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Abstract— Large numbers of ships travel up and down 
the East Coast of the United States daily, ranging from 
recreational vessels to cargo vessels. Especially busy areas 
are the approaches to New York Harbor.  New York 
currently is the third-busiest port in the United States and it 
is growing rapidly [1]. The large number of vessels that 
travel in and around New York, and the expectation of 
increased numbers, makes Maritime Domain Awareness 
important for this region. 

To increase Maritime Domain Awareness, Rutgers 
University is now using their SeaSonde® HF Radar coastal 
ocean current and wave monitoring network for vessel 
detection. The vessel detection system focuses on the 
approaches to New York Harbor, where ship traffic is 
greatest. The capability of this system was tested along the 
New Jersey coastline in October 2012. 

The vessel detection software, developed by CODAR 
Ocean Sensors and Rutgers University, was installed on two 
13 MHz HF Radar sites.  The data analysis for this paper 
focused on the period from October 22, 2012 to October 26, 
2012. The three sites utilized were located in Belmar, Sea 
Bright and Seaside Park, New Jersey.  The network was run 
in multistatic mode, which is a combination of monostatic 
and bistatic transmitters and receivers.  A transmitter and 
receiver were located at the Sea Bright and Seaside Park 
stations.  Each of these stations operated in monostatic mode 
where the transmitter and receiver are geographically 
collocated.  A transmitter was placed at the Belmar site and 
acted as a bistatic transmitter where its signal was received 
at the Sea Bright and Seaside Park stations.  So a total of 
four signals were processed using the three stations.  The 
stations were able to operate in bistatic mode by 
synchronizing their signals through the use of the Global 
Positioning System (GPS) time signal.  The bistatic data 
vessel detection data obtained from the two sites were 
compared against the Automatic Identification System (AIS) 
for verification.  The use of bistatic vessel detection data will 
increase the number of detections on a single vessel by 
increasing the range of the system as well as adding different 
look angles when the vessel passes through the Bragg or zero 
Doppler clutter regions. 

Maritime Domain Awareness is vital for areas with heavy 
ship traffic, such as New York Harbor. The Automatic 
Identification System (AIS) is a self-reporting system, and 

may not always be used.  The vessel detection capability of 
the HF Radar system will provide information on ships that 
are not reporting on AIS. The use of vessel detection from 
HF Radar will provide a valuable layer that the US Coast 
Guard can utilize to increase its Maritime Domain 
Awareness.  

Keywords—HF radar, MARACOOS, vessel detection, 
bistatics, maritime domain awareness 

I. INTRODUCTION 
Maritime Domain Awareness (MDA) is the effective 

understanding of anything associated with the maritime 
domain that could impact the security, safety, economy, or 
environment of the United States [2].  High Frequency 
radar is an effective tool to achieve MDA.  HF radar has 
been assimilated into models for effective oil spill response 
[3-5], utilized in the planning of Coast Guard Search and 
Rescue (SAR) cases [6, 7] and used to determine the fate of 
coastal plumes [8, 9]. All of these applications will increase 
maritime domain awareness for personnel in the US Coast 
Guard (USCG) responsible for Search and Rescue 
activities and National Oceanic and Atmospheric 
Administration (NOAA) Office of Response and 
Restoration responsible for providing scientific support for 
hazardous material spills.  A more recent application of 
coastal HF radar systems is the detection of vessels passing 
the radar [10, 11].  Currently the USCG relies upon the 
Automatic Identification System (AIS) to track vessels in 
coastal areas.  One drawback of this method is that AIS is a 
self-reporting system [12].  The National High Frequency 
Radar Network [13] has the potential to provide another 
layer to MDA with the vessel detections from the coastal 
radars. 

One obstacle to overcome with HF radar for vessel 
detection is the clutter from the sea. Any target with a 
radial velocity close to the Bragg velocity will be difficult 
to detect due to the large echo of the sea.  Figure 1 shows 
the spectra from a 13 MHz surface wave HF radar.  The 
Bragg speed for 13 MHz is ±4 m/s (±8 knots).  Any vessel 
travelling with this radial velocity will produce an echo that 
will fall within the Bragg scatter and prove difficult to 
discern against the echo of the ocean.  This sea-clutter 
problem can be overcome through sea-clutter cancellation 
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algorithms [14].  Another method to overcome this deficit 
is through the use of bistatic vessel detections.  The 
transmit signal from another radar station or at sea buoy 
[15] can illuminate a vessel at sea.  The echo from the 
target can be received at a shore radar station.  The echo 
from the bistatic signal would not be masked by the sea-
clutter as compared to the backscatter signal from the radar 
due to the different geometry. 
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Figure 1: Diagram of the Bragg spectra from a 13 MHz 
HF radar with a.  The x-axis is radial velocity (m/s) 
and the y-axis is signal power (dBm). 

