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Summary

EME or Earth Moon Earth
communications has a lot of moving
parts

- High power transmitters
- Sensitive receivers
- Signal Processing
— Tracking the Moon
— Doppler correction

All these components have to work
together to make communications
possible



EME System Analysis

 We can use the Radar equation to compute the path loss from a transmitted signal reflected
from the moon.

e At 1296 MHz we get: where:
o1 A2 o=lunar reflection coefficient (0.065)
loss= T r=radius of themoon(1.738 x10°m) Q -
647°d A=wavelength(c/1296 MHz=0.2313 m)
d =distance to the moon (3.844 x 10°m)
_ or' )\’ « The lunar coefficients et
loss(dB)=10log,q 64 ﬂzd“) are nominal values
loss=7.618 x 102 e The moon orbit is

elliptical, apogee is

loss(dB) 406500 Km, perigee
is 356800 Km



EME System Analysis

* Link Budget

-  Tx Power 900 W, Antenna Gain 26 dB (1.8m Parabolic Dish)
- Rx Antenna Gain 28 dB (2.4m Parabolic Dish)
- PathLoss 271.18 dB

Tx Power 900 W (59.5 dBm) | 59.54 900 W

Tx Antenna Gain 26 dB 85.54 354000 W (EIRP)
Path Loss -271.18 dB -185.64

Rx Antenna Gain 28 dB -157.64

Received Signal -157.64 172.19 e-21' W




EME System Analysis

* The receiver sees the signal and all the other noise contributions in the system
* They can be all summed up as noise power at the input to the receiver

- Receiver Noise Figure

- Sky Noise (galactic and local noise)

- Antenna noise (sidelobes picking up a warm ground)

Equiv Rx Noise Power =|F —1|KTB
Sky Noise Power=KTB, (T = Sky noise temperature)
Antenna Noise Power=KTB, (T = Antenna temperature)

F=Noise Factor, not Noise Figure
NFdB)

F:10( 10

External Noise Equiv Rx Noise
Pn = (F-1)KTB
Signal Power : Noiseless Receiver E
SNR= > i Signall | '
Z Noise Power @ | D_D»_ A2D E
i LNA Receiver



EME System Analysis

* Estimated Receiver Input Noise

LNA NF 0.4 dB (35dB
gain)
Receiver NF 7.17 dB
Total Cascade Rx NF 0.405 dB
Equivalent Noise Power 9.78e -19 W -180.1 dBm
_ (Nf(fB)_ (%?5)_ * The Analog Devices 9361 datasheet shows a noise
F=10 =10 =1.0978 figure of 2.5 dB, it measured as 7.17 dB in the

(T BladeRF.
5”0"56_(1: 1)KTB * The overall receiver degradation is minimal because

noise=|1.0978—1/1.38 e *%290+2500 of the low noise figure and high gain of the LNA
P,..=9.78e °W=-180.1dBm

noise



EME System Analysis

* Estimated Received Signal to Noise Ratio (SNR) in 2500 Hz BW

KTB Noise -140.0 dBm 1.001 e-17
Receiver Noise -180.1 dBm 9.78 e-19
Sky Noise (Sky Temp 10 K) -154.6 dBm 3.45 e-19
System Noise Temp (200K) -141.6 dBm 7.92 e -19
Total Rx Noise Power -137.4 dBm 1.823 e-17
SNR=Slgnal Power =Signal Power (dBm)— Y. Noise Power (dBm)

Y Noise Power
SNR=-157.64dBm—|—137.4dBm|=-20.25dB



WSJT-x Modem

« JT65 decoder is part of the WSJT-x software defined modem that is used in the amateur EME
community.

* It uses 65 tone frequency shift keying with constant amplitude and no phase discontinuities. It
compresses a message into 72 bits and uses robust forward error correction.

