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Technical Considerations for Multi-Station Sites

During any emergency operations must often be established in less than ideal locations.  You may be faced with serious interference problems at any time.  Some basic knowledge will help you.

Desensitization

Desensitization is one of the common problems encountered when two or more radio stations share a common location.  Any transmitter operating on a nearby frequency tends to overpower your receiver. When the desired signal is weaker than the interference you will not hear the desired station.  If the interfering station is on an adjacent channel you may actually hear some modulation, however, the interfering station may not even open your squelch.  Obviously this interference exists only when the other transmitter is on.  This interfering signal could even be an intermodulation product of two or more transmitters.

We say the receiver is desensitized because stronger received signals are necessary to overcome the interference.  The actual level of the interfering signal is dependent upon several factors.  Changing any of these may provide some relief.

     A.   Frequency separation between your receiver and the offending transmitter(s).

     B.   Physical separation of your receiver and the offending transmitter(s).

     C.   Physical separation of the antennas.

     D.   Front end characteristics of your receiver.

Typical solid state amateur transceivers, whether HF, VHF or UHF, do not affort much front-end selectivity.  That is of course the price we pay for the convenience of covering an entire band without retuning. Inadequately shielded receivers are much more susceptible to this and other forms of interference.

In cases of severe desensitization you may have to move to another location, if you cannot change frequency.  The need to work into a particular repeater obviously limits your options.

Intermodulation

Intermodulation, or IM, is one of the more mystical forms of interference encountered in VHF and UHF operations.  As the number of transmitters increase at a given location, so do the probabilities of IM.

You are familiar with the heterodyne principle as applied to receivers.  The mixing of a local oscillator frequency with the received signal is the basis of operation of the superheterodyne receiver.  The principle is applied also to restore carrier to a Single Sideband Suppressed Carrier signal.  It is also why the BFO enables us to hear a CW signal.  The undesired squeals and whistles we hear from closely separated stations on a crowded band are another result.

IM becomes a major problem with VHF and UHF installations.  The problem occurs when stations are concentrated in an area. Interference may occur even though stations may not share a common site.  TV and FM broadcast stations affect wide areas simply because of their RF power levels.

Intermodulation occurs when two signals combine to produce a third signal which is equal to the sum or difference of the two.

               Fim = A +/- B

Often the combination involves harmonics of a transmitter frequency. This is known as a third order intermodulation product.

               Fim = 2A - B

                    If A = 146.79 mHz and B = 146.64 mHz

                    Fim = (2 x 146.79) - 146.64 = 146.94 mHz

A receiver at the site tuned to 146.94 mHz would "hear" this signal. Since the 146.79 mHz and the 146.64 mHz transmitters must be on simulteneously, this interference will typically be heard in very short bursts.  The busier the offending stations the more frequent the interference.

Some mountain top repeater sites have such a concentration of stations that there may be many different combinations occurring.  In addition to several ham repeaters, there may be dozens of commercial two way stations plus FM and TV broadcast stations.  The presence of the broadcast stations greatly compounds the problems.  Since those transmitters are constantly radiating we in effect have a giant local oscillator.  While FCC standards tightly control spurious emissions from those transmitters, they can still easily exceed the few microvolts of signal we are trying to receive.  Of course at the carrier frequency of these transmitters the Effective Radiated Power (ERP) from the antenna may be measured in megawatts.

IM problems can be very baffling.  Any RF generating device may contribute, including high powered stations a mile or more removed. Even local oscillators of other receivers may be involved.  To illustrate just how complex these problems may become, let's assume there is also a transmitter at our site operating on 146.94 mHz.  When that transmitter operates at the same time as the transmitter on 146.64 mHz another intermodulation product occurs at 147.24 mHz.

               Fim = (2 x 146.94) - 146.64 = 147.24 mHz

There would also be an IM product equal to

               Fim = (2 x 146.64) - 146.94 = 145.34 mHz

The mixing of signals may occur in receivers or transmitters.  When this mixing occurs in the receiver front-end the interference can not be removed.  It is actually on the desired channel.  We should note that there will also be an IM product which equals the sum of the frequencies in the last example. This would equal 440.22 mHz in this case.  Short of changing our received frequency or that of one or more of the offending transmitters, little can be done.  Physical relocation may not be a viable option either.  At repeater sites external cavity filters are sometimes utilized to add selectivity ahead of the receiver.  These high Q tuned circuits are placed in the receiver antenna line.  Multiple cavities may be required

in severe situations.  Unfortunately we may experience several dB of signal loss when using cavities.  This becomes another area for trade-offs.  By preventing the offending signals from entering the receiver, or by significantly reducing their levels, the problem may be solved.

Antenna Placement Considerations

When multiple transmitters (and receivers) share a site the antennas will usually be in close proximity.  Problems of desensitization and inter- modulation can  be lessened by physically separating the antennas as much as possible.  How this is accomplished will be limited by the mounting resources available.  Several antennas mounted on a single rooftoop, or sharing a tower, don't allow many options.

