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INTRODUCTION:

Many of us experimenting with Earth Moon Earth (EME) communication have spent years searching for the Holy Grail of antenna readout/positioner systems.   My path has been through “arm-strong”, look out the window, strings and pulleys with marks on the wall, multi-turn pots and voltmeters, video cameras and various digital encoder schemes.  All of these have functioned well enough for their time but with the ever increasing antenna size and quest for higher and higher frequencies at my QTH it became necessary to build what I hope is the last step - absolute digital encoders with a system accuracy better than a tenth of a degree.

The early EME problem of finding the moon and producing pointing coordinates has been nicely solved for years with beautiful pointing programs from W9IP, VK3UM and F1EHN to mention a few.  They all run on modest PCs or laptops and perform well.

At W6HD I settled on the F1EHN program for several reasons including the availability of boards from VE1ALQ and the calculation precision of 0.01 degrees.  In that system there are three boards, one by F1EHN and two “driver” boards from VE1ALQ that are used to count the output from incremental digital encoders and convert it to 16 bit words for input to the main board.  This system works well, provides good pointing precision, and runs reliably.  Its only weakness is the necessity for “occasional” recalibration of absolute position.  “Occasional” is defined by lightning strikes, antenna maintenance happenings, and Murphy events.  The problem with recalibration is that the antenna must be moved through its arcs of 90 and 180 degrees to reset the system, a time consuming procedure with larger antennas.  The beauty of it is that the cost (about $500 for boards, encoders, etc.) makes it the least expensive digital system.

About a year ago I decided to go to absolute digital encoders.  These now cost about $270 apiece but have many advantages in that they can be calibrated and set for absolute position from the computer keyboard.  Thus, one can use the moon or sun as an instant calibration point for azimuth and elevation.  The two encoders are connected in parallel over a serial computer bus using flat 6-wire telephone-type cable and each has its own unique address.  US Digital A2-S-S absolute encoders are used (specs, etc. can be found at www.usdigital.com).  The only other part needed from US Digital is an inexpensive AD2-A Serial Adapter that connects to your serial port, reads the encoder outputs and gives you programming access.  US Digital provides free software in a very nice package and will sell to individuals with a credit card!  One can use the Inclinometer version (A2-S-I) for elevation if a shaft output is not available but the guaranteed accuracy is only 0.3 degrees with errors of up to a degree possible for slow moving applications, so be careful and examine your requirements closely.  The accuracy of the shaft version is better than 0.1 degrees.  My experience with the inclinometer version is that it easily beats the 0.3-degree specification, probably because the antenna is “jiggling” a little bit all the time due to wind and nearly continual updates.  For example I use one on my 3.1-meter dish on 3cm tracking the moon to a tenth of a degree accuracy with no problems.    

HOW IT GOT DONE:

Rex Allers, KK6MK figured out how to read the US Digital 16 bit encoder bus a couple of years ago for Jeffrey Pawlan, WA6KBL, and his EME station.  Rex has completed that work and extended it by doing a complete emulation of the F1EHN hardware board in a PIC microprocessor.  The emulation reduces system cost considerably and eliminates the problem of obsolete integrated circuits.  His write-up of this, a circuit diagram, and the software can be found at www.dnai.com/~rexa/ .   Before starting construction you should pull up his page and get a copy of the write up.   It is a really nice piece of work.

HOW I BUILT IT:

There is only one circuit board.  It is built into a small box that sits on the operating console.  There is a serial connection to the computer, an encoder input, and five wires out to control the antenna position relays which are 30 amp types located at the dish.

Construction of the unit is quite easy.   I used a PIC Prototype 64 board available from Jameco (PN 132 652) to hold all of the parts, using sockets for the ICs. It is a good card to use because it has the wiring and labeled output holes to support the microprocessor, crystal oscillator and voltage regulator.  The display, which is optional because the F1EHN software presents azimuth and elevation on the computer screen, is a backlit OPTREX LCD – Digi-Key PN 73-1048 (also get the bezel PN PRD250LPW).  The four output relays are Jameco PN129 875.  The rest of the parts are listed in Rex’s article though I used axial lead versions instead of surface mount types.

The front and rear panels are shown in the attached photos.  I like to have manual control of the antenna from the controller front panel; thus there are four pushbuttons.  The switch below them disconnects the computer drive so that even if the program is tracking manual adjustment can be made.  It is an spst switch that controls the ground return line to the motor drive relays at the antenna.  I would be happy to provide a circuit sketch of this and my braking motor control if requested.  

On the rear panel the DB9 jack should be a female and there should be a phone jack input for signal strength if you wish to use that feature of the F1EHN program.  In my next version I plan use a stereo phone jack for the serial input vs the DB 9 and would not mount either the serial or RJ 11 encoder jack on the board; rather I would wire them and mount the board separately instead of on the back panel.

Rex also included the ability to control motor speed.  I didn’t build this into my unit and have not tested that circuitry.  I do use dynamic braking (motor shorting) on my dish which runs at quite a slow speed so does not need speed control. 

The F1EHN software is available for free download at; www.nitehawk.com/rasmit/f1ehn.html  
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The green circuit board on the left is the Optrex display.  The pc card on the right is the PIC proto card.  The orange blocks are the relays.  The PIC is the large IC, the two 8-pin ICs are the 75176Bs and the 16- pin IC is the MAX 202cpe.  Point to point wiring is located under the board.  The small yellow pot on the very right of the board is used to set display brightness.  Output to the antenna is via the black snap-type connector at the bottom of the picture.

The PIC software comes with the download from Rex’s site.  He and I both have PIC programmers and will be happy to burn yours for you.
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The front panel in this version’s 6.5” X 4”.  I use an external 12-volt supply so there is no AC connection to the box.  The “data” light blinks slowly when the computer is “talking” to the box via the RS 232 line – it is a valuable piece of information at times!  The pushbutton/computer switch makes it possible to “go out of track” and/or make manual antenna movements.  The four push buttons are labeled, “cw, ccw, up, dn.”

There is a display switch on the back but it is probably not needed.  The DB 9 connector should be a female but could be replaced with a stereo phone jack.  The RJ11 jack and the 6-conductor flat wire and connectors are standard items that don’t need to be purchased with the encoders.  Buy a package of 6-conductor plugs, enough ribbon cable and a crimp tool instead.  You will also need one 6-conductor “Y” connector to connect the two encoders in parallel at the antenna.  I use 3 twisted pairs for the run from the dish to the shack.  Be aware that the US Digital “standard” for cables is that the polarity is maintained - translated this means that one connector is crimped with the gold connections on the “smooth” side of the wire while the other end is crimped with the gold on the “ribbed” side.  Reversal won’t smoke anything but nothing will work.

It’s a great project and the box has performed flawlessly for me on my 3 and 6-meter reflectors.

Enjoy, 73, Tay W6HD

