Sun/Moon data: [orRx v | \ungllude [E] [10r05 | latitude [N] [s7.6227 |
Date [YYYYMDD] [2023___| day of year 278 [ provious day__|[___nextday | [ Use current fime |
Time [UTC] E— 35 T hour carlier Thour later

Sun (only optical refractive elevation corr.)
Ra 13123
Az 268.86 El 551
Ang Diameter [deg] 0532

Moon (only optical refractive elevation corr)

Az 1028 El 416

Phase [0 = Full Moon] 80 last quarier
angle to Sun [clockwise from top] 262
Distance [km] 334053

Ang Diameter [deg] 0508

Frequency [GHz] [o3ss |
Wavelength 28.9 mm
Lunar reflectivity & feor |
Moon noise temp 243K

Days after full moon 524

TX Locator: [J0S4CG 13 - DLOSHF-10

RX Locator: [E7ITE 083607 v] =]

liuminalion: false colour image (aula range)

Mouse position

Latitude [N°] 5472548 Latitude [N°] a5
Longitude [E*] 10,1788 Longitude [E°] 13.0705 UTC YY/MMIDD hhimm:ss  20287S0/67) {70735
Transmitting Antenna: [Gauss maxani 1= fhsor 57|  Receiving Antenna: [Gauss maxani o= theor 5% v|  Moon: [Lunar refiscily varies radial v
Dish diamter [m], ant.gainge 72 57,0698 Dish diameter [m], ant.gain 15 ]394 a5 Isotropic path loss (radar equation] 2778w
Dish fiD 3 Dish /D 8| Path loss (corrected for beam widihs) 2797 c&
Offset angle if offset dish [ Offset angle if offset dish [1]  [21 & " gainry " gaingy 81548
Surface RMS [mm] peak err 085 17 mm Surface RMS [mm]. peak err 017 +-03mm  TX power [W] 4158m
Feed out-of-axial-focus [mm] Feed out-of-axial-focus [mm] Received signal power -156.9 dBm
Feed blocking Giam. [m] 3 Feed blocking diam. [m] RX NoiseFigure [dB], temp s23k
llumination efficiency n; ~ 0.885 llumination sfficiency n; ~ 0.885 RX bandwidih [kHz] 25
Spillover efficiency g 0821 Spillover efficiency ng 0921 RX noise power -147.4 dBm
llum+spillover efficiency n,; 0815 58.97 dBi llum-+spillover efficiency nj,, 0.815 35.05 dBi S'Q"S,”Nglae . '?;“Eds
Ohmic efficiency fgpm 10 Ohmic efficiency sy 10 ecelved Moon noise . =
Polarization efficiancy g 097 Polarization efficiency ey 097 Sky+CMB, zenth+CMB temp 53K 32K
Surface efficiency ngyze 0873 Surface efficiency ngyze 0.995 Spillover temp., add. spillover 25K 1
Focus efficiency Mgpcus Focus efficiency Moye 1 RX+sky+CMB temperature 61K
Blocking efficiency oo 0994 Blocking efficiency Npoex 1 RX main beam efficiency nyg 0ate [0 ]
Mesh grid diam, spacing [mm] E@ Mesh grid diam, spacing [mm] [@ y—u—\ Spatial polloss  — -
Mesh grid eff. nyqp, 1055 a8 Mesh grid eff. nypegp, [05s i
Max. antenna efficiency n Dsas 5589 dBi Max. antenna efficiency n n 736 a, 51 dBi Y-dishdfeed: Absorben/SkyZenith. 531d8
Used antenna efficiency Ney [0598 ] Used antenna efiiciency feu ¥ Ghifiand; AbeorberSkyElovalion Sig
Y-feed Gnd(or absorber)/SkyZenith 76208
Edge taper [dB], feed taper  [-11 7448 Edge taper [dB], feed taper 11 a8
: = ¥ Sun temp. SFU@frequency o
Dish center 711 Dish center - rim V-Bun 15 Suni(Sky shows] Lo
HPEW,EE’. gainge 0.276° 5564 dBi HPEW'EM‘ galnma‘ 244 37.38 dBi Y-Moon: 1+Moon/(Sky+Noise) 0.28 B
:’usiiicn yen Mm'm [] Co— ;esi!inn;g on Mt:gwg) | Co— GlTgye incl. RX noise temp 17.83 4BIK
ntercepted powerfraction 0902 04548 ecaived fraction [T SN EME: Si
: s ignall(0-+Sky+Naise) 12348
lluminated fraction o3  4ttds RX fill factor maon 00203 53308 SIN EME: Signali(Moowes Sky <Noise):
T bmosrsr ) RX temperature [°C] S —
TX humidity (%] Co— RX humidity [%] Decoding o
TX st pressus fabar RX absolute pressure [mbar] RX bration rate [“fmin] D
TX zenith atmosph. attenuation 05t a8 RX zenith atmosph.attenuation 005148 RX lbraon ooresing e
21k
Use (real) time locked TX/RX elevation for A Dol i secacg S ey
TX refrac.corr elevation [] [0 ] RX refrac_corr. elevation [] [0 ] o . -
T LOS airmosph attemiston 168 RX LOS atmosph attenuation 0148 Margini= 3 EME - thisshold e

EME Link Budget & Analysis Tool
von 1 - 100 GH

® Gerald Ihninger - OE2IGL

Tx frequency

Rx frequency
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Zweck der Prasentation

B3 VK3UM EME Performance Calculator Ver 11,11 UTC Date dth September 2023 - O x
Twao Station EME _Rx Performance’ Source Pos. | Planets Sky Map' Home Data ‘“« ”N“ p3ﬂ! Ho-Res| Res| ver History | vKkaumcom Help | About ' Exit
. Tx A (Home Stalion)  cesveLaEswon e =
B Diami - Whesh ~ SpacingHhY. i Gonsitivky £l ®AM° AU T e
® - - pe & - isor Dfend
’ 103636Hz | 208918 | 4K _'i 200H: | Soid || Dish 444 B i VY
Frequency Puklass e il 4 e— %78 13.00d8d 1515 dfli
x| 0w [z &

Southen Italy 2023 Sep 04 12162

47 GHz ist eine Herausforderung, = - =

= Wl sowcuasy

138 0108 | D70B | 24048 | 30 | 108 | BIGK o

2005 erstes QSO, seitdem nichfs J:u j

o

Dx Station as teceived at Home Station -14.38 dB

*  Mit EME calc, VK3UM (SK), S

Tx B [Dx Station) OESUL CEAWOG 0368

v
103666H: B8N B 346 | 2B00H: 1415 di
as System verbessern. e e e
San Vit Southern Italy 2023 Sep 04 12162 1(' 7 & 5 o, 5 2 #Ug‘c 1) é“?{.m‘ I~ Cuoute Pob
- Er, T: * F
° oo wrem e mme ‘ n,,k._!]“Ff oy, Aoy J’”T:T:,,"'”\’m\""‘ pro
eigt Schwachen 4 SRR
Uil AN 0 R T
Gt tha | B ¢ 8 Gt g
Ad L= B Seve Data [
arum?
O 2 e nesaw
o Defaut |
RxTK 52.44 K = 0.72 dB i
Races hasa n
Pint
Operating Fregquency & Prin |
©S0MHz C4a2Mre ILE" |

VIIUM Ver 1111

« EME Conference 2022 Qe
angeregt durch Diskussionen mit DL7YC,

« Kann man EME calc verbessern?

Ich bin Physiker mit der Leidenschaft Dinge zu verstehen, zu verknUpfen, berechenbar zu machen.
Ich habe die Erkenntnisse, bekannt seit den 1940er Jahren, zu einem Bild zusammengefugt.
~learn from the professionals*

® Gerald Ihninger - OE2IGL 2 Dorsten, 17.02.2024 @



Ubersicht

« Allgemeine Form der Radargleichung
« EME Einflusstaktoren (>10 GHz)
 Ubersicht EME Link Analysis Tool + Beispiele

e Jusammentfassung

QR-Code EME tool

® Gerald Ihninger - OE2IGL 3 Dorsten, 17.02.2024 ®



Die allgemeine Radargleichung! bertiicksichtigt
Effekte die wir bisher ,vergessen” hatten

Nur fiir
Spezialfall

,Punktquelle”

giiltig

2. Echo Power

2.1. The Radar Equation for a Distributed Target

The radar equation is normally stated in a manne
that is proper for the observation of[“point targets,”
i.e., objects which when viewed from the radar sub-
tend an angular diameter much smaller than that of
the antenna beam. In this case the received echo
power P, may be stated as

P gGA a
(4mR*)?*

Pi= watts

(1)

where P,;=transmitted power (watts), G = antenna
gain, A = antenna aperture (m®), o the cross section
of the target (m?), and R is the target’s range (m). Of

all the celestial objects detectable by means of radar,
t;ﬂn Manan fand narhanae tha Qiinl ara tha anle

manvnac ;n

HPBW = D,

S n
d b
e’ n
T T
0 Blackbody |]
b n
h ir
Figure 7. Geometry of antenna beams wnh twu types of beamwidths relative to a blackbody [10].
Emeannn o e e R of

simple antennas this eﬂeu will not be important until
the antenna diameter becomes larger than 100 A where
A is the radio wavelength.

