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the aeronautical services. :
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1. Background and introduction

1.1 Frequency modulation (FM) broadcasting service interference to instrument landing systems (ILS)
localizer, VHF omnidirectional radio range (VOR) and VHF communications equipment (see Note) is a widely
recognized problem among users of aviation facilities. In Region 2, the FM broadcasting service operates in the
88-108 MHz band and has caused interference problems in the adjacent VHF aeronautical services band
108-136 MHz. In Region | the FM broadcasting band has been expanded up to 108 MHz, and therefore
administrations in that Region may experience interference problems. .

Note. — For a description of the ILS, VOR and VHF communications systems, attention is drawn to Repoﬁ 927.

1.2 In air/ground communication receivers, this interference problem ranges from nuisance background FM
broadcasting audio to distorted and garbled reception. In airborne ILS localizer and VOR receivers, the
interference problem ranges from nuisance background FM broadcasting audio to errors in course deviation and
flag operation. The interference to these navigation receivers is thought to be the more serious problem, as an
error in course deviation, especially during the critical approach and landing phase, is not as readily evident to
the pilot as the disruption of communications.

1.3 The level of interference to aircraft receivers is usually most severe at airports having major FM
broadcasting facilities nearby, and the interference varies with the type of aircraft and associated navigation and
communication (NAV/C OM) equipment. The problems experienced are the result of factors such as:

— FM broadcasting stations operate with high-power levels of up to 250 kW e.r.p., whereas aeronautical
facilities such as air/ground communication transmitters and ILS localizers operate at low-power levels,. in
the order of 0.02 kW to 6 kW e.r.p.

— Spurious emissions from FM broadcasting stations.

— The susceptibility of existing airborne receivers to this form of interference. ICAO has addressed the problem
of high-powered, adjacent-band FM broadcasting interference and has produced new interference immunity
standards for airborne receivers in Annex 10 to the Convention on International Civil Aviation (1CAO .
Annex 10) applicable as of 1998.

- Lat:‘k of a guard-band between the highest assignable frequency for FM broadcasting and the lowest
assignable radionavigation frequency. i

There .is an increasing probability of harmful ‘interference due to the growing need for additional
aeronautical frequency assignments and the growing number of FM broadcasting applications for new frequencies,
power increases and relocation.

1.4 The decision of the World Administrative Radio Conference (Geneva, 1979) to generally extend the
VHF/FM broadcasting band to 108 MHz, puts broadcasting and aeronautical radionavigation services in
adjacent frequency bands. That this might lead to problems of interference, was recognized in the agenda
of the Regional Administrative Conference for FM Sound Broadcasting in the VHF Band (Region 1 and
certain countries - concerned in Region 3), (Geneva, 1982) to determine the '
technical constraints to be used in planning the new band for the broadcasting service,

1.5 To further study the compatibility situation, Joint Interim Working Party 8-
met in May, 1984, in March 1987 and in August 1988 and prepared reports which
outlined the possibilities and techniques for improving suppression of inter—
modulation products at broadcasting transmitting stations (see also Report 1198),.
dealt with aspects of the necessary protection ratios for the aeronautical
radionavigation receivers, and presented future improvements of the immunity of
airborne radionavigation equipment to interference from FM broadcasting stations.
It also described procedures and compared assessment techniques that may be used
to better predict interference situations in general or in special circumstances.

LT
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1.6 th technlcal crtten.t prowded by the JIWP 8- IO/I and submlsxxon “of contrlbutlons from
administrations to  the Regional Administrative Conference for ‘FM sound broadcast::mg
in the VHF band (Region 1 and certain countries concerned in Region 3),

Geneva 1984, compatibility criteria and assessment criteria were agreed - (see ;Final Acts: of: the
Conference, named "Geneva Agreement, 1984"). Compati-
bility between -the FM broadcasting’ frequency plan and the existing frequency plan for the aeronautical - .
radionavigation service was not fully studied. Also, no compatibility .tests with the aeronautical mobile (R)
service were performed. Incompatibilities identified with: the acronautical services were not taken into L
account in all cases.when selecting FM broadcasting frequencies. '

2. Type§ of interference mechanisms
2.1 Type A interference

2.1.1 Inlroducn'on

2.1.1.1" In the normal operation of broadcast transmitters, type’ A mterference may arise in two ways. First,

a single transmitter may generate spurious emissions or several broadcast transmitters may intermodulate

to produce components in the aeronautical frequency bands; this is termed type A1, Second, the side bands of a
broadcasting transmitter may include “non-negligible components - in: the aeronautical bands; this
mechanism, which is designated type A2, will in practice arise only from transmitters having I'requencnes

near to 108 MHz.

2.1.1.2 From the viewpoint of the aviation receiver, the spectral characteristics of the un\yanted signal are
of particular significance. To a first: approximation, the effects of modulated FM broadcasting signals are
likely to be “noise-like” in the receivers, with a consequential reduction in the wanted operational
performance of aviation receivers.

2.1.13 In addmon adverse effects in the ILS/VOR audio (1dentlﬁcat|on) channel can occur.

2.1.1.4 However, if an unmodulated broadcast transmission were to produce stable frequency components
close to the ILS modulation signal frequencies (e.g.within% 15 Hz of the modulation frequencies 90 Hz and
150 Hz) then highly significant interference could occur even at very low levels of unwanted signals (see
Report 927).

212 Type Al inlerference

Variously described as “in-band” or “on-channel”, caused by spurious emissions (including
mtermodulatton products) from the broadcast transmitter station. This is gencrally a low-level effect and
can be regardcd as harmful interference, as defined in the Radio Regulations, in cases where the level is

" sufficient to affect the performance of avionics receivers. No rejection can be provided at ‘the  airborne
receiver. Attenuation at source, the choice of broadcast assignment, and/or distance separatlon are.the
only practical solutions.

.

2.1.3  Type A2 interference y

Interference to ILS channels near to the 108 MHz band edge due to out-of-band emissions from
broadcasting stations operating on carrier frequencies in the upper end of the broadcasting band.-

2.2 . Type B interference -
2.2.1  Introduction

2.2.1.1 Mechanisms producing this type of interference can occur due to radiations from broadcast
transmitters outside the aeronautical band. Their incidence depends on a number of factors which include:

— the-very large power differentials between the two servxccs

— the wide variability of the geometry between the aircraft, the aviation ground transmitters and the FM
broadcastmg transmitters;

— the susceptibility of the aviation receivers (which varies from receiver to receiver and which - also.
depends on the frequency separation between wanted and unwanted signals);
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— the aviation ground system installation differences (particularly antenna radiation pattern);

- the airborne system differences (particularl

y antenna fréqdeﬁcy response
and feeders);

— the FM broadcasting station antenna radiation pattern.

2.2.1.2 The airborne receiver, designed to work in a low-power environment and needing to detect small
wanted input signals, cannot easily cope in the presence of an unwanted signal close in frequency and at a
very much greater power level (perhaps higher by 80 dB or more).

2.2.1.3 The two main interference mechanisms involved are receiver-generated intermodulation (B1) and

recciver desensitization (B2). It is important to note that these are scparate mechanisms with separate
characteristics.

222  Type Bl interference

Intermodulation generated in an airborne receiver as a result of the receiver being driven into
non-linearity by a high-powered broadcasting signal outside the acronautical band. In order for this
type of interference to occur, normally at least two—
broadcasting signals need to be present and they must have a frequency relationship which
combination, can produce an intermodulation product within the wanted RF channel in use by the
airborne receiver. One of the broadcasting signals must be powerful enough to drive the receiver into
regions of non-linearity but interference may then be produced even though the other signal(s) may
be significantly less powerful. Under certain conditions, type Bl interference can occur

with a combination of only one broadcasting signal and an aeronautical ground
signal, '

. in non-linear

Perhaps the most serious practical aspect of this mechanism from the frequency planning viewpoint
is that an acceptable existing situation involving FM broadcasting signals at non-critical levels can be
transformed into a practical problem by, for example, the addition of a new broadcasting station or an

increase in power at an existing broadcasting station or implementation of new aeronautical
stations.

223 Type B2 interference

Desensitization occurring when the RF section of an airborne receiver
is subjected to overload by one or more broadcasting transmissions.
because the relatively wide-band RF selectivity of such receivers ma
difficult to provide significant RF attenuation immediately below 10
desensitization is most likely to occur in the first active stage wh

an RF amplifier, a mixer, or a combination of both in series,
receiver design.

This arises
kes it

8 MHz. Such
ich could be
depending on the

Aeronautical services protection requirements

3.1 Protection criteria for ILS and VOR

ICAO Annex 10 contains specifications and characteri

stics relevant to the
Protection of both ILS and VOR,

3.1.1 service Volunme

The ILS localizer service volume ias defined

in ICAO Annex 10 ang is
{llustrated in Figure 1.

The service volume of VOR vari
can be obtained from the Aeronautical Information Public

Administration opérating the installation.

es widely and details
ation (AIP) of the
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FIGURE 1 - ILS localizer protection_volume L L

——— Limits of the ILS back-beam protection volume
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3.1.2 Wwanted Signal

Subject to the considerations given below, the field strength to be

protected throughout the service volume is:

- ILS: 40 pv/m (32 dB (uv/m)).
- VOR: 90 pv/m (39 dB (uv/m)).

If a service is provided in the localizer back-bean volume, the field

strength to be protected is 40 uv/mo.

However, flight measurement of ILS or VOR field strength may, in some
areas of the coverage volume, reveal values higher -than ché minimum required by
ICAQ. Some administrations consider that these higher values may be taken into
account in resolving particularly difficult frequency assignment cases for both

" FM broadcasting and expansion of aeronautical facilities. In doing so., due
account must be taken of the required integrity of the radionavigation service
and variations with time, monitor limits, measurement errors, etc. For exanmple,
in certain areas of the ILS coverage Volume, ICAO Annex 10 requires a higher
field strength to be provided in order to increase the received signal-to-noise
ratio thereby increasing systen integrity. This is the case for ILS facilities
within the localizer course sector (+ 10 degrees) from a range of 18.5 km up
to runway touchdown point where signals of 90 - 200 pV/m are required by ICAO,
depending upon the Facility Performance Category (1, II, I1I) of the ILS
involved. (See ICAO Annex 10, Volume I, paragraph 3.1.3.3).

3.1.3 Teat Points

Test points may be chosen to establish the compatibility condition at

significant parts of an ILS or VOR service volunme. The position of such points

may vary between aerconautical installations depending on the location of the

broadcasting stations. Examples of test point gselection are given in Annex IT.

3.2 Protection Criteria for COM Services

It should be noted that Annex 10 to the ICAO Convention does not specify a minimum field
strength strength for COM — rather it states that 75 puV/m shall be exceeded for a “large
percentage of occasions™. In practice there are many occasions when VHF COM ————— need to take
place below the 75 pV/m level and hence a lower figure is considered appropriate, for quantitative
assessment purposes. It is considered that a value of 40 uV/m is appropriate for the general case.

In areas where extended range COMs operate,. the value should be further
reduced to 30 uv/m. ICAO Annex 10 also requires COM receivers in ground instal-
lations to operate with signals having a field strength of 20 rv/m.

The choice of a representative level for CM services for campatibility assessment
is particularly difficult. There are many occasions and circumstances where safety messages are
required to be passed using a wanted signal below 10V /m. In addition, the assessment of voice
quality is largely subjective and hence difficult to quantify, Note - See 4.1.3 for S+N/N,
section 10 for future work required and Part 7 of Annex I.
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4. AERONAUTICAL RECEIVER MEASUREMENTS AND PROTECTION
REQUIREMENTS

4.1 Standard interference thresholds for bench measurements

It is stressed thatthe following thresholds are for the purpose of standardizing bench measurements and -
whilst they are chosen to be reasonable representations of typical operational situations there will be some
circumstances where they do not provide adequate protection to' the aviation service in practice.-

4.1.1 S ILS

The changes to course guidance current due to the. interference effects from FM broadcasting
signals should not be permitted to add appreciably to the course structure perturbations permissible in
Annex 10 to the ICAO Convention due to other causes. With the wanted signal at the required level
(§ 3-1) and the signal adjusted for a difference in depth of modulation (DDM) of 0.093, the change in
course guidance current should not exceed 7.5 pA. In the case of changes to flag operation, there is less
assurance in defining:common ‘criteria to cover all designs of flag systems. Therefore until further
refinement can be made, the following tentative limits may be employed:

— in the case of an unwanted signal forcing a flag to appear for more than 1 s (auto-pilot performance
may be affected by d shorter time period);

— in-the case of the unwanted signal forcing a flag to disappear when there is no desired signal present,
the value which just puts the flag out of sight for more than 1 s. (The absence of an ILS signal does

not represent a typical operational situation.However, when that situation does occur, the absence
of the flag could be dangerous )

The above va]ues should be used for both type A and B interference. modes

Note. — The above does not consider centering error. The centering error due to FM broadcasting
interference, when statistically combined with other .specified environmental conditions, should not be
permitted to exceed the levels prescribed by the ICAO.

-4.1.2. VOR S

The wanted signal at the required level (§ 3.1 ) shall be modulated with a standard VOR test
signal as described in the Radio Technical Commission for Aeronautics (RTCA) Document DO-153A,
Minimum performance standards for VOR. The interference threshold should then be:

— a change of the bearing indication by 0.5° corresponding to 7.5 uA deflection current; or
— a change in the audio voltage level by 3 dB; or
— the appearance of the flag for more than 1 s.

4.1.3 CoM

The interference threshold criteria for airborne COM receivers are as
follows: co A

With a signal at the requu'ed level (see § 3.2 ) the interference criterion should be a reduction in the
audio signal plus noise-to-noise ratio, (S + N)/N, to 6 dB.

With no wanted signal present, the interference shall not cause more than 5 dB (equivalent RF)

u;lcrease in AGC voltage or an audio -interference plus noise-to-noise ratio, (I + N)/N, of greater
than 6 dB.

The criteria for ground receivers may differ from those stated for
airborne receivers. Further work is required to determine the criteria
for ground receivers. (See Section 10 of this Report).
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4.2  Unwanted (broadcast) signal characteristics

4.2.1 In many instances the worst case ILS/VOR interference problem is generated .by  utilizing actual .-
programme material as the modulation of the unwanted signals taking into a'ccount Region 1 and
Region 2 FM transmission characteristics, including supplementary channels where applicable.. - .

4,2.2 To facilitate consistency of test methods and regultn.‘;ggéijer iq-
should be performed using an unwanted signal which 1is modu-
with a set-up audio

munity measurements
ljated with colored noise in accordance with Rec. 559
injection level (quasi-peak) before 50us pre-enphasis corresponding to +32 kHz

deviation in accordance with Rec. 641. ' However, in.order to simulate ster-

eophonic transmission the noise modulation source is applied:to the left and

right channel with a 6 dB differencevin level between channels.: -

Administrations in their testing procedures may also use other
modulation conditions that represent the actual broadcast practices in their
countries.

Note 1. - Particular attention may need to be made on the bench to

reduce unintentional noise nodulation effects.

Note 2. - I1f using a single signal source to simulate third-order trans-

mitter intermodulation products. increased deviations may be required.’

Note 3. - Some previously reported receiver {mmunity data were obtained
under test conditions employing a different FM modulation proéeduf? than de=’
scribed above. In comparing or combining such data, testing one oOor more common
receivers using each procedure would first be required to deteraine {if a correc-

tien factor must be applied.

4.3 Protection requirements for VOR/ILS receivers

Considerable study of the immunity characteristics of ILS and VOR.
receivers to FM broadcast interference have been made and reported to Geneva
1984 Conference and to the CCIR. Some new results are given in Annex I to this

report, and further studies should continue on the specific aspects detailed in
section 10. '

The values which appear below have been used in -planning within
Region 1. They may however be subject to modification or qualification in the
future as new information becomes available.

4.3.1. Type Al Interference

4.3.1.1 A protection ratio of 17 dB was used , including a small safety margin in order to take account
of multiple interference entries resulting from different broadcast transmitters.
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4.3.1.2 Where the actual frequency of the spurious emission is known, Table I gives. the values of
protection ratio used for frequency differences up to 200 kHz from radionavigation transmitters. .
Type Al interference need not be considered for frequency differences greater than 200 kHz.

TABLE I
Frequency difference :
between spurious emission Protection ratio

and wanted signal ' © (dB)
(kHz)

0 17

50 10

100 ’ -4

150 -19

200 -38

4.3.2 Type A2 interference

The protection ratio values used are given in Table II.

TABLE 11
Frequency difference
between wanted signal Protection ratio
and broadcasting signal (dB)
(kHz)
150 —41
200 -50
250 —59
300 —68

A frequency difference less than 150 kHz cannot occur. For frequency differences greater than
300 kHz, this type of interference need not be considered. - '

Note - FM sound broadcasting stations may in some regions employ compression
techniques and/or provide services on subcarrier frequencies up to 99 kHz. Bench
tests have shown that combinations of these practices, especially when
associated with a deviation larger than *75 kHz, may result in 0 to 10 dB
increase in susceptibility of an ILS receiver operating at a frequency of

108.1 MHz to A2 type interference from a broadcasting station operating at a
frequency of 107.9 MHz. Special consideration should be afforded to these
conditions where these broadcasting operating practices exist. (See also Parts 3
and 6 of Annex I.)

11
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4.3.3 Type BI interference
Third-order intermodulation products of the form:
Sintermoa = 2 f; — f5 (two:signal case) or
Siermoa = i + S — f; (three-signal case)
with i > £ > £,
generated in the airborne ILS or VOR receivercould cause an unacceptable degradation of receiver

performance, if fo.mo coincides with, or is close to, the frequency of the wanted signal and the
inequalities given below are fulfilled taking account of §5.6.

