DHS_Mongoose_NoGray_V5.ai
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Bohemla AIS Track SNR>9

I‘“u'lg,x'ztll % 2:50.5 ”.1 119§2012.3:15.a : 3 99-3 ﬁ HF ASSOCIHtIOn One 0 ;
ol 19T /\ HF Association two 6

[] HF Association three ¢
HF Detection >20dB

T3, o O 20dB>= HF Detection >12dB
3 ' P AIS Contact

A (o)

| & 5 Time: 0:25:00
OO
o Distance travelled: 11.3km

Yo%)

Sand‘y Hook

Measure the distance between two points on the ground
Map Length: 7.22 ?Kilometers
Ground Length: 22
Heading: 119.46 degrees

(o) R
4072857 17" N 74°00:19.95" W elev -2 ft Mouse Navigation

AlS Bohemia Velocity Range: 10.3KTS up to 10.4KTS. Several HF Radar detections associated by one, two and
three standard deviations, Radar Characteristics: SNR>9, Distance from radar when tracked: 7.2 km
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Other Potential Data Fusion & Visualization Interfaces

] ] ®
p@l tVISIOI I ﬁUserLogin | search Q |
PRODUCTS ~ SOLUTIONS ~ SUPPORT NEWS & EVENTS ~ COMPANY ~ CONTACT ~
Reponts Playback MNew Orieans General
Anchorage, LA
Details =)
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L s : D M =
Pmducts e R 07 LSS F’ Mg e e il e
o R g 3 L Sy oy 2

PortVision Plus

Hoe

Pann|

nnnnn

-l San Diego &

AIRSIS, Inc

Houston

iIcode-mda

International Collaborative Development (| CODE) of Open Source Tools for Enhanced Maritime Domain Awareness

ﬁ (MDA) Program

Project Home | Downloads Wiki Issues  Source

COZC COT

Search projects

Summary People

Project Information

3 +1

g +7 Recommend this on Google

Project feeds

Code license
MIT License

S =

Labale,,

®
°Q “a
a !. ’ ¥

ONR Global
for international
applications
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OUP E2E Engage to Excel Transition Pathway

8. Hand off
HF Radars owned by academics — need procurement process.
Trained operators are academics — need training program
Government fusion engines and decision aids — need data evaluation
and transition plan

9. Market Assessment
2005 USCG Study — Large Single Radars vs. Compact Radar Network
CSR User Engagement Meetings
2012 DHS Independent Technology Assessment

10. Funding for Transition
Currents — $5 M Year 1 investment on $20 M/year, 5-Year build out plan
Vessels - CSR & small research grants. ~500 K/year.

OUP E2E Draft

‘‘‘‘‘
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Vessel Tracking
Research Areas

Current Testbeds

New York Harbor
Delaware Bay

Chesapeake Bay

Y 3 Port of Miami

ASwals ey, 'l \Vestern Puerto Rico

Barrow Alaska

Miami

GreafInqgua fjand
Proposed Testbeds
Great Inagua
Norway
San Diego

‘‘‘‘‘
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Doppler Spectra from all Range Cells
with Detection Threshold above Background Applied

e 06 CSQ_SEAB_09_02_26_001521.cs

Antenna 3
-30

ﬁ Fixed Objects & Direct Signals

-188

Bragg Waves ’m Bragg Waves
Vessel W /M Vessel N -
I(\A i N /“\ h A{ =0
S @

4 Doppler Fréquency , /

(Target Speed)
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djusting the Signal to Noise

800 Realtime Vessel Detection Application ‘
File Configure
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Step 2 Association: TRACK OF MAAS TRADER and DOLPHIN
g . =

T N

BRIG

LATITUDE

- v i
. .8} [ A 413 —
o

S S
DOLPHIN,

yl

|| = MAAS TRADER AIS

|| me—= DOLPHIN AIS

0 MDN FFT 256 Thrs 10
0 IR FFT 256 Thrs 10

{
L R e

74° Q' -73° 45'

LONGITUDE

vesseltracker.com
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Calusa Coast Comparison
11-Jun-2012 10:59:00 - 11:00:00

Calusa Coast
Test Case

A BELM

A SEAB
= CALUSA COAS]

15

1
50

The Center for Secure and Resilient Maritime Commerce (CSR)
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Calusa Coast Comparison
11-Jun-2012 13:00:00 - 13:01:00

Calusa Coast
Test Case

m— CALUSA COAS]
50" 45

A BELM
A SEAB

The Center for Secure and Resilient Maritime Commerce (CSR)



Association

* Level 1 Association occurs out at the shore
station and combines the multiple FFT lengths,
thresholds and backgrounds for the backscatter
and bistatic target files

 Level 2 Association occurs at the central station
where the new ASCII files from each shore
station that result from Level 1 Association are
combined with others (backscatter as well as
multi-static), to give Latitude/Longitude and x-y
target velocity of the same targets as seen by
multiple looks geometrically.

