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Impact of ionospheric effects are a challenge for
navigation, communication and earth observation

The plasma of the ionosphere causes a
delay of the radio signals

Refraction of radio waves,
Propagation delay
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Plasma instabilities
in the ionosphere. -

UT / hours

Plasma instability causes
* Signal strength fluctuations
» Defocussing of the signal
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: lonospheric Monitoring and Prediction Center
impc IMPC
) N The lonosphere Monitoring and Prediction
I %Mse‘;ii‘?-i’ifiﬂtg_ Center (IMPC) of DLR contributes to the
Groundbaséd 5% mitigation of ionospheric impacts on

/1N Measurements

technology with

* Near real-time ionosphere monitoring

 Prediction of ionospheric conditions
| * Modelling the ionosphere
lonosphere  lonosphere  lonosphere * Information messages to users
Monitoring Prediction Modelling « Data delivery services

» Education and public outreach
Information about the ionospheric state can

afford significant contributions to avoid safety-
critical situations (e.g. air transport) or high costs

L ¢ ¢ by useless expeditions (e.g. surveys of offshore

@- @ @ @ resource development or precision positioning).
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Tegler, lonospheric Monitoring and Prediction Center (IMPC),
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Technological ability for reception and distribution
of GNSS ionosphere data streams

* Flexible software components have been developed in order to allow characterization
of the actual state of the ionosphere

» The system automatically processes and distributes high rate GNSS data (1Hz) of
several hundred GNSS receivers from GNSS-reference networks worldwide (IGS,
EUREF, UNAVCO, ASI, TrigNet)
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Global distribution of ionospheric irregularities

Rate of change of TEC index - 24h max 2014-09-22 00:00:00 ——
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Space Weather Event 06/09/2017 (Solar Flare X9.3)
Ranking 14 (Last X Flare of this size 05/12/2006 X 9.0)

spo/AlA 131 2017-09-06 07:12:44 UT  Credits: NASA/Goddard/SDQ
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06/09/2017 (Solar Flare X9.3)

Maximal Rate of TEC index - 1 min update
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Implications for Navigation Services — Loss of Lock

06 September 2017 50 06 September 2017
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Implications for Navigation Services - EGNOS
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The plots are generated with the ESA/UPC GNSS-Lab Tool (gLAB) Sanz et al. [2012] and provided by ESA

Berdermann, J., Kriegel, M., Banys, D., Heymann, F, Hoque, M. M., Wilken, V., et al. (2018). lonospheric response to the X9.3 Flare on
6 September 2017 and its implication for navigation services over Europe. Space Weather, 16. https://doi.org/10.1029/20185SW001933
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Implications for Navigation Services — Precise Point Positioning

Rostock-Warnemuende (Germany)
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6 September 2017 and its implication for navigation services over Europe. Space Weather, 16. https://doi.org/10.1029/20185SW001933




lonospheric research and services > Jens Berdermann > |GS Workshop Wuhan > 01/11/2018

27/02/2014 (lonospheric Storm)
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Experimentation and Verification Network (EV-NET)

DLR operates an high rate GNSS receiver network (50 Hz) for scintillation measurement
from high latitudes (Kiruna /Sweden) down to equatorial regions (Bahir Dar/Ethiopia).
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EVNet - Experimentation and Verification Network

Hardware

* Laptop (Linux/KVM based setup)
 Javad Delta 3 (20 / 50 Hz)

* Temex 10 MHz rubidium oscillator

» Choke ring antenna (e.g. Leica AR25)
« UPS, rack, network switch ...

Software
» C++/ Python

Data
» scintillation indices (S4, sigma phi)

* high rate multi freq. GNSS measurements
(GPS, GLONASS, Galileo, Beidou, SBAS)
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Experimentation and Verification Network (EV-NET)

Bahir Dar/Ethiopia

N. Hlubek, J. Berdermann, V. Wilken, S. Gewies, N. Jakowski, M. Wassaie, Baylie Damtie; Scintillations of the GPS, GLONASS,
and Galileo signals at equatorial latitude, J. Space Weather Space Clim. 4 (2014) A22 DOI: 10.1051/swsc/2014020

Daily Scintillation Occurance WS Woww
L1/E1 L2 L5/ E5a s O |

s 41 3
1 - = brewatren %
: - 2]
E ,‘Z/ e Bahir Dar E'
@] -~ ¢ i | -
@ 050 1 Laxs ~ ——— '~ 26km
= S '
O / - :
3 ‘ _=d TUB (Peda Campus) "
w025 i M - ___________(_____f‘)q.
‘ \ ! f S @ - -~ ~7 km DLR1 (Peda Campus)
il | ! c 4 DLR2 (Yibab Campus) il o
® Amplitude Scintillations over Bahir Dar, Ethiopia S4 Index
7 Satellites used: | |2 2 215-02:28 16:00-00:00 UTC
< 0.50} : ® i 1.35
= - .
2 GPS: 32 2 ! c@ o
o GLONASS: 23 @ f§ 4
3 i 1 . . o 15°N 1.05
o5 025 M u - Galileo: 4 2
Il ”I I = 0.90
3
T T T T T :': 0.75
o 10°N
0.60
p 0-50F | 0.45
LD o
i 5N 0.30
0.25f m 1 M WM 0.15
: | , o[ o: . - S : . 0.00
00:00 09:00 18:00 00:00 09:00 18:00 00:00 09:00 18:00 25°E 30°E 35°E 40°€ 45°E 90°E

uTC uTC uTC

\ .

TS
e




Bahir Dar/Ethiopia
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Experimentation and Verification Network (EV-NET)

M. Kriegel, N. Jakowski, J. Berdermann, H. Sato, and M. W. Merhsa, Scintillation measurements at Bahir Dar during the
high solar activity phase of solar cycle 24, (2017), Ann. Geophys., 35, 97-106

» Database of amplitude scintillation events

measured with DLR’s dual GNSS receiver setup

(50 Hz):

« Similar scintillation signatures with different hard-

/software setup at same campus

* Local network of scintillation receivers in Bahir
Dar allows detecting plasma bubbles and their

drift velocities
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