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The State University of New Jersey

§ 71,000 students
§ $750 million in 

research grants and 
sponsored programs

§ 24,000 faculty and 
staff

§ 530,000 alumni
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Rutgers University Center for Ocean Observing Leadership

RUCOOL is creating knowledge of our ocean planet by pushing the limits of 
science and new technologies while inspiring future generations of ocean 

explorers, within these core focus areas:

Hurricane Science

Ocean Acidification

Polar ScienceOffshore Wind

Fisheries Integrated TechnologyEmpower the Next Generation

Ocean Pollution
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High Frequency Radar
CODAR Tx/Rx Antenna
Lewes Beach, DE USA
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Weekly HFR Data Requests by USCG

MARACOOS 
surface currents 
operational with 

USCG May 4, 2009

US IOOS surface 
currents operational 

with USCG March 
2011

MARACOOS engagement 
events with USCG
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30,000 MW by 2030
Offshore Wind
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Introduction to Radar
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Why RADAR for remote sensing?
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What is Radar?
• RAdio Detection And Ranging
• Search/detect – is an object there?
• Need range and bearing

• Track – where is the object going?
• Need range, bearing and velocity

• Classification
• Scattering, polarization

Chain Home NexRad
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Electromagnetic Spectrum
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Radar Spectrum & Propagation Modes
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RADAR terms
• Solid State
• Polarization
• Pulse vs CW
• Coherent
• Beamwidth
• Antenna Gain
• Phased Array
• Doppler Shift
• Clutter
• Radar Cross Section (RCS)
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A FEW NOTES ON POL ARIZATION

Radar and other forms of electromagnetic radiation consist 
PG�FMFDUSJD�BOE�NBHOFUJD�ĕFMET�UIBU�BSF�QFSQFOEJDVMBS�UP�FBDI�
other. !e polarization of an electromagnetic wave refers to the 
PSJFOUBUJPO�PG�UIF�FMFDUSJD�ĕFME��*G�UIF�FMFDUSJD�ĕFME�JT�PSJFOUFE�
vertically with respect to Earth’s surface, as shown on the le" 
in Figure 13, then the wave is said to be vertically polarized. 
#FDBVTF�SBEBST�FNJU�DPIFSFOU�SBEJBUJPO
�UIF�QPMBSJ[BUJPO�JT�
DPOUSPMMFE�BOE�UIF�TFOTPS�DBO�CF�DPOĕHVSFE�UP�FNJU�BOE�SFDPSE�
XBWFT�PG�B�DIPTFO�QPMBSJ[BUJPO��ćF�MPPL�PG�UIF�ĕOBM�JNBHF�XJMM�
be di$erent depending on the polarization used to illuminate 
the ground and the physical structure of the re%ecting objects. 
'PS�FYBNQMF
�UBMM�PCKFDUT�TDBUUFS�WFSUJDBM�QPMBSJ[FE�FOFSHZ�NPSF�
prominently than horizontal polarized energy, while power 
lines re%ect more strongly from horizontal polarization.

While polarization of an electromagnetic wave can take a 
range of orientations, imaging radars typically use vertical or 
horizontal pulses or some combination of the two (see Van Zyl 
BOE�:VOKJO
�����
�GPS�B�DPNQSFIFOTJWF�EJTDVTTJPO
��'PS�FYBN-
ple, a radar might transmit horizontal pulses and record the 
IPSJ[POUBMMZ�PSJFOUFE�QPSUJPO�PG�UIF�CBDLTDBUUFS��4VDI�B�TZTUFN�
is called HH, denoting a horizontal transmit and a horizontal 
receive. However, when a pulse of a particular polarization 
strikes an object, a portion of the backscatter energy may be 
%ipped in orientation. !us, it is possible to arrange for the 

transmit and receive cycles to handle di$erent polarizations. 
!e transmit might be H, but the receive could be tuned to V, 
which is denoted HV and is called cross-polarization.