‘‘‘‘‘‘
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Scenario 2 Association

Site 1 Monostatic Site 1 Bistatic Site 2 Monostatic

Kilometers

© 'y Y
b +
2 = 3 B 8 8 &
Total Pseudo-SNR. dB

00! : . . }
0 20 40 60 80 100 120
Kilometers

Scenario 2: R4 T,4
Rx2Tx2
Rx1Tx2

CENTRAL STATION/
ASSOC PROCESSOR
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Step 3 Track Fitting: M/V Victorius

START
011543.03ZJUN 11

\
: ‘v,‘ Little Island Park
o il 5
\

"/‘0
1

%

» Y ~" ,’ :.?{l‘r
."’; __él.
o2 4

'.% '_\;~ X K i -
;J‘A'Q:!{ : . R “, : ‘ LD "om(_]()()glc
Y r 5 . -y - 5 - T r o e R Eve an 339,

LEGEND

GPS SHIP TRACK FILTER SHIP TRACK m CODAR SHIP POSITION — 5 (km)

@) FILTER UNCERTAINTY @ > CODAR UNCERTAINTY ———— 5(m)

M/V VICTORIOUS: GPS Track, CODAR Data, and Ship Tracker Solution with Uncertainty Ellipses
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CSR Ship Detection Visualizer

—Data Selection
Site: SEAB B
Background: | IR v
FFT Length: | 512 |§

Threshold: 18 %

Start Time:  2012-06-11 02:44

End Time: 2012-06-11 05:44

Get Detections

Color/Size by:

@SNR3 (km)

(ORCS (dBSm)
(ORange (km)

(O Velocity (m/s)
(OBearing (deg CWN)

v

Velocity (m/s)

ITime: Sun Jun 10 2012 23:01:14 GMT-0400 (EDT)
Longitude: -73.5148263

Latitude: 40.3799992

Range (km): 38.8225

Velocity (m/s): 6.628 D
Bearing (degCWN): 87

SNR (dB): 30.58

RCS (dBsm): 45.09

02:45 03 AM 03:15 03:30 03:45 04 AM 04:15 04:30 04:45 05AM 05:15 05:30

Time (GMT)
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OUP E2E Engage to Excel Transition Pathway

11. Transition to Federal Agency
U.S. I00S providing partial operating funds for currents -

Below nationally recommended standard to meet USCG 80/80 criteria
Ongoing evaluation for input to Open Mongoose Data Fusion Engine

12. Transition to Private Sector
CODAR Ocean Sensors - Radar hardware and real-time shore-site

processing for radial currents and vessel detections.
Applied Mathematics Inc — Real-time track fitting algorithms
Applied Science Associates — Environmental Data Server operators

13. Transition to First Responders
Through existing data fusion engines and decision aids —
SAROPS, Watchkeeper, Environmental Data Server,
Open Mongoose, U.S. IOOS, Port Vision, ICODE MDA << == =(—<

14. Testing & Evaluation Plan
Demonstrate End-to-End in the Mid-Atlantic Bight First

Transition to a National capability — Start at remote testbeds

‘‘‘‘‘
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The Mona Island

Sentry Experiment 2012

LS aafd"...'.l.-‘-
/A

=——
M/V MARIANGI
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The Mona Island

Sentry Experiment 2012

M/V MARIANGIE

The Center for Secure and Resilient Maritime Commerce (CSR)



Mona Island Experiment

* November 4-9, 2012
* Operated AIS receiver at Rincon

* Bistatic transmitter (Tx) operated at Rincon
Nov 5-6

* Bistatic Tx operated on Mona Nov 7-9

SECy

The Center for Secure and Resilient Maritime Commerce (CSR)



CSR Tropical HF Radar Testbed

AIS Data November 4 -9, 2012

]
19°N

45 -

30 -

15'

18°N

45'

8o 69°W 30 68°W 80 67°W

84 vessels captured on AlS
36 vessels within 100 km of the radar station

23 vessels detected by the radar that were on AIS
13 vessels detected by the radar NOT on AIS

?;ﬁ The Center for Secure and Resilient Maritime Commerce (CSR)



Tracks Completed by Coast Guard
November 7-8, 2012

1 T O. e

o MONA 13 MHz Tx

; S The Center for Secure and Resilient Maritime Commerce (CSR)



Coast Guard Cutters
Used in Experiment

7

CGC Cushing
Capt. _(I_Brzgdkc;nfgc‘)gtchlus CGC Sapelo
Capt. Colin Langeslay
Tracks 3 & 4

?gﬂ The Center for Secure and Resilient Maritime Commerce (CSR)



CSR Tropical HF Radar Testbed

Rx : CDDO, 6 trg.dir's (08-Nov-2012 02:16:00 - 08-Nov-2012 03:15:00)