Intermodulation of the second order is irrelevant and intermodulation of a higher order than three
has not been considered.

M, Ny and N in the inequalities below have the following meaniné:

Ny: level (dBm) of the broadcasting signal of frequency fi (MHz) at the input of the aeronautical
radionavigation receiver;

Np: level (dBm) of the broadcasting signal of frequency f; (MHz) at the input of the acronautical
radionavigation receiver;

Nj: level (dBm) of the broadcasting signal of frequency fi (MHz) at the input of the aeronautical
radionavigation receiver.

max {0.4; 108.1 — f} in the inequalities below has the following meaning: either 0.4 or 108.1 — f
whichever is greater.

4.3.3.1 Two-signal case

max {0.4; 108.1 — f,}
0.4

max {0.4; 108.1 — f,}
04

Z(N,-—ZOlog ) + N2—20|0g + 120> 0

4.3 . 3.2 Three-signal case
max {0.4; 108.1 — £} 4

N - 201
! 8 0.4
4; 108.1 —
+ Ny — 20 log Mex {04: 1 L1
0.4
+ Ny — 20 log 19 {0'4‘0':)8'1 =5l 4 126 > 0

4.3.3.3 Frequency offset conditions

Before applying the formulae given in §4.3.3.1 0r4.3.3.2 a correction is applied to each signal
level which is a function of the frequency difference between the wanted signal and the intermodulation
product; this correction is given in Table I1I.

Ni23 (corrected) = Nyo3 — correction term
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TABLE 111

Frequency difference o
between wanted signal ) Correction term

and intermodulation product : (dB)

(kHz)

0 0

+ 50 2

S 100 8

+ 150 16

+ 200 26

‘For frequency differences beyond + 200 kHz, type B1 interference need not be considered.

4.3.4 Type B2 interference

Table 1V contains maximum permitted levels of broadcasting signals at the input to the airborne
ILS or VOR receiver.

TABLE 1V
" Frequency of broadcasting signal Level
’ * (MHz) . (dBm)
1079 -20
106 -5
102 5
< 100 10

For intermediate values, the maximum permitted level was determined by linear interpolation.

5. COMPATIBILITY ASSESSMENTS

Practical assessments on the compatibility of broadcast and aeronautical
services may be made using the criteria in sections 3 and 4. It has not been
possible to identify a single method for the assessment of compatibility which
is applicable in all of the situations encountered in practice. A number of
administrations have developed particular assessment methods and procedures for
application within their own country (see Annex II). These

assessment methods are in many cases based on some or all of the assumptions
which are described below. Applicable values are quoted for important
parameters, however it is stressed that these are primarily quoted as guidance
since no overall agreement covering all aspects presently exists.
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5.1 Separation distance from a test point of an aeronautical radionavigation

station
Broadcasting stations which are:

- more than 500 km from a VOR test point

- more than 255 kam froa an ILS test point.

- beyond the radlio jine-of-sight from a VOR or ILS test point

are considercd as being unlikely to affect the service of that aeronautical

radionavigation station.
These keparacion distances are based upon a test point height of

- 2450 & for an ILS test poinc

- 12200 m for a VOR test point.

5.2 Separation distances from a broadcasting station

5.2.1 Table V gives separation distances between a broadcasting -station with

a given e.r.p. and frequency and a test point of an aeronautical radionavigation
station beyond which it is considered unlikely that the service of the aeronaut-
fcal station could be affected. The more critical requirements are those for Al and Bi: the higher of the
two separation distances is shown in each case.
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TABLE V — Distance (km) between a test point of a radionavigation station and a sound broadcasting station

15

beyond which the aeronautical service is unlikely to be affected

1 . ' i
{. Broadcasting station frequency (MHz) |
! 1 { { ] { [ {
Effective radiated | | { { { | |
‘|pover of Broadcastind< 100({ 102 | 104 | 105 | 106 | 107 1107.9:
station. = | t { ! ! | |
| { ! I { { | [
[ | {
dBW { P } ‘distanca (km) . E
o '
{ | ] 1 l t 1 | 1
55 | 300 | 125 | 210 { 400 | 500 | SO0 | 500 { s00 | °
| | ! | | | | ! |
50 | 100 { 75 | 120 | 230 | 340 |.S00 | 500 } S00 |
| | 1 t - | B | { I
45 l 30 | 401 65 ] 125 | 190 | 310 { 500 | 500 i
| 1 | | { | ! i i
40 : 10 ! 25| 40| 70| 105 | 180 | 380 ;| S00 |
| | | o | | 1 i
3s | 3 | 20| 20 { 40 | 60 | 95 | 210 | s0O |
| { | A { | H |
30 : 1 ; 20 : 20 : 25 = 35 : S35 [ 120 i 370 |
{ | l
25 { 0,300 1 20 { 20 : 20 20| 30| 65 | 2001}
| { { 1 | |
20 } 0.100 .| 20 : 20 ; 20 : 20 20§ 40 | 115 |
| { | | | |
< 15 1<0.030 ‘1 201 201 '20] 201 20| 20 ¢ 65}
- = | | { | t | 1 i
| 1 | 1 ! ! [ { !

5.2.2The Al distances assume the protection ratio for frequency coincidence, and that the level of the
broadcasting transmitter spurious emissions conform to the level given in § 5.5. The Bl distances
ensure that the signal level is below the cut-off value as given in § 5.7  with free- -space propagation,
but are subject to an upper limit of 500 km due to the pracucal con5|deratlons of the lme -of-sight limit, in
conformity with § 5.1 .

5.2.3 Where two or more assignments are used at a common site, the highest e. rp must be taken. -
5.2.4 Linear mterpolauon shall be used for e. r.p. (dBW) and frcquency values not appearing in Table V.

5.2.5 Preliminary analyses. based on these distances assume, in the case. of Al and. Bl types. of .
interference, that there is frequency coincidence between a spurious emission or intermodulation product
and the frequency of the radionavigation station. When the frequencies of the radnonavugauon station and
of all broadcasting transmitters that may be involved are known, detailed calculations can be made for all
types of interference using the data for protection of the aeronautical radionavigation service given in
§4.3 and 3.1.However, in the case of Al type interference it will be necessary to check that the

transmitter does not generate significant spurious components apart from third-order intermodulation
products.

5..2'.6 Any case-by-case study may take into account other relevant factors such as details of the
propagation path between the broadcasting station  and the aeronautical test point, and the radiation
pattern of the broadcasting antenna in both the vertical and horizontal planes.
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5.3 Compatibllity-asuesumenf»calculations

In determining compatibility in accordance with the criteria speci{ified
in 4.3. the following factors should be considered for each test point within
the service voluné; Ssufficient test points should be used to ensure compatibili-
ty within the operational’service:volume as modified by any physical conatraints.

- the field strenéths‘of the desired sighal as given in 3.1 and 3.2

- the field strength of every FM broadcasting station in.the band 87.5 - 108 MHz
inside the relevant distance from an aeronautical station test point (see
Table V) and within line of sight based on smooth earth. The field strength
should be determined considering:

- effective radiated‘power and polarization of the transmission

- horizontal and vertical radiation characteristics of the transmitting
antenna using the most accurate information available

-~ height of the transmitting antenna center of radiation

-~ the 50 % time propagation curves of Rec. 528. Up to the radio hori-
zon. a free-space calculation may be considered as an acceptably cloze

approiimation.

Note: Practical examples of calculation methods are shown {n Annex II1.

5.4 Polarization

No account  is taken of polarization differences between the broadcasting and the aeronauticél
radionavigation signals except in special cases (e.g. circular polarization of the broadcasting signal).

The interfering signals are assumed to have the same polarization (vertical or horizontaly as the
navigation system. I, instead, the broadcasting station has a different polarization, there is in theory some
reduction of received interfering signal levels, but it was agreed in this case, not to make any allowance.

When power -in another plane of polarization needs to be added at the
transbicting antenna., a 1 dB allowance should be added to the higher ‘plane Power
when the total power is increased by 50% or more. However, no allowance needs

to be.taken for true. circular polarization.
5.5 Spurious Emission Levels (Analysis of Type Al Interference) °

A detailed consideration of the mechanisms of generation of spurious
emissions, particularly thosé’in the form of intermodulation prééuq:s.‘ié cdn-‘
tained in Report 1198. 1In that Report, attenuation of spurious emission levels
are indicacted which are substaﬁtially more ntriné?nt than those contained in
Appendix B8 of the Radio Regulations, except in the case of very low

transmitter powers.




“Rep. 929.2 17

The attenuation of spurious emission levelsindicated in Report 1198 are:

-~ for transmitter power# b.ZS.U; 40 dB - o
7.9 xwj 85 dB : : I

L
2
- between the above limits. the spurious emission at the transmitter output is

~ for transmitter powvers
assumed to be 25 nw.

To calculate interfering field stréngths from these values it is ne-
cessary to know the gain of the transmi:ciné antennas. - Antenna gains relative
to a dipole are 11kely to vary from 0-10 dB according to transmitter power with

high gains associated with high povers.

In the Geneva Agreement, 1984, an antenna galin of,lQ.dﬁ was assumed for

all transmitter powers.
Note:

1) In the case of several transmitters con:ributing to one spﬁriéus component
{category (a) in 4.3.1.2) the nmost powerful transmitter i{s. taken as the refgr-

ence. ’

2) Attenuation of spurious emission levels of better than 85 d3 are known to have

been achieved fnpractice in seeking solutions to specitic cases of difficulty.

5.6 Receiver Input Voltage

The field st;éngth, E, should be converted to signal power, N, at the receiver input
according to the following formula:

E(dB(uV/m)) = N(dBm) + 118 + L, + L(f)

where:
L: system fixed loss of 3.5 dB:

L(f): system frequency-dependent loss at frequency, f; of 1 dB per ‘MHz from 108- 100 MHz and then
0.5dB per MHz below 100 MHz.

Measurements on installed anterma systems are contained in .Part 8 of
Annex I. '

Note.— See Section 3.3.1 of Annex I.

S.7 " Trigger a2nd cut-o:ff Qalucs (Analysis of Type B1 Inter:crenée)

517.1 Trigger value is the minimum value of an FH broadcastzng signal which,
when applied to the input of an aeronaucical VHF (ILS. VOR or COM) recelver,

is capable of initiating the generation o6f a third order intermodulation product
(1P) of sufficient power to represent potential f{nterference. Thus every third
order IE generated in the aeronautical receiver nmust have at least one component
with a power level that {s not less than the triéger‘value if that IP is a poten-
tial source of interference. The trigger value suitable for use when assessing
compatibility between FM broadcasting and the ILS And.voﬁ can be derived from

the following foraula (see Part 9 of Annex I). ‘
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N = =42 + 20 10g ===
O.f
where: f = broadcagting frequency. Iin MHz
N = criggg; value. {n dné
5.7.2 The sum of the Signal levels in dBm (2Nj + Ny or N; + N, + N3 in paragrap_h ,‘.3.3 .

above. where N 1svché povwer level of cheib}oadcéscing signal‘at the 1npﬁg to
the aeronautical receiver) just forming a Bl IP is a constant. Thus as N; increases o
in pouer‘the nhecessary power fqr N2 or N3 decreafes. Vhen N; feachcs the appro-
riate B2 power level (para 4.3.4) the interference mode changes from Bl to B2
type. The value of N, and/or N4 associated with that level of Nl is termed the

cut-off value.

An analysis of the possible limiting cases (Part 9 of Annex I) gives a
minimum cut-off value of 44 dB below the trigger value. However, pfacflcal
consiae}ations indicate that a value of 24 dB below the trigger value would be

appropriate giving

where N = cut-off value, in dBnm

&. Airborne equipment

6.1 Current international standardization principles

Airborne equipment is subject to a very high degree of national and international standardization.
However this has always been directed towards those aspects which ensure:

— an adequate performance under ICAO-specified conditions of wanted signal-in-space;
— interchangeability of equipment from different manufacturers;

~ safety when carried onboard aircraft (e.g. fire risk, etc.); and

— specified minimum performance over a specified range of temperature, pressure, etc.

As far as electromagnetic compatibility is concerned the international standardization has also had
to ensure that adequate adjacent channel rejection characteristics are specified — and in turn this becomes
a key factor in the extensive national and international coordination of frequency assignment activity
within the aviation community. In addition very stringent conditions are laid down to ensure that airborne
equipment does not adversely affect, and is not adversely affected by, other airborne equipment installed

in close proximity on the aircraft.

The scope of the standardization of airborne equipment has, however, necessarily had to take
cognizance of the.vital fact that the airborne system is not capable of standardization on those aspects
which are affected by differences between airframe types. The antenna und feeder characteristics are the
main areas of difficulty here, because the airframe exerts considerable influence over the antenna and
feeder characteristics and very wide variations exist. In consequence, ICAQ specifies ———nw"
“signal-in-space™ characteristics o ensure minimum acceptable performinces. Airborne equipment
design has sought 10 ensure that the “black boxes™ will be adequate to process these wanted signals under .
adverse antenna/feeder circumstances. ’
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6.2 Current equipment and expected improvements

Tests so far carried out on airborne receivers, including those described in Annex I of this Report, have
shown “wide variations in those characteristics and susceptibilities relevant to the rejection of -very
high-level unwanted signals. ICAO has addressed the problem of high-powered adjacent band FM
broadcast interference and has produced new interference immunity standards for airborne receivers in.
ICAO Annex 10 applicable as of 1998. o

Laboratory tests have been performed that characterize the response.of a:
selected sample of aircraft receivers for which an experimental band pass filter.
has been added to the antenna input (see Part 5 of Annex I). The use of external
filters has not been considered feasible as a general solution for technical and

19

airworthiness reasons, nor acceptable as a factor to modify theoretical criteria

used to establish electromagnetic compatibility. However, unique singular cases’
may occur which are suitable for employing an external filter. Within this -
context the installation and use of an external filter is subject to the

appropriate rules, regulations and procedures exercised by the concerned
aviation authorities. k

However, at least one administration will be conducting a series of control
tests to fully evaluate the use of add-on filters. ' ' '

It is, however, very important to note that there are practical limits to the lthnical fmprovements
that can be realized in both the short- and long-terms, and therefore airborne equipment 1mproveme.nts
cannot reasonably be expected to resolve all compatibility problems with the FM br?adcasu.ng service.
Accordingly, close coordination between aeronautical and broadcasting authorities will continue to be
required in the long term.

7. Summary of study

The study of potential interference between the FM broadcasting service and the aeronautical radionaviga-
tion services in the band 108-118 MHz, has reccived considerable attention in a number of administrations as
reported above. These studies take on a special importance in regions where the band up to 108 MHz has recently
become available to FM broadcasting and where, therefore, broadcast implementation is imminent.

It is evident that no simple technical solutions to the compatibil_ity problem are immediately available.
The interference potential from FM broadcasting stations (singly or otherwise) to ILS, VOR and/or

VHF COM will depend on many factors. Apart from airborne equipment performance itself, the most important
factors as shown in Annex I  will involve combinations of:

— broadcasting transmitter power (e.r.p.) and antenna characteristics (height, directivity, etc.);
— separation distances; '

— frequency separation;
— frequency relationships;
— geographical and topographical aspects.

In this Report, § 2 explains how all the interference mechanisms can be divided into two main categories,
type A and type B. . o

Some examples of each type of interference to VHF-ILS/VOR and COM receivers are shown in detail in the
annexes and some conclusions arrived at in terms of theoretical geographical areas where interference is likely to

appear, taking into account the different combinations and values of the above parameters.

Taking this framework into account, it will be possible for the administrations to consider throughout the
process of planning, case by case, all the potential conflicts e.g. along the guidelines presented in’ this Report.

It will be necessary for. the relevant broadcasting and civil aviation authorities to consider, in close
cooperation, possible solutions to eliminate any potential interference problems between the two services.
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8. Conclusions
8.1  The problem is complex and not capable of complete quantification by adoption of a single set of Protection,

criteria. The complication is introduced mainly by the wide variability of aircraft equipment characteristics which
need to be accommodated. . . S

8.2 The interference potential from type A and type B mechanisms both need to be addressed in practice, LS -
and VOR in the sub-band 108-118 MHz are more critically affected by interference.
8.3 The volume of :

airspace to be protected in ILS cases is relatively small, but in the VOR and VHF
COM cases it may be very large. : i

8.4 New interference immunity criteria for ai
eutabllshgd by Icao. ‘These.improvements,

w11l not molve the pfoblems completely.

problems. Suppression levels of better than 85 dB
are known to have been achieved in practice in seeking solutions to specific cases of dif] iculty (see also
§ 5.5). i

8.6 This report si:rongly indicates that the coordination of frequency

assignments, siting and suppression will be needed to supplement any general
criteria in order to reduce the interference potential.

frequency separation. '

8.8
on their freedom to deploy their respective facilities.

Both the aeronautical and broadcasting services need to cooperate closel

y in order to minimise restrictions

the use of high power at the brundca::ing

Selection of

For example, avoiding

channelgs closest to 108 MHz wil} Illi;t

e

in achgeving Compatibility. frequencies for New aeronautica] fa-

existing FM facilitien or fho
continued compatibility,

cilitiésAghould be made after analysis of

v 8¢ coore
dinated between Administ:ations

to ensure

9. General recommendations

9.1 . . Close and continuing -assignment coordination between aeronautical and broadcasting authorities appears
to be the only practical way to reduce the probability of < interference to the aeronautical services to
generally acceptable levels,

9.2 Further study is required in order to de&elcp/retine
ference criteria for the assessment of airborne ILS,.
Compatibility with broadcas:ing signalsa.

standard {nter-
VOR. and VHF coM Systen

10.  Future tests and investigations v
10.1 Compatibility l;étween the aeronautical radionavigation service and the sound broadcasting stations in the
bands concerned should be studied and in particular:

lO.J.l'protectibn' ratio values for future airborne receivers agi{inst Al type of interference
from sound’ broadcasting stations in cases where the frequency of the spurious emissions does not coincide
Wwith the aeronautical frequency;
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10.1.2 protection ratio values for future acronautical receivers against A2 type of interference
from sound broadcasting stations including measurements of FM  broadcast spectra;

Receiver manufacturers should be ‘consulted in regard to meeting a
protection ratio goal for type A2 interference of -60 to -70 dB for 150 kHz
frequency difference, -70 to -76 dB for 200 kHz difference, in future receivers.