Radar echoes from any of the nearby objects in the
solar system can, however, be resolved in range delay
or in frequency. For example, it is readily possible

more by determining the peak echo power observed
when pulses of 11.6 msec or longer are transmitted.
In practice, echoes from the Moon are found to fade
as a consequence of constructive and destructive
interference between signals arriving from different
parts of the lunar surface. Thus, an average value
for the peak echo power (or mean square of the echo
amplitude) must be obtained from many pulses to
determine o reliably. Alternatively, with a CW radar,
many independent determinations of the echo power
are required. In some of the earliest radar observa-
tions of the Moon [e.g., DeWitt and Stodola, 1949]
this was not recognized and only the maximum value
of the echo intensity was reported.

When the antenna beam width 1s comparable with
the diameter of the Moon, it is possible to compute

o if the distribution of incident power over the surface
is known (defined by the antenna pattern) and the
brightness distribution observed for the lunar disk
for uniform illumination is also known. Thus, if the
axis of the antenna beam is directed at the center
of the Moon, and the antenna pattern is circularly
symmetrical about this axis, the echo power is given by

Pngnh2ﬂ'

Po= AR -LF”(G)B(G)ZW sin 6d6,

in which G, is the gain of the antenna on axis and A is
the I'cldlU wavelength Here 0 is the angle subtended

w1dth dﬂ on the lunar surface F(G) is le nurmahzed

antenna pattern (power versus angle, F(#)=1 for
#=0°, and B(6) is the distribution of surface bright-

ess that would be observed for uniform illumination;
B(6) is normalized so that the integral in (2) tends to
unity for broadbeam antennas. The term F(6) ap-

1638

® Gerald Ihninger - OE2IGL 4
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Ubersicht

« Allgemeine Form der Radargleichung
» EME Einflussfaktoren
 Ubersicht EME Link Analysis Tool + Beispiele

e Jusammentfassung

QR-Code EME tool
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Die wichtigsten EME S/N Einflussfaktoren liefern
aufschlussreiche Details

Faktoren Schwankung Bemerkung
(nach Wichtigkeit > 10 GHz) S/N

1) Verluste durch schmale Antennenkeulen auf biszu -10 dB  allg. Radargleichung '

dem Mond (nicht punktférmige Quellen) DF3GJ & OE2IGL 4, OE2IGL

2) Verlust durch nichtsynchrone Positionier- & biszu -10 dB  EAEME Gruppe’: hat ein

NachfUhrgenauigkeit beider Antennen hochgenaues Trackingsystem
entwickelt (max. £0,03°)

3) Verlust (2-Weg) durch atmosphdarische -4 bis -8 dB ITU-R P.xxx3

Dampfung bei Elevation zwischen 10° und 65°

4) Antennenwirkungsgrad: Verluste durch bis zu -3 dB J.Ruze 7

Spiegelungenauigkeiten (65% -> 30%) H. Scheffler®

5) Verluste (2-Weg) bei unterschiedlichen Wetter-  bis zu -2,5 dB ~ TURPxxs

bedingungen (Temp, Feuchte, Luftdruck) geht zusatzlich in die atmosph.
Dampfung ein

6) Mond Reflektivitat: 0,075 £0,013 + 0,75 dB J.V. Evans'!
A. Giraud ¢
J. Linsky 10

/) Mond Temperatur +0,75 dB DF3GJ: Ubersicht
wissenschaftlicher Daten °

8) Mond Distanz (2-Weg) + 0,95 dB

NF £0,5 dB; Tx power +0,5 dB +0.5 dB

® Gerald Ihninger - OE2IGL 6 Dorsten, 17.02.2024 @



Faktor 1: é
Schmale Antennenkeulen auf dem Mond (BWEF)

beam width f‘actor BWE<1

o 2x Antennen Gauss Profil -> F g, | \

o Mond Tophat Profil -> B A
emnel Iefafient Fell et szf;tfﬂ%h}{gf F2(0)B(0)2m sin 0d6
6

- Uberlagerung von drei 3-dimensionalen Kérpern deren
resultierendes YVolumen einer normierten Leistung entspricht.

,Realitit erzeugt Verluste” -> BWF <1

®

Mondprofil
Tx Antenne
Rx Antenne

Uberlagerung
(= Produkt)

_0.25° +025°

® Gerald Ihninger - OE2IGL / Dorsten, 17.02.2024 @



Faktor 2:
Positionier- & Nachfuhrgenauigkeit von Antennen

« Ungenauigkeiten treten in jedem Antennensystem auf:
o Mechanische Instabilitdten (zusatzlich abhdngig von der Elevation)
o Anftrieb-/Geftriebespiel & Azimut und Elevation Encoder Linearitat/Auflosung
o Mondpositionsdaten & Regelung der NachfUhreinheit

 Um immer auf denselben Mondpunkt zu zeigen, mussen beide
Antennen moglichst genau und synchron bewegt werden.
Umso schwieriger je schmaler die Antennenkeulen sind.

« Berechnung wie der ,,beam width factor (BWF), wobei beide
Antennenprofile + Mondprofil gegeneinander verschoben Sif‘_d_;

Mondprofil
Tx Antenne
Rx Antenne
Uberlagerung
(= Produkt)

B —_6 -14 1.2 -1 -08 06 -04 -02 0

® Gerald Ihninger - OE2IGL 8 Dorsten, 17.02.2024 @



Faktor 3: Atmospharische Dampfung an Gasen und

Wasserdampf (abhangig vom Wetter & Elevation)

Fetvmation from s ber

191325 hWPa: Temperature = 1590, Water Vapouwr Demsity = 7.5 g'm”)

« Berechnung uber ein Model der ITU

attenﬁation _
« Entweder Temperatur, Luftfeuchte I e LS,
und Luftdruck am Boden = __ju"f._

verwenden ... ==t
« ... oder Uber Radiosonden-Aufstieg 0 7872 N sl v
den gesamten Wasserdampf in der R
Atmosphdre messen =3
zenith attenuation [dB] " rm
[ "””l””l”"!””!””!””!1”H””!””l””l”‘f!””l””l””]]”H””!””l””l”"!”TL . b=tr | - Ll . l“f
47 GHz — % NN = e
! I RS
sk ™ l} ] INY, /[/ |

i ——
L

— =

— 1
—
=1

M~ T

==
—

I |=
B—

#_zrﬁ_
]G 2

P~ |

osf : %

| 1
212 =

|

0 IlHiltlliltlIilnlilnliln\il|:IIJn|i|n|i|nl||(|\i|nIilnlilnlillllllHlilnli\nlil:llilnl

0 10 20 30 40 50 60 70 80 90
rel_ humidity [%]
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Faktor 4:
Ruze” Verluste durch Spiegelungenauigkeiten

* Loss [aB]= 685 (— RMS ... root mean square = — RedS
A’ e o 0 q 4
[ =
L =
N 2N p—
] 3 /
g |
§ A
9 N e o
e | =] 4w
S 1= |
= S or 3 /o . |
j / o ] ST
JA N\ A N N \
ol
1 [/ & \
7] b 3 '\\L.L
e i :‘% &
U /8 S0\ E T A AR °
i
T c
; 2 AR VA 1 i
e AN B j, RS ] \ =1 N l \ i 2 " a
| 11 {1 AL N
. ] P A k W A g ; B
e oe o e B, B i | (o ) /L e e - 3 ; Y 4
4 Al P 2 | 11 1e 4 b o / R
ANGLE N
Tig. 12. — Comparison of experimental patterns wit: eoretice i of a 50 inches parabolic dish focal length 10,5 inches R
two band (3.2¢cm 2) double dipole feed H plane; r.m.s. refle radians (0,282 inch); correlation interval: one wave-
length. Statistically predieted radiation «) 0,09 of radiat: swwel; ) 0.95 of radiation below this level; ¢) 0,84 of
radiation below this level; d) mean power level.
® (WRe, @
. Sa'iAn
et o
“ryad®

« Beispiele fUr gute Standardspiegel
o 08mM->RMS=0,17 mm loss (47 GHz) = 0,5 dB
o 1,2m->RMS=0,20 mm loss (47 GHz) = 0,7 dB
o 2,4 m->RMS=0,30 mm loss (47 GHz) = 1,7 dB
o 30m->RMS=0,35mm loss (47 GHz) = 2,3 dB

« Beispiel fUr sehr guten Spiegel
o 2,1 m->RMS=0,06 mm loss (47 GHz) = 0,06 dB

® Gerald Ihninger - OE2IGL 10 Dorsten, 17.02.2024 ®



Faktor 5:

Mond Strahlungstemperatur & Reflektivitat

« Monddaten vornehmlich aus den 1960's, 70's und 80's vorhanden.