« The detection SNR is about -25 dB in a 2500 Hz channel

1o P = f/‘ * Normally Eb/No vs BER curves are used to
] x,f’ describe demodulator performance.
80 R * In amateur radio 2500 Hz is often the
) i / / / nominal bandwidth.
5w B f o * Eb/No is related to the SNR in 2500 Hz by:
g .“.-'g{: | o .‘; I."J/J '."‘?E E b
R R 03 I FAN LA SNR,-,y=|—1—29.1dB
g /o /o Jle——— -20.25 dB SNR (Expected)
0. < -25 dB SNR (Detection SNR)
-30 -28 -26 -24 -22 20 -18
SNR in 25D0 Hz Bandwidth (dB)




EME System Analysis

File Configurations Wiew Mode-Decode Save Tools Help ° WSJT—X iS the ude_facton

Single-Period Decodes Average Decodes
urc dB DT Freqg Message urc dB DT Freg Message d d f EM E
- vauo .9 Louuw WAL CINDD - mo em uSe Or
0310 Tx 1500 : CQ AC7FT CNB85
0312 Tx 1500 : CQ AC7FT CN85 . .
3.4 :  KHEFA NI1AV 73 0325 -20 2.1 1500 : CQ K1WHS FN43 ao ® It |S deSIQned tO Work
0317 -15 3.2 1517 : W3TI VEETA 73 qo 0327 -20 2.1 1500 : CQ K1WHS FN43 g0
0325 -20 2.1 1500 : CQ KIWHS FN43 qo 0329 -21 2.6 1502 : CQ K1WHS FN43 g0
0327 -20 2.1 1500 : CQ K1WHS FN43 ao 0331 -22 2.7 1500 : CQ K1WHS FN43 ab Wlth an aUdIO SOUﬂdcard
0329 -21 2.6 1502 : CQ KLIWHS FN43 g0 0333 -20 2.7 1502 : CQ K1WHS FN43 (] . .
0331 -22 2.7 1500 : CQ KIWHS FN43 qo 0337 -21 2.6 1500 : NI1AV KI1WHS RRR qo and Slmple Serlal Or
0333 -20 2.7 1502 ; CQ KIWHS FW43 Q0 0344 130 3.4 1505 : ACTFT NIAV DME3 @@
0237 -21 2.6 1500 : N1AV KIWHS RRR qo 0345 Tx 1500 : N1AV ACTFT -20

Hamlib radio control

0347 Tx 1500 : N1AV ACTFT RER

Erase Clear Avg Decode Enable Tx Halt Tx Tune v Menus L EME Commonly uses
23cm - . Tx even/ist . Ig Generate Std Msgs | Next  Now e Q65 SmeOde C

Tx 1500 Hz

Leg Q50 Stop

DX call DX Grid Lo |N1AV ACTFT CNES T 1 -
80 L Frol 50 |-/ ¥ Submeode C |3 s o .
o N1AY DM43 Rx 1503 Hz Al NIAV ACTFT -22 e : We have tO bU||d some
Az 138 1666 km N1AV ACTFT R-22 T* 3 -
Report -22 a = - f
| —— e =k software wrappers to

TIR 60 s : ) . .
N 2024 Oct 14 | iU P NIAVACTFT 73|~ ms |l use it with an SDR
o 03:54:30 CQ ACTFT CN85 o [ Txs -

[FTRECEVing | | Q65-60C  |Last Tx: N1AV AC7FT RRR [675 697 s WD:1m 9



First Receive using GnuRadio

The first receive test was done using GnuRadio as an SSB converter
from a BladeRF SDR down to 48 Ksamples/sec audio

The BladeRF was set to output samples at 960K samples/sec

Two stages of decimating filters were used, the final being a 2.5 KHz
wide complex SSB filter

The audio samples we sent via UDP over Ethernet to another instance of
GnuRadio for display and to WSJT-x via an audio cross-connect.
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First Receive using GnuRadio

Options Variable 1
Title: top_block 1ds samp_rate O U tS I d e
Output Language: Python | | value: 960k

