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Overview 
The key pieces of equipment for earth-moon-earth (EME) communications are the following: 

● IC-9700 UHF/VHF transceiver. The frequency of the transceiver is stabilized by a GPS-
disciplined oscillator (the small box with the red LED mounted on the right side of the 
transceiver). 

● Kuhne Electronic MKU LNA 132 AH low-noise preamplifier. This unit is mounted right at the 
feedhorn on the dish and is powered by DC sent up the RX coax. The noise figure of the 
preamp is 0.4 dB. 

● BEKO HLV-523 1296 500 Watt 1296 MHz linear power amplifier. Taking into account the 
attenuation of the coax to the roof, the power at the feedhorn on the dish is probably about  

● SPID PS-02 power supply and SPID MD-02 AZ/EL controller 
● S2 EME sequencer. The sequencer controls the order of operations needed to switch 

between RX and TX so as not to damage the sensitive low-noise receive preamplifier. The 
steps to switch from RX to TX are as follows: 

o WSJT-X software signals the sequencer to begin RX->TX sequence, and starts a 
delay timer that must expire before sending an audio data signal over USB to the IC-
9700 (no power is transmitted until this audio is sent) 

o Sequencer switches the Input of the preamp from the antenna to a 50 ohm 
termination 

o Sequencer enables the BEKO linear amplifier 
o Transmission begins when the WSJT-X timer expires. 
o These steps are reversed for the TX->RX transition. 

● PC running Windows 10. All of the system operation is controlled by software, so it is 
possible to completely control the EME station remotely using a Remote Desktop 
Connection. 

The key program for earth-moon-earth (EME) communications is WSJT-X. This is a suite of weak 
signal protocols and modulation/detection modes originally developed by Joe Taylor K1JT. At 1296 
MHz where our EME station operates, the prevailing modulation is Q65. More about this in the 
Operating section. 

The complete list of software used is: 

● PSTRotator: this program controls the pointing of the dish antenna, and can track both the 
moon and the sun. (Tracking the sun is useful to compare the noise level when pointing to 
the sun with that when pointing to cold space. This provides an indication of the gain of the 
dish antenna.) 

● WSJT-X: Main program used to operate EME communications. It controls the TX/RX mode of 
the IC-9700. 

● JTAlert: Provides a link between WSJT-X and DXKeeper (the logging component of the DX 
Lab Suite). 

https://en.wikipedia.org/wiki/Joseph_Hooton_Taylor_Jr.
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● DXKeeper: Logs all contacts. Upon completion of a QSO with WSJT-X, a log entry is 
automatically created using the time, signal report, frequency, mode, etc. from WSJT-X. 

In the following sections we describe the setup of the various software programs. Note that 
shortcuts to these programs should already be on your desktop when you log on to Hammy, but 
each person will need to set up the software for themselves. 

Software Setup 
WSJT-X Setup 
Open WSJT-X, open Settings, and set the options on the setting tabs as shown in the following. 
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Pressing the Test CAT button will test the connection to the radio. It should turn green if all is 
working properly. 
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On the Reporting tab, change the “Op Call:” to your callsign. 
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Add frequencies by right-clicking a row and selecting “insert.” Make sure to choose Q65 as the 
mode, and IARU Region can be set to “All.” 
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Continue adding all of the frequencies shown below. These represent the most common 
frequencies used on 1296. 
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Next, set the mode for Q65-60C: 

 

Also set both the Tx and Rx frequencies to 1500 Hz, and the F Tol 100. The Tx and Rx frequencies are 
the bottom of the Q65 signal in the AF passband, and the F Tol 100 means WSJT-X will still find the 
signals if they are up to 100 Hz off. T/R 60 s indicates that each transmit and receive window will 
have a duration of 60 seconds. If the Tx even/1st box is checked, this means you will be transmitting 
on even numbered minutes and listening on odd numbered minutes. 
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Next open the Astronomical Data window: 

 

This will open the window: 
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The settings on this window will be discussed in the Operating Procedures Section. 
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JTAlert Setup 
There are several versions of JTAlert that may be on your desktop. Launch the wone for WSJT-X: 

 

Click on “Settings” in the small window and select “Manage Settings…”: 
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Go to “logging,” “DXLab DXKeeper” and check the “Enable DXLab DXKeeper Logging” box, verify 
that the Log File pointer is correct, and click “Save.” 
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DXKeeper Setup 
Note that it is not necessary to launch DXLab Commander; in this setup, WSJT-X is controlling the 
transceiver directly. So it is only necessary to open DXKeeper. If you have already set up 
DXLabSuite for Satellites, then you should be good to go. If not, the steps are repeated here for 
convenience. 