Frequency: (30 GHz=10mm | temperature [K]
ymin, ymax = [loo [s00 | 500 T T T T T

« Temperatur: -

® Gibson 1958 (8.6 mm, 12)

Mittelwert & Schwa nkung ¢ s o .

abhdngig von Frequenz, :immmminy .
Messwerte schwanken - .
stark. 30 - 75 GHz keine ... 2

.o O Linsky 1973 u
MeSSdOTen Verfugbor- [Fitcurve | M, A, P = [220 20 45 | B - Il‘ﬂ)cu‘hL 0 200 20
unar pnase
36#*"""'] o IR | LA
 Reflektivitat: erst ab 40 GHz Topho’r Profil . =l e
03 Y [°] rel bri ght ess[dB] E 28 -
- R B e B IR 0 F — = g = %% i
02 s e =3 88
- 3 <20
: 13 o 3 lé?uEJ ‘21 |
0 20 044 2 . o8
; _ il R
| = i w m
,302— S —; :L l j

0.2 a " NN 0 V0[S O | (R W W
' 35 5 | 10 100 1000
- ] WAVELENGTH(cm)
viadinnals |M=|\|Iw|-|uul.\l slawisbinsadpeed 40_ L L L L 1 L L i L 0
02 01 0 01 02 03 0 0.1 02 03 0.4 05 06 07 08 09 1 FIGURE 2. The variatic / rf total c section a function
X r/Rmoon /1/ / r/ A
These \al E ion ullln- moon’s pr ed disk 7wa® and have been

obtained 1 | ; ] | | || I

® Gerald Ihninger - OE2IGL 11 Dorsten, 17.02.2024 ®



Ubersicht

« Allgemeine Form der Radargleichung

« EME Einflussfaktoren
. Ubersicht EME Analysis Tool + Beispiele

e Jusammentfassung

QR-Code EME tool
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EME Link Analysis Tool von OE2IGL

Sun/Moon data: [for RX v | longitude [E] [130705 |

latitude [N] [47 8227

Date [YYYYMDD] [2023
Time [UTC] - [18

| [Oct »] [27 |
|[os | |06

un (only optical refractive elevation corr )
Ra 2182 Dec -12a87

Az 274382 El -21.84
Ang.Diameter [deg] 0536

Moon (only optical refractive elevation corr.)
Ra 18867 Dec 642
Az 110.09 El 258
Phase [0 = Full Moon] 345  full moon
angle to Sun [clockwise from top] 73
Distance [km] 388538

kAng. Diameter [deg] 0.542 )

day of year 300 [

Frequency [GHz] 10.368

Wavelength 28.9 mm

Lunar reflectivity £ 0.07

Moon noise temp., add temp 238K ]
Days after full moon 26.9

TX Locator: [JO52CG13 - OLOSHAF-10 v |  [—
Latitude [N°] 542544
Longitude [E°] 10.1788

Transmitting Antenna: [Gauss, max ant n = theor. - 53 % |

Dish diameter [m], ant.gainy,.,[7.2 57.86 dBi
Dish fiD 0.35
Offset angle if offset dish[*] [0
Surface RMS [mm], peak err  [0.85 +-1.7 mm
Feed out-of-axial-focus [mm] [0
Feed blocking diam. [m] 03
lllumination efficiency n; 0.885
Spillover efficiency ng 0.821
llum+spillover efficiency n;,; 0.815 5697 dBi
Ohmic efficiency ngpm, 10
Polarization efficiency ngy 097
Surface efficiency ng - 0.873
Focus efficiency ngeys 1
Blocking efficiency nyjgey  0.994
Mesh grid diam, spacing [mm] [0 |
Mesh grid effi. ngeqp loss 1 0dB
Max. antenna efficiency n 0.635 55.89 dBi

Used antenna efficiency .y
Edge taper [dB], feed taper |11 -7 4dB

nexi day

| | Use current time

previous day | |
| 1 hour earlier ||

1 hour later |

Y ']

65 lllumination on Moon by Tx antenna
PR TR

O T

llumination: false colour image (auto rangs) v

Mouse position

RX Locator; [JNBTMT87 - OEAIGL-10_w| [—

Latitude [N?] 47 8227
Longitude [E°] 13.0705

Receiving Antenna: [Gauss. max ant. 0 = theor. - 5% %
Dish diameter [m], ant gain,.,[0.815 35.94 dBi
Dish fiD 0.56
Offset angle if offset dish [*]  [21
Surface RMS [mm], peak err  [0.17 +/-0.34 mm
Feed out-of-axial-focus [mm] [0
Feed blocking diam. [m] 0
lllumination efficiency n; 0.885
Spillover efficiency n, 0.921
llum+spillover efficiency n;,; 0.815 38.05 dBi
Ohmic efficiency fgpm 10
Polarization efficiency ngy 097
Surface efficiency ng - 0.995

Focus efficiency ngeys
Blocking efficiency Nipjscx 1

Mesh grid diam, spacing [mm] [0 ]
Mesh grid effi. n.q, loss 1 0dB

Max. antenna efficiency n 0.736 3741 dBi

Used antenna efficiency n.5
Edge taper [dB], feed taper |1 -9 dB

Dish center - rim T® Dish center - rim 37°

HPBW . gaing. 0.276* 5564 dBi HPBW . gaing.y 2.45° 37.34 dBi

Position x,y on Moon [?] 0 Position x,y on Moon [°] 0

Intercepted power fraction 0.931 -0.31dB Received fraction (BWF) 052 -2.07 dB

llluminated fraction 0.343 -4.58dB RX fill factor moon 0.0334 -14.76 dB

TX temperature [*C] 15 RX temperature [°C] 15

TX humidity [%] 50 RX humidity [%] 50

TX absolute pressure [mbar] (980 RX abselute pressure [mbar] (980

TX zenith atmosph.attenuation 0051 dB RX zenith atmosph attenuation 0051 dB
Use (real) time locked TX/RX elevation for: [NO. free to sef manually v

TX refrac.corr. elevation [°] RX refrac.corr. elevation [°]

TX LOS atmosph.attenuation 0.1dB RX LO3 atmosph attenuation 0.1d8

| Swap stations, Tx === Rx

[ Echo mode, set Rx = Tx

UTC YY/MM/DD hh:mm:ss  2023M0/27 18:05:06

Moon: [Lunar refiectivity varies radiall |
Isotropic path loss (radar equation) -276.5dB
Path loss (corrected for beam widths) -278 6 dB

€ * gaingy * gaingy 814 dB
TX power [W] 41.5dBm
Received signal power -155.9 dBm
RX NoiseFigure [dB], temp 523K

RX bandwidth [kHz]

RX noise power -147 4 dBm
Signal/Noise -8.5dB
Received Moon noise -156.6 dBm

Sky+CMB, zenith+CMB temp 63K
Spillover temp., add. spillover 25K
RX+sky+CMB temperature 61K
RX main beam efficiency nyg 0812
Spatial polarization, polloss -

32K
O
L]

Y-dish&feed: Absaorber/SkyZenith 53148
Y-dish&feed: Absorber/SkyElevation 5.19 0B
Y-feed: Gnd(or absorber)/SkyZenith 7.62dB

Sun temp, SFU@frequency [0 |0
Y-Sun: 1+5un/{Sky+Noise) 6.94dB

Y-Moon: 1+Moon/{Sky+Noise) 0.31dB
GiTgye incl. RX noise temp 17.75 dB/K
SN EME: Signal/(0+Sky+Noise): -11.4 dB
SIN EME: Signal/(Moon+Sky+Noise): [EfifidBl

2| Q65-60E w

RX libration rate [*/min] 0.002059
RX libration spreading 113 Hz
TXRX mutal libr. spreading 108 Hz

Decoder threshold

Margin = S/N EME - threshold —

Calculate

« Als webbasierte Version
2023 entwickelt,
Vorarbeit Ende 2022 von
DF3GJ

 Alle bekannten Effekte
sind inkludiert

« Mond/Sonnenrauschen
EME S/N Berechnung

« Analysetool zum
Variieren der Parameter

https://wettersat.bplaced.net/EME/EME.html
O[3

Dorsten, 17.02.2024 @



EME Link Analysis Tool: Tx und Rx Eingabe

TX Locator: [JO54CG13- DLOSHF-10 »|  [— | RX Locator: [JN6TMTE7 - OE2IGL-10_w | |— | o
Latitude [N°] 54.2644 Latitude [N°] 47.8227
Longitude [E”] 10.1788 Longitude [E*] 13.0705

Tp@nsmitting Antenna: | Gauss, max ant. n = theor. - 5% w |

ish diameter [m]. ant.gaing,.,|7.2 57.86 dBi
Dish f/D 0.35
Offset angle if offset dish [°] |0
Surface RMS [mm], peak e [0.85 +- 1.7 mm
Feed out-of-axial-focus [mm] |0
Feed blocking diam. [m] 03
Hlumination efficiency n, 0.885
Spillover efficiency ng 0.921
HNum+spillover efficiency n,; 0.815 56.97 dBi
Ohmic efficiency Ngym 1.0
Polarization efficiency ngg 087
Surface efficiency ng,ze 0.573
Focus efficiency Neeus 1
Blocking efficiency nyjaex 0.994
Mesh grid diam, spacing [mm] [0 ||o |
Mesh grid effi. 24p, loss 1 0 dB
Max. antenna efficiency n 0.635 55.59 dBi
Used antenna efficiency .

