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Abstract. Paper discuses some issues of electromagnetic atifmilipy in
situation when more radio communication sources placed inside a
communication shelter. Review and discussion of thany collocation
challenges that affect the performance of radioroamications are presented.
Various mechanisms of collocation interference gatien from transmitter and
receiver point of view are discussed.
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1 Introduction

On present battle field with asymmetric warfare ggessing requirement of high
mobility of forces is the most important. In sualveonment only way how to keep
and increase the information exchange on criticesion areas is to use wireless
communication.

To achieve radio communication support for difféarezapabilities more radio
transmitters and receivers are installed and opewdthin the same site. Main
advantages of a single site installation for radiod antennas are easy maintenance,
logistic support and concentration of communicatibannels in one communication
node, are in contrast with the need to separaenaat and radios connected to them
to minimize collocation interferences.

Often, especially in multiple HF ground radio idstons, system designers must
resort to build geographically separated transméted receiver sites to eliminate
radio collocation problems. Fortunately for VHF/UHFadios is solution for
collocation simpler due to shorter wavelength.

A review and discussion of collocation interferert@llenges are presented in the
paper.

2 Electromagnetic compatibility

Overall electromagnetic compatibility is determataby:
» frequency coexistence;



» amplitude coexistence;

* time coexistence.

Electromagnetic fields will be compatible if one pértial coexistences will be
achieved when antennas are separated enough. @la-site installation frequency
coexistence and amplitude or time coexistence have achieved at the same time
to ensure that radio receiver performance is notedesed.

Mutual interferences inside of a radio communiaatgystem might be created as
results of undesired transmitter radiation on thadmitter side (Fig. 1) and as results
of a receive of undesired interference signals agidior spurious receiving channels
on receiver side (Fig. 2). System noise is produded to absence of technically
perfect circuits which are able to eliminate spusioransmission.
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2.1 Frequency coexistence

The following procedure can be used for electromtigncoexistence evaluation of
assigned frequencies with accent on above mentisoates of mutual interferences.
For any pair of frequencies;, 5 from the set of operational frequencies F the
following relations have to be satisfied:

F # ‘i nF, + ij‘, 1)
F, # \J_r nF. + ij\, 2)
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where n, m are positive integers (0, 1, 2, 3, Af)is minimum allowed frequency
separation of frequencies F,.
Addition of numbers m, n defines degree of harm®nic

R, =n+m. (4)

If these relations are satisfied, we can say teafuencies fF match conditions for
electromagnetic compatibility.

Degree of harmonics jRand minimum allowed frequency spacidd between
frequencies § F determine level of electromagnetic coexistencefreguency
domain. In practical application, level of electmgnetic coexistence is chosen
according antenna placement and technical parasneteadio technology in use.

If multiple radios are placed inside one platforspurious sources of interference
from transmitter and receiver are checked up toeke§ or 7.

For solution of the problem, a graphical methodhwitsing of mixing product
diagram was chosen. Diagram represents net of pd@intersections of net) where
each point represents some product of mixing.

To analyze mutual interference of two frequenciest 6f all we calculate ratio; FF
and draw it into diagram. If the line crosses ahyaints, these frequencies do not
fulfill frequency coexistence (Fig.3).
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Fig. 3. Diagram of mixing products for subbands VHF1, VHFRHF



2.2 Amplitude coexistence

Usually when amplitude coexistence is solved inagibn when desired and undesired
source of electromagnetic fields are far away fregeiver we need to calculate field
strength at the receiver antenna [2] only at opmmat frequency and to check if
desired signal to undesired signal plus noise gs drough to receive the desired
signal. If it is so than electromagnetic fields ammpatible. Transmitter broadband
noise and transmit spurious signals from transmitteindesired signal are not strong
enough to case interference at receiver at lortgriie because they are suppressed in
transmitter and receiver filters are usually mohant 60 dB under signal on
operational frequency.

Situation is different when transmitter of undedirsignal is quite close to the
receiver. Transmitter broadband noise and transmitrious signals also produce
undesired signals at collocated receiver. Thesrfering signals are on nearly the
same level or higher that the desired signal fréstadt transmitter. Such interference
will occur usually only when the desired signal viery weak (around receiver
sensitivity level) so during interference free aem test with the strong desired
signal no interference occurs.