. .
Generate Options: QT GUI Band Pass Fllter I nS I d e
Low Pass Filter

4
Variable Decimation:

BladeRF

osmocom Source
Device Arguments: bladarf=0
Sync: Unknown PPS
Number Channels: 1
Sample Rate (sps): 960k
Cho: Frequency (Hz): 12966
command| Cho: Frequency Correction (ppm): 0

Dacimation: 5
Gain: 10

; Sample Rate: 240k - Waterfa” d|Sp|ay
::z;:l:";;?k [BIE—» i Low cutef Fraq: 200 ) )
7 - Audio cross-connect to feed audio to WSJT-x

1d: fraq
Value: 1296k

High Cutaff Fraq: 2.7k
Transition Width: 10k Transition Width: 100
Window: Hamming
Beta; 6,76

Window: Hamming
Beta: 676

Inside

Cho: DC Offset Moda: 0 signal Source . UDP sink Options
cho: 1Q Balance Mode: 0 Sample Rater 360k 1P Addrass 132.163.10...0.9 Dotz
Cho: Gain Mode; False . Waveform: Cosine SR Generate Options: o7 U Low Pacs Filter
Chos RF Gain (dB): 10 ! ey Eavloadibu Ll i p—
chos IF Gain (dB): 20 ' [freg] Amplituder 1 Send MUK =2 EOF T ekt T
€ho: BB Gain (dB): 20 ' Offsati0 \ Chemmes Bl e ecuency s o
! Initial Phase (Radians): 0 Doppler e
\
h
|

Window: Hamming
Beta: 6.76
S I Freq. Offset \
Timaout (msec): 100 Ethern et

[store | Message Debug
e 48K samples/se¢  -=w

Port: 8.722k

Payload Size: 1472k
Null Pkt is EOF: Trus

e e, i B
e Outside
- Doppler Frequency correction
- BladeRF outputs 960Ksamples/sec.
- Decimate and complex filter to 48Ksamples/sec (SSB 2.5 KHz)
- Send 48K audio over Ethernet (UDP) 11

QT GUI Frequency Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 43k




First Decode via EME at 1296 MHz

* Copied KB2SA
- * SNR-22dB

2.4 sec round trip
delay

~a

Y eG _
Controls 500 10, 2000 2500 3000
1
e
: e
l £
o e
= i
: In
@ WSIT-X v2.54 by KUT, GAWIS, K9AN, and IV3NWY - o x
Fie Configurations View Mode Decode Save Took Help
Single-Period Decodes Average Decodes
Palette | Adjust. [ Flatten [] Ref spec UIC d8 DT Freq  Message UIC d8 DI Freq  Message
Spit 2500 Hz = Default || [qe5_symc v 2 4
1B Address: | - = =
Port: 8722k
Payload Siza 3
Null Pkt is EC 3
5.00e+00 | 1
| Log QSO Stop e | o T Enable Tx Halt Tx Tune Menus
[ Tx evenfist
1,296.065 000 [ W P
] - SR 5 [ 4] [rros0 1 (7| (o 5] ~ [empecmmoms | O [Wa
| KB25A Rx 1569 Hz 2] Maxprift 0 5] lessacras ] O [ma2
T E— 0.00e+00 | . L | — i Az 157 1428km Report 15 : KB25A ACTFT R-15 O [™3
sarspams 0.00 0.50 1.00 150 2.00 2.50 TRE0 s - KB25A ACTFTRAR O [[ma
Frequency (kHz) & 2022 Sep 10 R L O [ms
Generating: 'C:localy a Uiz oep
05:01.57 © [ne
Executing: C:\Program Files\GNURadio-3.7\gr-python27 samp_rat 48000
python.exe -u Ci\localworkignu_radiottop_block.py -
[RESTRE [ osss0c = I s7js0 woism
e sridia cink arche windauwe T —




Lessons

Doppler correction needs fine frequency tuning in real time

GnuRadio makes a great initial test bed, but doesn’t handle real time
frequency corrections and transmit-receive switching very well