Edge taper [dB], feed taper

|-11 -7.4 dB

a ® \
Receiving Antenna: | Gauss. max ant. = theor. - 5% W |

Dish diameter [m], ant gainy,.,|0.815 38.94 dBi
Dish f/D 0.56
Offset angle if offset dish [] |21

Surface RMS [mm], peak err  [0.17 +/- 0.34 mm
Feed out-of-axial-focus [mm] |0
Feed blocking diam. [m] 0
lllumination efficiency n; 0.885
Spillover efficiency ng 0.921
llum+spillover efficiency n;, 0.812 35.05 dBi
Ohmic efficiency Nghm 1.0
Folarization efficiency ngy 057
surface efficiency ngyza 0.895
Focus efficiency Neeus 1
Blocking efficiency Mgk 1
Mesh grid diam, spacing [mm] [0 ||o |
Mesh grid effi. Nyaqy, loss 1 0 dB
Max. antenna efficiency n 0.736 3761 dEi

Used antenna efficiency n,.5 |0.693

Edge taper [dB], feed taper  [-11 -9 dB

ish center - rim 71.1° Dish center - rim 37
H T gainmal 0.276° 55.54 dBi HFB""I"'Irea]- gﬂinrem 2.45° 3734
e D
Position x,y on Moon [*] [0 |0 | Position %,y on Moon [*] [0 [{o |
Intercepted power fraction 0.831 -0.31 dB Received fraction (BWF) 0.62 -2.07 dB
| lluminated fraction 0.348 -4.55 dB RX fill factor moon 0.0334 -1476dB |
- D
T temperature [*C] 15 RX temperature [°C] 15
TX humidity [%] 50 R humidity [%] 50
TX absolute pressure [mbar] |30 R absolute pressure [mbar] [280
\LX zenith atmosph attenuation 005148 RX zenith atmosph attenuation 0031d8__J
Use (real) time locked TR/RX elevation for: |NO, free to set manually w |
TX refrac.comr. elevation[?]  [30 | RX refrac.corr. elevation[*] [30 | —
TX LOS atmosph attenuation 0.1dB RX LOS atmosph attenuation 0.1dB

| Swap stalions, Tx === Rx

| Echo mode, set Bx =Tx

>40 EME Anlagen
sind integriert

Antennenparameter
Edge Taper, HPBW,
Wirkungsgrade,
Antennen Gain, ...

Verluste aufgrund
Antennen Nachfuhr-
ungenauigkeiten

,Beam Width Factor"

Atmosphdrische
Ddmpfung

EME Echtzeitbetrieb
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EME Link Analysis Tool: Echtzeitbetrieb

- ,Use (real) time locked Tx/Rx elevation for:"
fOr Mond oder Sonne auswdhlen

P

Use (real) time locked TX/RX elevation for |'MOON with radio refractive elevation corr. v | Decoder threshold

-25.4 dB
: NO, free to set manually )
TX refrac.corr. elevation [°] SUN with radio refractive elevation corr. | | 0.0873 Margin = S/N EME - threshold —
TX LOS atmosph.attenuation 0.46 dB MQOON with radio refractive elevation corr. 0.24dB

| Swap stations, Tx <=> Rx | | Echo mode, set Rx = Tx | [ calculate || LivEOFF | [ autostep +30min

« Button ,,LIVE OFF" drucken damit dieser auf ,,LIVE ON" geht.

Use (real) time locked TX/RX elevation for: | MOON with radio refractive elevation corr. v | Decoder threshold
TX refrac.corr. elevation [°] _ RX refrac.corr. elevation [°] _12_26 0.0873 Margin = S/N EME - threshold —
TX LOS atmosph.attenuation 0.46 dB RX LOS atmosph.attenuation 024 dB

| Swap stations, Tx <=> Rx | | Echo mode, set Rx = Tx | | Calculate |[]

« Ab jefzt wird alle 5 sec S/N, ... aufgrund der aktuellen Uhrzeit,
Elevationen der Rx/Tx Stationen LIVE berechnet.
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EME Link Analysis Tool:
Ausgabe S/N, Libration, Ynaonjeum  ---

[ Use cumrent time| | 15 min earlier | | 15 min later |

UTC YY/MM/DD hh:mm:ss 2023027 48:22:43

Moon: | Lunar reflectivity varies radially ~ |
Isotropic path loss (radar equation) -276.5dB
Path loss (corrected for beam widths) -2786dB
£ " gainyy " gaingy 81.4dB
TX power [W] 41.5dBm
Received signal power -156 dBm
RX NoiseFigure [dB], temp 072 523K
RX bandwidth [kHz] 25
RX noise power -147 4 dBm
Signal/Noise -8.5dB
Received Moon noise -156.6 dBm
/Qymma, zenith+CMB temp 6.6 K 32K
Spillover temp., add. spillover 24K 0
RX+sky+CMB temperature 61.3K
RX main beam efficiency nyg 0.812 [0
Spatial polarization, pol.loss -5.8° -0.0dB
Y-dish&feed: Absorber/SkyZenith 5.31dB
Y-dish&feed: Absorber/SkyElevation 5.18 dB
Y-feed: Gnd(or absorber)/SkyZenith 7.62 dB

Sun temp, SFU@frequency D

Y-Sun: 1+Sun/(Sky+Noise)
\X-Moon 1+Moon/(Sky+Noise) 0.31dB /

17.75 dB/K

G/Tgye incl. RX noise temp

S/N EME: Slgnaif(0+3ky+N0|se}

Decoding mode: [Q65-60E v |

[ RX libration rate [*/min] 0.002151 )
RX libration spreading 119 Hz
i i 113 Hz

Decoder threshold -25.2dB

Margin = S/N EME - threshold ---

« Sky-Temp, Spillover und main beam

Wirkungsgrad haben Einfluss auf Y

Y

sun’ " moon

« Mond Libration (auch abhdngig vom BWF)

« Decoder Threshold und S/N sagt uns ob
Signal decodierbar ist.

Y-dish&feed: Absorber/SkyZenith
Y-dish&feed: Absorber/SkyElevation
Y-feed: Gnd(or absorber)/SkyZenith
Sun temp, SFU@Irequency

Y-5un: 1+3Sunf{Sky+Moise)

Y-Moon: 1+Moonf{Sky+Noise)

53148
518 dB
7 62 d8
1]

£.94 dB

GiTepe Incl. RX nolse temp
S/N EME: Signal/(0+Sky+MNoise):
S/N EME: Signali{Moon+Sky+Noisa):

Decoding mode: | O65-80E

RX libration rate [*/min] 0003340
RX libration spreading 154 Hz
TXREX mutal libr. spreading 177 Hz

Decoder threshold
Margin = S/N EME - threshold --
16

| Calculate | | LIVE OFF | | autostep +30min |

| Caicuiste |
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Grafik zum besseren Verstandnis:
Mond Ausleuchtung — Mond Reflexion — Rx Antenne

« 47 GHz, 2x 2,4 m Spiegel, Tx/Rx Antenne Mondmitte

Y [°] lllumination on Moon by Tx antenna Y [] Intensity of the reflected moon power
= 1 11 3

Y [°] Intensity of the received moon signal
""‘I""|-'l'1--'l'"""I"'I"':l""-_ |||\||.||||.|H1':|;\|:|||||\|:||||:;|\|._ ! L

TN I:‘II pprereprngen

* Relative Werte (keine Absolutwerte)
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Grafik zum besseren Verstandnis:
Mond Ausleuchtung — Mond Reflexion — Rx Antenne

o 47 GHz, 2x2,4 m Splegel * Relative Werte (keine Absolutwerte)

Y] lllumination on Moon by Tx antenna

Intensity of the reflected moon power
1 I ]

Y [°] Intensity of the received moon signal
..I-.'lll'l ERANRE RN FROQaRRqunenonne FRnpgrraeginy .|J\' [ 1 Pponepjporenjpuenngprnnngnn

