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L R HF Direction Finding
Technical detalls

The German Federal Police (GFP) Direction Finding system consists of a highly
sensitive antenna system for electromagnetic sky and ground waves with high
bearing accuracy for the frequency range from 1 to 30 MHz, which is a set of rod
antennas, installed in two 16/8 elements concentric circles and the additional
computer equipment to evaluate the signals received by the antennas. It is
optimized for the HF frequency range from 1 to 30 MHz. GFP’s direction finder is
typically used as a directional antenna and in order to analyze the azimuth of
arriving HF signals.

Photo: GFP
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Mapsource: GFP
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USING NCDXF/IARU
International Beacon Project

NCDXF/IARU International Beacon Project

Reverse Beacon Network

Source picture and table:
https://www.ncdxf.org/beacon/RBN.html
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USING NCDXF/IARU
International Beacon Project

Beacon Beam Headmg Distance Propagalicn
4UUN 295° 6132 km n m
VEBAT 344° 6645 km MHE
WBWX 321° 9237 km 1] 1 [BH] 24 5|
KHERS 343° 12151 km m m
7188 51° 18861 km m m
VKERBP 100° 14005 km m
JA2IGY KER 9599 km mu
RR90 51° 5078 km mu
VR2B 62° 9415 km m
4578 g8° 8220 km [21]
ZS6DN 160° 8592 km ﬂﬂ
574B 142° 6218 km ﬂ E
4X6TU 116° 2980 km 1 m u E
. OH2B a4° 1781 km « [ HEA
Source picture and table: [
https:llwww.ncdxf.org/beacon/AzMap/index.htmI[ oo 7 70t 0 - B
LU4AA 229° 11213 km mu
0A4B 257 10519 km m
YV5B 264° 8080 km EHEE
i i i i Propagation forecasts courtesy of OHGBG
Distance and azimuth relative to Ollheim (GFP) pag C y Of UHbBG.

Signal strength color code: [fll s? |8l i /s3 s4 |s5 6 s7 s8 |§§|



% Bundespolizei

HF Direction Finding
Results

Analysis of LSTID events detected by the HF-INT method are compared with

DF data provided by GFP.

As example the table with values of the average squared deviation for the

beacon of interest located in Helsinki,OH2B Finland.

TID-Event

AvSQDnotio  AZIMurg | AVSQDp AZIMyp  AAZIM Degraded

03/10/2021 8.13 39.5 14.7 267 YES
06/10/2021 8.13 39.5 0.56 255 NO
06/10/2021 8.13 39.5 1.67 186 NO
07/10/2021 8.13 39.5 3.12 220 NO
08/10/2021 8.13 39.5 9.38 258 YES
10/10/2021 8.13 39.5 1.63 274 NO

Helsinki
, OH2B

FEE

llllllll

As JRO55 is located in the GFP-Helsinki path, we focused on the azimuth detected
over JRO55.



L R HF Direction Finding

Results
 All degraded events are concentrated
between 2602 and 2802 of TID azimuth, at TID azimuth
452 respect the line of sight a0 30T 10 5

« All degraded events are concentrated during 310
the equinox
2N S 8 290

B Non degraded
B Degraded
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L R HF Direction Finding
Results

 All degraded events are concentrated in the
morning sector. Solar terminator influence

« As we are looking high latitude area, the
ionization is too weak at night to see any effects TID azimuth

350 0 10
340 20
at DF system

M Non degraded
B Degraded

250

200 160
190 4g0 170



L R On Ground operation in the
project T-FORS

= Partner in the WP 4
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L R On Ground operation in the

project T-FORS

Upper Atmosphere
phenomena

Thermospheric drag " lonospheric irregularities

lonospheric variation

\ Space-based \\\"\» i Ground-based

Infrastructure

;

Infrastructure ~| 7

link disrupti;n
loss of lock

link disruption

Impacted technological infrastructures
Cause of failure

(Iirlk disruption N —
— R
PNT
EO GBAS

\ N

Socio-economic impacts

Interruptions to Businesses Users are denied Inability to ?oerirri:eac:f::t
Potential loss  montormgor ~ movdne oot dGectSums  amen
of satellites in sea ice, oil spills, B flares and defense,

service lose income
from undelivered
service

and other SAR
services

LEO

https://pithia-nrf.eu/pithia-nrf-users/innovation/innovation-day-3

surveying,
consumer-based
services, finance, ...

Sun's coronal
mass ejections

humanitarian orgs,
coastal hazard
management, ...
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Locations Onera (F) and GFP (D):
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L R On Ground operation in the
project T-FORS

» General parameters of the on ground test with Nostradamus OTH-
System:

= The system was developed by ONERA .

» Nostradamus transmits on shortwave with a pulse repetition time of
30 ms.