10.1.3 criteria for predlcuon of third-order intermodulation (referred to as Bl type of interference)
generated in airborne receivers by three unwanted signals, for receivers meeting the ICAO standard for -
two-signal intermodulation for future receivers;

10.1.4 the cffect of sinusoidal modulation of the sound broadcasting transmitters during test and line-up
and any precautions or procedures to be adopted at broadcaslmg st.ltlons in ordcr to m.unlam lhc d;,ru.d
protection of the deronautical mdlonaVlgallon service; - ' S

10.2 Compatibility between the aeronautical mobile (R) service (including

digital communications) in the 118-137 MHz
Eervice.

10.3 - compatibility. criteria that can be used to predict potential interference in. an assignment decision context
including the dclcrmmduon cof the correlation of bench tests with in-service operational pcrformdnce of
aeronautical receivers;

band and the FM sound broadcasting

10.3.1 cumulative effect of multiple FM broadcast signals:

10.3.2 the applicability of cut-off values in the assessment process;
10.3. 3 FM broadcast antenna pattern characterization;

10.3.4 stdtlsucal analysis of data: ' S

10.3.5 descnpnon of, and experience wuh desessmcnl techmqucs in correlation with ﬂu,ht test and operational
experience; . :

--10.3.6 effect of FM broadcast signals on auto-pilot system performance;

10.3.7 effect on assessment cn(erla of special techniques used in FM broadcamnb (cg subs:dmry commumc.mon
carriers, increases in deviation) (see Part &4 of Annex I). :

10.4 Effect of broadcasting signals on the performance of aeronautical ground
eqUmeEnt (ILS/VOR monltors and VHF COM),

10.5 Effect of FM broadcast1ng on ILS receivers when there is no’ de51red

signal present at. the receiver (see §§ 3.6.7 and 4.1.1 and Tables XI and XII of
Annex I);

10.6 . Effect of aeronautlcal s1gnal interaction with broadcastlng transmission:

(e.g. an IM product caused by a broadcastlng and an aeronautical nav1gat10n
51gna1), :

10.7 Characterlzatlon of ILS and VOR: 51gnal levels in their service areas,
including appropriate margins: (e.g. to account for signal variability);

10.8 Aircraft antenna systems with a view to improving FM signal rejection
characteristics;

10.9  Applicability of the aircraft iLS/VOR antenna system 'chafaét'eristic, as
defined in Geneva Agreement, 1984;

10.10 Applicability of type Bl and B2 existing immunity formulas of the G_eﬁe_vé
Agreement, 1984, for ILS/VOR receivers.
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ANNEX I

RECEIVER TEST RESULTS

1.1 lnlroduplion

1.1.1 The tests were conducted in the summer of 1984 on the following ILS localizer/VOR receivers:
— Becker NR2030

— Collins 5IRV 1A

— King KX-175B

— Narco NAV 121

The tests were conducted in a Faraday cage. The desired signal levels were —86 dBm for localizer
and —79 dBm for VOR. The undesired signals were generated by actual broadcast transmitters using
modulation as per Recommendation 559. ‘

1.2 Distinction between types A2 and B2 interference effects

1.2.1 The method consists in measuring the protection ratios when the broadcast signal is first modulated
by noise coloured in accordance with CCIR standards and then unmodulated. The interference from the
CW signal must be of the B2 type since it has no side bands. If the protection ratios are the same, then
any side-band energy received in the passband of the receiver is not the determining factor.

Note. — The measurements were made under the following conditions: if Afis the difference between the
radionavigation frequency (ILS/VOR) and the broadcasting frequency, the measurement for Af =
and Af = 50 kHz (reference values) could only be made with a broadcasting frequency of 108.0 MHz in
VOR and 108.1 MHz in ILS.

1.2.2 If the broadcasting frequency is then kept at 107.9 or -108.0 MHz,and the frequency of the
radionavigation signal is shifted within its band by A/, the radionavigation receivers will always have the
same desensitization characteristic since the latter depends only on the broadcasting frequency.

Note. — For Af = 0, in the case of the unmodulated signal, the value given is an indicative one.

1.2.3 The first set of measurements (see Table VI ) was made with an output filter of a stereophonic FM
transmitter (3 cavities). Its bandwidth was 530 kHz at —3 dB and 800 kHz at — 10 dB. The filter served to
attenuate the transmitter’s residual noise (already low to start with) outside its wanted band, thus making it
possible to measure very low protection ratio values (below —80 dB). The filter did not in any way affect
the quality of the wanted signal from the broadcasting transmitter. The other measurements were made
without the filter; the results are given in Table VII . It can be-seen that for values of Af of. about 200
to 300 kHz, the filter makes very little difference to the results when the signal is modulated.

1.3 Applicability of cut-off values to assessment criteria

1.3.1 Demonstration of the non-existence of a cut-off level

1.3.1.1 The tests made on a sample of radionavigation receivers show that the

concept of the cut-off phenomenon does not exist_in reality. In fact, the figures here below show what
really happens. S ' : ‘ R
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TABLE VI — Broadcasting transmitter equipped with a band-pass Sfilter

Receiver A ;- ' ‘Receiver B Receiver C
Af ILS VOR ILS VOR VOR
M N M N M N M N M N
0 11.5 13.0 10.5 26.0 10.0 11.0 10.0 26.0

50 —14.0 —61.0 —12.5 —-49.0 -12.0 —-60.0 -17.0 —-63.0 - 10 —49.0
100 —48.0 —74.0 -50.0 —-74.0 —41.5 —-69.0 —47.0 —-72.0 —-44.0 —-54.0
150 —-76.0 -77.0 —-75.0 —-70.0 -70.0 -71.0 -76.0 —76.0 ~53.0 -53.0
200 ~79.5 —80.0 -79.0 —74.0 -72.0 -72.0 —-78.0 -79.0 -52.5 -52.5
300 —-80.5 —83.0 -76.0 —-74.5 —-745 -75.0 -92.0 —90.0

400 —85.0 —86.0 -87.0 —88.0 —76.0 -76.0 -91.0 ) -93.0

500 - -79.0 —-86.0 —-74.0 -75.0 —-76.5 -76.5 -92.0 =925

800 —86.0 —-86.0 —-86.0 —88.0 -77.0 =770 | -91.0 —-91.0 )
1000 | -86.0 —86.0 _ —740 =710 T

M: broadcasting signal modulated by coloured noise.

N: broadcasting signal not modulated.

TABLE VII. — Broadcasting transmitter without band-pass filter
Receiver A Receiver B
Af ILS VOR VOR
M N M N M N

0 8.0 10.0 .10.0 10.0 3.0 8.0
50 -11.0 —-225 -120 =240 - —-15.5 —-320
100 —46.0 - -~57.0.. —47.0 .—575 —49.0 —68.5
150 -72.5 -173.0 -72.0 -~73.0 —-70.0 -70.0
200 -76.0 —-76.5 =760 | --750 -78.0 -77.0
300 —178.0 —-717.5 -71.0 ~75.5 —81.5 —82.0
400 -80.5 -80.0 —81.5 —82.0 —86.5 —86.5
500 -79.0 —83.0 —74.5 -175.0 - =920 —-93.0
800 -79.0 —85.0 —82.0 —84.0 —-90.0 -92.0
1000 -81.0 —-85.5 -79.0 —79.0 —89.0 -90.0

M: broadcasting signal modulated by coloured noise.

N: broadcasting signal not modulated.
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lincar law in Ny, N, N of the form

1.3.1.2 The intermodulation criterion is a ]
= constant, the relation between N, and N> can be

Ny + N» + Ny + K = 0. If we take the position Ny =
plotted (see Figure 2): ,

N2

B\

Ny

N1+~2+N]4‘K=0 Y

N,: constant

N\

| ' - FIGURE 2

1.3.1.3 The existence of a cut-off threshold on N, is expressed by the fact that for N; < N, cut-off,

there is no longer any intermodulation. The same is true for N, < N cut-off.
1.3.1.4 If such.a cut-off value really existed, the above theoretical curve would in practice be distorted

(see Figure 3):--

N2
N, cut-oft
Ny
Disappearance of Ny+Nz +N3+K=0
intermodulation
N, : constant
) N, ‘cut-off
.FIGURE 3

1.3.1.5 The tests made on radionavigation reczivers hévé made it possible to draw Figs. 7 to 12.

1.3.1.6 The distortion described above is never found in these curves. We may however note that they

have the shape shown in Figure 4:

N, =N desensitization —] N,
. N §
RN o N1
S ! .
..... -

+Kz=0 N; =N desensitization

Desensitization

N, : constant

FIGURE 4

1.3.1.7 This is explained by the occurrence of a desensitization phenomenon, which, beyond a certain
threshold, conceals the intermodulation phenomenon.
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L2322 Conditions at. the limits when type B2 imterference outweighs (vpe B interference
132200 dssumptions
A disturbance by three broadeasting stations is expressed by: i

- the combination of frequencies: + .
B S AR [ J—
- the equation’ for the levels: ‘ e
N(:){) ~G:”N(V_/.'-) F NS/ /\'(_/i../}.‘./Q.,/,'..-u.) = )
We denote v(f) by the expression:

mayx {108.1 - f: 0.4]

20 log
o8 0.4

in which max {a: b} represents the greater of two values a and b,
Thus for /> 107.7 MHz, x(f) = O.

We can also write: .

K = 126 — x(f) - x(h) = x(h)

1.3.2.2 Theoretical attempt 1o find the transition point hetween the twa types of interference

We shall attempt to find the minimum level Ni(/) corresponding to the transition from type BI
interference to type B2. ' .

For a signal of frequency f;, this value is obtained by a simultancous "desensitization caused by
signals fy and f;, or: ' '

NR) + Ny(s) + Na(f) + 126 = x(fi) = x(fs) = x(fi) = O M

The desensitization level at: frequency f is denoted by Ng(f) (see § 4.2.2
of JTWP 8-10/1 report May 1984).

Permutating the signals, we also get:
M) + NuR) + Na(hi) + 126 = x(f) = x(f) = x(f) = 0 )
Ni(h) + Na(ft) + Na(f2) + 126 — X(ﬁ) = x(f) - x(f) =0 . (3)
_. 'f‘ It is logical to make the assumption that Ni(f) has the form: - e .
Ni(S) = xo + x(f) o )
where xy is a constant to be determined. Measurements have always yielded frcqucmf:y' dcpcﬁdcnccs of l‘he

form x(f).
If we introduce equation (4) into equations (1), (2) and (3), we get:

Yo+ x(f) = =126 + x(f) + x(f) + x(R) = Nah) — NaCh)
Xo+ x(h) = =126 + x(fi) + x(f) + x(fi) — NaCh) = Na(fy)
Xo + X(h) = =126 + x(f}) + x(f) + x(h) — Na(fi) = Nu(fs)
Resolving this equation, we get: | |
Yo+ 126 = Ax(A) = Nafl = 2x(5) = Nalfl = Ax(A) = Nu(f)

We cun thus write for any frequency, f; involved in an intermodulation product:

Na(f) = —1/72xy + 126) + x(/)

25
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N4(f) is thus defined in two ways:

— firstly, by three straight "1ines (see Fig. 2 § 4.2.2 of the Joint ‘Interim Working "Party 8-10/1’
Report May 1984).

It should be noted that such a law is obviously the linear approximation of a law without =~
discontinuity; ' CL o .

H ¢

— secondly, by the function x(/f), which, allowing for a vertical shift, is represented by the constant:

1/2(xq + 126)

Comparing these two laws graphically (see Fig.5), we find that the three 'sections of curve
constitute a good approximation of the law x(f) for 1/2(xe + 126) = 20. This gives xo = —86.

20

15

10

N
\\

Level (dBm)
(—]

1\
- — \

90 95 100 105 110
Frequency (MHz)

FIGURE 5

1.3.3 Conclusion

Although the hypothesis of cut-off thresholds was disproved by the experimental measurements, it
was shown that it was pointless in practice to deal with type Bl interference appearing below a certain
threshold. The effects of such interference are then completely obscured, because the preponderant
disturbance is type B2. On the basis of the above calculations the following formulae should be used,
defining the limiting values:

—  Current ILS and VOR receivers:

N(f) > —86 + 20 log B%{;——f dBm  for f< 1017
N() = —86 dBm  forf> 107.7

—  Future ILS and VOR rcceivers:

108.1 — f

N(f) = —58 + 20 lo
N Y

dBm for £ < 107.7

N() = —58 dBm  for f> 107.7

These values are plotted on the curves of Fig. 6-
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-9088 90 92 94 86 98 100 102 -104 106 108 110
Frequency (MHz)
FIGURE 6

Curves A: future receivers
.B: current receivers

1.4‘ French test data on 3-signal type B1 interference.

Interpretation of the curves

The laws sought are of the form:

N+ M+ N+K=0

where N;, Ny, Nj are the respective levels in dBm of the three broadcasting transmitters at frequencies f;, /2, f3-

To make them easier to use, the curves have been plotted , Figures 7 to 12, for three values of Ni;
each of these curves in (N;, N,) must have a slope of —1: : : -

N+ M+M+K)y=0

The modification in the slope is brought about by the desensitization of the receiver.’

On each of the curves, levels (N;, Ny, N;) are found which are lower than the cut-off level proposed in
Annex IX of Joint Interim Working Party 8-10/1report,May 1984and for which type Bl interference was measured.
Some of these points are marked by squares.

The cut-off levels are represented by broken lines. They depend on the frequency and. the type of receiver
used: ILS or VOR.

Under each of the curves is givén the equation of the intermodulation law in its conventional form, when
the slope is —1.
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On the curves of Fig. 7 | the desensitization of the receiver can be seen:

when N, = =20 dBM for L= 1079 Mz, the same disturbanee is l'urmvld.wilh‘»N, = =50, -0 or
—70 dBm; ' : ’ . o
similarly, when Ny = -8 dBm for f; = 107.5 MHz, the same disturbanceis found with Ny = —4p, - S0,

—60 or —70 dBm.

N2 -54 N2 .
0 T og)\( “\ 34
i%%.l Y4
-10 + \ -10 A \'
-20 ' -20 3 LM%,
l \ )
4 )
~30 ' -30 ) O l.">
l £ 'b;_ 'K— ——{-33
o )
) ! z 2
40 l 40 s
]
=50 i =t == == ~50.5 -50 31 Y
-60 -60 e
=70 =70 -
<10 <60 -50 -40 -30 -20 = -10 0 Ny -0 60 -50 -40 <30 <20 i o N
(dBm) (dBm)
FIGURE 7 - Type Bl interference test FIGURE 8. .- Type B interference tesy
' F.(‘]l'n;t’it:)ﬁ>c4)btnin‘>c('i:‘NI HV, +N,+87=0 . " Lquation.obtained: Ny, + N, +N; +60.=
Receiver type:: | receiver A ) )
Signal type: ILS localizer v R'Cc"l"‘ff't}fnc--. H:FCITI(:!' A
‘Receiver frequency: 108.5 MHz ngna.l type:: 'Ls-loéalfzur
Wanted signal: -86 dBm (50 ) Recciver frequenoy: 108.1 Mitz
Wanted signal: -86 dBm (50 )
f, =107.9 MHz
f, =107.5 MHz : v £, =104.1 MHz
[y = 106.9 MHz ' f; =103.7 MHz

/5 =099.7 MHz
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‘ FIGURE. 9 — Type BI interference test . FIGURE 10f‘ Type BI interference test
Equétion obtained: N, +N, + N, +112 -=0 qu{at\ion °b‘.ai"“’d: N +N, +N, +126=0
Receiver type: A receiver C Receiver type: receiver B ‘
Signal type: © ILS localizer Slgnn.l type: ILS localizer
Receiver frequency: 108.5 MHz Receiver frequency: 108.1 MH? '
Wanted signal: —86 dBm (50 ©) Wanted signal: © ~ -86 dBm (50 2)
f; =107.9 MHz f; =107.9 MHz
£, =107.5 MHz f, =107.4 MHz
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FIGURE 11 - Type Bl interference test

Equation obtained: N, +N, +N, +108 =0

Receiver type: receiver B

Signal type: VOR

Receiver frequency: 108.2 MHz
Wanted signal: -79 dBm (50 §2)

f, =107.9 MHz
f, =107.4 MHz
f, = 107.1 MHz

(dBm)
FIGURELZ2 — Type BI interference test
Equation obtained: Ny, +N, +N; +90=0
Receiver type: receiver C
Signal type: VOR
Receiver frequency: 1084 MHz
Wanted signal: .- -79dBm (S0 Q)

f, = 107.9 MHz
£, = 107.5 MHz
f, =107 MHz
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Part 2 of Annex I

2.

Finland

2.1 Introduction

2.1.1 Studies and laboratory tests on type Bl interference in 1LS-localizer receivers have beén pert‘orméd
in Finland. The construction of about 40 receivers was studied and three of those were actually measured.
The receivers measured were Collins 5S1RV 2, Collins 51RV 4B and King KX-175B. '

-~ The interference criterion chosen was * 7.5 pA change in course guidance current of 90 HA.
Combinations of unwanted signals (f; and f;) were selected to produce an intermodulation product of
third order both in the lower end and the upper end of the ILS band. Wanted signal levels were
—86 dBm, —76 dBm and —66 dBm.