80 T T T
GPS
q, = 0.94km = 0.31 AR (<e>=0.20 AR)
60 H
o Aoy visiie = 45.8km
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i = |
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1 1
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Detection Rate = 29.5%, RMSerr = 11.5° (8.3° excluding outliers), Mean Error = -2.6°
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Eagle Sydney Detections

Rx = CDDO, NFFT = 256, threshold = 12dB, MMSI = "352179000"
Date = 08-Nov-2012
60

Zero Doppler
clutter

—_ N
S
o

o3
o

bearing(deg CWN)

:  Detected for ~ 1 hour
16:00 16:‘30 17:00 17:‘30 18;00 18:30 19;00 ° DeteCted OUt to 46 km

S The Center for Secure and Resilient Maritime Commerce (CSR)



R (km)

-V (m/s)

100

80

60

40

20

Triton Ace Detections

Rx = CDDO, NFFT = 256, threshold = 12dB, MMSI = 371862000

Date = 09-Nov-2012
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Triton Ace Detections

Rx = FURA, NFFT = 256, threshold = 12dB, MMSI = 371862000

Date = 09-Nov-2012
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Triton Ace Detections

Rx = CDDO, Tx = MONA, NFFT =512, threshold = 13dB, MMSI = 0552

Date = 09-Nov-2012
T

DRSNS ettt
o O@@.Q%O Oo.@? 0 o ‘
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o omul«og' tumw-mwn. -OM o0
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Triton Ace Detections

e Detections at CDDO from 07:00 to 09:00
e Detections at FURA from 07:00 to 07:30

e Detections from Mona at CDDO from 08:30 to
09:00
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Rx : CDDO, 6 trg.dir's (08-Nov-2012 03:15:01 - 08-Nov-2012 03:35:35)

80 T T T
GPS
0, =0.85km = 0.28 AR (<ez>= 028 AR)
60
L4 Rmax.visible =41.1km
: o y £
. S e E AT N 7 < 40 b
.h&..ﬂ"‘.'l TTREIL B OEIORT. b et 00— =0
VICTORY
20
0 1
03:15 03:20 03:25 03:30 03:35
© Giuseppe Boato
MarineTraffic.com
update interval = 32 sec (Today : 15-Jan-2013)
10 ‘ '
GPS
5 Bragg
a = 0.27m/s (<sv> =-0.26m/s)
e
E 0
>
-5
BAAASEEEES & o SEES & o 5 0 o 0 S 2 T S SRR
-10
03:15 03:20 03:25 03:30 03:35

Detection Rate = 66.7%, RMSerr = 8.5° (7.0° excluding outliers), Mean Error = 8.3°
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CDDO Pepper Plots Along With AIS Data 08-Nov-2012
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CSR High Latitude HF Radar Testbed

Objective:

Test the capability of the SeaSonde
HF Radar as a detection and
surveillance sensor at high latitudes
in anticipation of the polar ice cap
melting and the increased usage of
the Northwest Passage.

Sponsor:

Participants:
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AIS traffic near Barrow, AK

Remote Power Module
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Alaska Experiment

e |nstalled radars in June 2012

e Collected vessel real time vessel detection
data starting on July 9

* Data transferred back to Rutgers in real time

* Focused analysis on September 9 and 10
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Chukchi Sea, Alaska: Surface Currents
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www.ims.uaf.edu/artlab

The Center for Secure and Resilient Maritime Commerce (CSR)



Receive Antenna
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Vessels Detected During Sept 9/10
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Rx : BASC, 6 trg.dir's (09-Sep-2012 00:01:02 - 09-Sep-2012 23:52:24)

= 21 hours of
Detection for
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Rx : BASC, 6 trg.dir's (10-Sep-2012 00:01:03 - 10-Sep-2012 09:57:42)
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Detection Rate = 49.4%, RMSerr = 107.7° (99.4° excluding outliers), Mean Error = 37.7°
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Rx : BASC, 6 trg.dir's (10-Sep-2012 00:01:03 - 10-Sep-2012 09:57:42)
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| « Self Contained
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OUP E2E Engage to Excel Transition Pathway

15. Intellectual Property Considerations
CODAR owns patents on hardware and IP on real-time software.
Applied Math owns IP on real-time trackers.
Applied Science owns EDS

16. Documentation, Operations & Maintenance, Updates
Example - Teledyne Brown led manuals for U.S. Navy glider operations
Currents — Operations Plan published for National HF Radar Network
Currents — Updates generated as U.S. |IOOS funding permits.

17. Legal Issues
ITAR Status of Association Process Unknown
Collaborative agreement with Norway needs to be developed
18. Case Study & Post Project Evaluation N
Currents — Gulf of Mexico Qil Spill '
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Next Steps:

1) Continue Research on Association (with Norway) &
Engage the Real-Time Tracker (with Applied Math)

2) Demonstrate in NY Harbor, Puerto Rico & Alaska Testbeds

3) Develop a Concept of Operations for the National Network
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