Callbook: You can use a free HamQTH account if you don’t have a QRZ.com account. 
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Settings for the Defaults tab are shown below. Replace WY3O with your call: 

 

Also, you may enable the default Transmit Power and Power by Mode block if you like (note that the 
IC-9700 covers only 2m, 70cm, and 23 cm). The 350W for 23 cm is an estimate for power at the 
feedhorn. The most likely mode for VHF is Satellite, since we will typically use the Yaesu for 
repeaters. However, UHF could be either SAT or EME, so I’ve left that blank. 
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On the QTH tab, enter the grid square, and the Lat and Long will automatically populate: 
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Add the fields Name, SAT_NAME (not needed for EME), Freq, FREQ_RX, GRIDSQUARE, and 
STATION_CALLSIGN as shown in the inset window, and click Save: 
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PSTRotator Setup 
Setup > EL /A Z+EL Controller > SPID BIG-RAS/HR 0.1 deg 
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Next, select the COM port: Communication > EL / AZ+EL COM Port 

 

 

Set (or keep) the Rotor Refresh Rate at 1 sec: 
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Open Setup > Controllers Setup > SPID BIG-RAS/HR 0.1 deg Setup: 

 

Upon selecting this, set the Baud rate to 115200 in the window that opens: 
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Select Setup > Moon / Sun / DSN Setup: 

 

In the window that opens, enable 0.1 deg in Position Change. 
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Operating Procedures 
Plan the Operating Session 
The first step is to plan your EME session. A website that is useful is 
https://mmmonvhf.de/eme.php . First consider the yellow “MoonDist” curve showing the distance 
to the mood. From apogee to perigee, the difference in signal strength is roughly (403/366)^4= 1.47, 
or about 1.7 dB for the month shown. As indicated in the figure caption, this difference can be more 
than 2 dB. 

Next, consider the blue curve that shows the moon’s declination. The declination is the angle 
between the moon and the earth’s equator projected onto the sky. The significance of this is that it 
determines how high the moon is in the sky. The projection of the equator onto the sky has a 
maximum elevation due south, and has an elevation above the horizon equal to 90 – latitude (deg). 
The maximum elevation of the moon will also occur due south, and will be equal to 90 – latitude + 
declination. For example, on August 16, the declination is -28 deg. Consequently the maximum 
elevation of the moon on this date in Raleigh is 90 – 35.78 – 28.1 = 26.1 deg. In contrast, the lunar 
declination on August 28 is about +28 degrees. The maximum elevation on that day is 82.2 
degrees—almost directly overhead! Generally speaking, higher declinations give access to more of 
the earth’s surface between moonrise and moonset. Higher elevation angles also mean the signal 
is traversing less of the earth’s atmosphere which can be a source of signal absorption and noise. 
So putting it all together, the best conditions in this month will be around August 23 when the moon 
is nearest (perigee) and the declination is positive (about +10 deg). 

However, our station is capable of receiving its own echoes at both apogee and perigee, and with 
both positive and negative declinations. 

This site is specifically for 2m, and the DEG curve is not particularly accurate for 23 cm. 
Specifically, the big spike around the 15th is caused by the moon crossing the Milky Way. The galaxy 
is a source of significant noise at 2m, but the noise at 23cm is relatively small (sky noise goes from 
perhaps 3K to around 12K).  

https://mmmonvhf.de/eme.php
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A better estimate of the degradation at 1296 MHz can be found at https://dxmaps.com/moon.php 
(see below). From the fields across the top, we see that the sky temperature is 3K (essentially the 
cosmic background radiation), and the degradation is only 1.1 dB. The point directly below the 
moon is shown as the white circle near the bottom of the map, and the latitude of this point is the 
declination of the moon. The light-colored area shows the part of the world who can see the moon 
at this point in time. This is helpful in planning possible QSOs. 

https://dxmaps.com/moon.php
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The next step is to plan the session time, by looking at the times for moonrise and moonset on the 
days of interest. This can be found at https://www.timeanddate.com/moon/usa/raleigh . For 
example, referring to the table below, on August 21 the moon will set at 8:40am, and rise that 
evening at 9:17pm. The earth rotates at about 15 degrees/hour, so the moon will be at an elevation 
of 25-30 degrees by 11:30pm or midnight. So this will be a late-night session! 

On the other hand, from the chart above, August 4 will still be reasonably ok, and on August 4 the 
moon rises at 6:19am and sets at 8:46pm—a very comfortable time for people who want to work 
during the day! 

 

https://www.timeanddate.com/moon/usa/raleigh
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Bring up the Station 
Once the selected date and time has arrived, it is time to bring up the station. The first step is to 
turn on all of the equipment (we assume the computer is left on at all times). 