2.1.2 Studies showed that all 40 receivers had front-ends tunable according to the selected ILS frequency.

Signal f,
generator
Unmodulated
Filter : ILS Indicatar
—_— > _\/— }—o ——— ‘———- receiver 1 current
meter
Signal ' f2
generator Interfering .
signal Signal
generator
1 ] ILS-Modulated |
Noise ‘
generator

FIGURE 13- Intermodulation measurement test set-up (interference type Bl)

Interfering signal at f, has noise modulaﬁon with weighting according to Recommendation 559 and 32 kHz r.m.s. deviation,
Filter at wanted signal frequency (f,).

Wanted signal level ~86 dBm, ~76 dBm or —66 dBm.
Indicator criterion 7.5 pA change from 90 pA.

2.2 Test results

2.2.1 In the frequency range below 107.7 MHz the measurement results seemed to follow the formula

2N;+N2+3(A—Blog-OA—{) =0

where:

Af = fi= /i (MHz)

Ja: ILS channel tuned frequcncy (MHz),
JSiand f; :broadcasting frequencies (f; > f3),
N : signal-level at f; (dBm),

Ny : signal level at f; (dBm).

£, = 2f1- £y
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TABLEVIII- Interference threshold, interference type Bl

A. Broadcasting frequencies in the range 107.7-108 MHz

Receiver Condition for interference
No. 1 . 2N|+N;+ 81)0
No. 2 2N+ N+ 96=0
No. 3 o AN+ N+ 12920

B. Broadcasting frequencies in the range below 107.7 MHz

Receiver Condition for interference
A

No. 1 2N|+Nz+327—lOlog6—4- >0
. A

No. 2 2N,+Nz+3(32— SIoga—f) >0
' N A

No.3 ‘ 2N|+_N2+3(4.>—20|ogo—£) =0

Note I. — Frequencics sclected (MHz) (Table IX)
and the linear models given in this Table were fitted to the results.

Note 2. — Interfering signal with Recommendation 559 weighting (coloured noise,
32 kHz r.m.s. deviation) )
— Wanted LS signal level —86 dBm - .
~ Criterion for interference is a + 7.5 pA change in the set course guidance current

90 pA.
TABLE IX
h 107.9 107.1 103.1 107.9
5 107.7 106.1 98.1 103.9
Ja ) 108.1 108.1 108.1 111.9

i.Z.:Zd Coefficient A vz.iricd from 27 to 43 and coefficient B from 5 to 20. As the coefTicients depend
onsiderably on the receiver selected more different receiver designs should be measured.

2. . . .
2.3 The measurements showed also that with higher levels of the wanted signal (410 dB, 420 dB) the

intermodulation immunity to unw. i i i Ce
anted signals improves with some of these recei most i i
. N ecel
the increase in the wanted signal level. vers, almost in relation to
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2.2.4 For the case with three interfering signals

the interference threshold formula should have the
following general form: C R T

M +'N2+N3+3A+6dB—C]og%—><(—()A£;3—>(—-%

where:
Afi = fo — filMHz) and

C: determined by the slope of the filter before the component where intermodulation arises (C # B).
For a single tuned circuit C = 20.

2.2.5 The additional +6 dB term comes from the theoretical difference between type 2N, + N, and
type Ny + N, + N terms. ’ -

3 of Annex I
Canada and the United States of America

3.1 A measurement programme on interference to avionics receivers from signals from FM broadcast
services was undertaken by the United States Federal Aviation Administration and Transport Canada. The
tests were conducted both at ARINC laboratories in Annapolis, Maryland, United States of America and
at Transport Canada laboratories in Ottawa, Canada. This part of Annex I presents results of these tests.

3,2 sub-equent flight tests conducted in canada indicated that there was

good correlation between Type Bl receiver bench test data and flight teast resulcs

({.e. the measured FNM signal levels

that caused interference in receivers during
the

£1ight tests were approxizately the saae levsls that caused interfsasrence

in
the bench tests, at corresponding locallzer signal level).

3.3 Common reference point for airborne equipment measurements and future specifications

3.3.1 Voltage is referenced to the receiver input calculated on the basis of the generator output across
50 Q (see Fig.14). It is stressed that this does not affect the final results in terms of permissible field
strengths at the receiver antenna but is solely a highly desirable means of reducing confusion in the future.
Figure 14also shows an example of the resulting RF generator level setting procedures.
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‘Unwanted signal No. 2 -

50 2 source

Wanted signal B Combining R L
50 Qsource network O _ Aviation equipment
o : . - . .

Voltmeter with
50 2 RF load

Uq\\'antf;d signal No, |
: 50 Q' source

- Reference point

FIGURE 14 - Definition of standard reference point for specification
and measurement of airborne receiver immunity

#* Substitute voltmeter with 50 Q load for aviation equipment to set RF levels.

Results of a joint Canadian/United States test programme
Description of tests

3.4.2 Type A2 interference

3.4.2.1Tests were conducted to determine the extent of interference caused by sideband encrgy from FM
broadcast signals on ILS localizer and, to a lesser extent, VOR receiver performance.

3.4.2.2Earlicr results of a limited test effort were submitted to the JIWP 8-10/1, May 1984 ,They became the
basis for type Al/A2 interference criteria in the JIWP 8-10/1 report, were subsequently accepted by the

Geneva Agreement 1984
and used as a basis for the Al/A2 protection criteria in Appendix 1 paragraphs 11l and 1V of its Final

A-Cls. T?IC results reported herein extend that data base to fifteen receivers (nine general aviation and six
air-carrier types). ' ' ‘
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3.4.2.3Each ILS localizer receiver was subjected to four different FM modulations used to simulate FM
broadcast signals; CCIR coloured noise, pink noise, pre-recorded voice, and rock music. While a
minimum desired signal level was used for most of the tests, several higher desired signal levels were used
for some tests to determine if the receivers were operating in their linear range. Cross-pointer and flag data
were recorded for both on-centre line and off-centre line simulated aircraft approaches. AGC data was

recorded for mechanism analysis.

3.4.3 Type B2 interference

3.4.3.1ILS localizer receiver overload thresholds caused by FM broadcast signals were examined.

3.4.3.2Pure cafricr (CW) signals were employed for the interferer to determine type B2 desensitization
thresholds. ’

3.4.4 Type Bl interference

* 3.4.4.1Recciver intermodulation interference tests were conducted on thirteen 1LS localizer receivers; both

airline quality and general aviation type.

3.4.4.2The tests first examined the sensitivity of the receivers to different types of modulation used to
simulate FM broadcast signals. Tests were run with and without a desired signal present.

3.4.4.3A comprehensive sct of equi-signal level data was taken for both 2- and 3-signal, third-order
receiver intermodulation products on localizer frequencies 108.1, 109.1 and 110.1 MHz. The results were

compared against those calculated from existing and future immunity formulae presented in the Geneva
Agreement, 1984 All three forums, 1ICAQ, JIWP and Geneva Aqreement, 1984, adopted the same future
immunity formulae. These formulae are contained in Annex ITI..

3.4.4.45everal receivers were tested to examine the effect of various desired localizer signal levels on the
interference threshold, and the effect of unequal interfering signal levels.

Type A2/B2 tests

3.5.1 [ntroduction

3.5.2 A total of 20 receivers were tested for type A2/B2 interference effects at ARIN

Annapolis, Maryland, United States of America, during August-September, 1984 (see Table
receivers tested).

C laboratories,
X for a list of

TABLE X

Unit under test (UUTSs)

King KX-175B
KNS-80
KN-53
KNS-81
KNR-615

Collins VIR 351 TSO
SIRV |
SIRV 1A
S1IRV 2B
ILS 70

Cessna ARC RT 385A

Narco NAV 121
NAYV 825

Bendix RNA 26C
RNA 34A
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Test procedures

3.6.1 Figure 15 is the set-up used for all the tests.

ILS/VOR
" signal
generator
i - . Unit Cross-pointer
FM signal . 2-way _ et test Flag

generator : ] combiner : T :
/ ©uD AGC

Reference point
for signals
into receiver
antenna port

FIGURE 15- Block diagram of test set-up for type A2/B2 tests

3.6.2 For the A2/B2 tests, the amplitude modulated wanted signal (W) simulated a ground localizer
signal with a carrier frequency of 108.1 MHz. Differences in the depth of modulation (DDM) of 0.0 and
0.093 were used. A DDM of 0 corresponds to a centre-line approach. A DDM of 0.093 corresponds to the
standard deflection of 90 pA and is a manufacturer specified receiver calibration point. Linearity of the
ILS receiver performance was investigated by varying the wanted signal level from —76 dBm to
—106 dBm where possible and measuring the W/ U ratio at each level. :

3.6.3 Various unwanted signals, U, were fed into the antenna port of the UUT along with a wanted

_ signal, W. For each data point, the unwanted signal was introduced at an undetectable level and increased
. until the interference threshold for cross-pointer and flag were exceeded, as monitored by a muitimeter,

strip chart recorder and visual observation of flag action.

3.6.4 The actual FM broadcasts used were:

— part of a routine which included speech, léughiﬁg; applause and éeriods of silence; .and

— music recorded from an on-air FM broadcast stat_ion which includeﬂ b_oth loud and soft passages. - '

CCIR coloured noise was gencrated by ‘passing white noise through a filter whose characteristics
are described in Recommendation 559, Fig. 2, curve B. Pink noise was generated_ by. a suitable source.

3.6.5 Peak deviation was set to 75 kHz (broadcast standard). The FM modulated signal was adjusted
until the peak deviation due to the audio input exceeded the 75 kHz limit no more than 10 times per

minute (broadcast standard).

3.6.6 For A2 and B2 lésls, a single simulated FM signal was‘gcncrated. The interference threshold (see

35

§3.4.7) was approached from below. If the cross-pointer threshold was reached.first, the FM signal was

further increased until the fiag threshold was also reached.
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3.6.7 Interference criteria

3.6.7.1Cross-pointer

Change in cross-pointer current greater or equal to + 9 A which lasts for a period of time greater
or equal to approximately 0.2s. A fluctuation which lasts less than about 200 ms is not considered
significant because it has a negligible effect on €ross-pointer activity.

3.6.7.2Flag (with wanted signal)

Appearance of the flag for a period of time greater or cqual to approximately 1 1o 2 S. The
appearance of the flag indicates an unusable wanted signal.

3:6.7.3Flag (no wanted signal)

Disappearance of the flag for a period of time preater or equal to approximately 1 to 2 s, The
disappearance of the flag is an indication that a usable wanted signal is present.

Test results

3.7.1 General test observations

3.7.1.1Both air carrier and general aviation type receivers were included in the tests. Test results
transcended type; e.g. no general statements could be made as to which group included the worst and besy
performers. A large range of responses was seen from modcl to model, Results were found 1o be
surprisingly consistent from unit to unit of the same model.

3.7.2 A2 VS B2 interference

3.7.2.10ne of the objectives of the tests was to determine if the interference detected was of the A2 type
(sidebands of the unwanted signal received within the passband of the recciver) or B2 (desensitization dye
to strong off-tuned signal). To determine this, the protection ratio for CW was compared to that for the
FM modulated signal (all other parameters remaining equal). The interference from the CW must be of the
B2 variety since it has no sidebands. If the protection ratio with modulation was the same as that without
it was assumed that both were of the B2 variety. Put another way, if the protection ratios are the samc‘
then any side-band energy received in the passband of the receiver is not the determining factor. If thc;
protection ratio with modulation is higher (requiring a smaller U to exceed the same threshold) then it was

" assumed to be of the A2 type.

3.7.2.2A2/B2 test results are shown in Fig. 16 in the aggregate. Both the existing and future B2 ibmmuni[y

criteria curves from Fig. 23 are reproduced in part on Fig.16. The current receivers as a whole exceed the

meet the future criteria for all Af,

' '3.7.2.3The test results show that the exact form of FM modulation used for bench testing did not seem to

make much difference for A2/B2 protection ratios. In general, A2 and B2 effects data for Af > 200 kH2
do not differ by more than 2 dB.

However, for a few of the receiver types tested, the CW-only interferer (type B2) did require g
higher signal level than an FM modulated interferer for isolated cases out to Af = 800 kHz. This wag
unexpected. S : Lo :

than that for FM modulation. This may be due to the fact that the unwanted signal frequency fell on a

3.7.2.4For some specific receiver/frequency combinations, the protection ratio for CW was actually higher

- spurious response frequency of the unit under test (UUT). The FM signal with its broad spectrum would

deposit only a small amount of its energy on that frequency. The CW signal would deposit all or most of
its energy at that frequency, requiring a smaller CW signal to have the same effect as the modulated signa|.

- 3.7.2.5In most of the tests, the cross-poiﬁter and flag interference thresholds .were exceeded before

significant audio interference was heard in the identification channel.

3.7.2.6 TFAGC data, while being inconclusive, seems to indicate that in many cases the UUT was
desensitized by the RF AGC and no signals reached the IF amplificr. Both IF and RF AGC data were
recorded for one receiver, and the results were consistent with this hypothesis.
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3.7.277A1/A2 data was taken at wanted signal levels of —76, —86, —96 and —106 dBm where possible
to determine if the receivers were operating linearly at —86 dBm. The results indicate that in some cases
the receivers were bordering on overload for a desired signal level of —76 dBm. However, others exhibited
linear relationships, that is, the same W/ U ratio was achieved for the range of W from —76 dBm
to —96 dBm. :

3.7.2.8Most of the receivers reached the cross-pointer threshold before reaching the flag threshold. Some
receivers desensitized the cross-pointer as soon as the flag showed, others did not. Some receivers tested,
exhibited large cross-pointer errors before the flag showed, and in some UUTs the flag never showed for
interference levels up to the maximum tested, + 10 dBm. - - !

3.7.2.9The effects of interference on cross-pointer were the greatest off centre-line, e.g. with a wanted
signal DDM of 0.093. When on centre-line, 0 DDM, the flag was displayed before the cross-pointer
threshold was exceeded. Often the cross-pointer threshold was never exceeded for interference lev

els up
to +10 dBm.

—~ An explanation is that the interference affects both the 90 and 150 Hz filters equally, tending to move
the cross-pointer to the centre and creating the illusion-of being closer to the centre-line than is
actually the case (i.e. widening of the approach path). This was observed for the vast majority of tests
with a 0.093 DDM; s ‘

— when the receiver is receiving a centre-line ILS signal, this effect is masked. The predominant
on-centre line interference effect is to desensitize the receiver to the wanted signal causing the flag to
be displayed even when a good signal is present.

3.7.2.10 Large cross-pointer errors were found to occur in some of the tested receivers as a result of the
reception of a strong FM signal. This type of interference could be construed as a valid course since it
occurred with the flag still hidden. In a few receivers this error took the form of a strong “fly left”
indication. ‘ '

Type BI tests

Introduction

A total of 13 receivers were tested for type Bl interference effects at Transport Canada laboratories
in Ottawa, Canada, during May 1984,

Test procedure

3.8.2.1The airline-quality and general aviation-type ILS localizer receivers tested for 2-signal and 3-signal,
third-order receiver intermodulation (type B1) interference effects were:

— Bendix RNA 26C
— Bendix RNA 34A
— Cessna RT 385A
"— Collins 51RV 1

— Collins 5S1RV 1A
—~ Collins ILS 70

— Collins VIR 351
— King KNR-615 (two units)
— King KNS-80

— King KX-175B

— Narco NAV 121
— Narco NAV 825

3.8.2.2Tests were first conducted to determine the sensitivity of these receivers to different types of
modulation on the broadcasting signals causing intermodulation interference. Modulations used were
CCIR coloured noise (as per Recommendation 559), pink noise and taped music programme material. The
broadcasting frequencies for the 2-signal and 3-signal intermodulation products were selected to corre-
spond to broadcasting signals in the Ottawa area. Actual on-air broadcast signals received via an antenna

system were fed into the localizer receivers to provide a basis for comparison with the other types of
modulation.
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3.8.2.3Using an appropriate modulation based on the preceding modulation sensitivity tests, testing was
carried out on all the receivers for 2-signal and 3-signal intermodulation effects on localizer frequencies
108.1, 109.1 and 110.1 MHz.

3.8.2.40n a few receivers, additional tests were conducted to investigate the effect of increasing the
desired localizer signal level and the effect of unequal interfering signal levels.

3 8.2.5The block diagram for the 3-51gnal tests set-up is shown in Fig.17. Max1mum deviation for

modulation on the broadcasting (stereo- mode) signals was the North American standard of 75 kHz peak.
‘The maximum equi-signal level generated by the test set-up was —5 dBm. When the on-air broadcasting

signals were used, they were fed directly into the receivers from an antenna located outside the test’

laboratory and attenuated as necessary from a maximum equi-signal level of —15 dBm.

Signal
generalor, f H
f, modulated
(stereo mode)

Signal f, Bandpass 3-way 10 dB 2.-\Vay fiLoc) Localizer
generator, . j— filter, =. signal attenuator | signal . signal
f, unmodulated tuned to f, combiner combiner generator

Signal f, Notch filter, Noich filter ;
generator, |- tuned to | tuned to Localizer
f, unmodulated| foc f1L00) receiver

FIGURE17 — Block diagram of test set-ilp for 3-signal type Bl tests

fi [y, f5 ¢ broadcasting frequencies, f, > f, > f,

f(LOC): localizer frequency

3.8.2.6 The interference criteria used were the appearance of the flag or a change of 7.5 pA in
cross-pointer current for a localizer signal with a difference in depth. of modulation (DDM) of 0.093
(90 Hz > 150 Hz). Conversion of the minimum localizer field strength of 32 pV/m through an isotropic
loss-less antenna/feeder system results in a received signal level of —86 dBm; for test purposes, a desired
signal level of ~89 dBm was used as it accounted for the signal splitter loss in a typical aircraft localizer
receiver installation. In tests where there was no desired signal present, the interference criterion was the
flag being pulled down for a period of time exceeding 1 s. The equi-signal levels of the mterfermg signals
were tabulated whenever an interference criterion was exceeded.

