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The Effelsberg Horizon

MAX-PLANCK-CESELLSCHAFT

 Radio Teleskope located in a
valley under the milky way

« Direction towards galactic centre
unblocked from terrain

 |owest usable elevation 8°

« Telescope shielded by
topography in directions to the
big cities Bonn and Cologne

Bonn, 2
08.04.2013



The Effelsberg Frequency ...
MonltO”ng System (EFMS) Radioastronomie

MAX-PLANCK-CESELLSCHAFT

« Antenna R&S HL-050

» optical Link up to 6 GHz
(Ortel)

* Spectrum Analyzer
R&S FSU26

 Portable Receiver
R&S PR100
w. Antennae R&S HE300

(20 MHz - 7500 MHz) LP-Antenna on top Dipole-Antennae
of the 100-m-Dish near the Pavillon

* Spectrum Analyzer
Aaronia HF-60105
w. LP-Antenna 33100
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300-399.975 MHz:
Aeronautical UHF-Band (mainly
mil.)

380-400 MHz: TETRA
Uplink/Downlink

433 MHz: short range devices
eg. car key

450 MHz Pager Systems

470-500 MHz TV-Stations (DVB-T)

Bonn,
08.04.2013

) 300 MHz to 500 MHz
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) 390 MHz to 395MHz

TETRA [TErrestrial Trunked RAdio]

recorded during travel from Scheuren to the 100-m-Telescope (~ 10 km)

RF-PAN Freq k  390.000 000 MHz .. 335.000 000 MHz>I RBW:6.25 kHz

59'*‘ ft

100-m-RT

Haus Hardt

Meyers
Talchen

Abzw.
Houverath
18 ; 4 Scheuren
390 fIMHz 395
Bonn, Radio Sky over Effelsberg
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MAX WMOK-CESELLS

608-614 MHz (Ch. 38):

Next Transmitters:

Ch 37: Aachen 64 km
Stolberg 53 km

Ch 39: Rimberg 185 km
Brandenberg 260 km

Bonn,
08.04.2013

600 MHz - 700 MHz
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AN 806.000 000 J I Y P T —

RE-PAN FE:: [ 800.000 000 MH=z .. 850.000 000 MHz>l RBW:6.25 kHz

/790 MHz - 820 MHz
LTE 800
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A word about LTE

MAX-PLANCK-CESELLSCHAFT

LTE Bands
43 different ros
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up to 3800 MHz 8600 |- e am
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876 MHz-915 MHz
GSM900 Uplink

915 MHz - 920 MHz
MIL

920 MHz - 925 MHz
GSM-R(GSM Railway)

925 MHz - 960 MHz
GSM900 Downlink

(high Field strength,
potentially violent)

Bonn,
08.04.2013

) 900 MHz - 1000 MHz
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) 1000 MHz -1200 MHz =~ *7%
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1020-1150 MHz RADAR, =
high energy, short
duration, mostly

--45

predictible e 1
« Secondary Surveillance i
RADAR (SSR) =
@1030 MHz: Airports IO |
(Interrogator: Is there i | | || m
anyone ?) \
-85 v M
@1090 MHz: Aeroplanes mﬂ% " Lﬁmﬁtu mu J e R

(Responder: | am ...
Flight Number, Height,
Course)
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1000 1030 1090 fIMHz 1200
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W) 1200 MHz - 1300 MHz 22800

MAX-PLANCK-CESELLSCHAFT

« RADAR Stations with turnable antennae or phased array antennae

« sometimes in the twilight satellite Aquarius. Strong signal from RADAR
scatterometer in the frequency range 1220-1280 MHz

SHEEF TINE =RElM 108 kH= Marker-1. LTl ]
1080 ms = UBL 100 kH= —54 .61 dBm
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1900 | 1200 fMHz | 1280 | 13do

Find satellite under: http://aquarius.gsfc.nasa.gov/cgi/whereis_aquarius
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N/ and Aeroplane Traffic

Radioastronomie
MAX-PLANCK-CERELLSCHAFT

Receiving of RADAR Signals depends on Density of Aeroplanes near Effelsberg

RF-PAN Freq Kk 1030.000 000 MHz .. 1 130.000 000 MHz>l 1 090.000 000 MHz

&%ﬁrm End 05:20 UT

Isorange contour Tangent lo
(elipse) / isorange contour

less aeroplanes
= - => less RFI

o Begin 02:00 UT
1090 MHz Signal from aeroplané"is monostatic for Rx in Effelsberg, others
bistatic
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1400 MHz - 1500 MHz
s/ Radioastronomie

