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1. Introduction - coastal radar “WERA” 

current mapping                                                wave mapping 
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1. Introduction - coastal radar “WERA” 

Typical WERA site layout 
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WERA (WavE RAdar) is a shore based remote sensing system using the  

over the horizon radar technology to monitor ocean surface currents, 

waves and wind direction.  

A vertical polarised electromagnetic wave is coupled to the conductive 

ocean surface and will follow the curvature of the earth. 

The rough ocean surface interacts 

with the radio wave and due to the 

Bragg Effect back-scattered 

signals can be detected from 

ranges of more than 200 km.  

1. Introduction - coastal radar “WERA” 
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1. Range versus Operating Frequency 

The black line shows the typical range.  
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Typical Range for Current Mapping versus Frequency 
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The green line marks the range at best case conditions 

The red line marks the range at very noisy conditions 

Frequency bands, 

allocated for ocean radar 

Valid for array type systems (compact systems provide about 80 % of this range)    
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1. Range versus Operating Frequency 

The black line shows the typical range.  
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The back-scattered radar signal will be Doppler shifted with a specific 

frequency offset given by the velocity of the  

gravity wave that is responsible for the Bragg scattering. 

These Doppler shifted signals will 

be symmetrical around the centre 

frequency as long as the ocean 

surface does not move. An ocean 

current will shift these Bragg lines 

up or down in frequency. 

2. Introduction - working principle 
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The range resolution of any radar is given by:  

  range resolution = c / (2 • bandwidth) 

2. Introduction - radar basics 

"range resolution" versus "bandwidth"
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A continuously swept rf-signal is transmitted. The reflected 

signal has a frequency offset compared to the actual 

transmitted signal, thus the distance is frequency encoded.  

The radar is continuously transmitting with low rf power.  

The required decoupling between transmitter and receiver  

has to be achieved by means  

of using separate locations  

for Rx and Tx antennae. 

The receiver is continuously  

switched on, to pick up signals  

from all over the defined range.  

2. WERA physics 
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2. WERA physics - FM-cw principle 

WERA FM-sweep
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2. WERA physics - FM-cw principle 

WERA FM-sweep with sea echos
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2. WERA physics - FM-cw principle 

WERA FM-sweep with sea echos (Zoom)
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2. WERA physics - FM-cw principle 

Range Resolution
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time series per range cell
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For each range cell, with every time step a new value is sampled. 

 

The Doppler frequency shift of the Bragg resonant  

waves is dominant, superimposed with some lower 

frequency components of the wave spectrum. 
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2. WERA physics - FM-cw principle 
Doppler Resolution
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The width of this spectrum is given by the length of the sweep: 

Df = 1/sweep_time 
The frequency resolution is defined by the measurement time: 

Resolution = 1/measurement_time 
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3. Direction Finding & Beam Forming Mode 

Parameter Compact Antenna  

(Direction Finding) 

Array Type Antenna 

(Beam Forming) 

Receive Antenna Array: 

Provided Data: 

 

Field of View:  

Angular Accuracy: 

 

 

Temporal Resolution: 

Noise Reduction: 

Square of 4 Poles 

Currents and  

Wind direction 

up to 270°  

 < 10° typical  

Antenna calibration 

recommended ! 

> 20 minutes 

standard 

8 to 16 Poles 

Dynamic Currents,  

Waves and Wind 

120° (more if curved) 

< 1°                              

Antenna calibration  

not required ! 

> 30 seconds 

unique WERA noise  

reduction method 
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3. Using BF or DF ? 

Can only be measured in the near 

range and requires many 

assumptions. No access to wave data 

pixel by pixel. 

Measures the local wave data 

pixel by pixel.  

Directional spectra are available 

as well. 

 

Waves 

Mesoscale current structures can be 

measured, but resolution can be 

limited due to long integration times 

and low azimuthal accuracy. 

High dynamic ocean current 

structures can be measured 

down to sub-mesoscale. 

 

Currents 

Compact antenna system  

(3 x 3  to 12 x 12 m)  

easy to install 

Requires antenna array of  

8 ... 16 small antennas 

Array length of 0.1 % of range  

 
Siting 

Requires long data collection period 

to get full coverage  

20 ... 60 min  

5 ... 10 min for currents 

and  

10 ... 20 min for waves 

   Required  

integration 

time 

Compact antenna with 

Direction Finding 

Phased-array with  

Beam Forming  
Feature 



© HELZEL Messtechnik GmbH 

3.1 Direction Finding 

The range (r) for the annulus is determined by the  

frequency offset (time delay). This parameter is  

very accurate and stable over the entire range. 

The received signals from a single target (red star) have on 

individual antennas the same amplitude but different phases.  

Direction         Finding 
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3.1 Direction Finding 

The received signals from a typical ocean area with a surface 

current parallel to the shore (marked as red arrows) have 

different Doppler shifts at each angle within one range cell.  

All these signals are measured simultaneously resulting in a 

composit signal. 

Direction         Finding 
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WERA DF spectra  

of range cell 5 (6.6 km)  

at 27 MHz 

14 min integration time 

3.1 Direction Finding 
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Advantages of this configuration: 

 -  Compact site geometry  

 -  Field of View more than 180°  

 -  Reduced costs for hardware   

To be taken into account for Direction Finding  

 -  Unsuitable in high dynamic ocean areas 

 -  Sensitive to environmental parameters and RFI  

 -  Reduced accuracy (angular uncertainty)    

3.1 Direction Finding 
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Linear Antenna Array 

The range, r, for the annulus is determined by frequency offset 

(time delay). This parameter is very accurate and stable over the 

entire range.  