3.8.3  Test results

- 3.8.3.1Modulation sensitivity tests .

. 3.8.3.1.1The results of the modulation sensitivity are contained in Table XI for the ZSIgnal case

2(1069) — 1053 = 108.5 MHz and in Table XII for the 3-signal case 106.1 + 1053 — 1033 =
108.1 MHz. ‘

39
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TABLE XX — Effect of modulation on equi-signal levels for the 2-signal intermodulation product:
' 2(106.9) — 105.3 = 108.5 MHz - : N S

Localizer » Modulation o ' ‘ Mcasurct; equi-signal ievel§ (dBm)

signal |- - ‘

S‘j‘“ ﬁ‘(g';_'gz) fll((’;’;gz) RX A|RX B|RX C[RX D|RX E[RX F|RX G|RX H| RX I | RX J [RX K :},{:.5% ‘l‘:)’;s';‘ RX M
On On-air | Onair | —27 | —24 | —20 | 21 | =23 [ —20 | =27 | =3¢ | =29 | =33 | =30 | -39 | _1a —39
On cCIR | cw ~26 | —24 | =20 | =21 | =23 | =19 | —27 | =33 | —28 | =34 | —38 | —36 | 34 ~38
On cw CCIR | -27 | -25 | =21 [ —22 | 24 | —19 [ —28 | -3¢ | —28 | —3a { =39 | =36 | —32 | _39
On Pink cw -2 | —24 | —20| 20| -23 | —19| —27 | -33 | —28 | =33 | 38 | -36 | -34 | —38
On cw Pink | =27 | =25 | <21 | - | 20| —19 | 28 | -34 | -29 1 -3a | -39 | 36 | -3 | 39
On Tape cw -2 | 25| -2 | ~23 | 23| —19 | —28 | —35 | —20| =35 | 40| -38 | —34 .| —a0
Off - | Onair | Onair | <30 | ~3¢ | Nil | -26| Nil [ Nil | Nil | ~30 | Nt | =37 | Nt | i | 3 Nil
of | ccir' | cw Nil | —28 | Nit | —24 | eNit [N | N[N | N[22 N | N | -39 | e
ofr cw cciR | Nil | <10 | Nil NN N | N = =N | N | N | 36 Nil
off Pink cw Nit | i [N pona | N i | e | o o i | Nil Nit | il '
off cw Pink Nit | oNi | owit | o= LN N N = ) - N e | - NIl | -
off Tape cw =27 | =33 | Nil | ~27 | M| Ni [N N N | =3 | N ] | - | N

RX: Receiver

3.8.3.1.21In tests where there was a desired localizer signal present, the different type of modulation resuited
in only a 1-2dB change in equi-signal levels and agreed closely with those obtained when the on-air
broadcast signals were used.

3.8.3.1.3In the tests where there was no wanted signal present, the on-air signals were . able to cause
. . interference in about one-half of the receivers tested in the 2-signal case and about one-third of the
.. . receivers in the 3:signal case. It was noted that when the flag indicator dropped from view (falsely
. indicating .the presence of a valid localizer signal), the equi-signal level was a few dB to 10 dB less than
that required to cause type Bl interference when a.localizer signal was present. The CCIR coloured noise
modulation was not able to cause interference in the 3-signal case; however, in the 2-signal case, coloured
- noise modulation of f; (the highest FM broadcast frequency in the intermodulation product) was able to
cause interference in some of the receivers, whereas similar modulation of f; (the other broadcasting
frequency) was unable to cause interference. The pink noise modulation was unable to cause interference
in tests where there was no localizer signal present. :

3.8.3.1.4As an additional test in the 2-signal case, receiver L was tuned to 108.55 MHz while the
intermodulation product remained at 108.50 MHz (see TableXI).It was found that this receiver was more
susceptible to interference when there was a frequency difference of 50 kHz between the intermodulation
product and the tuned localizer frequency.

3.8.3.1.5Based on these tests, CCIR coloured noise was used to modulate broadcasting frequency f; in the
receiver intermodulation tests. T B S : c :
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TABLE XII- Effect of modulation on equi-signal levels for the 3-signal intermodulation product:
106.1 + 105.3 — 103.3 = 108.1 MH:=

Localizer Modulation ‘ ) ‘ 7 . h Measured equi-signal levels (dBm)

signal

status ﬁl‘owf"':z) le((';:':” f-‘l‘(';;':" RX A{RX B|{RX C|[RX D{RX E[RX F|RX G|RX H| RX I | RX J |[RX K| RX L |RX M
On’ On-air | On-ir | Onmair | =20 | —20 | Nit | =20 | —22 | Nit | —23 [ =32 23| —30 | -34 | -290 | =36
On CCIR | Ccw cw —20 - <17 —20 | -2 ~16] —2a| -3¢ ~25| 30| =36 | -30| -36
On cw CCIR | cw “20 | = | -1 -2 —22| —17 | —2a| =32 | —23| -30 | -36| -30 | =35
On Pink cw cw —20 | 21| Nit | -20| 22| —16| 24| -32 | =24 | —30{ =36 | =30 | -36
On cw Pink cw - - - | -20) 22| -6 | =24 =32 | =25 | -3 ] - | =30 ] -36
On Tape | CW cw o —m | —is 2| 2| =7 | s x| o2 | —32 | =37 ] —32 | -38
ofr On-air | On-air | Oneair | —25 | —28 | Nil | —24 | Nit | Nt [ Nil: [ = | Nir [ —31 | Nit | Nil | ONil

L
off CCIR | cw cw — i owi | oNE [ oNi NI | N | = [ ONi P Ni | ONE ] NN
ofr cw CCIR | Ccw Nit | - — U N | oNa b NN |- ] N[N | N | N[N
off Pink cw cw Nit | oNi b N o] N | oNi | N | = ] N[ NEE ] NI | NEE ] N
off | €W | pink cw IS T I Y 1T I Y O X1 ST A I -
] o , . ‘ ‘
RPUR § . .
PO | Tape | CW cw —16 | —6 | ~it | Nit |[onNi o Ni | NIt | = ] Nib| Nl [ Nit | Nil | Nil
H o | .

RX?: Receiver:

3.8.3.2Receiver intermodulation tests

3.8.3.2.1 The results of the 2-signal tests are contained in Table XII and plotted in Figs.18 19 and20 for
localizer frequencies 108.1, 109.1 and 110.1 MHz respectively. Similarly, the results of the 3-signal tests are
contained in Table X111 and plotted in Figs. 21,22 and23. In addition to the equi-signal level test data,
theoretical levels were also calculated usmg the fo]lowmg different formulae (detailed in Annex III).

— . the exnsung xmmumly formulae in the GenevaAgrearent, 1984, referred to as Geneva Agreement
1984, existing immunity in TablchIIIand XIV~

"— the future immunity formulae in the Geneva Agreerent, 1984 referred to as Geneva Agreement,

1984-future immunity and ICAO future immunity inTablesXIIIand XIV. Note that the
3-signal formula was derived in § 4;
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FIGURE 19- 2-signal intermodulation on 109.1 MHz=

¥ Geneva Agreement 1984

+ existing imunity  A-M data points for receivers A to Minclusive from

Geneva Agreement 1984, future immunit Table XIII

ICAO future iumunicy

]
© <>: maximum amplitude limit of test set-up;
actual equi-signal level higher than this level

afi=firoc) — %

f(LOC): localizer frequency (MHz) -
f;: broadcast frequency (MHz)
Li>h

itl
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FIGURE 20 - 2-signal intermodulation on 110.1 MKz

¥ GCeneva Agreement 1984, existing fmmunity A M datapoints for receivers A to M inclusive from

Table XIIT

<>: maximum amplitude limit of test set-up;
actual equi-signal level higher than this level

sfi=firoc) — i

f{I.OC}: localizer frequency (MHz)
i broadcast frequency (MHz)
£Li>1,

itl
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FIGURE 21 - 3-signal intermodulation on 108.1 MHz
¥ Ceneva Agreement 1984, existing immunity A-M: data pojats for receivers A to Minclusive from

==

Table

< >: maximum amplitude limit of test set-up;
actual equi-signal level higher than this level

Ceneva Agreement 1984, furure imuni:y;
ICAO future iwmunity

afi=firoc)— %

f{LOC}: localizer frequency (MHz)
j}: broadcast frequency (MHz)
L>6>1, /
it1,2,3
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FIGURE 22 — 3-signal intermodulation on 109.1 MHz

Geneva Agreement 1984, future immunity
ICA0 future imwunicy

-
’

A-M data pants for receivers A to M inclusive from
Table X1V

<>: maximum_amplitudc limit of test set-up;
actual equi-signal level higher than this level

afi=fitoc) - %;

f{LOC}: localizer frequency (MHz)
J;* broadcast frequency (MHz)
LH>1>5

i:1,2,3
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FIGURE 23- 3-signal intermodulation on 110.1 MHz
¥ Geneva Agreement 1984, axis:iig immunity AV data paints for receivers A toM inplxisive from -

- TableXIV

— — 4 Geneva Agreement 1984, future immunitys :

ICAO future iwmunicy ? <>: maximum amplitude limit of test set-up;
' actual equi-signal level higher than this level
afi=fiLoc— % ‘ '
f{LOC’}: localizer frequency (MHz)
Jf;: broadcast frequency (MHz)
f 1 > f 3 > fl )

i:1,2,3




Geneva Agreement 1984 ,

ICAO future immuni ty

future immunity;

48 Rep. 929-2
TABLEXIIT —~ Measured and caleulared equi-signal levels for 2-signal,
thira-order receiver intermodulation (type Bl) interference
Frequencies (MHz) Mecasured equi-signal levels (dBm) Calculated equi-signal (dBm)
y; RXIRX |RX[RX|RX | RX | RX RXIRX |RX |RX | RX RX| G.A.* C.A a4
A O IEC I D B el e el B HL VLS K[ L | M| enising Icao
future
—_— ]
1075 | 1069 | 1080 [-35|-30]|-25{-25]=31] —20 [—3s =37(=36]|~34{-43| ~46 |40 345 —20.§
106.5 1039 108.1 | —-27{-25—19{~21|=22 —~18 1-2351-33{~27{~31 =381 —35 |~38 ~26.0 -12.0
108.5 102.9 108.1 [—181=16{~15[—15|=19 ~14 |-20{-30(-22]-28 =321 =25 |-33 -21.7 -717
103.$ 98.9 108.1 1—161—14] —9|—11|—14 >=5|=16]-23[{-18]~22 =23 <13 |~24 -16.8 -28
—_—
1015 94.9 108.1 [~13]|=10| 8| —9|—=11[ - =13|-18]-14]|-20(|~18 -8 |-19 -13.6 +03
98.1 88.1 108.1 -9 =6] -6 =5| -1 = =9 1=12|=11[=15|~12 >=7|-13 -10.0 +4.0
—_—
1079 106.7 109.1 |-30]-28|-21[—-22]=26 =19 [-27|-36{-29{-32|-41 -39 |-39 -36.3 -240
1075 105.9 1090 |-25(|~241—19)-20]-24 =19 |=241-34{-26|-30 =39| =36 |-38 -327 -205
106.5 103.9 109.0 |—16|=17}-15{~15]-19 =12 §-201-30]{-21]-2¢ =33 -26 |-34 -25.2 -120
1035 99.9 109.1 1—14[~13|~10]—12|~15 >=6]-15|=231—-16]-21 =24 ~12 | =25 -18.5 —49
1015 93.9 109.1 = | =9 -8 -8{-10] - |-nf-1s =12]|-17{-18| > -7 -18 -134 +03
107.9 105.7 101 1-20(-20f—16|=17[=21] —19 =21{=341-23}-28]-35 =31 |-36 -34.8 ~24.0
1075 1049 1101 |-17}-17{-14]~16]-20 =16 |=19{-32|-21]|-27 =33 =27 |-34 =316 -20.5
106.5 102.9 1ol |—16]—12{-12{<13]=17] -7 |=17 ~28(—18|-24)-28] —18 -29 -24.5 -~12.0
1055 100.9 1101 |-15[-12]|<10]-12]~=15] -7 =15|=24|-16]-22|~24]| —12 -25 -20.8 -7.7
1005 1 929 | 103 | ~9f -7| —6| -7[ 9] - | —9f{=16]=10{=17 -13(>=7]-15] _32 +03
RX: Receiver
—_—
* Geneva Agreement 1984, existing immunity
*%
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TABLE XIV _ Measured and calculated eqx;ri-signal levels fo} 3-:igﬁal.
third-order receiver intermodulation (1ype Bl) interference

Ficqucndef ‘M Hz) Mcasured equiosigpal tevels (dBm)- Calculated equi-signal (dBm)
e .fx> 5 | fuoe, | RX | RX | RX | RX | RX | RX | RX RX | RX | RX | RX R)'.(. kxl GA* -,“I’é:;,“
A : B|C|DJ]E F G| H} I J{ K L } M existing future
1075 | 1065 | 1059 | 108.1 [=331=31 |—2e|—26|-28| —10 =31 }-37|-33]-3s |13 e |ea| oine | -2
106.5 mﬁ 1039 | 1081 —21|=19]—18|-10]=22] =10 -23{-30|-24|~30| 35| -28 |35 ';yz> ~140
105.5 | 1025 | 999 {1081 [~19{-17[=15| = |~19| >—6|-20{-26[-20{-26}-29| 19 |-29 -202 —9.7
1045 | 1005 | 969 | 1081 | —17{~15|~13|~14 |17 ><6|-17|-22]-18|-23|-24| =13 |-25 115 69
1005 | 953 | 587 | 1051 [=1a]-10]-n1} —ol=n] = |-12|-s{-1a|-18]-14f —6 |17 -12.6 —-17
1079 | 106.3 | 1050 | 109.1 |=2s|-22|~20{—20]|-25] —21 |-25|-34{—27{-31[-38] —33 |-38] ' . -31.8 -26.0
107.5 | 1055 | 1039 | 109.1 |=21 |19 -18]=18|~23| =16 |~23]-32|-24|-20]-35]| -29 |-36 -286 -225
1065 | 1035 | 1009 | 1091 [—19]=17] = | = |=19] > -6 |-19|-28|-20|-25|-29| ~19 [-30] -225 ~140
105.5 | 1015 | 97.9 | 1091 |—17|=15|~12 13 16| = |-17)o24]-1s _nloza| 12 )26 1o —97
1035 | 975 | 919 [ 1090 [=13|=11|=10]=10]=12] - [-13]|-18{-14]-20|-17 ~7{=19 —147 -6
1079 | 1053 { 1031 | 1101 {—19|=15|=15{-16|-20 -14 |-20-31|-21|-27]-31 -3 -3 ~29.1 ~260
1075 | 1045 | 1019 | 1101 |—18{-15] = | = [-19]| —6 |-20|-29|-20{-25 28] —20 |-30 s | -2
1065 [ 1025 | 989 [ 1101 |~16}~14]—121=13| 17| > -6 |-16[-25{=17|-23|-24} —12 | ~26 ’5né —140
1005 | 985 | 929 | 1101 {=13|=10]=10]{=10|=12] - [-12]-19]-14]-20{-16|>~7]-22] 19 -69
995 | 983 gs1 | 1104 [—10| 7| ~9| —8| —9| - -|-10]-15|-12|-16]-13} ~ [-15 —123 +0.:6

RX: Rectiver

*

ICAO future immunity

Geneva Agreement 1984, existing immunity
*%  Geneva Agreement 1984, future immunity;
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In Figs. 18 t0 23 inclusive, the parameters plotted on the horizontal axis are meaningful because
the intermodulation mechanism depends on the product of frequency differences. |

3.8.3.2.2 Figures 18 to 23 inclusive indicate that, based only on bench tests results, approximately one-third
of the receivers tested were not protected by the Geneva Agreement 1984, existing immunity formulae

3.8.3.2.3 None of the receivers tested met the Geneva Agreement 1984, and ICAO future immunity
specification for all 2-signal - - —
inler.modl-llation combinations at 108.1, 109.1 and 110.1 MHz: one receiver did, however, exceed the
specification at 109.1 and 110.1 MHz. Some receivers exceeded the future immunity specification at 109.1
and 110.1 MHz for small differences between the localizer frequency and highest broadcasting frequenc;',

3.8-.3-2-4 On.ly one receiver exceeded the possible future immunity specification for all 3-signal intermodula-
tion combinations at 108.1, 109.1 and 110.1 MHz; some receivers exceeded the specification at 109.1 and
110.1 MHz for small differences between the localizer frequency and highest broadcast frequency.