MAX-PLANCK-CESELLSCHAFT

There are active stations
In the protected band

1400 MH;",-142?'-FLH2 N

I.ﬁrqlté'lcfed béﬁd‘ ]

only passive usage .- | -

ofspect'ruﬁ_’l allowed |

1400 1427
1427,9 MHz — 1452,9 MHz
LTE-Band 11

1447,9 MHz — 1462,9 MHz
LTE-Band 21

1452 MHz — 1479,5 MHz

Digital Audio Broadcasting (DAB)
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Europe, North Africa and Near East as seen
. by SMOS Satellite @ 1400 — 1420 MHz,
SMOS Satellite which contains a passive radiometer




MAX-PLANCK-CESELLSCHAFT

Max-Planck-Institut

1500 MHz - 1600 MHz i

Radioastronomie

Very strong signals from DVB-T with EFMS e : -
at high elevationcause Artifacts! ' { f""""] m .
(2nd Harmonic of DVB-T Channels) 1 [ l v 1 F
SN 0 B - J&.
Which is the s 2000
b(_ast preamp T n e
with maximum |J 1
bandwith (eg. P ljh“ o
300 MHZ _ L WURARTIN, VRO B N T i WL
6 GHz), 1100 fIMHz 1600
lowest noise EFMS DVB-T 550-800 MHz above 1100-1600 MHz below disturbed)
and highest AN 1 410.000 000 JVITPRRSERW -1
P1dB and
IP3>25 dBm
?
Measurements by Iso Portabl TSTJS h HOO disturbed
Bundesnetzagentur also Portable Receiver wit an reamp was disturbe
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) 1600 MHz - 1700 MHz

Max-Planck-Institut
far

e Radioastronomie
e GLONASS MARKER 2 xREW 208 kHz  Marker 2 [T1 ]
Russian navigation system Reif'ajma%ﬂ Att 5 B ST 200 s 1 670020700 31
1597.8-1606.2 MHz | e e W
(weak signals) 1.610000000 GH- | NN
«  1616-1625 MHz Satellite ridium, |
telephone systems GlobalsStar
PR
IRIDIUM and GlobalStar RADAR
(Signals can be quite strong) | fixed—— o
SWF (100 link
1650 MHz RADAR Glpnassig@l) | || | (Il I
1610.6-1613.8 MHz
1660-1670 MHz

start 1.6 GHz 18 MHz~

Stop 1.7 GH=z

Radio Astronomy
1600 1650 fIMHz 1700
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1700 MHz — 1800 MHz 7w

Radioastronomie
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f'z‘;;\“] Max-Planck-Institut
") 1900 MHz - 2100 MHz

Radioastronomie

* 1900 MHz - 2025 MHz digitial ) B
cellular mobile radio
+ UMTS-TDD (UL/DL) at same R i
requency |~ ﬂm
« UMTS-FDD (UL/DL) at different 196'8"' == T
frequencies comer e Ry
« 1980-2010 Mobile Satellite = | B
. |
« 2025-2110 MHz Fixed Links, i mm i J}le:Lu —+
Satellite Uplink I e I O A
2000 2050 f/IMHz 2100
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Max-Planck-Institut

2100 MHz - 2200 MHz "o

2110-2170 MHz UMTS

(Universal Mobile
Transmission System)
Downlink

Channel-BW: 5 MHz
Modulation: OFDM

(several Transmitters
use the same frequency)

until now only weak

UMTS fields in Effelsberg
received

2170-2200 MHz
Mobile Satellite

«REW 180 kHz
UBW 188 kHz
Ref -15 dbm Att 28 8B *SWT 100 ms
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a— LINATC LINATC C H
—UMTS UMTS —Satellites
108
F-118
Center Z.15 GHz 1@ MHz/ Span 100 MHz

UMTS-Antennae (below)

Bonn,
08.04.2013
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e Max-Planck-Institut
L5 Radioastronomie
LB LALLM |
CENTER FREQUENCY = RBEll 18068 kH=
= .25 GH= = LB 108 kH=
FRef —30 dBm = HtL 1@ 4dB x ST 1080 m=