1. Turn on the equipment: 
a. IC-9700 VHF/UHF transceiver (make sure the red LED is lit on the small GPS-

disciplined oscillator on the right side of the transceiver) 
b. BEKO HLV-523 1296 500 Watt 1296 MHz linear power amplifier, also turn on the 

Preamp power supply on the BEKO. 
c. SPID PS-02 power supply; wait for both the U1 and U2 LEDs to light. 
d. SPID MD-02 AZ/EL controller 
e. S2 EME Sequencer. The preamp supply on the S2 is not used, so it can remain off. 

2. Launch the software: 
a. WSJT-X 
b. JTAlert V2 for WSJT-X 
c. DXKeeper 
d. PstRotator 

3. Verify that WSJT-X is setup for Q65-60C as shown in the WSJT-X Setup section, and check 
the AZ-EL coordinates of the moon: 
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4. If the moon is at a reasonable elevation, set Tracker to track the moon, then start tracking 

the moon by clicking “tracking”: 

 

 

The dish will start tracking the moon, with the AZ and EL in reasonable agreement with the 
WSJT-X Astronomical Data window. You’re now set to send signals to the moon! 

 

5. When the session is completed, the dish is easily returned to the Stowed position by 
clicking the “Park” button. 
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Checking for Echoes 
Once everything is set up, it can be helpful to check for your echoes off the moon. WSJT-X has a 
special echo mode for this. In addition to setting the WSJT-X mode to echo, “Own Echo” should 
be selected in the WSJT-X Astronomical Data window: 

 

 

Clicking the Tx Enable button (it turns red) will initiate a sequence of pulses followed by 
listening for the echo. In cases with sufficiently strong echoes, it will be possible to actually see 
the echoes on the waterfall display. In addition, an Echo Graph (View -> Echo Graph, or F8) 
shows a composite averaged spectrum from several pulses (see below—colors and contrast 
have been enhanced to make it easier to see the spectrum plots). In the table, Q is a measure 
of confidence (0-10), and SNR gives the effective SNR in a 2500 Hz bandwidth. 
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Making EME QSOs 
1. HB9Q sponsors a website that is very helpful in setting up QSOs: https://logger.hb9q.ch/ . 

W4ATC has an account, with password NCSUStars1930. Since we are a club station, the 
name associated with the login is “Team.” However, you can indicate who is the current 
operator by adding your name to any posts. Note: While there is generally no problem 
with using your personal call sign when using the W4ATC station, please always use 
W4ATC on EME. The reason is that equipment configurations are more tightly 
associated with callsigns on EME, and we want to make a name for W4ATC! 

2. When you log on to the HB9Q logger page, note that you must agree to the rules: 

https://logger.hb9q.ch/
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3. After logging in, the current stations online are listed on the right, and posted messages are 
listed on the left. As an example, note that PA3EXV has announced that he will be calling 
CQ on 1296.060 MHz for the next 10 minutes. He will be calling on the 1st (even minute) 
interval, Constant Frequency on Moon (CFOM), with an audio frequency lower edge of 1500 
Hz. 

 

4. To set up to respond to the CQ, first set the frequency using the drop-down menu and 
select the appropriate choice (recall that we entered commonly-used frequencies when 
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setting up WSJT-X). Note that the resulting frequency in the larger field to the right with the 
dark background is slightly different. This is because of Doppler shift corrections. 

 

5. Next, set the mode to match the CQ parameters. Note that since the CQ is being 
transmitted during the even/1st interval, you want to respond on the odd/2nd interval, so the 
“TX even/1st” box should be unchecked. 

 

6. When you successfully decode the CQ, it will show up in the left, top window. To answer 
the CQ, double click on the entry in the top left window. The “Enable Tx” button will turn 
red, the complete list of exchanges—including your responses—will appear in the top right 
window, and the automated sequence of messages will be generated and displayed on the 
lower right. Each time an expected response is successfully decoded, the “Next” radio 
button will advance. When the final response is received, a window will open giving you the 
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option to log the contact. When you log the contact, an entry will be automatically made in 
DXKeeper with time, frequency, mode, signal level, etc. 

7. After a successful QSO, it is common practice to thank the other station on the HB9Q 
logger. 

8. This completes your first EME QSO! 
9. Note that you can announce your intention to call CQ by filling in the fields at the top, and 

clicking the “megaphone” button: 

 

10. Below are screenshots from an actual EME QSO between W4ATC and K5DOG. A complete 
screen shot is followed by close-ups of the decode window and the spectrum waterfall. 
Note that decodes containing your call (W4ATC) are highlighted red, and your 
transmissions are highlighted yellow. 
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Below is a closeup of upper right window, followed by a closeup and color enhanced spectrum 
waterfall showing the signature of the received signal: 

 

 

Note that K5DOG is transmitting in the 2nd (odd) minute interval, so his signal can be seen in the 
waterfall during the odd minutes, and the red-highlighted decoded messages from K5DOG also 
appear in the odd minutes. 
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CQ announcement and friendly exchange after the QSO: 

 

 

 