3.8.3.3 Effect of increased localizer signal levels

3.8.3.3.1 Table XV shows the effect of varying the level of the localizer signal on the interfering equi-signal
levels. For a 30 dB increase in localizer signal (i.c. from —90 dBm to —60 dBm), the corresponding
increase in cqui-signal levels was non-linear and ranged from a low of 4 dB for receiver A to a high of
23 dB for receiver M. '

TABLE XV. Effect of varying localizer signal level on interfering equi-signal levels
Measured equi-signal levels (dBm)
Frequencies (MHz)
Receiver A Receiver | Receiver J Receiver L Receiver M
) LOC signal (dBm) LOC signal (dBm) LOC signal (dBm) LOC signal (dBm) LOC signal (dBm)

ﬁ .ﬁ ﬁln(‘;

=90|~80| 70| ~60 |—90|-80(—70|~60(—90|-80|-70(-60|~90( 80 70|60 {-90{~80 |70 g0
107.5 106.9 108.1 [=36|—=32|—~26| ~23 |—38(=33|~27{~18|-36(—30(-24|-17|-47| —44 |=39]|—-32 =39|-34[-25|-16
106.5 104.9 108.1 J—27{—-25{—21| —19 |—27}—=23(~18|=13|—-32|-26|-22|-16|-36] ~32 |-24 =19|-37{=31|-21]|-14
105.5 1029 108.1 |=18]|—16}—13| ~14 [~211—18|—14|—10|=27|-23|—19[-14]|=25| =21 |-17]|-14 =31|=-27{-18]|-11
103.5 98.9 108.1 |—16|—12]| —9| —6|~16|—13| =9| —6]|-22[-18}|~16|-12]=12] -9 | 7| - —-22{-20]~12} —9
101.5 949 108.1 |-13} =9 —=6| - |-13|=10) =7| - [-20]|-15]|-14]|-10] —8> -6 — - |=-17|=-15] ~8| -
107.9 105.7 1101 |-23|-19{-15| —-10 . : -36(=30|-21|-14
107.5 104.9 1101 |-21]-18{-13] -9 . -34]|~28]-19{—12
106.5 102.9 1101 }-18}-15]-11) =7 ’ -28|-24[-15]<10
1055 | 1009 | 1100 [=15]-12] =9|> -7 v |-24]-21|<12| g

3.8.3.4 Effect of unequal interfering signal levels

3.8.3.4.1 Three receivers were tested to determine if equations of the form 2N, — N, = K (2-signal type B1)
hold for unwanted signal levels N; and N, which differ from each other. Referring to TablesXVI and XvII,
it is seen that the range of signal levels for which the equation is valid varies from +7 dBm to —80 dBm.
The difference between signal levels for a given intermodulation product was as great as 62 dB for the
2-signal case and 87 dB for the 3-signal case. The limiting condition is the generation of type B2
desensitization when one of the signals is too large.
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TABLE XVI — 2-signal type Bl effects with unequal signal levels
(Hlustrating the wide range of signal levels for which the type B1 equation holds)

2-signal
20/l = Sy = Juws)
- fiusy = 108.7 MHz
Interfering signal level .
(dBm) ' 2(N) + Ny

(dBm)
N (D) Ny (f2) '
-50 -1 -107
-20 —68 - 108
-10 -7 -9
—40 -9 —89
=30 - + 1 - -59
0 —-62 : -62
-20 +35 =35
0 —38 ' —38
10 - —60 -40
-10 + 2 —18
0 -17 -17
+10 -38 -18

Note. — Five different frequency combinatiqhs
for f1) and f; were used yielding five different .
summations.

TABLE XVII — 3-signal type Bl effects with unequal signal levels
(Iustrating the wide range of signal levels for which the type B1 equation holds)

3-signal
Jn + Sy = Sy = Suws)
Sius) = 1093 MHz -
Interfering signal level R .
(dBm) SNt NN
. . (dBm)
N () N (f2) . Ny ()
+.1 . —40 +1 L.o=38
-40 + 1 +1 -38
-70 +2 42 ~66
~80 +7 +7 —66 -
=60 -1 -1 —-62 v

Note. — Two different sets of frequencies fy), f» and f3) are
represented.
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Part 4 of Anmex I,

4.1

4.2

United States

THE EFFECT OF FM STEREO PLUS SUBCARRIER
MODULATING SIGNALS ON PROTECTION CRITERIA

Type A2 Interference
Type B2 Interference

Introduction

In North America the baseband of the modulating signal
can extend to 99 kHz and include sub-carrier signals that
are added to the regular stereo multiples: signal; in
addition,rthe audio processing equipment normally used at
FiM broadcasting stations alters significantly the stereo
multiplex signal in a manner that renders the CCIR
coloured noise modulat ing signal no longer
representative.

Test Method

Protection ratio measurements were taken for the 1ILS

section of receivers when the: interfering FM broadcast

signal was:’

- unmodulated

— modulated by the CCIR coloured noise signal

- modulated by a synthetic program noise signal

— modulated by the CCIR coloured nojise and subcarrier
signals.

- modulated by the synthetic program noise and subcarrier
signals. S : ' :

The CCIR noise modulation was generated and set up
accordance with the procedures of Recommendation 559
and ‘Report 796, '

in

The synthetic program noise signal (SPN) was developed by
the National Public Radio for subcarricr tests in FM
broadcasting(i). Pink noise is filtered by a 50 H= high
pass and a 15 kHz low pass filters and 1limited by g
special clipper circuit. The noise clipping sinulates
the peak-to—-average or density characteristics of typical
audio processors. ' The resulting sianal has a spectirum
typical of processed FM program signals in North Anerica.

The subcarrier signals were single‘ unmodulated
subcarriers, pairs of unmodulated subcarriers and data
modulated subcarriers. The tests were conducted on 3 ILg
ircquencies near the lower limit of the frequency band
using the following receivers:
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CESSNA RT385A

COLL IS SiRV-1A

COLLINS C VIR3S54

KING ' KX175B
- NARCO - NAVL21

The level of the desired signal was set to -89 dBm at the’
input port of the ILS section of the NAVCOM receiver.
The interfercence criteria was a change of 7.9 microamp in
cross—pointer current for a localizer signal with a

difference in depth of modulation (DDM) of ©.093. The
three upper channel frequencies of the FM band were uscd
for the undesired FM broadcast signal. The level of the

FM signal was set at’'a minimnum and then increased until
interference was produced in the receiver under test.
The CCIR coloured noise madulating signal set up in
accordance with CCIR standards results, in, after pre—
emphasis, a peak FM carrier deviation of 100% (75 kH=z).
When subcarriers were added to the modulating signal, the
total carrier peak deviation was obtained by adding the
cubcarrier deviation to the adjusted deviation from the
stereo signal.

4.3 Results and Analysis

The test results given in Table XVIII are for a carrier
separation of 200 kHz where the FM frequency is 107 .9 MHz

With the SPN plus sub-carriers as the modulating signal,
additional protection of an average of &dB for four  of
the receivers tested and of i1¢dB for the remaining
receiver, is required. Data for CCIR coloured noise plus
sub-carriers indicates that the protection ratios did not
exceed. the existing criteria (i.e., the SPN plus sub-
carrier signals yielded the most stringent protection
criterial. :

From the tests, for frequency differences between the
wanted signal and the broadcast signal of more than 309
kH=, the B2 type immunity criteria becomes the dominating
interference mechanism.

4.3.2 Type B2 Interference

Existing Type B2 immunity criteria.are contained in.Table
7.4. of the Geneva Agreement, 1984. The measurements
were taken with carrier separations of 400 kHz or greater:
and with the ILS frequencies 108.1, 108.3 and 108.3 MH=z
paired with the FiM frequencies 107.9, 107.7 and 107.5
MH=. The different modulatina signals described for the
Tyre A2 tests were also weed. The test results are
given in Table XIX.
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These results indicate that for carricer separat ions
of 400 kHx or grcater and with the FM broadeast station
apcrating  on  {frequencics of 167.7 MH:  or beclow, the
addition of the subcarricr signal to the modulat ing

signal has no effecct on  the existing B2 immunjtu
criteria. Two. typecs of rececivers did not follow this

general trend for scparations of 100 kll= and this may Lo
an indication of a spurious rcsponse in the receivers.

This necds further study.

The results also indicate that for carricr séparations of
409 kHz or greater and with an FM broadcacet nodulated
carrier at 107.9 MHz, one recciver out of five overloaded
at  an undesired signal level lowsr  than  the citicting
criterion while the other four coverloaded at  higher
levels.

References

(L) National Association of OBrondcasters, West inahouse
Broadcasting Cable Inc., MNational Public Radio,
(August 30, 1983) Increased FM Deviation, Additional
Subcarriers and FM Broadcastina.

HODULATING  STGHAL

Receivers

Rx 1 {-64)-49]-56]-45|-51[-43}-49| -40{-57|-46|-58]-45|-55|-43]|-50{-42|-48] -1,

Rx 2 {-11[-57}-64]-51]-57|-an]-54)-46]-6a|-53]-6a|-53{-61 |-51|-00|-2a | -53] -2

wx 3 1-721-55]-063{-50]-56]-49]-52|-ar{-64]-5a]-62]-52] - 00 -501-551-a5]-52(-49

Rx 4 {-56]-53}-56]-49]-93{-40{-50|-47]-56]-01]-56 =51]-59)-507-52|-45]-50]-44

Rx § |-70{-52{-63{-52|-56{-51|-53]-4B{-63]-455]-62]-3 =56]-46 755 -45

Desired signal: -89 dim at 1081 1ir T undesived av 1079 Mz

————

Coneve Agrerment 190 A7 Protection criteria for AL12200 KUz js =90 (B

Table XVi{1 =Effect of FH Subearrier Systems on Protection Ratios
) tor Type A2 Tutertference
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Maxi{mum Level (dBm)
Carrier Modulating Total at recefver {nput
Deviation
Separatlon Signal b4 - - .
: . 1 2 3 4 5 Ceneva Agt;eeuenc 1986!
400 KkHz : None 0 -5 -10 ~6.5] -7.5] -11 -20
(108.3-107.9)HHz|CCIR 100 -25 |.-10 | -5 -8 -1
. "~ |ccIr + sc 102 105 -25 | =10 | -5 -9 -1
CCIR + SC 20% 110 -25 | -10 | -6 -9 -11
SPH - 100 -28 | -15 | -8 -9 -1
SPH + SC 10% 105 -28.| -15 | -8 -9 -1
SPN + Sc_20% 110 -29 | -1y | -8 -9 -11
400 kHz Hone 0 -4 =15 -7 -8 -11 | -18.4
(108.1-107.7)MHZ|CCIR * 100 -13 | -13 | -9 -8 -13
o CCIR + SC 10% 105- -13 | -13 ] -9 -8 -13
.JcCIR + sc 202 110 -13 | -13 [ -9 -8 -13
SPH 100 -6} -10 | -8 | -9 -10
SPN + SC 10% 105 -16'| -10 | -8 -9 | -10
SPN + SC 20% 110 -16 | -t0 | -8 -9 -10
600 kHz Hone 0 -12 -7 | -4 -6 -8 ] -20
(108.5-107.9)1Hz |CCIR 100 -30 -6 | -4 -8 -8
) » CCIR + SC 10% 105 -30 -6 1 -~u4 -8 . -8
CCIR + SC 20% 110 -30 -6 | -4 -9 -8
SPN 100 -3 -8 | -6 -9 -12
SPN + SC -10% 105 -31 -8 | -6 -9 -12 2
SPN + SC 20% 110 -31 -8 | -6 -9. | =13 o
[=5
>
600 KKz None 0 -0.5| -7 | -3.5{ -6.5) -7.5|-18.4f &
(108.3-107.7)MHz|CCIR 100 0 -6 | -6 [-10 | -9 £
CCIR + SC 10% 105 0 -6 | -6 |-10 -9 -
CCIR + SC 20% 110 ] -6 | -6 {-10 -9 - —_
SPN 100 -3 | . -8 ] -4 ] -8 |- S
SPN + SC 10%. 105 -3 -8 | -4 -8 .| -1 2
SPN « SC 20% 110 -3 -8 | -4 -8 -14 v
o
. -: 3
600 kH:z Hone 0 -8.5] -6 | -2.5| -6.5| -8.5|-16.8] k-2
(108.1-107.5)MHz{CCIR 0 0 -6 1 -6 -8 -13 o s
: CCIR + SC 10% 105 0 -6 | -5 -8 | -13 ] =S E
CCIR + SC 20%| 110 0 6| -5 | -8 | -13] o
SPN 100 | -6 -6 | -7 -8 -16 &9
SPN + SC 10% 105 -6 -6 | -7 -8 -16 w 5
SPN + Sc 202 110 -6 -6 | -7 -8 | -16 o n
. o'n
800 kHz None 0 -156,5¢ =61 -1 -6 -4.51-18.4 Sl
(108.5-107.7)MHz|CCIR 100 -16 -5 |-13 [-22 -9 e
' CCIR + SC+10% 105 -16{ -5 |-13 |-22 -9 |
CCIR + SC 20%| 110 -16 | -5 [-1u [-23 | -12 =
SPN 100 -15 -7 |-13 {-22 -21 >
SPN + SC 102 105 -15 -7 |-13 .[-22 -21 9
SPN + SC 20% 110 -15 -7 {-13 [-22 =21 ]
- - 3]
800 kHz None 0. +2.5] =5 | -2.5}-26 -4 1-16.8
(108.3-107.5)MHz{CCIR 100 +3 -4 f-17 |-2u -19
CCIR + SC 10% 105 +3 -4 J-17 |-24 -19
CCIR « SC 20% 110 +3 -4 f-17 |-24 -19
SPN 100 1 -6 |-17 |-23 -21
SPN + SC 10% 105 +1 -6 [-17 [-23 -21
SPN + SC 20% 110 +1 -6 |-17 {-23 -21
1000 kHz None 0 +3.5] -3 | -0.5] -5 -3 [~16.8
(108.5-107.5)MHz|CCIR 100 ] -3 1 -3 -8 -7
CCIR + SC 10% 105 U -3 1 -3 -8 -7
CCIR + SC 203 110 . o4 =31 -3 -8 -1
SPN 100 +3 -3 | -2 | -6 -k
SPN + SC 10% 105 3 -3 -6 -4
SPN + SC 20% 110 .3 -3 1 -1 -6 -4

Desired Sipnal:

-89 dBm

55
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Part 5 of Annex I

United States

'TEST DATA EXHIBITING THE EFFECT OF AN EXPERIMENTAL FILTER*

This filter weighs 2.2 kg, is 2.9 cm in diameter

Electrically it is chebishev (equal ripple) with maximum

5.1

ed. The 2 dB bandwidth
on loss of 0.8 dB. The

» and is 30 cm long.
ripple of 0.3 dB in the

Bare Réceiver, Equal Undesired Signal Levels (dBa)

filter characteristics are shown in Figures 24 and 25 and the measured data are
Frequencies (MHz)

is 108.1 MHz to 132.3 MHz with a centre frequency inserti
presented in Tables XX to XXV. -

2 dB bandwidth when the 50 ohm input and output are match

A

i Desired 3

Undesired

39

HETT s U DI P
H H H [t P

TABLE XX -Undesired equal signal levels necessary to produce a 7

5 uk deviation from a standird

This table is for the bare receiver and two signal

ILS localizer deflection of 90 uA.

intersodulation interference.

F 6 H

E

¢

Besired

- Frequencies (MHz)

Undesired

Bare Receiver, Equal Undesired Signal Levels (dBa)
:
(]

051 9.9
97,5+ 9.9

TABLE XXI- Undesired equal signal levels necessary to produce a 7.5 uA deviatioﬁ froe a standard

- This table is for the bare receiver and three signal

ILS localizer deflection of 30 uA

- interaodulation interference.

* (See § 6.2 of report)
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- Frequencies - (KHz) -

't Receiver vith filter, Equal Undesired Signal Levels (dBa)

A

! Desired i}

Undesired

107.5 1 106.9 ¢

TABLE XXTT- Equal undesired signal levels necessary to produce a 7.5 uA deviation froa a standard

This table is for the receiver vith an aviation
bandpass filter (108 to 132 MHz .BP) and tvo signal intermodulation interference.

ILS localizer deflection of 30 uA.