Keep the antenna pointed at the moon
Telemetry from the RF hardware (LNA, PA, T/R relay)

Only a digital connection via Ethernet (TCP/IP) between outside
hardware and indoor hardware

13



Outside System

Serial Control

_D ’\I\ T/R Switch Antenna

L~

Driver PA [o)

U8 | BladeRF ™~o

(@)

T/R and PA COntr0| Ethernet LNP/I
over a TCP socket CPU
Serial Control \I\I
N
10 MHz Ref. GPS

Rx

* The BladeRF uses an Analog Devices AD9361 and directly receives and transmits on
1296 MHz

« Sample rate is 960k 1/Q samples/sec

Frequency reference and sample clocks are locked to GPS derived 10 MHz

14



Inside System

File cConfigurations view Mode Decode Save Tools Help

Audio Socket

Single-Period Decodes Average Decodes
-
uTc daB DT Freq Message uTc dB DT Freq Message Pu|SeAudi0
~|[vsUD X 15uU T Uy ACITT Lo - | ——
0310 Tx 1500 : CQ ACTFT CNBS
0312 Tx 1500 : CQ ACTFT CNB5
3.4 1008 : KH6FA NIAV 73 0325 -20 2.1 1500 : CQ K1WHS FN43 q0
0317 -15 3.2 1517 : W3TI VE6TA 73 qb 0327 -20 2.1 1500 : CQ K1WHS FN43 a0
0325 -20 2.1 1500 : CQ K1WHS FN43 a0 0329 -21 2.6 1502 : COQ KIWHS FN43 a0 PA Socket
0327 -20 2.1 1500 : CQ K1WHS FN43 qo 0331 -22 2.7 1500 : CQ K1WHS FN43 q0
-
0329 -21 2.6 1502 : CQ KIWHS FN43 qo 0333 -20 2.7 1502 : CQ K1WHS FN43 a0 PA/ LNA
0331 -22 2.7 1500 : CQ KI1WHS FN43 qb 0337 -21 2.6 1500 : NI1AV KIWHS RRR q0
0333 30 3.7 1502 1 Co KIWES P o 034 20 3.4 isos . AcrervOmES a0 T/R Control —
0337 -21 2.6 1500 : NI1AV KI1WHS RRR ao 0345 Tx 1500 : NI1AV ACTFT -20 T/R LNA socket
0347 Tx 1500 : NI1AV ACTFT RRR T/R State
Log QSO Stop - Erase Clear Avg Decode Enable Tx HaltTx Tune V| Menus HamLib
= Command RF/DSP Control
Tx even/lst
NN ) 1,296.086 696 (S [Ccanerstesigsgs | et tow P Frequency
Tx 1500 Hz : = Interpreter Freq Control TCP Socket
DX Call DX Grid N1AV ACTFT CN8B5 Tx 1 ontrof
20 A | FRI50 [3] ¥ | submodec = Data .
NIAV DM43 N1AV ACTFT -22 Tx 2 State
- Rx 1503 Hz 2| ‘Maxprift 0 =
AZ 138 1666 km report 22 . N1AV ACTFT R-22 ™3 Machine
40 Lookup Add N1AV ACTFT RRR Tx 4
TR 60 s :
20 2024 Oct 14 N1AVACTFT73 |~ ™5 Control
2 C sh v Auto Seq || Call 1st Moni
s2d 03:54:30 €Q ACTFT ChEs o | me onitor
User
[IREEEWinGI [ Q65-60C  [Last Tx: NLAV ACTFT RRR (675 697 T s0 WD:1m
Interface

* Frequency and state information is separated
- Frequency data is forwarded to the RF/DSP via a control socket
- State information is sent to the T/R control and PA control socket
* Alistening socket is available for control and monitoring functions