In such situation only way how to reduce and kepprisus transmitter spurious
signal under appropriate level is to separate aaterin distance. Antenna isolation
factor which depends on the distance and frequéneyfree space loss value plus
insertion loss on cabling minus transmitter andenesr antennas gains. It can be
calculated by following formula

Al [dB]=20*l0g(f [MHz]*d[m])-31,8-G r[dBi]-G[dBi]+A J[dB], (5)

where Al is antenna isolation, f is frequency, dlistance between antennag, @&d
Gr are gains of transmitter and receiver antennafant insertion loss on cabling.
Antenna isolation for various distances of anterindsequency band 30 — 512 MHz
is shown Fig.4 (antenna gains 0 dBi and withougtile® loss on cabling). As can be
seen from Fig.4 than to achieve antenna isolatior-310 dB antennas have to be
separated at quite big distance especially forueagies 30 — 120 MHz.
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Fig. 4. Antenna isolation for frequency band 30 - 512 MHz



If dipole antennas are placed one above anothea onast, antenna isolation is
theoretically infinite because dipole antennas db nadiate in their axis. Practical
values of antenna isolation in such case are frono340 dB. This solution is very
suitable for situations when such value of anteisnktion can be achieved only by
long distance between antennas.

The main sources of interference from collocataddmitter are:

 transmitter broadband noise,

» transmitter reverse intermodulation distortion prcts,

» transmitter spurious outputs.

Transmitter broadband noise.

All transmitters emits small amount of broadbandsed1] along with the desired
signal. If antennas of collocated transmitter agwkiver are not isolated enough small
amount of broadband noise can overwhelm weak sigbeing received by nearby
receiver. Since broadband noise is always presenthe weak desired signal
frequency, nothing can be done at the receiverdwgnt it. Manufacturer of radios
usually disclose data about transmitter broadbawidenin technical description of
radio. It is measured in dBc/Hz (decibels relativeéhe carrier) for various frequency
separations from carrier frequency and it is ugualrange from -100 dBc/Hz to -175
dBc/Hz. To ensure interference free operation thierma isolation should be big
enough to make transmitter broadband noise equédveer then receiver internal
noise. Required antenna isolation can be calcukatedrding following formula

RAI[dB] = BBN[dBc/ Hz|+ RDB[dB - Hz| - RNF[dBm/ HZ], (6)

where RAl is required antenna isolation, BBN iswgmitter broadband noise, RDB is
receiver detection bandwidth and RNF is receivesenfloor. From required antenna
isolation a minimal distance between antennas eacaltulated.

Transmitter reverseintermodulation distortion products

Transmitter intermodulation distortion products PlDcan occur at the output of
transmitter [3] so collocated receiver antenna wittk up them. The IDP can be
effectively reduced at tramsmitter by using narmtput filters (usually more then
40 dB bellow carrier level for'8order products). If we assume that antenna ismiati
is about 40 dB and transmitter power of undesitgdas is 10 W (40 dBm), than'®3
order products at the nearby receiver will be abd0tdBm. This signal can easily
overwhelm weak signals being received by nearbgivec. Therefore this kind of
interference can be avoid only by proper frequemanagement as described in part
2.1 or can be eliminated by higher antenna isafatio

Transmitter spurious outputs

The signal from any transmitter will contain lows# undesired signals. Level of
these spurious signals can be reduced by a claasntitter synthesizer design and by
bandpass filtering. Antenna isolation must makeremainder of the attenuation
needed to keep these spurious signals from integfevith receiver. Usually recent
radios produce no spurious signal above -80 dBahénworst case with antenna
isolation about 40 dB and with carrier power is\VW0(40 dBm) signal at the nearby
receiver will be about -80 dBm and bellow.



2.2 Time coexistence

In case when amplitude coexistence on single sgtaliation can not be achieved
(required antenna isolation can not be achievell) way how to avoid interferences
especially when receiving weak signals (long distanommunication) is to disable
transmission on another radio while receiving aeksignal.

3 Conclution

Aim of the paper was to focus attention on factt thalving of electromagnetic
compatibility of cosite multiple radio installatiois different from situation with
distant radios. In process of radio communicatigrstean design problem of
electromagnetic compatibility is very often addegbsfter prototyping. Results from
analyze of electromagnetic compatibility then idmoe a lot of changes in antenna
placement and often a total redesign is requiredldréssing problem of
electromagnetic compatibility in early phases dafjgct can save a lot of time and
money.
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