I
N 0. 0. - 0 : E E
[°] Xl X I°l

Y [°] lF'EF ity of t zrcﬂectec moon power
1 (ER AR RRRRRRER] (RRRRARN] i | ] ] 1 ]

i 1 1 | peibuenilenel i e GIITIINET IIJIIlII\IIIiHIl\IIIiIiIIIJI!\II‘Illu: i :|;_||||L,|i||||5;|”5
-0.3 -0.2 -0.1 gi' 01 0.2 0.3 03 -02 0.1 ?( 01 02 03 03 02 01 0 01 02 03
.i ™ a3
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Grafik zum besseren Verstandnis:
Einfluss Mond Profil

e 10GHz 2x2,4 m Splegel * Relative Werte (keine Absolutwerte)

vVl Intensity of the received moon signal
L1 1 Hn 1 (RRERAY RERERERRERRRY) (R (RRRRRRE.

i Hlum\ atson on Moon by Tx antenna b s | Irtensny of the reﬂected moon power
I ] RERNRI e I [RR! g () IAERRRRREE] 1 (BN}

Mond Gauss
Profil

03 02 01 0 01 02 03 03 -02 -01 0 0.1 02 03
X[l XTIl

itensity of the received moon signal
N LARR] Frrgunepgreny ‘

rel brightness [dB]

— 35 3

N RRERERER

10 GHz

TTTTTT

0.44
0.05

A RRARE R

- 1 I L 1 i

1 1 1 1
0 0.1 02 0.3 0.4 05 06 0.7 0.8 09
r/Rmoon
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Bsp 1: Echo (Tx & Rx Antenne gleich grofs)

TX Locator: | IMBEBN - CT1BYIM-47

¥

Latitude [N°]
Longitude [E®]

Transmitting Antenna: | Gauss, maxant n =

w

[= | RX Locator: [IM6SBN - CT1BYM-47
38 5644 Latitude [N°]
-7.87118 Longitude [E°]

theor. - 5% + |

38.5644
-7.67118

Receiving Antenna: | Gauss, max ant. n=theor -5% +

Dish diameter [m], ant.gainip.. 1.2 55.44 dBi Dish diameter [m], ant.gain.,[1.2 55.44 dBi
Dish /D 066 Dish fiD 066
Offset angle if offset dish [*] |21 Offset angle if offset dish [°] 21
Surface RMS [mm], peak err  [g.2 +-0.4 mm Surface RMS [mm], peak err  [g.2 +/- 0.4 mm
Feed out-of-axial-focus [mm] |o Feed out-of-axial-focus [mm] |o
Feed blocking diam. [m] 0 Feed blocking diam. [m] 0

lllumination efficiency n; 0.847 lllumination efficiency n; 0.847

Spillover efficiency ng 0.95 Spillover efficiency ng 0.95

lllum+spillover efficiency n;, 0.805 54 5 dBi lllum+spillover efficiency ;¢ 0.805 54 5 dBi

Ohmic efficiency Ngpm 1.0 Ohmic efficiency Nonm 1.0

Polarization efficiency ny, 097 Polarization efficiency N 097

Surface efficiency Ng;ze 0.856 Surface efficiency Ngyze 0.858

Focus efficiency Nieus 1 Focus efficiency Nigeus 1

Blocking efficiency Npjockx 1 Blocking efficiency Nyjgck 1
Mesh grid diam, spacing [mm] [0 llo | Mesh grid diam, spacing [mm] [0 IE

Mesh grid effi. Nesh, 108 1 0dB Mesh grid effi. N,esp. 0SS 1 0dB
Max. antenna efficiency n 0.518 53.35 dBi Max. antenna efficiency n 0.618 53.35 dBi
Used antenna efficiency N5 [06 Used antenna efficiency N4 [06
Edge taper [dB], feed taper 13 -11 dB Edge taper [dB], feed taper 13 -11 dB
Dish center - rim 37° Dish center - rim 37°
HPBW, oz, 98iN oy 0.368° 53.22 dBi HPBW, 41, 9aiN ey 0.368° 53.22 dBi
Position x,y on Moon [°] |0 |{] Basition x v on Mogn [°] !n JI!n
Intercepted power fraction 0777 -1.09 dB (Received fraction (BWF) 0.318 497 dB
lluminated fraction 0.516 -2.87dB RX fill factor moon 0.777 -1.09 dB
TX temperature [°C] 15 RX temperature [°C] 15
TX humidity [%] 50 RX humidity [%] 50
TX absolute pressure [mbar] [9a80 RX absolute pressure [mbar] [g80
TX zenith atmosph.attenuation 0.87 dB RX zenith atmosph.attenuation 0.87 dB

Use (real) time locked TX/RX elevation for: | MOON with radio refractive elevation corr. |

TX refrac.corr. elevation [°] RX refrac.corr. elevation [°] 0.0186
TX LOS atmosph.attenuation 12dB RX LOS atmosph.attenuation 12dB

® Gerald Ihninger - OE2IGL
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|Usecurrenttirne|| 15 min earlier || 15 min later |

UTC YY/MM/DD hh:mm:ss [2023[0/27 21:12:04

Moon: | Lunar reflectivity varies radially et |
Isotropic path loss (radar equation) -289.7 dB
Path loss (corrected for beam widths) -294.7 dB
£ " gainTy * gaingyx 94.9dB
TX power [W] 46.2 dBm
Received signal power -155.9 dBm
RX NoiseFigure [dB], temp 3 170K

RX bandwidth [kHz] 25

RX noise power -142 3 dBm
Signal/Noise -136dB
Received Moon noise -144 1 dBm

Sky+CMB, zenith+CMB temp 65K 49K
Spillover temp., add. spillover 41K o 1]
RX+sky+CMB temperature 235K

RX main beam efficiency nyg 0.727

Spatial polarization, pol.loss 00° 0.0dB
Y-dish&feed: Absorber/SkyZenith 2.43dB
Y-dish&feed: Absorber/SkyElevation 23dB
Y-feed: Gnd(or absorber)/SkyZenith 3.16 dB

Sun temp, SFU@frequency D
Y-Sun: 1+Sun/(Sky+Noise)

Y-Moon: 1+Moon/(Sky+Noise) 1.56 dB

26.89 dB/K

GITEME mc:1 RX noise temp

S;‘N EME: Slgnalf[Moon+Sky+N0|se}

: | QB5-B0E v

ecoain 1ode

RX libration rate [*/min] 0.00294
RX libration spreading 527 Hz
TXRX mutal libr. spreading 527 Hz

-204dB

Decoder threshold

Margin = S/N EME - threshold ---
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Bsp 2: Tx-Ant grofs, Rx-Ant klein

Was ist besser? Grofser Spiegel beim Senden oder Empfangen?

TX Locator: | JO62PK-DL7YC-47  ~| [
Latitude [N°] 52,4394
Longitude [E®] 13.2955

RX Locator: [JO62PK - DLTYC-47 vl |=
Latitude [N°] 52.4394
Longitude [E®]

13.2955

Transmitting Antenna: | Gauss, max ant n = theor - 5% v |

Receiving Antenna: | Gauss, max ant n = theor -5%  +|

Dish diameter [m], ant.gain,.. |2 4 61.46 dBi Dish diameter [m], ant.gain..~|1.2 55 44 dBi
Dish fiD 0.4 Dish fiD 0.4
Offset angle if offsetdish [*] |o Offset angle if offset dish [°] 0
Surface RMS [mm], peakerr |03 +/-0.6 mm Surface RMS [mm], peak err  |o2 +-0.4 mm
Feed out-of-axial-focus [mm] |o Feed out-of-axial-focus [mm] [0
Feed blocking diam. [m] 02 Feed blocking diam. [m] 02
lllumination efficiency n; 0.885 lllumination efficiency n; 0.885
Spillover efficiency ng 0.621 Spillover efficiency ng 0.921
lllum+spillover efficiency n.q 0.815 60.57 dBi lllum+spillover efficiency N, 0.815 54.55 dBi
Ohmic efficiency Ngpm 1.0 Ohmic efficiency Ngpm 1.0
Polarization efficiency nyy 097 Polarization efficiency ny, 087
Surface efficiency Ngyze 0.705 Surface efficiency Ny, - 0.856
Focus efficiency Neeus 1 Focus efficiency Neycus 1
Blocking efficiency Nyjoek 0.9786 Blocking efficiency Nyigek 0.906
Mesh grid diam, spacing [mm] [o [lo | Mesh grid diam, spacing [mm] [o |lo |
Mesh grid effi. Nyesp, 0S8 1 0 dB Mesh grid effi. Nyesh: 0SS 1 0dB
Max. antenna efficiency n 0.493 58.39 dBi Max. antenna efficiency n 0.563 52.95 dBi
Used antenna efficiency n,.y 0493 Used antenna efficiency Ny (0563
Edge taper [dB], feed taper -1 -8.1dB Edge taper [dB], feed taper 41 -81dB
Dish center - rim 64° Dish center - rim B4°
HPBW, o4, gain .4 0.179° 58.39 dBi HPBW 41, G8iN oy 0.358° 52.85 dBi
Position x,y on Moon [°] (o [lo Position x,y on Maon [°] lo |lo
Intercepted power fraction 0.997 -0.01 dB Received fraction (BWF) 0.135 -8.69dB
llluminated fraction 0.167 -7.78 dB RX fill factor moon 0.774 -1.11dB
TX temperature [°C] 15 RX temperature [°C] 15
TX humidity [%] 50 RX humidity [%] 50
TX absolute pressure [mbar] [gg0 RX absolute pressure [mbar] |90
TX zenith atmosph.attenuation 0.87 dB RX zenith atmosph.attenuation 0.87 dB
Use (real) time locked TX/RX elevation for: | MOCN with radio refractive elevation corr. v |
TX refrac.corr. elevation [°] RX refrac.corr. elevation [°] 44 59 0.0197
TX LOS atmosph.attenuation 1.2dB RX LOS atmosph.attenuation 1.2dB

