HF Remote Control Virtual Reality: just like being there.

Fred Glenn, K9SO

A remotely controlled HF station is the dream of many operators who cannot put up big antenna arrays at their home due to zoning laws, covenants, or even XYLs. Several years ago I was able to gain access to an industrial site where I could build my “dream” station and antenna farm without bothering anybody’s TV set or breaking any local zoning laws. It was only a half an hour drive away from home, but since I like to drop into the shack every once in a while just to see what’s happening on the bands, it wasn’t going to work if I had to drive all the way to a remote station. My XYL might tolerate my long periods of contesting, but not away from home. So my thoughts naturally moved towards a remote control setup. 
What I ended up with was a “virtual reality” remote station that was so seamless, so real to operate that I would challenge any visitor to my home QTH to tell me if they were operating a “big gun” station via remote control. Most visitors were disappointed after a visit to my house since all they saw was a modest IC-735, a tiny interface box, and a keyer paddle in front of them. They didn’t see any big HF antennas outside either. 

The best news of all is that this approach is fundamentally very simple to build and doesn’t involve any computers or high speed data links.
Before I go into more detail, I should tell you that I went through many, many versions of remote station control before I discovered and settled on this one. All worked, but all lacked a certain responsiveness, a certain quickness that you get when operating with a real radio in front of you. An ability to QSY rapidly and change bands in a flash is a big part of modern dx’ing and contesting. Most other methods I tried were too slow and cumbersome. The big insight into “virtual reality remote control” came when I looked into the workings of ICOM’s CI-V computer interface port.

The CI-V “bus” is really just a single wire and ground. Interconnection between radios is simply a shielded cable with monaural mini-plugs on each end. 

A little known feature of the CI-V bus is what ICOM calls the “TRANSCEIVE” operation. This name really doesn’t describe the feature well since it acts more like a master/slave control. If you simply interconnect two ICOM radios together through their CI-V ports and set them up for “transceive”, you will find that almost everything you do on one of the radios is exactly mimicked on the other. No level shifters, no interface boxes are necessary. Just plug the two ports together with a straight cable (figure 1) and you’ll be locally controlling all of the features accessible via CI-V on the other radio (see the list for controllable items on your radio in the ICOM manuals). ICOM radios are normally shipped with the transceiver feature activated so unless you’ve changed it, you will probably already be set to go. You don’t even need to set the baud rates or radio addresses. When you’re done, simply turn the main tuning dial on one radio and you will change the frequency on the other almost instantly! Press a key for a different band on one radio and you change the band setting on the other radio! I used an IC-775DSP and an older IC-735 in my original set-up, but most other ICOM radios have the same features. (Note that the IC-735 uses a non-standard CI-V bit length that takes special consideration. But this is not needed when using any other modern ICOM radio).
Looking into the workings of the CI-V bus, it can be seen that it works with TTL digital signal levels. That is why an interface box (CT-17) is necessary if you want to interface to an RS-232 port. The CT-17 merely provides the necessary level shifting for the higher voltage RS-232 signals. But I’d been through the “PC-Anywhere” approach and didn’t want to have any computers involved in the direct operation. Computers actually slowed things down. In any event, with the ICOM “TRANSCEIVE” feature I didn’t need either a computer or the CT-17 interface. It was obvious that all I had to do was modulate the CI-V data, send the signals over the air or a phone line, receive them at a remote location, and convert them back to TTL signal levels to fully control the remote radio without the use of an intermediary computer. And it would be nearly instantaneous! Figure 1 shows the basic configuration of the CI-V remote control link.
From previous experiments, I just happened to have a pair of old Hamtronics 1200 baud modems in my junk box. What these modems do is to take TTL digital signals, convert them to AFSK tones in the “sender”, receive the AFSK tones in the “receiver” and then reconvert them back to TTL. EXACTLY what I needed!  How simple was this going to get? 
Within two hours I had my two ICOM radios locally slaving via the 1200 baud modems. At this point, you need to set the CI-V data rates to 1200 baud as well. Tuning one radio tuned the other without doing anything except turning the dial on the “local” radio. Pressing the 80m button on the “local” radio changed the remote radio to 80m too. The modems are uni-directional so now one radio was a “master” and the other a “slave”. While 1200 baud sounds slow, it was plenty fast for “instantaneous” remote tuning and the generated AFSK tones were well within the audio passband of most transmitters. That would be important when I transmitted the control signals over the air. Frequency and other command changes take place within 100mSec or so at 1200 baud. You can experiment with faster data rates, but I didn’t find it necessary.
Figure 2 shows the basic block connection diagram I used at the local site (“sender”). A slightly expanded version is shown as figure 5.  I fed the sender audio into a microphone connector on the interface box which in turn connected to the link transmitter microphone input. I used a relay to ground the PTT lead and route the audio so that I could still use the link radio for normal voice communications too.  The remote site interface “receiver” is shown in figure 3. I connected the link output audio to the receiver modem via the remote speaker jack of the link receiver.  In those days I was coordinated with a Chicago area repeater pair on UHF and within days I had a fully functional remotely controlled radio. But I soon realized that I couldn’t key the radio via the CI-V port and it would be nice to send either voice or CW data over the same link.