15



WSJT-x Interface

File Configurations View Mode Decode Save Tools Help

PulseAudio single-Period Decodes Average Decodes
- | TcPS [————————"""" Urc 4B DT Freq Message UTC 4B DT Freg  Message
ource S —_— = /R d
Digital TR T [X/Rx an
. 0312 Tx 1500 : CQ ACTFT CNBS
- 3.4 1008 A N1AV 73 0325 -20 2.1 1500 : CQ K1WHS FN43 ab
Audio over FEIE R R P anihh G o Frequency Control
0325 -20 2.1 1500 : CQ KIWHS FN43 ab 0329 -21 2.6 1502 : CQ K1WHS FN43 ab
48 K) USB 300 HZ - 3 KHZ 0327 -20 2.1 1500 : CQ KIWHS FN43 a0 0331 -22 2.7 1500 : CQ K1WHS FN43 a0
I ‘ P SOC et . 0329 -21 2.6 1502 : CQ K1WHS FN43 qo 0333 -20 2.7 1502 : CQ K1WHS FN43 q0 Over I ‘ P SOC et
Receive BB TCP Socket 0331 -22 2.7 1500 : CQ KIWHS FN43 a0 0337 -21 2.6 1500 : NIAV KIWHS RRR a0 Tx/Rx Control
0333 -20 2.7 1502 : CQ K1WHS FN43 qo
0337 -21 2.6 1500 : NI1AV KIWHS RRR al 0345 Tx 1500 : NI1AV ACTFT -20
JE— i=cie oo s o stew Likxy tousce
0347 Tx 1500 : NI1AV AC7FT RRR Tx Frequency
- BRI -
Ethernet
Log @50 sop | (MGniEeRY) | Erase ClearAvg || Decode | EnableTx || HaltTx Tune |V Menus Rx Frequency
Tx even/1st e Hamlib
[EMNRaL 1] 1,296.086 696 Generate Std Msgs | Next  Now Foz
Tx 1500 Hz
. - (~ L e— k ——— E h m
Transmit BB TCP Socket — e e N1AV ACTFT CNBS ™1 Socket thernet
80 :
NLAV ACTFT 22 ™2
N1AV DM43 2
Rx 1503 Hz 2| [Max Drift 0 |~ Interface
48 K, USB 300 Hz - 3 KHz 60 r i e lax Dr NIAV ACTFT R.22 ™3
. Report 22
Lookup Add N1AV ACTFT RRR TX 4
2 TR 60 5 =
A NIAVACTFT73 |~ ™5
PulseAudi o 2024 Oct 14 Sh (V| AutoSeq | | Call 1st =
|| Puisefudo 2 03:54:30 c Ac7FT ciies o [ me
TCP Sink )
[IREEENinGI [ QB5-60C  [Last Tx: NIAV ACTFT RRR [675 697 T 50 WD:1m

« WSJT-x has no audio or baseband socket interface

— PulseAudio “module-simple-protocol-tcp” was used to mimic a 48 Ksample/sec audio device
and bridge the samples to a TCP socket

« WSJT-X has a “Hamlib” socket interface which is not well defined

- Custom code was written to extract Tx/Rx and frequency control information
16



Tx/Rx and PA Control

Driver PA

1 1
T/R and PA ContrOI TCP Socket | PA Serial Control PA Power
—_— Serial Control :
over a TCP socket 1 ° , Controller
1
| = ! o ANT
Ethernet | : \O —
! 1
| , ! o
TCP Socket 1| T/RSwiteh Serial Control TR
—— Serial Control
| . Control
1 Daemon 1
Software running in LNA RX

the outside CPU

* The T/R controller is an 8 bit AVR CPU with power switching and monitoring
* The PA controller is actually 2 x 8 bit AVR CPUs
- Manages and protects the PA
- Manages main power supply, cooling and monitors RF output
17



Transmit Control Flow

WSJT-x drives the EME
communication timing

A transmit session starts at the
top of the minute and lasts for
about 45 seconds

Receive stations are time
synchronized for frame sync.

