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2) Bundespolizei (German Federal Police) (2) 
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Outline

1. Over The Horizon Radar (OTH-R) operations (ONERA)

➢ OTH-R principle of operations

➢ TID impact on OTH-R system performances

2. Direction Finding (DF) system operations (GFP)

➢ DF principle of operations

➢ TID impact on DF system performances

❑ expectations from a TID forecast capability  
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OTH-R principle 1/3

Over-the-horizon skywave radars use the refractive property of HF band electromagnetic waves to refract in 
the ionosphere to detect moving targets beyond the electromagnetic horizon. 

Coherent integration separates moving targets from ground clutter. 

Classical Radar (LOS)

Earth

Blind zone
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Earth
OTH Radar

vertical 

ionosondes

Figure 1: Difference between classical radar and OTH radar
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• Monostatic, surface array HF skywave system

• 288 bicone antenna elements distributed over 
the arms of a three-branch star

• Buried infrastructure to shelter the 
transmission and reception electronics

• Full digital radar system upgrade underway

• 360° coverage in azimuth

• Control of the beam in azimuth and elevation

• Located 80 km west from Paris

Figure 2: Repartition between transmiting and receiving antennas

Figure 3: Nostradamus array

EXAMPLE : NOSTRADAMUS HF OTH-R - ONERA

OTH-R principle 2/3
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For each mission, transmitted frequency is selected according to 

• [frequency allocation]

• noise and interferences, on the receiver side

• type of targets

• area to monitor (beam steering azimuth & elevation angles)

• propagation environment i.e. the ionosphere

OTH-R principle 3/3

V. Bazin et al., « A General Presentation About the 
OTH-Radar NOSTRADAMUS », in 2006 IEEE Conference
on Radar, Syracuse, NY, USA: IEEE, 2006, p. 634-642. 
doi: 10.1109/RADAR.2006.1631867.

one-way ray-paths

Oblique sounding

M. A. Cervera, D. B. Francis, et G. J. Frazer, « Climatological Model of Over‐the‐Horizon 
Radar », Radio Science, vol. 53, no 9, p. 988-1001, sept. 2018, doi: 10.1029/2018RS006607.

Waterfall – OTH-R signal

https://doi.org/10.1109/RADAR.2006.1631867
https://doi.org/10.1029/2018RS006607
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TID impact on OTH-R

#1 - Radar availability, due to signal attenuation (1)

(1)  S. Tomei, C. J. Coleman, M. Martorella, et F. Berizzi, « The effect of Travelling Ionospheric Disturbances

upon the performance of an HF skywave MIMO radar », in 2013 IEEE Radar Conference (RadarCon13), 

avr. 2013, p. 1-6. doi: 10.1109/RADAR.2013.6586047.

#2 - Radar accuracy, as HF skywave signals are deflected by TID which 
results in coordinate registration error (2)

(2) L. J. Nickisch, M. A. Hausman, et S. Fridman, « Traveling Ionospheric Disturbance Mitigation for OTH 

Radar », in 2007 IEEE Radar Conference, avr. 2007, p. 362-366. doi: 10.1109/RADAR.2007.374243.

https://doi.org/10.1109/RADAR.2013.6586047
https://doi.org/10.1109/RADAR.2007.374243
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• Highly sensitive antenna system

• Rod antennas installed in two 16/8 elements 
concentric circles

• For skywave with high bearing accuracy

• Used as a directional antenna in order to 
analyze the azimuth of arriving HF signals

• Located 30 km south from Cologne

DF concept

Picture of DF array

HF Direction Finding system - GFP

Google Earth View of DF array

DF principle 1/3
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• For skywave with high bearing accuracy

• Used as a directional antenna in order to 
analyze the azimuth of arriving HF signals

HF Direction Finding system - GFP

DF principle 1/3

https://seefunknetz.de
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DF principle 2/3



T-FORS - 2nd Innovation Day - Athens, Greece, 4  Dec. 202410

Helsinki, 

OH2B

DF

JR055

Figure 8: Path between DF and OH2B beacon

• As JR055 (digisonde), is located in the DF-OH2B path, TID 
azimuth detected over JR055 are used

Results – (Example)

DF principle 3/3



T-FORS - 2nd Innovation Day - Athens, Greece, 4  Dec. 2024

DF - On Ground Operation 1/2
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06.700|000007 |000014  | |Nostradamus (OTH), (F) |   |  |OTH Onera, Frankreich, JN08mp        |     |        |    |   |1234567 |2024-06-01|2026-12-
31| 
06.700|000015  |000029  | |Nostradamus (OTH), (F) |   |  |OTH Onera, Frankreich, JN08mp       |     |        |    |   |1234567 |2024-06-01|2026-12-
31|         |06.700|000030 |000044  | |Nostradamus (OTH), (F) |   |  |OTH Onera, Frankreich, JN08mp       |     |        |   | |1234567 |2024-06-
01|2026-12-31|
|06.700|000045 |000059  | |Nostradamus (OTH), (F) |   |  |OTH Onera, Frankreich, JN08mp       |     |        |    |   |1234567 |2024-06-01|2026-12-
31| 
|06.700|000207 |000214  | |Nostradamus (OTH), (F) |   |  |OTH Onera, Frankreich, JN08mp       |     |        |    |   |1234567 |2024-06-01|2026-12-
31| 
|06.700|000215 |000229  | |Nostradamus (OTH), (F) |   |  |OTH Onera, Frankreich, JN08mp       |     |        |    |   |1234567 |2024-06-01|2026-12-
31| 
|06.700|000230 |000244  | |Nostradamus (OTH), (F) |   |  |OTH Onera, Frankreich, JN08mp       |     |        |    |   |1234567 |2024-06-01|2026-12-

31|          

Datarows are transferred to the DF-jobs table and selected every day

DF-Jobs

DF-Results

DF - On Ground Operation 2/2



T-FORS - 2nd Innovation Day - Athens, Greece, 4  Dec. 202413

Example of results

• During the third campaign GFP monitored the beacon OH2B during two years on 14100 kHz

• The deviation in 2023 has an average value of 2.46 degree.

• The deviation in 2024 has an average value of 2.44 degree.

• The deviation was predominantly in the positive range
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DF – Results (examples)



T-FORS - 2nd Innovation Day - Athens, Greece, 4  Dec. 202414

Expectations from a TID forecast capability 

#1 – provide alert with e.g. timestamp, link to data sources for 
main information (Kp, storm parameters,…)

• to anticipate system availability – optimise resource 
management e.g. by reconfiguring a multistatic OTH-R systems 
(cf iFURTHER concept)

#2  - alert + TID parameters 

• anticipate TID features, to mitigate in real-time coordinate 
registration errors 

iFURTHER
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Expectations from a TID forecast capability 

Discussion / ways forward 
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