PTT OPERATION
The solution for a CW link is shown as figure 4. I realized that even at 1200 baud, the “mark” signal was very short compared to a 20ms “dit” speed at 30WPM. So I could use the AFSK line to key the transmitter as long as I could discriminate between the lengths of the data marks. Short would be CI-V data and “long” would be CW keying. The resulting circuit simply looks for a long “mark” signal (a CW “dit”) and then enables the CW keying relay at the remote site to follow the modem output. The remote CI-V port would completely ignore the CW keying (CI-V needs an address in order to respond) so no problem there. 

A simpler PTT solution that would work for both CW and Phone would be to key a sub-audible tone on/off to key the remote PTT lead on/off. When the sub-audible tone is on, the PTT lead would be activated (grounded). You would have to switch off the modem tones off if using the same link for the voice data.
Operation went like this: After turning on the link, I set the remote transmit frequency by simply tuning the local radio to that frequency. When ready to transmit, I just started sending CW and the remote transmitter simply followed the CW keying. OK, the purist will realize that you might lose the first 5mSec of the first “dit” with this scheme while the circuit waits to see if its CI-V data but if it bothers you, just hit a dit first and then start sending. The keying circuit acts like a semi break-in enabler and goes back into RX mode after a few 100 MSecs or so.
If you use a sub-audible tone for PTT activation, simply activate the tone and deactivate the modem tones if in phone mode of operation.

Not all transceiver functions are accessible via CI-V, but the basic ones are on most ICOM (and some older Ten-Tec) radios. Between my IC775DSP and my IC746PROII, I could get pushbutton control of:
Frequency from the main tuning dial
VFO switching (A/B) from the A/B switches on the 746
RX Filter Selection from the filter selection switches
Mode (CW/SSB/RTTY/FM/AM) from the mode switch
Operating the system with identical radios is likely to result in more functions becoming available to pushbutton control. Consult your ICOM manual for further details. A better resource is ICOM’s CI-V reference manual. ICOM gives good information regarding the signals sent between CI-V and a computer, but not much regarding TRANSCEIVE. 
SPLIT mode operation is still possible even though  A/B VFO operation may not be push-button controllable via CI-V between some models of radios. It would work just like the way you would do it locally, except that you would have to keep the remote transceiver in SPLIT mode at all times:
1. Leave the remote transceiver set in the SPLIT mode of operation at all times.
2. Remote VFO A is set by sending frequency data while the remote is in the RECEIVE mode. Remote VFO B is set while the remote is in the TRANSMIT mode. So on your local transceiver, load the RX data into VFO A and the TX data into VFO B. With the link active, hit the local A/B switch once or twice with the last press leaving it in VFO A. This will assure that the last data sent was that loaded in the local VFO A. The remote will follow by loading remote VFO A. Then activate the link PTT control. This puts the remote transceiver into TRANSMIT mode and switches it to VFO B. Remember that no frequency data is sent until changes are made locally so no changes have yet been made to VFO B at this point. When you now press the local A/B button again, it will change the local radio to VFO B and then send the contents to load the remote VFO B with the same data. Do this in CW mode to avoid transmitting the tones while adjusting the TX frequency. If you use the circuit of figure 4, send a “dit” to activate the remote PTT line (switching the remote to the TX VFO) and hit the VFO B button on the local transceiver to send the TX frequency data before the PTT timeout (300-500mSec)
3. To operate simplex again, simply set both VFOs (A and B) to the same frequency.