II. METHODS 
A 13 MHz network was established in New Jersey for 

the study of the offshore wind energy resource [16] and 
vessel detection [17].  Radar stations were located in Sea 
Bright, Belmar and Seaside Park, New Jersey (Figure 2).  
A CODAR SeaSonde was located at the stations in Sea 
Bright and Seaside Park.  A CODAR bistatic transmitter 
(Model SSBT-100-0012) was located at the station in 
Belmar.  All three systems were equipped with the 
SeaSonde SHARE-enabled transmitter.  This allowed the 
systems to operate on the same frequency conserving 
bandwidth while also allowing for multiple transmit signals 
to be received on a single receive  station.  The stations at 
Sea Bright and Seaside Park received their own transmit 
signal (monostatic mode) and the transmit signal from the 
bistatic transmitter located in Belmar (bistatic mode).  The 
combination of monostatic and bistatic operations is 
described as a multistatic network [18, 19].   

This configuration was operated from October 22-25, 
2012.  The radar stations were equipped with CODAR 
Ocean Sensor’s real-time vessel detection software.  That 
meant the vessel detection  data would be generated every 
32 seconds and could be transferred back to an aggregation 
center.  The file size for each detection file was on the 
order of 10 kB.  So the detection file could easily be 
transferred back over the communication mode for the 
station (cable internet for Sea Bright and cellular modem 
for Belmar). 

The systems officially transmitted on 13.45 MHz with 
50 kHz of bandwidth.  This equates to a range resolution of 

3 km for currents.  The signal from hard targets like ships 
will be seen in several range cells so an interpolation 
scheme is used within the vessel detection software to 
increase the range resoltion to approximately 0.5 km.   

 
Figure 2: Study area off the northern coast of New 
Jersey.  The locations of the radar stations are 
indicated by the red triangles with the four-letter site 
code.  Bathymetry contours in meters are also shown.  
The inset shows the general location of the experiment. 

 
 Measured beam patterns [20] were used at each of the 

receive stations in order to obtain the most accurate bearing 
measurements of the target.  Range and radial velocity 
measurements of the radar are not affected by beam 
patterns, only the bearing estimate is affected by the beam 
patterns. 

A. Vessel Information 
The four vessels were used during this experiment 

were the CMA CGM Dalila, CSAV Laja and Ever Radiant 
which are all large cargo containers and the Eagle 
Beaumont which is a crude oil tanker.  Basic information 
on the vessels is provided in Table 1.   
 
Table 1: Particulars of the vessels used in this 
experiment. 

Vessel Name Length 
(m) 

Breadth 
(m) 

Gross 
Tonnage 

CSAV Laja 261 32 39906 
CMA CGM Dalila 334 43 89787 

Ever Radiant 293 32 53103 
Eagle Beaumont 253 44 57456 

 
Automatic Identification System (AIS) receivers were 

located at the Sea Bright and Belmar stations.  The 
receivers were model SM161R-2 manufactured by Shine 
Micro.  The receivers were outfitted with omnidirectional 
Very High Frequency (VHF) antennas to receive the AIS 
signal.  The data from the receivers were transferred in 



real time over the Internet and recorded and time stamped 
at the aggregation center at Rutgers University.  The time, 
latitude and longitude from the AIS data were converted to 
range, velocity and bearing relative to the particular radar 
station.    

B. Vessel Detections 
Vessel detections were generated at both the Sea Bright 

and Seaside Park radar stations.  The detection data 
included range, radial velocity and bearing measurements 
of possible targets.  Each of these measurements is 
accompanied with the corresponding uncertainty.  The 
detection signal to noise ratio (SNR) on each of the three 
receive channels is also reported along with a radar cross-
section estimate for the vessel. An example plot of the 
monostatic detections is given in Figure 3 and the bistatic 
detections are shown in Figure 4. 

 
Figure 3: Monostatic Detections from the Sea Bright 
radar station from 15:00 to 18:00 GMT on October 24, 
2012.  The panels from top to bottom are range (km), 
radial velocity (m/s) and bearing (degrees CWN).  The 
track of the Eagle Beaumont is shown as the aqua line 
in each of the panels.  The color of the dot represents 
SNR on channel 3 of the radar. 