® Gerald Ihninger - OE2IGL
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|Use c:urrenttimel | 15 min earlier | | 15 min later |

UTC YY/MM/DD hh:mm:ss  [2023/10/30° 21:30:15

Moon: | Lunar reflectivity varies radially v |
Isotropic path loss (radar equation) -290.3dB
Path loss (corrected for beam widths) -298.9 dB

€ " gainTy " gaingy 99.8 dB
TX power [W] 46.2 dBm
Received signal power -155.4 dBm
RX NoiseFigure [dB], temp 2 170 K

RX bandwidth [kHz] 25

RX noise power -142.3 dBm
Signal/Noise -13.1 dB
Received Moon noise -144.4 dBm

Sky+CMB, zenith+CMB temp 67K 49 K
Spillover temp., add. spillover 45K o ]
RX+sky+CMB temperature 237K

RX main beam effic. nyg, Nng  0.659 85

Spatial polarization, pol.loss  00° 00dB

Y-dish&feed: Absorber/SkyZenith 247dB
Y-dish&feed: Absorber/SkyElevation 2.28dB
Y-feed: Gnd(or absorber)/SkyZenith 3.16dB

Sun temp, SFU@frequency D
Y-Sun: 1+Sun/(Sky+Noise)

Y-Moon: 1+Moon/(Sky+Noise) 1.48 dB
GMewe mcl RX noise temp 26.50 dB/K

-16.7 dB

S/N EME: SlgnaII[Moon+Sky+N0|se}

ecoding mode: [Q5-60E v |

RX libration rate [*/min] 0.002323
RX libration spreading 272 Hz
TXRX mutal libr. spreading 272 Hz

-22.5dB

Decoder threshold

Margin = S/N EME - threshold -
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Bsp 3: Tx-Ant klein, Rx-Ant grofs
S/N um 0,7 dB schlechter!

TX Locator: [ JO62PK - DLTYC-47 |
Latitude [N°]
Longitude [E®]

52.4394
13.2955

RX Locator: |JO62PK - DLTYC-47 v|
Latitude [N°]
Longitude [E®]

52.4394
13.2955

Transmitting Antenna: | Gauss, max antn = theor. - 5% v |

Receiving Antenna: | Gauss, max ant. n =theor. - 5% |

Dish diameter [m], ant.gain; .o 1.2 55.44 dBi Dish diameter [m], am.qarnfhm_g_:t 61.46 dBi
Dish /D 0.4 Dish fiD 0.4
Offset angle if offset dish [] |0 Offset angle if offset dish [] |0
Surface RMS [mm], peak err |02 +/-0.4 mm Surface RMS [mm], peak err  [0.3 +-0.6 mm
Feed out-of-axial-focus [mm] |o Feed out-of-axial-focus [mm] |o
Feed blocking diam. [m] 02 Feed blocking diam. [m] 0.2
lllumination efficiency n; 0.885 lllumination efficiency 0.885
Spillover efficiency ng 0.921 Spillover efficiency ny 0.921
lllum+spillover efficiency n;4 0.815 54 55 dBi lllum+spillover efficiency g 0.815 60.57 dBi
Ohmic efficiency Ngpm 10 Ohmic efficiency Nopm 1.0
Polarization efficiency n,, 097 Polarization efficiency npy 097
Surface efficiency nNg - 0.856 Surface efficiency Nryze 0.705
Focus efficiency Neys 1 Focus efficiency Nreus 1
Blocking efficiency Nyjoek 0.906 Blocking efficiency Npigek 0.976
Mesh grid diam, spacing [mm] [0 |lo Mesh grid diam, spacing [mm] [o IE |
Mesh grid effi. Nesh. 1058 1 0 dB Mesh grid effi. Npesh, l0SS 1 0 dB
Max. antenna efficiency n 0.563 52.95 dBi Max. antenna efficiency 0.493 58.39 dBi
Used antenna efficiency n.4 [0.563 Used antenna efficiency n.5 [0493
Edge taper [dB], feed taper 1 -§1dB Edge taper [dB], feed taper 14 -5.1dB
Dish center - rim 64° Dish center - rim 64°
HPBW o, gaiN;ayq 0.358° 52.95 dBi HPBW .4, 9ain .y 0.179° 58.39 dBi
Position x,y on Moon [°] [o [o Position x,y on Moon [°] lo IE
Intercepted power fraction 0.774 -1.11 dB Received fraction (BWF) 0.135 -869dB
Hluminated fraction 0.518 -2.86 dB RX fill factor moon 0.897 -0.01dB
TX temperature [°C] 15 RX temperature [°C] 15
TX humidity [%] 50 RX humidity [%] 50
TX absolute pressure [mbar] [980 RX absolute pressure [mbar] |380
TX zenith atmosph.attenuation 0.87 dB RX zenith atmosph.attenuation 0.87 dB

Use (real) time locked TX/RX elevation for: [ MOON with radio refractive elevation carr. v |

TX refrac.corr. elevation [7]
TX LOS atmosph.attenuation

1.2dB

® Gerald Ihninger - OE2IGL

RX refrac.corr. elevation [7]
RX LOS atmosph.attenuation

22

1.2dB

|Usecurremtime|| 15 min earlier || 15 min later |

UTC YY/MM/DD hh:mm:ss [2023/10/30" 21:30:15

Moon: | Lunar reflectivity varies radially v
Isotropic path loss (radar equation) -290.3 dB
Path loss (corrected for beam widths) -298.9dB
£ " gainTy * gaingy 99.8dB
TX power [W] 46.2 dBm
Received signal power -155.4 dBm
RX NoiseFigure [dB], temp 2 170K

RX bandwidth [kHz] 25

RX noise power -142.3 dBm
Signal/Noise -13.1dB
Received Moon noise -143.9 dBm

Sky+CMB, zenith+CMB temp 67K 49K
Spillover temp., add. spillover 51K P 1]
RX+sky+CMB temperature 237K

RX main beam effic. nyg, Ng  0.577
Spatial polarization, pol.loss  0.0° 0.0dB
Y-dish&feed; Absorber/SkyZenith 2.45dB
Y-dish&feed: Absorber/SkyElevation 2.28dB
Y-feed: Gnd(or absorber)/SkyZenith 3.16 dB
Sun temp, SFU@frequency o o

Y-Sun: 1+3un/(Sky+Noise)
Y-Moon: 1+Moon/(Sky+Noise) 1.63 dB
G/Tgye incl. RX noise temp 31.48 dB/K

-17.3dB

S/N EME: Signal/(0+Sky+Noise):
ISIN EME: Signal/(Moon+Sky+Noise):

Decoding mode: [Q85-60E ~

RX libration rate [*/min] 0.002323
RX libration spreading 272 Hz
TXRX mutal libr. spreading 272 Hz

-22.8dB

Decoder threshold

Margin = S/N EME - threshold ---
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Bsp 4: 82 cm Oftset-Spiegel & DLOSHF @10368 MHz

9. i3] Palette

A 1

5 Ratten [T

288 Sere

Frequency [GHz]
Wavelength

Lunar reflectivity £
Moon naise temp
Days afler full moon

TX Locator: |
Latitude [N*]
Longitude [E°]

JOS4C

Transmitting Antenna: |Gauss
Dish diameter [m], &nl.gaiNyeq
Dish D

Offset angle If offset dish [7]
Surface RMS [mmj, peak arr
Feed out-of-axial-focus fmm]
Feed blocking diam [m]
IHumination efficiency ny
Spiliover efficiency ne
IHum+spiliover efficiency .
Ohmic efficiency Nghm
Polarization efficiency Ny
Surface efficiency Neyee
Focus efficiency Mrgcys
Blocking efficiency Nuiock

2 Mesh gnd diam, spacing {mm]
RefSp

Mesh grid effi. Nqe.s, 1055
Max antenna efficiency n

-— Used antenna efficiency n.q

]