It sounds complicated, but it’s very nearly like how you would do it if you were running the radio right in front of you. With a bit of practice, you’ll hardly notice the difference. No one watching you will.
I often used a local RX antenna and could listen to a pileup on the local transceiver while listening for the DX via the remote RX link at the same time. Since you’re not actually keying the local transceiver with this set up, you can easily listen to your own transmitted signal and its relationship to the others in the pileup. This is the ultimate in full break-in CW keying: listening while you’re actually transmitting, not just in between the dits!
If you just can’t get away from your computer operation, you can add a CT-17 interface, send commands via your local computer and do all of this in parallel with the TRANSCEIVE feature described here. The CT-17 will not interfere with the CI-V TRANSCEIVE operation described here. Just parallel the connection out of the CT-17 interface to the rest of the CI-V bus and you’re done. Realistically, adding a computer interface will give you access to some CI-V controls that might not be accessible via the TRANSCEIVE function.
All other aspects of the remote site were more or less conventional (getting audio back, etc.). I even built up a remote control antenna rotor controller using a 24 position rotary switch mounted in an old rotator control box and that worked to keep the illusion alive. (That was a bit more complicated).  The result was so “virtually real” that you could hardly tell you were operating via remote control. And no computer was needed either (even though I ultimately used one for logging program interfaces, etc.)
I don’t operate any phone on HF so I never actually added voice capability to my station but a simple sub-audible keying link as previously described would be an easy solution and would work for both CW and Phone modes. Full mode control is available over CI-V and the IF filter selections are remembered when switching modes (even though they might not be remotely selectable). If using the circuit of figure 4, you could notch out the “space” frequency at the remote end if the voice audio is to be sent over the same link but you could simply switch the sender modem off if using a sub-audible PTT control link.
 The receiver half of the Hamtronics modems are no longer available due to some parts shortages but it’s a simple project to construct one of them. They are based on the Exar XR-2211/XR-2206 pairs. The ICs are still available from DIGI-KEY. Several websites that pop up after a Google search on the chip numbers show construction projects using the same IC sets and should cost less than $20 to build. Only the sender is required at the local site and only the receiver is required at the remote site. Typical circuit diagrams are shown in figures 5 and 6. (note to editor: these are copies from the Hamtronics manuals and permission to reprint has not been obtained at this time) A block diagram of the entire setup is shown as figure 7.
I ended up working over 200 countries before I had to take the station apart after a couple of years. I ran individual amplifiers for each band so I avoided the problem of remotely tuning an amplifier. Most ICOM radios also have the capability of switching antennas based on the frequency band selected (BAND FUNCTION) but this is a function separate from the CI-V port and requires a separate interface circuit at the remote site. All antenna switching control is local to the remote radio and no additional remote control signals are necessary to change amplifiers or antennas. Just like being there. 
Remember that when operating a remote station, the FCC requires some alternate method of shutting down if something goes wrong (and it will!). I used both a separate phone line and a stuck key timer for activation and shutoff. ID’ing the link was automatic since I had to ID my HF transmissions too and that went over the link. Also, remember that any radio links must be at a frequency of 222 MHz or higher. This can certainly be done over phone lines or an internet connection but it complicates things somewhat.
Today, I’m “stuck” with a more modest station and I miss my “big gun” signal. The XYL complains about the looks of my simple vertical antenna in the backyard even if the neighbors don’t. Someday I’ll re-build my dream station and CUAGN in my virtual ham radio reality. I’m still looking for that “perfect” remote site.
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Figure 4: This circuit detects the difference between the short CI-V data pulse and the much longer CW keying data. Only the CW signals are used to key the remote transceiver. It could also be used for PTT detection for phone operation.  The output keying relay could be replaced with transistor keying. The pull-up resistor on the output of Q2 is optional. A sub-audible link could be used for PTT control instead of this.
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Figure 5: A complete sender circuit with a link on/off control switch. This circuit allows normal operation of a link transmitter if it is to be shared for normal voice operation when not operating as a remote link. K1 is any 12v DPDT relay. Microphone pin-out is for example only.
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Figure 3: A simple “radio RX modem” (remote site). This consists of a Hamtronics DE-202 1200 baud decoder modem and a link receiver (not shown)
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Figure 2: A simple “radio TX modem”  (local site). This consists of a Hamtronics MO-202 1200 baud audio modulator modem and a link transmitter (not shown)
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Figure 1: Complete control circuitry needed to slave two ICOM radios via the TRANSCEIVE feature of the CI-V bus. No interface circuitry (e.g., a CT-17) is needed for local control. Remote operation simply involves linking the CI-V data via radio or telephone modems.
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