K

H

.
Ll

6

tCH D e

eceiver vith Filter, Equal Undesired Signal Levels (dBa)
B

o -

Frequencies (Miz)
i Desired

Undesired

1 -

_F

TABLE XXIII—EquaI undesired signal levels nev:esnrj ‘!o produce a 7.9 uA deviation fros a standard

This table is for the receiver vith an aviation

ILS localizer deflection of 90 uA.

bandpass filter (108 to 132 KHz BP) and three signal interaodulation interference,
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Frequencies (MHz) Il Recelver Input Conditions
Undesired | Desired || Bare : Filter Diff.
------- e Dt TSl I [ susisn R T
107.5 | 106.9 | 108.1 |} -36.5 | -32.1 4.4
106.5 | .104.9 | 108.1 {|. -31.0 l-18.9. . 12.1
105.5 | 102.9 | 108.1 I -23.9 | 5.4 18.5
103.5 | 98.9 |- 108.1 I -16.2 | 20.0 216.2
101.5 | 94.9 | 108.1 | -13.0 - >0.0 >13.0
107.9 .1 106.7 | 109.1 It -33.8 | -29.5 4.3
107.5 | 105.9 | 109.1 I =31.4 | -2¢.2 7.2
106.5 | 103.9 | 109.1 I -23.9 | -10.9 13.0
104.5 | 99.9 | 109.1 I -16.4 | >0.0 >16.4
101.5 | 93.9 | 109.1 It -11.5 | >0.0 >11.5
107.9 1.105.7 | 110.1 I -27.0 | =-20.7 6.3
107.5 | 104.9 | 110.1 I -24.2 | -15.0 9.2
106.5 | 102.9 | 110.1 I -20.1 | -6.8 13.3
105.5 | 100.9 | 110.1 I =16.7 | >0.0 216.7
101.5 { 92.9 | 1l0.1 It -10.1 |  >0.0 >10.1

TABLE XXIV — Average level of the undesired equal signals necessary to prodyce
a 7.5 uA deviation from a standard ILS localizer 90 ua deflectlon.
This table is for the two signal intermodulation cases and shows
the results for different receiver input conditions. Column four
Is for the bare receiver, column five js for a bandpass filter
(108 to 132 MHz BP) in serles with the recelver and column six |g
the difference between the filtered receiver and the bare receiver,

Frequencies (MHz) Il Receiver Input Conditions
Undesired | Desired Il Bare | Pilter Diff,
------- Rl et T il | DTy P
107.5 | 106.5 | 105.9 { 108.1 -36.5 | -27.8 8.7
106.5 | 104.5 | 102.9 I 108.1 || -26.2 | -8.4 17.8
105.5 | 102.5 | 99.9 [ 108.1 || -20.4 I >0.0 220.4
104.5 | 100.5 | 96.9 I 108.1 | -18.0 I >0.0 >18.0
101.5 1 95.3 | 88.7 [ 108.1 | -11.7 | 0.0 211.7
107.9 | 106.3 | 105.1 I 109.1 { -39.1 | -19.9 10.2
107.5 | 105.5 | 103.9 I 109.1 | -26.5 | -13.9 12.6
~106.5 | 103.5 | 100.9 I 109.1 g -20.9 | >0.0 >20.9
105.5 | 101.5 | 97.9 I 109.1 | -17.¢ [ >0.0 >17.6
103.5 | 7.5 1 91.9 | 109.1 I -13.5 | 0.0 >13.5
107.9 { 105.3 | 103.1 [ 110.1 | -22.9° - -9.2 13.7
107.5 | 104.5 | 101.9 I 110.1 (| -21.0 f -3.1 17.9
106.5 ( 102.5 ( 98.9 [ 110.1 | -17.2 1 >0.0 217.2
104.5 | 98.5 | 92.9 I 110.1 | -13.3 { >0.0 3.3
99.5 | 98.7 | #88.1 - 110.1 .y l >0.0 >11.2

-11.2

TABLE XXV - Average level of the undesired equal signals necessary to produce
a 7.5 uA deviation from a standard ILS localizer 90 up deflection,
This table is for the three signal intermodulatfon Cases and shows
the results for different receiver input conditions, Column fiye
12 for the bare receiver, column six is for a bandpass filter (108
to 132 MHz BP) in serfes with the receiver and column seven fg the
difference between the filtered receiver and the bare receiver,
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ATTENUATION, dB

70
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FIGURE 24- Smoothed frequency response and VSWR curve of a custom designed
tubular filter
5.2 Experimental data taken to measure frequency response characteristics

of a typical, fixed tuned, tubular bandpass filter as a function of temperature

variation, is presented in Figure 25.
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rigure 25~ . Unsmoothed frequency responses showing temperature variat;ion

e — - 20 degrees Celsius characteri{stic
¢+ 24 degrees Celsius characteristic

—— — ¢+ 50 degrees Celsius characteristic

5.3 Modified ILS/VOR/COM receiver

A soltd state ILS/VOR/COMreceiver was modified in desfgn by the company which pro-
duced them, to help eliminate FM broadcast interference. The modification, ing-
tiated several years ago, consisted of adding = series-tuned L-C circuit notch
filter inside the VHF communications section of the receiver chassis. at the

point of the coaxial connection from the antenna.

The filter circuit {s comprised of a single inductor (L = 0.1 uH) connected in
series with a single capacitor (C = 22 pF) which 4is in turn. grounded. The
resonant frequency of this combination {8 107.302 MHz with L and C values Specq -
tied (see Figure 26). Usual production tolerance of capacitors (5%) and inductors (10%) could
result in a worst case resonant frequency somewhere between 100 and 115§ MHz.
However, the components are carefully chosen to avoid slgnificantly impacting
receiver sensitivity {n the VHF communications band. A circuit qualicey factor
©of Q = 40 (a reasonably well manufactured inductor) as used by the manutacturer‘

gives a 3 dB bandwidth of the filter circuit of slightly more than 2.6 MHz.
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SERIES L-C NOTCH FILTER FREQUENCY RESPONSE -AT THE ANTENNA INPUT TO THE VHF

COMMUNICATIONS SECTION OF THE ILS/VOR/COM RECEIVER (SEE NOTE) .

g
S-&:: -8 - i . !
’ — T ——
£ A T~ |
mU =20 ! !
~ £ i
o @
o Q
= O ~30
< ‘
83
’ -40

50 80 70 80 90 100 110 120 130 140

Freauency (MHz)

Figure 26

Note: With the filter installed and matched, the insertion (sensitivity) loss
is relative to the -6 dB level (net reactance absorbed). For example, filter

insertion loss at 126 MHz is about 1 dB.

Part 6 of Annex I

6.1

6.2

United States

THE OVERLOAD CHARACTERISTICS OF
AERONAUTICAL ILS NAVIGATION RECEIVERS

Ten aeronaucrical 1localizer . receivers were tested to determine their
susceptibility to overload (desensitization) caused by strong signals in the
Fi broadcast band. The tests were conducted to snow the effects of both
modulated and CW signals on each receiver's performance. ’

The data collected for this ‘project are presented in Tables XXVI and XXVII. The
values shown for each receiver are the absolute levels 'in dBz necessary to

produce a 7.5 uA deviation from a standard ILS localizer deflection of 90 uA.
The localizer frequency was 108.1 MHz and its level was -89 dBa for all tests.
Receiver A was not tested under conditions indicated by *** because it was
returned to the manufacturer before the test plan was finalized. A value of
20 indicatgs that the iaterference criteria of 7.5 uA could not be met for a

Particular receiver when the undesired signal was equal to 0 dBm, the limit of
the test setup. '
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11 Undesired CW Signal Levels (dBm) |
UNGeSired |l ommmmm oo e __ [
Frequency || Receivers Tested |
(M4z) Il A | B I ¢ | D19 E | F | G | H | g [
---------- e R R R e Y e Rl |
108.099 || -94 -99 -100 -100 -99 -98 -99 -99 -98 -938
108.097 |i -97 -97 -97 -99 -99 -98 -98 -100 -96 -97
128.094 11 -96 -97 -97 -99 -100 -98 -98 -101 =97  -97
108.090 || -97 -96 -98 -100 -100 -98 -98 -101 -97  -97
108.085 || -96 -97 -98 -100 -97 -98 -97 -100 =97 -98
106.066 i -36 -96 -97 -95 88 -84 -8§ -g§ -95  -97
108.070 || -54 -72 -67 -78 -56 -45 —4§ -45 -48 -mn
108.060 || -33 -49 -43 -59 -3 -31 -28 -28 =25 -49
108.050 || -35 -31 -28 -43 -34 -30 -23 -28 -28 -38
108.040 || -19 -22 -25 -31 -31 -24 -18 =25 =20 -31
108.030 | -15 -20 -19 -22 -21 -20 -18 -18  -23 -28
108.020 || -16 -19 -18 -16 -16 -18 -18 =15 ~25 .25
108.010 || -13 -21 -16 -14 -15 -19 -1¢ -15  -26 -23
108.000 |} -19 -26 -16 -15 -13 -19 -15§ -15 26  -24
107.950 I -6 -15 -11 -10 -11 -18 -10 =11 -24  -18
107.900 || -5 -13 -9 -9 -9 -16 -10 -21 -18 -15%
107.850 ] txx  -14 -11 -7 -7 -15 -10 -8 -22 =13
107.800 || **x -13 -11 -5 -7 -12 -9 -7 =22 -11
107.700 ) -5 -13 -9 -1 -4 -9 -9 -4 -16 -13
- 107.600 || *xx  -13  -14 -3 -4 -11 -9 -1 -18 -9
107.500 1 -5 -13 -12 -9 -3 -4 -8 -7 -18 -8
107.300 || %*x -14 -8 -1 >0 -5 -9 -12  -10 -6
107.100 || -7 -14 -5 -1 -1 -3 -8 -6 -4 -7
106.100 |1 -6 -16 -3 >0 >0 -8 -10 -3 -2 -2
104.100 ] >0 -5 >0 >0 >0 >0 >0 >0 >0 >0
102.100 |1 >0 >0 >0 >0 >0 >0 >0 >0 >0 >0
I

98.100
TABLE XXVI - Undesired CW signal level, at the receiver'antenna terhinal,
necessary to produce a 7.5 uA deviation from a standard ILS

localizer deflection of 90 uA. The localizer frequency was
108.1 MHz.

t2* Not Tested

| Undesired Modulated Signal Levels (dBm) |

!
Undeslred ||-=---omoommmmo e ]
Frequency || Recelvers Tested ]
(MHz) Il A 1 B I ¢ | D | E | F | G | H | J I L |
---------- ii--—-—l----—I-----l----—l-----l-----l----—l---"-l-----l----—l
108.000 || *** -5]1 -53 -52 48 -49 -5 52 -5 -53
107.950 || #**  -20 -21 -19 -18 -20 -21 -21 -22 -23
IDT.9GG ] *xx  -15 -3 -9 -8 -16 -11 -22 -17 -14
107.850 || ***  -14 -10 -8 -6 -16 -10 -28 -23 -12
107.800 || **x -14 -13 -6 -6 -20 -12 -6 =23 -11
107.700 || **x  -14 -11 -7 -6 -15 -10 -4 =17 -10
107.600 |] **x  -15 -15 -4 -4 -8 -9 -6 -17 -1
107.300 ) x%x 14 -9 -4 -4 -6 -9 -17  -20 -6

TABLE XXV11-Undeslred modulated signal level, at the raceiver antenna terminal,
necessary to prcduce a 7.5 uA deviation from a standard ILS
lecalizer deflection of 90 uA. The localizer frequency was
108.1 MKz.

Arr  Nol Tected
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Part 7 of Annex 1

. France

COMPATIBILITY BETWEEN THE AERONAUTICAL MOBILE (R) SERVICE
(118 = 137 MHz) AND THE FM BROADCASTING SERVICE

7.1 Introduction

The criteria for compatibility between the aeronautical mobile (R)
service and the FM broadcasting service used up to now have not been
validated by laboratory tests and were more or less derived from

navigation receiver test results.

The first tests conducted by one country show some interesting
results in the response of COM rgceivers to Al and Bl type interference.

7.2 Immunity characteristics of two COM aircraft receivers to
Al type interference

Using the two interference criteria in 8% 3.2 and 4.1.3 of this report.
the different- threshold listed in Table 'XXVIII below were: found.

TABLE XXVIII )
RECEIVER 1 RECEIVER 2

( AF TNI I N2 [ RI I~ NL T N2 1 Rr1 1
[ | | I | | I |
| | [ | | | ] |

: 0 }-95 i -115. | 10 | - 97 | - 115 | 11 I -
| o | | |
{ 50 }-91_ : -110 } 5 = - 91 | - 108 | 5 |
| | oo
: 100 ‘=~79 } ~100 : - T } - 70 | =-93 | - 16 |
| | |

: .150 {-56 } - 83 { - 30 : -5 | -178 | - 33 i -
: l I N
: 200 {-50 l - 77 I - 36 } - 47 | ~ 71 | - 39 |
| | |
[ 250 |-44 | - 71 | - 42 | -~ 43 | - 691 - 43 |
| | | | | | | [
| 300 |-40 | - 71 | -46 | =-36 | - 651 - 50 |
! | | | | | | ]
| 350 |-37 [ -73 | - 49 | | - 64 | |
I | I ' | | | | |
I 400 |]-35 | -91 | -s1 | -29 | - 59 | - 57 |
I I | f [ | I |
| 500 j-29 | -57 | -5s87T | -125 | - 52 | - 61 |
| | I | I | | I
Il 600 | I [ | - 29 | - 45 ] - 57 |
] | I | I | [ |
| 700 | | I | - 21 | - 43 | - 65 |
| | | I | | I : |
| 1000 | | - 45 | | =-19 | -37 1 - 67 |
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The first criterion relates to tests carried out with the wanted

signal of -86dBm.

The second criterion relates to tests carried out without a

wanted signal.

For the interference in the presence of the wanted signal on
118.25 MHz of —-86dBm it has been possible to give the protection

ratio in dB which is defined by:

Protection ratio = Wanted Signal level in. dBm -

interfering signal level in dBm

N1 : level of interfering signal in dBm to meet the first criterion.
N2 : level of interfering signal in dBm to meet the 2nd criterion.

‘Rl : protection ratio (-86 dBm — N1) in dB.

The tests have been conducted with two receivers:

EAS type ER 4 - 671 — and Dittel FSG 70

7.3 ' Immunity characteristics for Bl type of interference

The tests were conducted with a unmodulated wanted signal of -86 dBm ang

one interfering signal which was frequency modulated by pink noise.

The intermodulation product considered was:

2 x 107.9 - 94.75 = 121.05 MHz

Table XXIX shows the level in dBm corresponding to the first

interference threshold. To ascertain the nature or the interference

law, a calculation was also made of (2 N1 + N2)/3 which gives the

average 'level; the results shows that the interference law is of

the type 2 N1 + N2 .= constant.

N1 and N2 were the levels of the unwanted signals.

TABLE XXIX
RECEIVER 1 RECEIVER 2
] i ] ] | i ]
I N1 N2 | (2 N1+N2)/3l N1 | N2 | (2N1+N2)/3 |
f ] I ] | [ |
I 7 1 -39 | -8 ] 5 | -49 | -13 |
| 5 | =35 | -8 | o | -37 | -12 |
] 0 | =25 | -8 | -5 | =21 | -12 |
-5 1| =17 | -9 | -10 | =15 | -12 |
|-101 -6 | -9 | -12 | -10 | -11 |
| -15 | 3 ] -9 ] =15 | -5 | -12 |
l-171 8 | -9 Io-17 | 0 l -11 |
| | | I -19 | 3 | -12 |
| | l | -20 | 4 | -12 i
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7.4 Conclusions

It is possible to propose, as for the radio-navigation receivers case,
a law of the type 2N1 + N2 = constant. This constant will be fairly low, and
therefore high signal levels will be needed to cause interference.

However, the final value of this constant cannot be derived from tests
conducted with only two recelvers and in consequence Admlnlstratlons
should be encouraged to conduct addltlonal tests to achleve a more

precise law for two—SLgnal interference.

It can be assumed that due to the separatlon between the two bands of
10 MHz, the 1nterference,law wlll not be very frequency dependent.

These characterlstlcs of the COM receiver have also to be checked by
other measurements
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Part 8 .of Annex I
'~ CANADA

AIRCRAFT ANTENNA TEST RESULTS

8.1 ‘ He;surements were made in Canada on ILS/VOR antennas as installed on

10 geﬁeral aviation. éorporate and commercial transport aircraft. Data'wgre

taken in the horizontal plane at four aircraft orientationa (forward, aft, pore
and starboard). The composite of all the aircraft antenna gain curves {sg shown
in Figure 27, The antenna system loss charactgristics defined by the Geneva

Agreement., 1984, (l.e. Ls ¢L(f) from section 5.8) is shown in Figure 27. This curve describes

a curve which baéically fepresents‘ the maximum of the composite gain data. ’

8.2 Figure 27shows that there is5 a 15-20 dm variation {n system gain {n
the 88-118 MHz band. The test data also indicates that almost all of the ajir.
craft/antenna system combifnations exhibited less galin {n the band 108 to 118 MHz
than that defined by the Geneva Agreement, 1984, curve. As a consequence, an actual received ILS signal

level may be significantly less than the -89.5 dBm calculated using the curve of the Geneva A

greement, 1984,
and assuming the minimum ILS field strength of 40 wV/m (32 dBuV/m).

~ a T T T T I T T 1 | T T T T T L T T T T T T T 1 T 1 T T T T T ]
& Jup .
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c - —
N —
a 20 |- —
c N 4
[ B 3 ]
-25 | = .
- ? < Vo
5 N
-30 v J/rrﬂ/l
-39 N fo,:;///" v -
-4 C :;/ﬂdy;//, A -
-45 | i
C I__1 l 1 1 1 14 1 1
-sa 851 [T | 55 11 55 [ 5 ! o5 T | G 41 s 1 IIZB
Frequency (MHz)
Fig. 27 : Composite Aircraft Antenna Gain Data

@ - curve = Geneva Agreement, 1984.
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Part 9 of Annex I - United Kingdom

TRIGGER AND CUT-OFF VALUES
9.1 INTRODUCTION

Theoretically every FM broadcasting signal present at an aeronautical
test point should be taken into account .when assessing the Bl type interference
potential. However, unless the level of these signals exceed certain values they
cannot be a factor inm producing Bl interference. Taking account of such signals
would lead to the waste of costly personnel and computer time. To combat this

the concepts of 'Triggci-' value and ‘Cut-off' value have been used.
9.2 *TRIGGER' VALUE
9.2.1 Definition
Trigger value is the miniounm value of an FM broadcasting signal which,.
when applied to the input of an aeronautical VHF (ILS. VOR or COM) receiver. is

capable of initiating the generation of a third order intermodulation of suffi-

cient power to represent potential interference.