ćF�JNBHF�PG�4BO�'SBODJTDP�PO�UIF�MFę�JO�'JHVSFڀ���IBT�BO�
))�QPMBSJ[BUJPO��*O�UIJT�DBTF
�3"%"34"5���FNJUUFE�IPSJ[PO-
tally polarized waves and it recorded the horizontally polar-
ized backscatter. !e middle image has an HV polarization. 
Notice that the signatures of the two scenes are quite di$erent. 
Cross-polarization is o"en useful in ship detection applications 
because, under some conditions, it suppresses the signature of 
the open ocean while providing bright signatures for ships. On 
the other hand, HH polarization retains the ocean signature 
and can sometimes be used to record wake signatures. !e dif-
ferent signatures of the ocean surface are quite evident in these 
UXP�JNBHFT��4VDI�EVBM�QPMBSJ[FE�DPMMFDUJPOT�	))
�)7
�DBO�CF�
used together for improved ship-detection capabilities. 

4PNF�SBEBST�IBWF�UIF�BCJMJUZ�UP�DIBOHF�UIF�QPMBSJ[BUJPO�GSPN�
POF�QVMTF�UP�UIF�OFYU��ćF�3"%"34"5���JNBHFT�JO�'JHVSFڀ���
were all collected during a single image operation, called quad-
pol collection, in which the antenna alternately emitted H and 
V waves and recorded HH, HV, VV, and VH data (MacDonald, 
Dettwiler and Associates Ltd., 2009). !e HV and VH images 
are alike, and a quad-pol collection actually produces three 
distinct images. Figure 15 shows these images combined into 

a false-color composite produced by 
projecting the HH image in red, the 
HV in green, and the VV in blue. In 
this way, many ground cover features 
can be distinguished.

Figure 14. Multipolarized radar images. © MacDonald, Dettwiler and Associates Ltd. All Rights Reserved

Figure 15. Multipolarized false-color composite. 
© MacDonald, Dettwiler and Associates Ltd. All 
Rights Reserved

Figure 13. Vertical and horizontal polarization.

HH HV VV
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Vessel Traffic Service
Introduction
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VTS Locations
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VTS Traffic Volume

• 78,000 vessel per month
• 2,500 vessels per day
• Relatively constant for 

the past 3 years
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Ferry

Tanker

OtherFreight

Tug/Tow
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VTS Architecture Overview

MTM-300 CG Watchstander

VHF Radio

AIS

Radar

Cameras
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Vessel Traffic Service
Current and Future
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July 30, 2021
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Canadian CG Requirements for Shore-based Radar Coverage
March 2018
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Radar Use Within VTS

•Anchorage Monitoring
• Small vessel detection (non VTS users)
• Ship and Barge breakaways
•Debris monitoring
•Monitoring Aids to Navigation (ATON)
•AIS failure
•Monitoring aspect ratio of vessel

X Band Radar
VTS Houston
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Sea Hermes
Anchor Dragging

Oil Products Tanker
Length:  180 m
Beam: 32 m
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54 Microwave Radars in 9 VTS Locations
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Digital Twins of Each VTS
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Request for Information
• Released July 31, 2020
• Received responses from 8 radar companies

Existing Proposed 
700 lbs.

20 ft 3 ft 6 ft

40 lbs.
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243 Cutters
1,650 Boats
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610 m

Statue of Liberty
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Radar at New Lane (NLN) 
VTS New York
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Radar Coverage 
for Sandy Hook, NJ
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Add a Second Station
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0.5° beamwidth, 
25 m range cells
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1° beamwidth, 
30 m range cells
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MTM-300
Radar 

Processor

Radar 
Processor

Radar 
Processor

Radar 1 
Picture

Radar 2 
Picture

Radar 3 
Picture

Visualization 
DisplayTracker
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VTS Architecture
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Coast Guard Missions

Maritime Law Enforcement

Defense Operations Maritime Security Operations Marine Transp. System Mgmt.

Maritime PreventionMaritime Response
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Next Steps
• Obtain data of vessel position from MTM-300 and compare against 

raw radar feed
• Experiment with multiple radar images on a single target to see how 

MTM-300 fuses the data streams
• Experiment with other Coastal Surveillance platforms (Norcontrol, 

TimeZero) to see how well they can fuse multiple sensor data into a 
unified picture
• Opportunities for continued research leveraging the MSC Basic 

Ordering Agreement



Multi-Mission Radar 
for the US Coast Guard
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