Uit @ - OF Freg

Sopr Farand Dezeries.

e @

==

Sfdd =13

o EEE

&5 BLADHF Jota aqd

Edge taper [dB], feed laper
Dish center - nm
HPBW,oq) 02N

] ek =g Posifion x.y on Moon [°]

Ll O Gad a [rra w
DuggHr MRS K
h R T
Lagkip Bk

Sulsraie £

s Inift 0

= ET T R

Intercepted power fraction
Iuminated fraction

TX temperature ["C]

TX humidity [%]

TX absolute pressure [mbar]
TX zenith atmosph attenuation

Use (real) lime locked TX/RX elevation for | MO

TX refrac cormr elevation [*]

'TX LOS atmosph attenuation

I e oeam

DLEEHF CETIES 38
DoGHF DEIR R-15
CifeHF CEDIG BB TS
DLDGHF DEZTA 71
D DEHGL MET

CG13 - DLOSHF-10

[1o3ea |
259 mm
6.07 |
45K 2
457

542644

101738
max ant 1 = theor - 5% ¥
72 57 86 dBi
035
0
s +- 17 mm
L
03
0.885
0921
0815 56.97 dBi
10
a.97
0ar3
1
0994

"] d8
U 835 55.89 dBi
ID 555
|_1-| | T4 dB
711"
0276° 55 B4 dB8i
ID 0
0924 .35 dB
0.35% -4 44 dB
15
50
Gen

0.051 dB

" 0.23 dB

RX Locator: | JNGTMTET - OEIGL-1E +
Latifude [N7)
Longitude [E°]

Receiving Antenna: | Gauss. maxant n = theor - 5% v

Dish dameter [m], ant gainy,e [0.815

DCash 1D 0 66

Offset angle If offset dish [*] |23

Surface RMS [mm), peak err  [0.17

Feed cut-of-axial-focus fmm] [0

Feed blocking diam. [m] []
Iumination efficlancy 0.885

Spillover efficiency ny 0821
Num+spillover efficiency N, 0815

Ohmic efMciency Nanm 10
Polanzation efficiancy Npe 087
Surface efficiency Npuze 0995

Focus efiiciency Nies ]
Blocking efficiency Npiock 1

Mesh grid diam. spacing [mm] ! 5|

Mesh grid effi. fye.,, 1055

13594 dBi

+1- 10,34 mm

38.05 dBi

0 dB

Max_antenna efficiency n u.?]s 37.61.dBi
Used antenna efficiency M.y [0.699

Edge taper [dB], feed taper  [41 ]-9d8
Dish center - nm ar 3
HPBW, ¢, 08IN 5 2440 3738 d8i
Position x_y on Moon [7] 0 ]
Recaived fraction (BWF) 0.629 20148
RX fill factor moon 0.0324 14948
RX temperature ["C] 17

RX humidity [%] 5

RX absolute pressure [mbar] [g40

RX zenith atmosph attenuation 0052 dB
RX refrac_corr. elevation [7] ! 14 0.107
RX LOS aimosph attenuation 03dB
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[ Use currenttime] [ 15 min sarfies | [ 15 min fater |

UTC YY/IMWDD hh:mm:ss  2023/80 | 08:51:42

Moon: [ Lunar refiectivity varies radially ~

Isotropic path loss (radar equation} -2TE S48
Path loss (corrected for beam widths) 279 dB

£7 gainx " gainpy 81.5d8
TX power [W] 41.8 dBm
Received signal power -156. 3 dBm
RX NoiseFigure [dB], temp 0715 E19K

RX bandwidih [kHz] 25 |

RX noise power 447 5 dBm
SignaliNoise 5.8 dB
Recewed Moon noise -156 8 dBm
Sky+CMB, zenith+CMB temp 18K 33K
Spillover temp., add. spiliover 21K 0 :
RX+sky+CMB temperature TZBK

RX main beam afficiency nyg 0819 [
Spatial polanzation, pol less 617 -0.0 dB
Y-dish&leed: Absorber/SkyZenith 533 dB
Y-fead Gnd{or absorber)/SkyZenith T 67 dB
Sun temp, SFU@frequency  [15350 345
Y-Sun. 1+5un/(Sky+Noise) =
Y-Moon: 1+Moon/(Sky+Noise} 0.28 dB
G"TEME incl. RX noise temp 17.45 dBiK

SIN EME: Signali{0+Sky+Noise)
S/N EME: Signal/{Mocon+Sky+Noise):

QB5-B0E |

0 0004616
256 Hz
27 Hz

RX libration rate [*/min]
RX libration spreading
TXRX mutal ibr spreading
Decoder threshold

-26 5 dB

Margin = S/N EME - threshold - gd8 |
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Bsp 5: Minimale Anforderungen fiir 47.088 GHz

TX Locator: | JO62Q. - DCTKY-47 v|
Latitude [N°]
Longitude [E®]

52.3977
13.3788

Transmitting Antenna: | Gauss, max ant. n = theor. - 5% v |

Dish diameter [m], ant.gaing,.,[2.4 61.46 dBi
Dish f/iD 0.65
Offset angle if offset dish ["] |21
Surface RMS [mm], peak err |03 +- 0.6 mm
Feed out-of-axial-focus [mm] |o
Feed blocking diam. [m] 0
lllumination efficiency n; 0.885
Spillover efficiency ny 0.921
lllum+spillover efficiency .5 0.815 60.57 dBi
Chmic efficiency Ngpm 1.0
Polarization efficiency npg — 0.97
Surface efficiency Ngy 7= 0.705
Focus efficiency Negeys 1
Blocking efficiency Npjock 1
Mesh grid diam, spacing [mm] [o |lo
Mesh grid effi. Nyesp, lOss 1 0dB
Max. antenna efficiency n 0.507 58.51dBi
Used antenna efficiency n..4 [0.5
Edge taper [dB], feed taper = -9dB
Dish center - rim 37.6°
HPBW, o), 9aiN,oy 0.18° 58.45 dBi
Position x,y on Moon [°] lo |lo
Intercepted power fraction 0.996 -0.02 dB
llluminated fraction 0179 -T 47 dB
TX temperature [°C] 15
TX humidity [%] 50
TX absolute pressure [mbar] |[980
TX zenith atmosph.attenuation 0.87 dB

RX Locator: [JOB2PK - DLTYC47  ~| [
Latitude [N°] 52.4394
Longitude [E®] 13.2955

Receiving Antenna: | Gauss, max ant n = theor - 5% |

Dish diameter [m], ant.gaing,.,|2.4 61.46 dBi
Dish /D 0.4
Offset angle if offset dish [*] o
Surface RMS [mm], peak err  |0.3 +/-0.6 mm
Feed out-of-axial-focus [mm] |[o
Feed blocking diam. [m] 0.2
lllumination efficiency n; 0.885
Spillover efficiency ny 0.921
llum-+spillover efficiency rj.q 0.815 60.57 dBi
Ohmic efficiency Ngpm 1.0
Polarization efficiency npg  0.97
Surface efficiency Nryze 0.705
Focus efficiency Neyeus 1
Blocking efficiency Npjock 0.976
Mesh grid diam, spacing [mm] [0 |lo |
Mesh grid effi. Nyeap, l0SS 1 0dB
Max. antenna efficiency n 0.493 58.39 dBi
Used antenna efficiency Ny [0.49
Edge taper [dB], feed taper -11 -81dB
Dish center - rim B4°
HPBW,ogp: 981N 45 0.179° 58.36 dBi
Position x,y on Moon [°] [ |lo |
Received fraction (BWF) 0.0908 -10.42 dB
RX fill factor moon 0.996 -0.02 4B
RX temperature [°C] 15
RX humidity [%] 50
RX absolute pressure [mbar] [980
RX zenith atmosph.attenuation 0.87 dB

Use (real) time locked TX/RX elevation for: | MOON with radia refractive elevation corr. |

TX refrac.corr. elevation [°]
TX LOS atmosph.attenuation

1.4dB
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RX refrac.corr. elevation [°] 0.0245
RX LOS atmosph.attenuation 1.4 dB
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|Use=:urremtime|| 15 min earlier || 15 min later |

UTC YY/MM/DD hh:mm:ss  2023/11/2  06:52:58

Moon: | Lunar reflectivity varies radially hd |
Isotropic path loss (radar equation) -290.8 dB
Path loss (corrected for beam widths) -301.3 dB

€ " gainry " gaingy 105.3 dB
TX power [W] 40 dBm
Received signal power -158.8 dBm
RX NoiseFigure [dB], temp 2 170K

RX bandwidth [kHz] 25

RX noise power -142.3 dBm
Signal/Noise -16.5dB
Received Moon noise -144.1 dBm

Sky+CMB, zenith+CMB temp 75K
Spillover temp., add. spillover 52K
RX+sky+CMB temperature 245K
RX main beam effic. g, g 0.574 85

Spatial polarization, pol.loss -0.1° -0.0dB
Y-dish&feed: Absorber/SkyZenith 2.45dB
Y-dish&feed: Absorber/SkyElevation 217 dB
Y-feed: Gnd(or absorber)/SkyZenith 3.16 dB
Sun temp, SFU@frequency [0 |0

Y-Sun: 1+Sun/(Sky+Noise) -
Y-Moon: 1+Moon/(Sky+Noise) 1.52 dB

31.44 dB/K

G/Tgye incl. RX noise temp

S/N EME: Signal/(Moon+Sky+Noise):

Decoding mode: |Q65-B80E »

RX libration rate [*/min] 0.00152
RX libration spreading 148 Hz
TXRX mutal libr. spreading 145 Hz

-24.7dB

Decoder threshold

Margin = S/N EME - threshold ---
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Bsp 6: Minimale Anforderungen fiir 47.088 GHz

mit ungenauer Antennenpositionierung um 4 dB geringeres SNR!