Each antenna receives individual amplitude and phase information.  

The Beam Forming algorithm will steer a narrow beam over a  

defined angular range, typically 120°. 

3.2 Beam Forming 



© HELZEL Messtechnik GmbH 

BF spectra   

of one pixel 1.5 x 1.5 km  

in range cell 38 (58 km)  

at 8.38 MHz 

9 min integration time 

3.2 Beam Forming 
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1. Introduction, WERA  
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Advantage of this configuration:  

-   Highest temporal resolution providing reliable data  

even in dynamic ocean areas for each pixel. 

-   Directional wave spectra available  

for up to 50 % of the current mapping range.  

-   Robust against changing environmental parameter & RFI 

- Automatic calibration  (no antenna field calibration required) 

-   Accurate measurements due to high angular accuracy   

3.2 Beam Forming 

  To be taken into account: 

  -  Limited Field of View  120° (more with curved array) 

  -  Longer area at the shore line required. 

  -  More expensive than the compact version 
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4. Angular Resolution 
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4.1 Angular Accuracy of SBF 

With 12 or 16 antennas the accuracy in azimuth is better than +/-1° 
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4.2 Resolution 
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4.2 Resolution 
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4.3 Resolution / Length of Array 
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4 Ant DF 

8 Ant BF 

12 Ant BF 

4.3 Resolution / Length of Array 
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The unique, parallel and phase conserving signal processing 

of the WERA system, to apply software Beam Forming to provide 

data from entire range within short integration time: 

5.  Features of unique System Concept  

     2 min in 30 s steps for ship tracking or disaster warning  

     5 min for current mapping  

  20 min for wave data on the grid     
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Tsunami signature with an integration time of 

9 min (left) 

5.1 Time-Sensitive Applications  

The used software beam forming method provides  

highest accuracy in near real-time. This is very important for  

time-sensitive applications.   

or                 2 min (right) 
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5.2 Range 
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5.2 Range for FM-cw versus FM-i-cw 

Why uses WERA the non interrupted FM-cw technique, 

             making the site geometry more complicated ? ? ? 

Figure taken from: 

M. Heron, “ HF Radar Optimized for 

Tsunami Monitoring”,  Proceedings 

of IEEE Oceans Geneva 2015 

 

Radar range for 1st order 

Bragg signal versus radar 

frequency;  

for 14 WERA® systems with 12 

and 16 antennas, blue line, 

and for 15 SeaSonde ® 

systems, green line.    
 

Data based on 12 months statistics 

of 10 systems of each kind 

installed in the US and additional 

systems sourced from the 

Australian ACORN network. 
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5.3 Range versus Transmit Power 
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5.4 Array Length versus Frequency 
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5.5 Array Length versus Frequency 
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5.6 Range Resolution 
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5.7 Resolution of Current Velocity 
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5.8 Angular Integration 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 5 10 15 20 25 30

B
e

a
m

 W
id

th
 i
n

 k
m

 

Distance from Radar in km 

Beam Width versus Distance 
(angular integration) 

8 Antenna 

Array 

12 Antenna 

Array 

16 Antenna 

Array 



© HELZEL Messtechnik GmbH 

5.9 Angular Accuracy  (BF steering) 

WERA is using Software Beam Forming (SBF), transferring all 

phase and amplitude information of the received high 

frequency signals into digital data without losing information.  

With this technique all data can be collected in parallel and the 

beam forming algorithm can be applied in finest resolution by 

means of software processing in near real-time.  
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5.10 Features of SBF, self calibration 

Prior to each measurement cycle a self calibration procedure is 

carried out to compensate a non perfect antenna beam which 

can be caused due to environmental effects (tides or weather 

conditions).  

The result is an excellent accuracy of the beam steering 

without  any antenna field calibration (no need of an expensive 

antenna pattern measurement on the ocean).  

The steering accuracy was verified from various groups by 

means of ship calibrations. The results have shown an accuracy 

of typically +/-1°.  
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5.10 Accuracy of SBF 

To verify that the automatic amplitude calibration can 

compensate environmental effects, the steering accuracy was 

measured over two tidal cycles.  

From a ship tracking experiment at the coast of Portugal we got 

data sets of some 100 targets with AIS data for one day.  

The comparison of detected  

ships with their AIS data allows  

to monitor the accuracy in  

azimuth.   
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5.10 Angular Accuracy  

The accuracy in azimuth is better than +/-1° 
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5.11 Penetration Depth 

Depth [m] = 15.000.000 / Frequency [Hz]  
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Estimated Penetration Depth versus HF Radar Frequency 
Data from: Calvin C. Teague, John F. Vesecky  

"Effective Depth of HF Radar Current Merasurements from COPE-3 Observations", ROW 2001, Oregon 
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5.12 Range versus Wave Height 
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5.13 Limits for Wave Measurements  
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Limits of Wave Measurements 

lower threshold for significant wave height. 

No reliable wave data below this threshold. 

lower threshold for 

directional wave spectra 

upper threshold (saturation).  

Reduced accuracy of wave data  

above this threshold. 

 