= The antenna array consists of 288 seven-metre-high biconical

antennas, which are set up in a star-shaped structure with three rows,

each approx. 400 m long and offset by 120 degrees.
T R A general presentation about the

OTH-Radar
NOSTRADAMUS

gy

s - v ‘;'s' R B ransmiting + Receiing
P WL :

Sl 8

B Receiving




L R On Ground operation in the
project T-FORS

= General parameters of the on ground test with Nostradamus OTH-
System:

» The signal azimuth from Nostradamus is 243° (QDR)

» The distance between Nostradamus OTH and GFP DF-System is
476,1 KM (QRB)

https://de.wikipedia.org/wiki/%C3%9Cberhorizontradar#/media/Datei:OTH-
B.big.jpg



L R On Ground operation in the
project T-FORS

= Sequence of the on ground test:
1. The signal is a continuous frequency carrier (CW)
= it is easier to see this tpye of signal with a DF
= after the cw-signal, Nostradamus will transmit a chirp signal
= Power. 1,2 KW ERP
2. HF link from Nostradamus with only one transmitter

= This allows to GFP to collect all the different ionospheric path
from Nostradamus to the DF system

3. HF link from Nostradamus with all transmitter and in focus mode in
the direction of the GFP DF system.

» This allows us to confirm the efficiency of the focus mode with
Nostradamus and enable direct path detection from GFP.




L R On Ground operation in the
project T-FORS

» Time parameters:

= ONERA transmit 7 seconds, 15 seconds, 30 seconds, 60 seconds
with a pause of at least one minute between the transmissions.

= Every hour
= Every day of the week




L R On Ground operation in the
project T-FORS

TX: JNO8MP (48.65N, 1.04E) e Jun, 11 UTC, SSN:91, 14.1 MHz e 1.20 kW, Mode: CW
TX Ant: 2EL5M.ANT, -1.0°°, RX Ants: 2EL5M.ANT. Noise: -153 dBW
Made in www.voacap.com, 2024-06-06

100%

90%

80%

10%

60%

50%

40%

30%

20%

10%

0%

Mapsource: Www.voacap.com-\J




L R On Ground operation in the
project T-FORS

= Frequency parameters:

» The Nostradamus OTH-system transmit 7 seconds, 15, seconds, 30
seconds, 60 seconds with a pause of at least one minute between the
transmissions.

= \We generated five frequency groups containers:
= FOT )
= MUF
* QRG1 — 14782 rows
= QRG2
" QRG3 |

= all frequency-parameter were generated by www.voacap.com




Lo B On Ground operation in the
project T-FORS

Availability and suitability of frequencies for May 2024

JNOEmp to JO30kq (via SP, May 2024):
AT7 Km, 297 mi, 597, SSN: 90.

aajman [T SR R T SECTRRRTY TREUREEY CRITRPr PPCTeR

R e s S S N s S B S

https://www.voacap.com/hf/all_year.html
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project T-FORS

Availability and suitability of frequencies for June 2024

JNOBmp to JO30kq (via SP. Jun 2024)
A77 Km, 297 mi, 59°. SSMN: 91.

01:02:03:04:05:06:07.08.09:110:11_

https://lwww.voacap.com/hf/all_year.html
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project T-FORS

Jun 2824 S5M = 91, Minimum Angle= 3.888 degrees
JN@Emp J103akq AZTMUTHS M. MI. KM
48.65 M 1.84 E - 58.69 N 6.88 E 29.44  243.8%9 257.7 477 .3