TX Locator: [JO62QJ - DCTKY-47 v|
Latitude [N°]
Longitude [E®]

52.3977
13.3788

Transmitting Antenna: | Gauss, max ant. n = theor. - 5% v |

RX Locator: [ JOB2PK - DLTYC-47 v |

Latitude [N°]
Longitude [E®]

52 4394
13.2955

Receiving Antenna: | Gauss, max ant. n = theor. - 5%

v]

Dish diameter [m], ant.gainy,. 2.4 61.46 dBi Dish diameter [m], ant.gainy,.,|2.4 61.46 dBi
Dish f/iD 0.65 Dish /D 0.4
Offset angle if offset dish [*] |21 Offset angle if offset dish [*] |0
Surface RMS [mm], peak err |03 +-0.6 mm Surface RMS [mm], peak err |03 +/-06 mm
Feed out-of-axial-focus [mm] |o Feed out-of-axial-focus [mm] |0
Feed blocking diam. [m] 0 Feed blocking diam. [m] 02
Hlumination efficiency n; 0.885 lllumination efficiency n; 0.885
Spillover efficiency g 0.921 Spillover efficiency g 0.921
Num+spillover efficiency N5 0.815 60.57 dBi lllum+spillover efficiency n,¢ 0.815 B0.57 dBi
Ohmic efficiency Nghm 1.0 Ohmic efficiency Nopm 1.0
Polarization efficiency n,, 097 Polarization efficiency ngg 097
Surface efficiency ng,ze 0.705 Surface efficiency nryze 0.705
Focus efficiency Mgy 1 Focus efficiency Nicys 1
Blocking efficiency Nyjgck 1 Blocking efficiency Npjgek 0.976
Mesh grid diam, spacing [mm] [0 |lo Mesh grid diam, spacing [mm] [0 |lo |
Mesh grid effi. Npegp, 08 1 0dB Mesh grid effi. Npesh, l0SS 1 0dB
Max. antenna efficiency n 0.507 5851 dBi Max. antenna efficiency n 0.493 58.39 dBi
Used antenna efficiency n.y |05 Used antenna efficiency n., [049
Edge taper [dB], feed taper -1 -9dB Edge taper [dB], feed taper 11 -81dB
Dish center - rim 376° Dish center - rim B4°
HPBW, oz, 9aingz 0.18° 58.45 dBi HPBW 1, 98iN,o 4 0.179° 58.36 dBi
| Position x,y on Moon [°] [0.075] |lo Position x,y on Moon [°] |-0.075 [[o 1)
Intercepted power fraction 0.981 -0.08 dB Received fraction (BWF) 0.0345 -14.62 dB
llluminated fraction 0.176 -7.53dB RX fill factor moon 0.981 -0.08dB
TX temperature [°C] 15 RX temperature [°C] 15
TX humidity [%] 50 RX humidity [%] 50
TX absolute pressure [mbar] [980 RX absolute pressure [mbar] [9s80
TX zenith atmosph.attenuation 0.87 dB RX zenith atmosph.attenuation 0.87 dB

Use (real) time locked TX/RX elevation for: | MOON with radio refractive elevation corr. v |

TX refrac.corr. elevation [°]
TX LOS atmosph.attenuation

1.4dB

® Gerald Ihninger - OE2IGL

RX refrac.corr. elevation [°]
RX LOS atmosph.attenuation

25

38.05 0.0245

1.4 dB

| Use currenttime| | 15 min earlier | | 15 min later |
UTC YY/MM/DD hh:mm:ss  2023/11/2 | 06:52:58
Moon: | Lunar reflectivity varies radially b |
Isotropic path loss (radar equation) -290.8 dB

Path loss (corrected for beam widths) -305.5dB

€ " gainyy " gaingy 105.3 dB
TX power [W] 40 dBm
Received signal power -163 dBm
RX NoiseFigure [dB], temp 2 170K

RX bandwidth [kHz] 25

RX noise power -142.3 dBm
Signal/Noise -20.7 dB
Received Moon noise -144.2 dBm
Sky+CMB, zenith+CMB temp 75K 49K
Spillover temp., add. spillover 52K

RX+sky+CMB temperature 245K D
RX main beam effic. nyg, N 0.574
Spatial polarization, pol.loss -0.1° -00dB
Y-dish&feed: Absorber/SkyZenith 245dB
Y-dish&feed: Absorber/SkyElevation 217dB
Y-feed: Gnd(or absorber)/SkyZenith 3.16 dB
Sun temp, SFU@frequency [0 |0

Y-Sun: 1+Sun/(Sky+Naoise) -
Y-Moon: 1+Moon/(Sky+Noise) 1.5dB
G/Tgy e incl. RX noise temp 31.47 dB/IK

S/N EME: Signal/(Moon+Sky+Noise):

Decoding mode: |Q65-60E v

RX libration rate [*/min] 0.00152
RX libration spreading 89.7 Hz
TXRX mutal libr. spreading 89.7 Hz

-25.6dB

-0.9d8
Dorsten, 17.02.2024 @

Decoder threshold

Margin = S/IN EME - threshold ---




Wissenswertes zum Mithehmen

« Mit der allgemeinen Radargleichung konnen wir EME-
Verbindungen auch bei >10 GHz genauer berechnen

* Mit dem ,,EME Link Analysis tool"' konnen wir die
Auswirkungen unserer Optimierungen zuerst analysieren
und Prioritaten richtig setzen (zeit- und kostenschonend)

« Das Tool ist open source und Interessierte sehen was wie
programmiert wurde

« Wir sind Amateure und mussen keine Profis sein,
aber wir kdnnen/sollen von den Profis lernen!

~work smarter, not harder*
~learn from the professionals” -> Radioastronomen
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... und es geht weiter

« Einfache, aber sehr genaue Berechnung der wichtigsten
Antennenparameter (taper/illumination & spillover
Wirkungsgrad, Feed Wirkungsgrad, Antennen vorwarts
Wirkungsgrad, Antennen Gain) S

« Teilsimulation vom Feed/Antennen
System mit OpenEMS, free CST und
GRASP-SE (Industriestandard seif
45 Jahren fur Reflektorantennen)

« Fehlerabweichung zur Vollsimulation vom Feed/Antennen
System mit der ,,professional version* von CST, GRASP(TICRA)

 Der Profi als mein Lehrer: Willi Goldi HB9PZK
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Observations of Extended Sources”, https://adsabs.harvard.edu/full/1973ApJS...25..163L

Jacob W.M. Baars, “The Paraboloidal Reflector Antenna in Radio Astronomy and Communication*
Thomas A.Milligan, ,,Modern Antenna Design*, 2nd edition

Constantine A. Balanis, ,,Antenna Theory — Analysis and Design”, 3@ edition

J.D. Kraus, ,,Radio Astronomy*“

T.L. Wilson, K. Rohlfs, S. HOttemeister, ,,Tools of Radio Astronomy*

W. L. Stutzman, G. A. Thiele, ,,Antenna Theory and Design”, 3rd Edition

Joachim Képpen DF3GJ, https://portia.astrophysik.uni-kiel.de/~koeppen/jsindex.ntmI#RADIOASTRO
Gerald Ihninger OE2IGL, Feed & Antenna basics, https://wettersat.bplaced.net/antennabasics.html
Gerald Ihninger OE2IGL, EME tool, https://wettersat.bplaced.net/EME/EME.html
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Danke fiuir die Aufmerksamkeit

Besten Dank an die weltweiten EME Kollegen fiir die zahlreichen Diskussionen und zur
Verfiigungstellung ihrer EME Systemparameter.
Spezieller Dank gebiihrt Joachim Képpen DF3G]J, der von September — Dezember 2022 jeden
Tag fiir Diskussionen zur Verfiigung stand, um mir das fehlende Wissen beizubringen und
einen Teil des Softwarecodes entwickelt hat.

Gerald, OE2IGL
https://wettersat.bplaced.net
OE2IGL@inode.at
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