We need to make sure that we
are not trying to transmit while
receiving (we can damage
things with 500+W)

Start Transmit — Message from WSJT-x

Power down LNA
Message to T/R

Switch T/R to Tx control daemon

Wait 100 msec

Message to PA

PA from Standby to ON — control daemon

Turn on Tx modulation — Message to SDR

Transmitting

18



Receive Control Flow

WSJT-x is nominally in receive
mode

It starts synchronization at the
top of the minute

When the frame is complete it
will display the received
message and signal SNR

The T/R switch and LNA need
to be in receive mode, Tx needs
to be in standby mode

Start Receive — Message from WSJT-x

Turn off Tx modulation — Message to SDR

Message to PA

PAfrom On to Standby — .01 daemon

Wait 100 msec

Switch T/R to Rx
Message to T/R

Power up LNA control daemon

Receiving

19



Tx/Rx Control

LNA
Power

* 4 Channel power control over serial
 Monitors LNA and T/R relay voltage and current

20



PA Control

* Controls PA on/standby/off

* Monitors drain voltage/current, bias, RF power out/reflection (SWR)




Control Recelve

I TR Fontre! * Real time display of the
T/E Caontrol PA Control Status
EME control system

LMA M Status Standby Receive
T/E Relay Receive Wdd 15,153 Fur

o 0.002 * We know state (Rx/Tx/Idle)
Vin 13,135 vdd in 50,516
LMNA W 13,135 F 18594, 000 1
LMA I 0,191 T:;p 26,200 ° PA IS Oﬁ
TR ¥ £, 0y P Fud 16,260
e . « Monitor DC and RF

Uhias 0,045 parameters
Fx Freq 1296, 085000 Bx Suynth 1295,990 Fx Offset o000, 0 .
Tx Freq  1256,085000 Tx Synth  1295,930 Tx Offzet FRO00, 0 ° Monltor the Current TX and

Rx frequency

A - Abort, I - Idle, B - Bun, ¥ - Exit

22



EME T#F Control

T/E Control PA Control Status
LMA OFF Status FA 0N Transmit
T/E Relay Tranzmit Wdd a0, 221 Fur
Idd 21,720
IC Pin 1030,80
Yin 12,073 Wdd in 5, bbb
LMA W 0,000 Fan 1652, 000
LMA I 0,000 Temp 26, 200
TR ¥ 13,011 P Fud 57.114
TE I 0,231 F Refl 42,430
Wiz 12,049
Yoias 10, 200
Fx Freq 1296, 085000 Bx Suynth 1295,990 Fx Offset o000, 0
Tx Freq 1296, 065000 Tx Synth 1295,990 Tx Offzet TR0, 0

A - Abort, I - Idle, B - Bun, ¥ - Exit

Control Transmit

Real time display of the
EME control system

PA IS on

Output power is +57 dBm
( 500 Watts)

T/R relay is Tx position

23



Software SSB Up and Down Converter

Digital Audio and
control over TCP
sockets

Ethernet

48 Ksample

240 Ksample

Complex
FIR Filter

Decimation
FIR Filter

Decimation
FIR Filter

Receive BB TCP Socket
48 K, USB 300 Hz - 3 KHz

Control TCP Socket

Freq Offset DDS

48 K, USB 300 Hz - 3 KHz
Transmit BB TCP Socket

Control

Daemon

CTL

960 Ksample
1/Q Data

BladeRF

Freq Offset DDS

-

Complex
FIR Filter

Interpolation
FIR Filter

Interpolation
FIR Filter

X—- ==X

48 Ksample

240 Ksample

Tx

USB API

960 Ksample
1/Q Data

BladeRF SDR

USB

« The DSP Rx and Tx was based on the GnuRadio prototype, re-
written in C with clean data and control methods over TCP sockets

* LiquidDSP libraries were used



* The two stations on the earth are stationary with respect to each
other, the Moon is moving due to its orbital velocity and the Earth
rotation