2200-2300 MHz [ -
Satellite Downlink -

(lot of satellites) R
2290-2300 MHz Deep |
Space Applications Y 0

il aubelus b
Center Z.25 GH= 1@ MH=~ Span 103 FMH=
EEEEEEEEE = RBL 108 kH=
11111 = UBL 108 kH=
R=f —3@ dBm ~Att 1@ B = SWT 188 m=
| A |
2300-2400 MHz
A t Radio
SLFP| Seee off Soea

normally weak signals |t s

Center Z.35 GH= 1@ FMH=~ Span 188 MH=
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2400 MHz — 2500 MHz ™=

2400-2483 MHz (WLAN, Bluetooth,
ISM-Devices)

reg K 2 000.000 000 MHz .. 3 000.000 000 MHz» 2 876.000 000 MHz

Max-Planck-Institut

Radioastronomie

HUEEF M | BB 1G@ | R
nnnnnn UB) 1064 kH
[ IS 1= “ e ST A s
[ o |
S
— h]l I |
| AL -
bl NM.'.! bl Q{aﬂ bt L g mu.h-JLﬁum-lh.,yun,mM.:lfuu.».u.m ............ bt M b
Center Z.45 GH= 1@ MH=~

Epan 100 MH=

2400 2500 MHz recelved with EFMS

Michelsberg

Roundabout

Gl Lethert
2000 fIMHz 3000 2400-2500 MHz: received during travel
WLAN-Router on — off — on from 100-m-RT (lower end)

Photons from 1500 MHz until 3500 MHz measured to Michelsberg, about 8 km (upper end)
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2500-2690 MHz:Digital
Cellular Mobile Radio

2500-2570 MHz: LTE-Band

UL

2500 MHz - 2700 MHz

Max-Plafr]_ck-Institut
ur
Radioastronomie

2620-2690 MHz: LTE-Band | .,

DL

2599.5-2679.5 MHz:
M-RT 11-cm-RXx

Bonn,
08.04.2013

100- P/dBm

~64 RAS
protected band
66
st [
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Lo
SWP| 1002 of 1000
RAS
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-84
2500 2600 fIMHz 2700
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& 2700 MHz - 2900 MHz ‘s

Radioastronomie
MAX-PLANCE-CESELLSCHAFT

2700-2800 MHz
Airport RADAR

:: N i 1
i ik

2 5 I TR ooy ||| S L%

weak signals revelved

2700 f/MHz 2800
®Detect: Max Pk Trig: Free ®RBLU: 300 kHz

™ Hef =45 dBm Traca: Max UBW: 300 kHz
: : : ) ;. SUT: 100 ms

strong signals from
nearby airport

Cologne/Bonn
Eenter 2 85 EHz : : -Cl: Span Il]ll IfIHz
2800 fIMHz 2900
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2900 MHz - 3000 MHz "o
-3ty / — ar
ol T Radioastronomie

RADAR measured with EFMS
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II/%;A;\\What are the WeakeSt Slgnal banda«!ax Planck Institut
%‘/ received in Effelsberg
in L-Band:

1.2-1.4 GHz is normally weak

sometimes strong signals from RADAR

Level [d4Byim]

in S-Band
2500-2700 MHz is normally weak ?j’
sometimes strong RFI from outside % |
this frequency interval -
Frequency ,(\“\0
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Nearby strong emitters

AL HAF

Max-Planck-Institut
far
Radioastronomie

* GS

M Base Transmitter Station at the

roundabout near Scheuerheck (2 km

away)
worst at GSM900 and GSM1800

« GSM Base Transmitter Station near
Freisheim (4 km away), worse

« TETRA Base Station near
Binzenbach, (2 km) away, worst for

receiving below 1 GHz

28

Bonn,

08.04.2013

Radio Sky over Effelsberg
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Power

Max-Planck-Institut

far

x{r y Radioastronomie
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C O n CI u S i O n S Max-Plafnuc;k-Institut

e Radioastronomie

*Separate good photons and bad photons, achieve best SNR

«Keep your receiving and measuring system as linear as possible,
avoid artifacts

*Best measuring conditions during night (no sun, no people in the
labs, less aeroplanes in the sky)

*Perform professional dialog with authorities (BNetzA, Bundes-
wehr, BDBOS and local authorities)

*Representation of RAS (CRAF, IUCAF) in ITU is very important

eknow your enemies
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