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SeaSonde
Site Layout

> 11 MHz: 
Single T/R antenna

Climate-Controlled Shelter
with Power, Communications
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SeaSonde
Site Layout

> 11 MHz: 
Single T/R antenna

Climate-Controlled Shelter
with Power, Communications

< 11 MHz: 
Separate T & R antennas
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Compact Omnidirectional Antenna
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7.6 m

6Monday, June 10, 13

http://www.codar.com
http://www.codar.com


HF RADAR Tutorial
Bergen, Norway

June 10, 2013

CODAR Ocean Sensors
www.codar.com

7
7Monday, June 10, 13

http://www.codar.com
http://www.codar.com


HF RADAR Tutorial
Bergen, Norway

June 10, 2013

CODAR Ocean Sensors
www.codar.com

8
8Monday, June 10, 13

http://www.codar.com
http://www.codar.com


HF RADAR Tutorial
Bergen, Norway

June 10, 2013

CODAR Ocean Sensors
www.codar.com

9
9Monday, June 10, 13

http://www.codar.com
http://www.codar.com


HF RADAR Tutorial
Bergen, Norway

June 10, 2013

CODAR Ocean Sensors
www.codar.com

10
10Monday, June 10, 13

http://www.codar.com
http://www.codar.com


HF RADAR Tutorial
Bergen, Norway

June 10, 2013

CODAR Ocean Sensors
www.codar.com

11

Compact Electronics
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Low Power (<200 Watts)
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How Does It Work?
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SeaSonde is a 
Doppler Radar

Measures velocity of
target towards or away 
from the Radar
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λo

λRλR

Freq 
mhz

λR

meters
λO

meters
TO

seconds

5 60 30.0 4.4

13 23 11.5 2.7

25 12 6.0 2.0

42 7 3.6 1.5

λR

λo

Bragg Scattering
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Groundwave 
Propagation

Skywave 
Propagation

Line-of-sight

Ionosphere
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Current Velocity 
Doppler Spreading

2nd 
Order

Bragg Waves 
Approaching

Bragg Waves 
Retreating
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2
1Land

Sea

Radial
Currents
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Compact Crossed Loop 
Omnidirectional Antenna

• 3 co-located antennas

• Unique combination of 
amplitude & phase for each 
antenna = 6 parameters for 
each bearing

• MUSIC Direction Finding on 
each Doppler bin
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New 
Jersey

Long Island
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Freq.
(MHz)

Ants
Radar
λ

(m)

Ocean 
λ

(m)

Current 
Depth

(m)

Max 
Speed

(m/s)

Range
(km)

Range 
Res.
(km)

Sat.
H1/3

(m)

4.5 2 67.3 33.6 2.0 6.5 160-220 3-6 25

5.3 2 57.0 28.5 2.0 6.0 150-200 6 24

9.3 2 32.2 16.1 1.6 4.5 90-130 3-6 19

13.5 1 22.2 11.1 1.3 3.7 60-90 3 13

16.2 1 18.6 9.3 1.0 3.4 45-65 1.5 11

24.5 1 12.2 6.1 0.7 2.8 30-50 1 7

26.2 1 11.4 5.7 0.6 2.7 25-45 1 6

39.3 1 7.6 3.8 0.3 2.2 15-25 0.3 3

42.3 1 7.1 3.6 0.3 2.1 15-25 0.3 3

Considerations for Choosing Frequency
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HF Radio Noise Sources

Man Made Broadcasts

Natural Sources (Auroral, Lightning, etc.)

Shallow Water

Local Wave Climate

Fetch Limitations

Saturation at Higher Frequencies

Very Strong or Very Weak Range of Currents

Site Conditions (Antenna Interactions, Propagation Loss)

Salinity

Factors Affecting Performance
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Example Radial Vector File
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Antenna Pattern Measurement/Calibration
1st Order Bragg Identification Algorithms

Vessel Echo Detection & Removal
Ionospheric Echo Detection & Rejection

Burst Noise (Lightning) Removal
Outlier Removal

Radio Signal Interference Rejection Per-Doppler 
Solution SNR thresholds

MUSIC parameter thresholding

SeaSonde QA/QC
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Example Total Vector File
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Regional/National Networks
Case Study: U.S. West Coast

• 60+ SeaSondes

• Mixed frequencies: 5, 13, 25, 42

• Nested Resolutions

• >2000 km of coastline covered
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5 & 12

12

12

12

12

5

25

25

42

6 km
2 km 1 km

½ km

Nested Resolutions
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Network Monitoring
&

Data Management
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PORTUS
A SeaSonde-centered marine 

information system

The	   main	   aim	   of	   PORTUS	   is	   to	   enhance	   the	  
u4lity	  and	  usability	  of	  SeaSonde	  HF	  radar	  data

PORTUS	   provides	   a	   mul4-‐user,	   easy-‐to-‐use	  
geographical	   interface	   to	   foster	   HF	   radar	   data	  
use	  and	  data	  sharing