 

 
Figure 4: Bistatic Detections from the Sea Bright radar 
station from 15:00 to 18:00 GMT on October 24, 2012.  
The radar at Sea Bright acted as the receiver and the 
radar at Belmar was the transmitter.  The plot 
description matches that of Figure 3. 

 

III. RESULTS 
The range, velocity and bearing data from the AIS is 

used to validate the detections by the radar.  This also helps 
elliminate any false alarms in the radar data.  Taking the 
plot of the monostatic detections from Figure 3 and only 
keeping the detections that are close in range and bearing to 
the Eagle Beaumont yields Figure 5.  The same process 
was repeated for bistatic detections in Figure 4 to yield 
only the associated data in Figure 6.   

The benefit of the two data streams is that targets that 
are hidden in the Bragg or zero Doppler region of one radar 
can not simultaneously be hidden in the second radar.  For 
example in Figure 6, the Eagle Beaumont is travelling at 
the Bragg speed of the bistatic signal between 17:00 and 
17:30.  This leads to no detections of the vessel by the 
bistatic signal.  However the monostatic detections by the 
radar at Sea Bright have good coverage during this time 
period as the vessel was just outside the Bragg region.  The 
Bragg region is denoted by the yellow horizontal lines at 
±4 m/s in the middle panel of Figure 5 and Figure 6.   

And again there was a lack of monostatic detections at 
16:07 in Figure 5.  This deficit was overcome by the 
bistatic detections at the same time period in Figure 6.  For 
the rest of the time period there were consistent detections 
by both the monostatic and bistatic signals.  This highlights 
the second benefit of the bistatic data source which is 
multiple observations of the same target.  This will increase 
the probability of detection and also lowering the false 
alarm rate.  

Another example comes from the Ever Radiant.  It was 
leaving New York Harbor at 18:30 on October 24, 2012.  

National Oceanic and Atmospheric Administration, United States 
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At 19:15 the vessel passes through zero Doppler relative to 
the radar at Sea Bright as it travels along the coast.  So the 
radar at Sea Bright was not able to make any detections of 
the vessel due to the zero Doppler clutter region.  However, 
the bistatic signal transmitted from Belmar and received at 
Sea Bright did make detections on the vessel during this 
time period. 

All the detections that match the Ever Radiant are 
plotted on a map in Figure 7.  The Belmar station (black 
circle) acted as a bistatic transmitter and the signal from 
that station was received at both the Sea Bright and Seaside 
Park station.  The bistatic detections doubled the number of 
measurements on the vessel.  The scatter of the detections 
around the track increases between 40° and 40°  10’ 
latitude.  The bearing uncertainty increase from the 
detections at Sea Bright were due a drop in the signal to 
noise ratio [21].  This causes a scatter when the detections 
are placed on a map even though the radar makes an 
accurate measurement of target range and radial velocity. 

  One way to over come this scatter is through the use 
of a tracker to smooth out the target track.  One other way 
to make more accurate position estimates of the target is to 
make use of the detections from another radar.  At 40° N 
latitude, just as the errors in the bearing estimates from the 
radar at Sea Bright are starting to increase, the radar at 
Seaside Park is starting to detect the vessel with low 
bearing and position error.  Combining these multiple 
datasets to form a more accurate track of the vessels path 
will be for future work. 

 
Figure 5: Monostatic detections by the radar at Sea 
Bright associated with the track of the Eagle Beaumont 
from AIS.  The dots represent the detections while the 
boxes surrounding them represent the length of the 
FFT (width) and the uncertainty of the measurement 
(height).  The different colors represent the type of 
background and fft length used for the detection. 

 

 
Figure 6: Bistatic detections by the radar at Sea Bright 
associated with the track of the Eagle Beaumont from 
AIS.  The plot description matches that of Figure 5. 

 

 
Figure 7:  Detections from multiple sources of the Ever 
Radiant.  The monostatic detections from Sea Bright 
are shown in blue, the monostatic detections from 
Seaside Park are in green and the bistatic detections 
(Belmar is the transmitter and Sea Bright is the 
receiver) are shown in red.  The radar stations are 
shown as the icons on land and the track of the vessel is 
in black. 



IV. CONCLUSIONS 
The bistatic vessel detection capability has been 

demonstrated for the SeaSonde HF radar.  This was 
accomplished by synchronizing the transmit signal between 
the shore stations through the use of GPS timing.  This 
capability can reveal targets that are hiding in the zero 
Doppler or Bragg region of a monostatic radar.  It also 
provides an additional measurement of the vessel position 
or velocity, thereby reducing the error of the measurement.  
Future work will focus on developing algorithms to 
combine these multiple data streams for a more refined end 
product. 
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