Signals are always attenuated by distance.  Vertical separation of VHF and UHF antennas results in significantly greater attenuation than does an equal horizontal separation.  We can take advantage of this when antennas are tower mounted.  By mounting the antennas in a straight line, one above the other (collinear), we maximize the loss or attenuation between them.
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Tower Mounted Antennas
The distance between antennas will always be a compromise between desired attenuation and useable elevation.

The Role of PL

The role of PL, or Private Line in combating interference is very limited.

Private Line is the Motorola trademark for a system intended to keep a receiver speaker muted in the presence of undesired signals.  Other commerical two-way radio manufacturers offer this optional equipment under various trade names.  For example, GE calls their version Channel Guard.

As defined by the EIA (Electronic Industries Association) these are known as CTCSS (Continuous Tone Coded Squelch Systems).  Simply put a sub-audible tone is transmitted continuously when a transmitter is keyed.  Receivers in the same system are equipped with matching decoders.  When a signal with the appropriate tone is received the receiver squelch circuit opens and that station is heard.  Other transmitters equipped with other tones, or no tone, will not open the receiver squelch.  They can be heard only by disabling the tone squelch.  There are a large number of industry standard tones available for these applications.

These devices do not remove interference.  They do remove the annoyance of having to listen to undesired stations.  In repeaters CTCSS is often used to limit who may key the repeater.  If an undesired signal is stronger than a desired signal it will still capture the receiver.  It would not key the repeater transmitter.

Packet Radio and Interference

The transcievers used for packet communication are subject to the same interference potential, of course.  The results can be even more disastrous than with voice transmissions.  To get some idea of what happens let's compare CW transmission with packet, or data, transmission.

Packet operations are usually at 1200 bps (bits per second)  For our purpose consider 10 bits to equal one character.  Therefore 1200 bps is approximately 120 characters per second.  The traditional method for measuring CW speed is WPM (words per minute).  A word is assumed to be five characters in length.  In other words, at 20 WPM 100 characters would be sent in one minute.  What happens if interference wipes out our signal?  Let's assume a burst of interference which lasts for only one second.

             Time in Seconds                       1

             CW 20 WPM         |        1.2 chars.     |

             Packet 1200 BPS   |        120 chars      |

Information Loss
A reasonably competent CW operator won't be affected, if copying plain text.  Even voice operations will probably not be disrupted.  A 120 character hole in a data string is a big problem, however.  This is why the data transmission system incorporates a scheme for error detection and automatic retransmission.

If the bursts of interference are more frequent and/or longer in duration, the repeated retransmissions effectively lower the over data rate.  If these transmissions are going through a digipeater and/or to a station handling communications with several packet stations, the results may be catastrophic.

Any digital system requires signals exceeding some threshold signal level. A human operator can usually interpret signals well below this level, over telephone lines as well as radio links.

These are not arguments against the use of packet in emergency communications.  In fact packet offers unmatched potential for fast and accurate point-to-point transmission of vast amounts of information.  It can provide, by far, the best utilization of limited radio resources.

It is apparent that good quality, consistent radio links are an absolute must for packet operations.

Other Considerations

Interference problems can always be minimized by using the lowest practical transmitter power.  In many locations the presence of public-safety and commercial equipment may make this factor irrelevent.  The presence of such equipment may dictate a frequency change or a change in location for the amateur station(s).

There are of course other sources of interference.  These may be found at temporary sites, as well as permanent installations.  The many sources of electrical noise can be especially disruptive to HF communications.

A temporary site may prove very hazardous to UHF and VHF communications too.  For example the presence of microcomputers or other microprocessor controlled devices may give strong interference on some frequencies.  The processor clock is frequently the culprit. This is really just a crystal controlled continuously running oscillator.

AC power sources must always be of concern.  This is certainly true at a temporary site.  Overloaded circuits could result in lower line voltages or varying line voltages.  If power is supplied by an emergency generator, voltage fluctuations are only one potential problem.  On some generator systems the ripple (noise) content can be a major concern.  If your station power supply is poorly regulated and/or filtered then you may experience difficulty on any band. Microprocessers powered from the same source may also experience serious problems.

Performance of your equipment will degrade at both high and low temperatures.  Among other things, transmitter power output will fall and receiver sensitivity will degrade.  Try to set up your equipment where ample ventilation exists and where ambient temperatures are not excessive.  This may be very difficult in temporary quarters.  Keep in mind that heavy useage combined with equipment overheating may result in premature component failures, as well as degraded performance.

Conclusions

As they say, life can get mighty complicated.  There are no simple pat answers to most interference problems.  Furthermore you may solve one set of problems, only to find a totally new set exists.  When emergency operations must be implemented at unforseen locations, we simply can't anticipate all possible conditions.  When the preasure to handle vital emergency traffic is there, the knowledge to deal promptly with interference problems will be invaluable.
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