REQ.SNR = 19 dB, TX POWER = 1.28 kkW, SHORT-PATH

The best operating freguencies (FREQ1, FREQ2, FREQ2) by hour

UTC SDB ASIG REL SNR ASNR  MUFday FOT MUF HPF FREQL FREQZ FREQ3
21 -74 (5%4) 2a.2 laa%k 7a 24.2 o9% 5.8 6.5 7.9 3.6 5.4 7.1
22 -75 [5%4) 19.9 laa®k 71 25.6 laedk 4.8 o.2 7.2 3.6 5.4 7.1
23 -76 (594) 2a.e loa% 72 26.2 lae# 4.7 &.1 7.4 3.6 5.4 7.1
24 -78 (594) 25.8 1aa% 75 3@.2 g4% 4.8 6.3 7.6 5.4 3.8 7.1
25 -79 (594 23.9 1a8% 7B 3a.7 o1% 5.2 6.7 8.1 5.4 3.8 7.1
2a -81 (594) 2b.8 1e8% 7B 31.4 = [2%: 5.5 7.2 8.7 5.4 7.1 3.6
27 -83 (594) 23.7 1a8% 75 28.8 6a% 5.8 7.5 2.1 5.4 7.1 3.6
551 -85 (59+) 2a.2 1aa% 74 25.7 83% 6.8 7.8 9.4 5.4 7.1 la.1
a9 -836 (594) 24.4 laa%k 76 28.5 69% 6.8 7.8 9.5 7.1 5.4 la.1
1a -87 (5%4+) 21.8 laa%k 76 27 .4 67% g.2 7.8 9.4 7.1 5.4 la.1
11 -88 (594) 25.7 loa% 75 29.4 B6H o.4 7.7 9.3 7.1 5.4 la.l
12 -88 (594) 26.7 1aa% 74 3@.8 65% 5.4 7.6 9.2 7.1 5.4 la.1
13 -88 (594) 3.2 1a8% 74 34.5 63% 5.4 7.6 2.1 7.1 5.4 la.1
14 -88 (594) 21.7 1e8% 74 36.1 61% B.2 7.5 2.1 7.1 5.4 la.1
15 -88 (594) 38.3 1e8% 73 34.5 63% 6.8 7.5 9.4 7.1 5.4 3.6
15 -87 (594) 25.8 1a8% 72 32.5 73% 5.8 7.5 2.1 5.4 7.1 3.6
17 -84 (59+) 25.8 1aa% 73 32.5 o8k 5.9 7.7 9.3 5.4 7.1 3.6
138 -81 (59+) 15.4 laa%k 74 27.2 9% B.2 4.8 9.7 5.4 7.1 3.6
19 -78 (5%4+) 15.8 laa%k 72 28.1 laedk g.4 8.3 1.4 3.6 7.1 5.4
28 -77 ({594) 1e.7 loa% 75 24.1 Qg% o.4 8.3 1@.1 .4 3.6 7.1
21 -76 (S594) 15.2 1aa% 74 22.4 ao% G.2 8.1 9.8 5.4 3.8 7.1
22 -75 (594 19.9 1a8% 7a 22.9 1ae% 5.9 7.7 9.3 3.6 5.4 7.1
23 -75 (594 2l.@ 1e8% 7a 24.1 1ae3 5.8 7.3 8.8 3.6 5.4 7.1
24 -75 (594) 2l1.@ 1a8% 7a 25.4 1ae 5.3 6.9 8.4 3.6 5.4 7.1
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On Ground operation in the
project T-FORS

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

06.700/000007 |000014 | [Nostradamus (OTH), (F)| | |OTH Onera, Frankreich, JINO8mp
06.700/000015 |000029 | |Nostradamus (OTH), (F)| | |OTH Onera, Frankreich, JNO8mp
|06.700|000030 |000044 | [INostradamus (OTH), (F)| | |OTH Onera, Frankreich, INO8mp
|06.700|000045 |000059 | [Nostradamus (OTH), (F)| | |OTH Onera, Frankreich, INO8mp
|06.700|000207 |000214 | [Nostradamus (OTH), (F)| | |OTH Onera, Frankreich, INO8mp
|06.700|000215 |000229 | [Nostradamus (OTH), (F)| | |OTH Onera, Frankreich, INO8mp
|06.700|000230 |000244 | [Nostradamus (OTH), (F)| | |OTH Onera, Frankreich, INO8mp

|1234567 [2024-06-01|2026-12-31]
|1234567 |2024-06-01|2026-12-31]
|1234567 |2024-06-01|2026-12-31]
|1234567 |2024-06-01|2026-12-31]
|1234567 |2024-06-01|2026-12-31]
|1234567 |2024-06-01|2026-12-31]
|1234567 |2024-06-01|2026-12-31]
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project T-FORS

= Further steps in data processing:

evaluation of the forecast and prediction data for TIDE
(direction, azimuth, speed, time)

time comparision of the TIDE prediction data with the stored DF
data

comparison of the stored DF azimuths between default and
stored bearing values during a TIDE event (azimuth differences)

evaluation between the prediction time (timestamp) of a TIDE
and the time of the actual occurence of the TIDE (time
differences)

checking the degree of availability for the predicted frecuency
forecast (voacap)
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= Gobal lonospheric Radio Observatory (GIRO; Prof. Dr. Bodo Reinisch
and Dr. Ivan Galkin 2011) and GIRO data providers for making Digisonde
data available.

= Dr. David Altadill, Observatori de 'Ebre (OE), CSIC-URL, Roquetes,
Spain; Thank you very much for your support advice and many ideas

= Dipl.-Phys. Jens Mielich, Responsible Operations Manager from the
Juliusruh lonosonde which is operated by the Leibniz Institute of
Atmospheric Physics Kuehlungsborn for his support.

= The Operators from the ionospheric observatory in Dourbes, owned and
operated by the Royal Meteorological Institute (RMI) of Belgium.

= NCDXF/IARU International Beacon Project: To the many unknown radio
amateurs working worldwide who have dedicated themselves to the
worldwide beacon project (NCDXF/IARU International Beacon Project
and made this investigation possible in the first place.