At 1296 MHz this can be up to 4 KHz. (worse as frequency increases)

« Convention is to keep the frequency constant to a Moon observer Q Moon
(Constant Frequency on Moon) CFOM

* The transmit station continually adjusts its transmit frequency to -
compensate the the Doppler shift on its uplink to the Moon 406500 kim

* The receive station continually adjusts its receive frequency to
compensate for the Doppler shift on its downlink from the Moon

« WSJT-x computes this offset in real time Earth

* Send the the current frequency information to the SDR via TCP
socket

25



Control Frequency

EVE T/R Control  Rxand Tx frequency offset is
T#R Contral PA Control Status aISO Shown
LMA M _ Status Standby Receive ]
TR Relay  Receive r S I * The RF synthesizer does the
Vi 13,151 vid in 0.0 coarse frequency set
LMA W 13,135 Fan 1294, 000
TR 0000 PRl 16260 - |t takes a long time to lock and
T/R I 0,000 P Refl 16,750 will cause an abrupt phase
V12 11,5972 . . .
Vbias 0,046 discontinuity when the
Rx Freq 1296,064005  Rx Synth 1295,990 Ry Offset  74335,0 frequency changes
Tx Freq 1256,0685934 Tx Synth  1295,930 Tx Offzet. FEEE4 0
« The DDS in the SDR, is
A - Abort, 1 - Idle, R - Run, ¥ - Exit phase continuous, fast and
has very fine frequency
resolution
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Doppler Freqguency Offset

2025 Aug 24
UTrc: 23:45:21

Az: 224.9
El: 37.1
SelfDop: -1966
Width: 28
Delay: 2.60
DxAZ: 266.0
DxEl: 12.9
DxDop: -2885
DxWid: 22
Dec: 2.0
SunhAz: 249.5
SungEl: 33.3
Freq: 1296.1
Tsky: 3
Dpol: -33.6
MNE: 8.3
Dist: 389896
Dgrd: -1.7

v Doppler tracking

Doppler tracking

Full Doppler to DX Grid
Own Echo
® Constant frequency on Moon
On DX Echo
Call DX

Mone

Sked frequency

Rar: 1,296.065 000
Tar: 1,296.065 000

Press and hold the CTRL key to
adjust the sked frequency
manually with the rig's VFO dial
or enter frequency directly into
the band entry field on the main
window.

The Rx and Tx need to agree on a
frequency

In this case we want to be at
1296.065 MHz on the moon, but it is
receding

The self Doppler is 1966 Hz, so we
transmit 1966 Hz higher in frequency
at 1296.066966 MHz

The reverse occurs on receive, we
receive at 1296.063034 MHz

27



Antenna Tracking

We need to keep the antenna pointed at
the moon

WSJT-x calculates the Moon Az/El at the
station location and updates it to a file

You can also use a standalone tracking
program

You also need a sturdy positioner and the
appropriate motor controls

28



Antenna Tracking

Two DC motors
with gear
reduction are
used to drive the
antenna

Driver is a PWM
motor control with

PID feedback
control

The CPU accepts
Az/El info via a
TCP socket over
Ethernet




Z025/08/25 20:30:55 UTC
AZ EL 150.143 37.076

Set AZ 263.476
Set at Z025/08/26 03:56:30 UTC

Antenna Tracking

Moon position and Az/El are
computed using the Py-Ephem
library

It communicates via a TCP socket to
the antenna positioner

Displays the current moon position,
Az/El, time and moon rise/set time




Summary

 We showed that a complete communications system is more than just a receiver
and transmitter, there are a lot of moving parts!

 Using an EME as an example there are other aspects that need to be included in
the system design to make it work

- RF system design

- High power transmitters
- Sensitive receivers

- Signal processing

-  Modem

— Doppler correction

- Tracking the Moon

31
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Questions

“Shoot for the moon; You
might get there”

- Buzz Aldrin

33
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