PORTUS	   is	   also	   able	   to	  manage	   and	   integrate	  
data	  from	  other	  measurement	  instruments	  and	  
models	  and	  fuse	  them	  with	  SeaSonde

MyOcean	  Salinity	  Model	  in	  PORTUS

Surface	  currents	  in	  Algeciras	  Port
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General PORTUS features (I)

Reliable	  and	  efficient	  data	  storage	  and	  data	  management

Powerful	  and	  user	  friendly	  Google	  maps	  based	  web	  interface

Dubai	  SeaSonde	  HF	  radar	  data	  in	  PORTUS	  
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General PORTUS features (II)

3.Seamless	   importa4on	   and	   integra4on	   of	   all	   surface	  
currents	  and	  waves	  data	  into	  third	  party	  IT	  systems

4.Extra	  monitoring	  and	  repor4ng	  tools	  to	  track	   	  systems	  
status	  and	  the	  physical	  medium	  status

Formats:
Codar,	  ASCII,	  GRIB,	  
netCDF,	  Data	  Layers,

Kml,	  Kmz

Protocols:
	  OPEnDAP

	  FTP
	  WMS
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General PORTUS features (III)

5.	  Value	  added	  data	  products	  based	  on	  SeaSonde:	  STPS
•Surface	  Currents	  Short	  Term	  Predic4on	  System
•Data	  fusion	  with	  third	  party	  observa4ons	  and	  models

STPS	  based	  on	  NOAA	  modeled	  winds	  and	  SeaSonde	  measured	  currents
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General PORTUS features (IV)

Spanish National Ports and Harbours Authority (PdE) buoy network (left) and Gibraltar Strait 
HF Radar System in its Portus Marine Information System	  

6.	  Value	  added	  data	  products	  based	  on	  SeaSonde:	  OPEN
•25h	  average,	  divergence,	  convergence	  maps	  
•Comparison	  with	  models	  (currents,	  waves,	  SST,	  etc.)
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SHARE® & Multi-Static
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Region 1 Region 2 Region 3

4 438 - 4 488 4 438 - 4 488 4 438 - 4 488

5 250 - 5 275 5 250 - 5 275 5 250 - 5 275

9 305 - 9 355 No allocation 9 305 - 9 355

13 450 - 13 550 13 450 - 13 550 13 450 - 13 550

16 100 - 16 200 16 100 - 16 200 16 100 - 16 200

24 450 - 24 600 24 450 - 24 650 24 450 - 24 600

26 200 - 26 350 26 200 - 26 420 26 200 - 26 350

39 000 - 39 500 No allocation 39 500–40 000

42 000 - 42 500 No allocation No allocation

ITU Ocean Radar
Frequency Allocations

(kHz)
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Modulation 
Multiplexing

Share Bandwidth
Multiple Systems can sweep 
through same band without 
interfering

Multistatic Operation
Use Sea echo from another’s 
site’s transmission  (requires 
10-11 precision oscillator*)

✴CODAR-patented GPS-
disciplined oscillator 
waveform works worldwide
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Bistatic!

Monostatic!
T/R! T!

Scattering Geometry!

Multi-Static

Receive signals and sea echo coherently from multiple other SeaSondes
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!

Collect Multi-static 
data simultaneously 
with monostatic data
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!
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6341

Open Mode Analysis
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OMA domain
Data filled in the domain

75 Km range
55 Km range

Red: open 
boundary

Black: closed 
boundary
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Non-divergent Modes ψi (Dirichlet) 

Non-rotational Modes φ i (Neumann) 

…* +

…
* +

α1
Ψ α 2

Ψ α 3
Ψ

+* *

α1
ϕ

+α 2
ϕ α 3

ϕ
*

*

*

65Monday, June 10, 13

http://www.codar.com
http://www.codar.com


HF RADAR Tutorial
Bergen, Norway

June 10, 2013

CODAR Ocean Sensors
www.codar.com

Boundary Modes φ i
b (Flow in and out the domain)   

 

u = α i
Ψ

i=1

∞

∑ k̂ ×∇Ψ i + α i
ϕ∇ϕi +

i=1

∞

∑ α i
b∇ϕi

b

i=0

∞

∑
OMA Current field construction:

Minimizing a cost function to  determine the ideal combination of modes which 
gives the best fit to available measurement data (i.e radial vectors)

Any current field can be expanded in the interior and boundary modes:

…
* +α1
b α 2

b α 3
b

* *+

Kaplan, D. M., and F. Lekien. "Spatial Interpolation and Filtering of Surface Current Data Based on 
Open-boundary Modal Analysis." Journal of Geophysical Research, Vol. 12, C12007, 1-20 (2007)
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OMA reconstructed fields from radials
20  Sept 1000 GMT
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Standard LS LOCAL combining methodOMA reconstructed fields from radials
20  Sept 1000 GMT
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Tusen Takk!
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