9.2.2 Derivation

9.2.2.1 For the two signal case Para 4.3.3.1 of Report 929 statexs that Bl {nter-

ference can occur 4{f:

oax {0.4: 108.1 - £}

2 (N1 - 20 log ——— )
0.4 -
I4 ]
max «0.4: 108.1 - :2.'
. J)
- NZ - 20 log - » = 120 dBm (1)
0.4
max {0.4: 108.1 - £}
It N, - 20 log =
0.4
nax ,:0.4, 108.'1 - fzz,
= N2 - 20 log e S T

= NT = 20 log ~———cemcmcecrec——ce—————————- (2)




Then 3 (NT = 20 log =——me—=o—o m—mm—————=-Z ) 5 - 120 dB=m (3)
0.4
max {0.4: 108.1 - t‘}
and NT > - 40 + 20 log - - dBnm (4)
0.4

NT {8 .then the trigger value for the frequency f.
9.2.2.2 For the three frequency case Para 4.3.3.2 gives

nax {0.4: 108.1 - ¢ 1

1
Nl - 20 log ————
0.4
max 10.4: 108.1 - !21
L J
¢+ Ny = 20 log ——————memmmeme 2 -
0.4
¢ N
nax 10.4: 108.1 - £3f
v Ny - 20 log - > - 126 (s)
0.4
Thic leads to a trigger value of
’ nax {;.4: 108.1 - {}
NT > - 42 + 20 log —= - = (s)
0.4
9.2.2.3 Since., when this check is applied.

it 18 now known whether , 2 or a 3
signal case {s likely the inequality in (6) {5 used to define

the triggey value
as:

max {0.4: 108.1 - !}
NT = - 42 ¢ 20 log =———mea ~= dBnm

0.4

(7)

This i{s the value in Annex 2 Para 7.6.5.4 of the Geneva Agree=ent.
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9.3 ‘CUT-OFF' VALUE
9.3.1 Definition

‘Cut-off’ value is the minimum value of FM broadcasting signal which.
when applied to the {input of an aeronautical VHF (ILS. VOR or COM) receiver s
capable of producing a third order IP of saufficient power to represent potential
interference when combined with 1 or 2 other broadcasting signals at a level

just equal to the type B2 power limict.

9.3.2 Derivation

9.3.2.1 . From consideration of the interference criteria it can be seen that

the ‘cut-off' value is influenced by the actual value of the triggering signal.
The triggering signal has the trigger value as {its lower linit and the B2 transi-
tion level as {ts upper limic. para 7.6.6 of Annex 2 of the Geneva Agreement
gives the value of the B2 threshold level which varies from - 20 dBm .at 107.9

MHz to 10 dBm at, and below, 100 MHz. Between 107.9 and 100 MHz, to a first
approximation, the B2 limit has the same law a=s the Bl frequency term. Thus

for this purpose the upper Bl limit can be taken as:
N = - 20 ¢« 20 log =————=== - e e ——————— (8)

9.3.2.2 Two Frequency Case

With the Ny limit given in (8)., N, would have to exceed a value given

by (9) for interference.

Between the two extremes, the N2 interference threshold value would

vary with Nl as follows:
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9.3.2.3 Three Frequency Case

The general case becomes:

max {0;4:'108.1 - fi}
- N

No-> - 126 - N; *+ 20.1log -- ettt 3
N ' 0.4
max {0.4: 108.1 O’If}
* 20 log ————me—mmeee e
0.4
max {0.4' 108.1 - fi}
+ 20 10g =m=m—ee—cm———a ——————— ~ (11) ..
0.4 .
When N, and Ny at their B2 limit this would give
max {;.4: 108.1 - fz}
Nz > - 86 + 20 l0g ==——emmeeooo ——————X (22
’ 0.4
9.3.2.4 To cover all cases the equation (12) would be applicable. However,
experience in Europe has shown that frequency combinations repeat when the lower
signal levels are taken into accounct. Also trigger values are often well below
the type B2 limict. A group of European Administrations have produced a coamon

assessnent method which adopta the following cut-off value.

N > - 66 ¢+ 20 log ==w=—e==- e —————— - (13)

Comparison of computer test runs withecriteria (12) and (13) has shown that no
interference cases were missed by the use of (13).

Part 10 of Annex I --Canada

COMPARISON OF MEASURED AND CALCULATED CUT-OFF VALUES FOR TYPE Bl INTERFERENCE

10.1 During the Type Bl test program which produced data c€ontained {n Section
3.8. Annex I, some data were also taken to determine the cut-off levels vhere
TYPpe B2 effects supercede Type Bl effectsa. In Table 1. these data are coampareg
with the cut-off values calculated uzing the formula of the Geneva Agreement,
1984 (see para 5.7) and with the formulae developed by the United Kingdom ana-
lysia for current tamunity of ILS localizer receivers (see equations (8), (9) and (12) of

Part 9, Annex I).

10.2 Although the limited test data in Table 1 show cut-off levels as low
as - 70 and - 85 dBm, the cut-off formula of the Geneva Agreement, 1984 will
not gi{ve a cut~off level below - 54 dBnm. The United Kingdom formula glives a

better correlation with the test data.




Receiver 1 Receiver 2 Receiver X Mowew N({UK)
. Agreament 1
Intermodulation | (dmm) (dBm) (@Bm) - e (dBm)
Product
min |ln rlmlie e lelm bz 1w 1x laivel;inieia
2¢207.5) - 106.9 - 108.1 aas baas ! - leges®l cag D -ao ! - loz0®) —2s 1 —2s 8 - 178
-10 $¢-83) - ~105 =11 {(-30) - =92 1(-33)} =10 ot -78 i-s0l-dal - =-18l-70} -
2ol -3l - laez de-ezy! cr0 ) - lega b oc19 feesont - o7
2(106,3) - 104.9 = 108.1 B N A R N IR AL R R LA Bt I B -57°
-10 1¢-s4)! = 4 -gat <19 l¢-aop} - l-78 - -a2l-36l = | -al-g2} -
-303} =20 | - g0 l¢-3a)} 10} - 1-78 % -9 f(-aodp - (-28
2(207.9) - 106.7 = 109.1 -3 | -30 | - 1 -90° .
o -saloaal - lezolegal -
-8 l¢-16)) - | a8
2(107.5) - 105.9 = 108.1 TR IR B IS Fod
-6 -6t - 1 -39 -s0i-39) - 1-16l-63! -
(-3 -1} -} -78
2(1€6.5) - 103.9 = 109.1 BTN ETE B

-6 Jg-ay! - 1 -s2

107.5 - 106.5 - 105.9 = 308.2] -3 § <33 | a3 b ge®l cand -an b oan beza®d c2a -aa w20 1er2”

¢-10)! -15 | -15 l-100 l¢-603! -27 1 -17 }-74 1¢-s00) -7 =7 =74
-501=~42}-39 1-161-741-5

-15 1¢-70)) -1s i-100 | -17 l(-60)} =17 1-74 1 =17 1(-40) =17 =74

-1 1 -15 l¢-70))-100 | -18 ! -18 I(-60)1-76 } -17 ] -17 1(-40) -74

107.9 - 106.3 - 105.1 = 109.1} <25 1 25} 25 1 -75°

(-60)} -8 -8 ! -76

-sal-atl-36 t-201-731-3

18 § -18 J(-40); -76

-9 Jewsoyl -9} -78

107.5 - 105.5 - 103.9 = 309.1 -21 | -21 ) 21 } 63"

(=503} =7 -7 ) =64 -sol-38l-34 1-163-70} O

TABLE XXXI-Comparison of Measured and calculated Cut-Off Values for

Type Bl Incerference.

Noces:

1)

2)

J)

&)

3)

6)

7)

Cut-off levels {n the daca are ctrcled.e.g,.

Cuc-off levels indicate vnere Type 32 interfecrence effeczs
scarced or became dominanc.

* {ndicaces ;qux-tlgnal refecrence.

 For 2-signal case: 2Nl - N2 - K «0

for J-signal case: Nl - N2 N} - K «0

vhere N1, N2, N) o stgnal levels f{or FM stacions 1. (2, ()
cespecctvely, ana (1 >(2 >¢3J.

0.4
N2(UK) « - 80 + 20 log 2.5 (max (0.4: 108.1 - £2))

N(Geneva Agreement 1984) = =54 - 20 log [max (0.6: 108.1 - f)]

for 2~eignal case. and

- 86 » 20 log Z.S'Imax (0.4: 108.1 - £2))

for l-signal case

B2 limits: N1(UK) = ~20 + 20 log 2.5 (max (O0.4: 108.1 = £1)) and
N3(UK) = -20 + 20 log 2.5 (max (0.4: 108.1 - £3).
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ANNEX II

Compatibility Assessment Methods
Introduction o T

Several methods have been developed which permit the theoretical assmess-
ment of compatibilicty. Such methods are of most use before new broad-

casting or aeronau:ical facilities are introduced.

Détailu of the nethodn currently 1n use may be foundnans 2 to 5 A
comparison of ‘the computat:lon ph:.losophy adopted may be found in Table XXXII.

It should be noted that .the enhanced method described in appendix 1

is the only one which has been field-teated in order to prove that it
known parameter values are used for a specific situation then {ts Pre-
diction- correlate with reality. All four methods can be used, with
generalized parnmecers and worst-case combinations of wanted and un-
wanted signal levels to provide conservative general analysis. More
operational experience 1ia required to uuue{slthg ggneralﬁzedvupproachg.

in th;u‘regard
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in Correlation Studies

Relevant Parameters

1.2

Table XXXIII lists the identified parameters that need to be considered:

when .correlating measured {nterference to.calculated .or predicted inter-

for each of the mechanisms

Bl and B2. Ex-

Az,

Types Al,

ference,

.The parameters listed apply

planatory notes follow where applicable.

and VHF comnunlca:iohn,syutgmn.

VOR. .

to ILS locnlizer.

hmmmt e el e e
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PARAMETERS 1,

2,

3

and 4

PARAMETER 6

PARAMETER 7

PARAMETER 9

PARAMETER 10

PARAMETER 13
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E X P L AN A T I O N

By measurement of field strength of the radiated
signal or by calcz2lation. the rad{ation pattern s

established in the direction of measurement. Measu-

‘rements at different azimuths and elevations may be

combined to fully characterize the radiation pattern.

Beam tilt, {f any. should be taken into account.

Site and antenna elevation need to be .taken {nto
account. Propagation is free space up to radio hori-
zon with diffraction losses beyond (see . Recommen-=
dation 528). variability due to season/weather ef- .
fects should be considered. »

Both broadcasting and aeronautical bands.

" Terrain effects need to be taken into account. Va-

.riability due to season/weather effecta should be

considered.

The Al mechanism i3 affected by avionic receiver
characteristics only to.the extent that the receiver
selectivity admits the spurious emission. Modulation '

characteristics will affect result.

Energy other than from FM broadcasting transmitters
could contaminate signal measurements in any of the

four mechanisas.
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1.3.1-

1.3.2

1.3.3

1.3.4

, ‘ o Rep. 929-2

Result of correlation experiments

‘"Introduction

In Canada. correlation between the predictions of the enhanced analysis

model and flight results under test conditions was examined for the Type

"Bl interference mechanism.. For these tests. the ILS transmitter of an

ILS test facility near Ottawa was re-tuned and operated at 108.5 MH:z

to coincide with the receiver intermodulation product: 2(106.,9) . 105, 3
= 108.5 MHz.

Analysis model
The analysis technique considered the following factors:

- measured FM antenna horizontal radiation patterns;

- - measured localizer transmitter antenna radiation pattern;

-~ measured aircraft antenna radiation pattern and gain;

- measured receiver interference immunity in the presence of various

localizer signal levels:

- aircraft position and heading:

. aircraft inside mainbeams of FM transmitters.

Flight test results

Figure 28 presents an example of the results of the two versions of the
enhanced technique (l.e. an {nterference area and a test point analysis

along a flight path}).

The “predicted area of no interference” was plotted assuning waorsgt Cage
aircraft antenna orientation, that being wmaximum gain towards the FM
transmitter sites and minimum gain towards the ILS transmitter s8ite,
This plot therefore presents a limiting case: any interference found
during a flight test should be outside the “predicted area of no {nter-

ference”.

The correlation between the flight test results and the detailed predic-
tion technique using test Points along flight paths can be seen in
flight path segments RUN R47 and RUN R48. In RUN R47, the lobe Etruc-
ture of the ILS antenna radiation Pattern can be seen creating short
segments of no interference on either side of the front course sector,
in both the predicted and flight teat resulcts. These flight tests
confirmed the prediction that there would be no interference in the
front course gector. In RUN R48. again no interference was predicted

or found in the front course sector. :

Conclusion

It {s known that for each factor used in the analysis sodel, there
exists a variation between actual parameters and characteristics of the Geneva
Agreement, 1984. Submitted data quotes variations of ~10 to +4 dsB for
FM antenna patterns, -10 to +30 dB for ILS actual signal levels as
compared to the -89 dBm minimum level and finally 7 d8 between actual
and predicted FM levels (due to ground reflections). Considering that
predicted results matched flight results very closely., the correlation
obtained can only be explained by the use of measured characteristics

for all factors considered.
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Expected validity of cenerallzed methods

Some of the generallized methods described in this .
Annex have been used to predict the theoretical conmpatibility of well
established operational situacions. These nethods are conservative
and.{t {3 not uncommon for negative conpatibilizy margins, sSomnetines
very large. to be predicted for well escablished opeta:ional.ui:uaciong
vhe;e no complaints of {ncompatibilicy hive apparently been received.
This raises doubts about :hé-degree of validity of the methods and/or
at least some of the compatibility criteria which they apply. Conclu-
sions drawn from using any general ne:hod applied to well establizshed
operactional situations. some of which have been {n use for nany years,
should be viewed with some caution. In North America,. aeronautical
and broadcasting sYystems were engineered one by one basxed on case-by-

case evaluations. for exanple, taki{ing account of conditionx at speci{fic
locations. There is some doubt about the validity of applring a genera-

lized method to a situation such as that 4{n Region 2.

It is. desirable to attempt to quantify the magnitude of the discrepan-

cies which could be introduced by known approximations Oor assumptions.
The s§urces of discrepancy and the estimated nagnitude are:

- Horf{zontal radiation pattern of broadcasting station. 'Dif~erences

of + or -.2 dB can exist between predicted and measured value on any

bea:ing.' Differences of + 5 to - 10 dB have been found to exist {n
£

Canada for side mounted antennas between noaminal theoretical e.r.p

and assuned omni-directionality and measured values on any bearing.
- Wanted radionavigation signal level. Differences of -10 to +30 .dB
can exist between the minimum value of aeronautical signal level

(-89 dBm) and the actual value at a test point.

- Aircraft antenna system performance. Differences of 0 to -20 dB can-

occur between the antenna systenm frequency dependency nmodel quo:ed

in the Geneva Agreement. 1984 Annex 2. Part 7.6.2 and the men:ured

values. This difference also takes into accoun: any effects due to
antenna directivity.

-~ Aeronautical receiver iamunity. Differences in the range -10 to 030.

of thg charac-
teristics for a particular model of receiver compared with the charac-

dB could occur when account is taken of the deviation

teristics specified in the Geneva Agreement. 1984 and also the ex-

pected variation of receiver performance as the level of the wanted

signal is varied.

It should be noted that some of these expected dikcrepdncies are {nter

dependent. For ezample. {if the receiver Performance ia level dependent

this can be affected both by the variation of the level of the wanted

signal and also by the-aircraft antenna perforaance.

It should also be noted that one significant source of Potential dig-

crepancy which can be considerably reduced is the'replaCcment of a free-

space propagation prediczion- model by one using ITS lF 77 (Gierhard
and Johnson. 1983], or the 50% time propagation curve from Rec. 528.
This will have the effect of reducing discrepancies by up to 30 dB for

paths which extend to near or beyond the radio horizon estinated on

the basis of a smooth 4/3 earth approximation. On shorter paths. how-

ever, the effect can be expected to be negli{gible,
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A !u;‘:her‘p'ossible source of discrepancy has been Ldyen.t»ifie‘d which can
not yet be quantified. This Qppiies onlf to the case of rqdlated inter-
modulaiién prédhcts (51) where it is considered important to consider

the VRP of the broadcasting antenna at the frequency of the spurious

~emission.

Any. or ail. of the above facfars could contribute to a discrepancy
between calculated margins and operational experience, but no informa-

tion is yet available about the overall differences which cou}d occur.

Also. the actual operational constraints at a specific facllity need

to be taken into account.

Summaries of the methods described in Parts 2 to 5 of this Annex
Canada (see Part 2)

Computerized techniques permit the plotting of potential type Al, A2,

Bl and B2 interference areas directly on aeronautical charts or on
service area diagranms. The compatibility criteria of the Geneva
Agreement. 1984 are used in the general model. Moreover, a detailed
éase assignment analysis i{s possible utilizing other parameters or -
criceria. This enhancement permits a closer approach to the operational

environnent.
United States of America (see Part 3)

In the United States an automated computer based model is employed %o
predict compatibility between FM breoadcast transmissions and the ILS
localizer system. Some important features are: The ICAOC minimum speci-
fled signal level of 40 pV/m is used throughout the entire ILS service
volunoe. Bench tests of 28 receivers, validated by flight tests, were
used to derive interference criteria for the Bl type mechanism. Crite-
ria for types A2 and B2 mechanism are the same as used in the Geneva
Argeement, 1984, except, the greater restriction is employed where the
two differ for a given Af. The minimum default search range is 30 NM
beyond the bounds of the ILS service volume. Larger ranges can be

selected as appropriate.

The LEGBAC Unified Assessment Method for Aeronautical-Broadcast Compati-
bility (see Part 4).

The method was developed by a "Limited Exploratory Group for Broadcast
to Aeronautical Compatibility” (LEGBAC) comprising the Administrations
of GCermany (Fed. Rep. of)., Belgium, France, Ireland, Luxeabourg, Nether-

lands (Kingdonm of the) and United Kingdom.

The Unified Assessnment Method. UAM, provides a computerised analysis

tool for international coordination in relation to the compatibility
problem. The UAM applies the compatibility criteria contained in the
Geneva Agreement. 1984 with a correction factor which takes into account
the antenna characteristics of broadcasting stations. All significant
potential incompatibilities are identifled using a reasonable number
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of test points. Given that the nighest level of Potential incompacy.
bility will always occur in the vicinity of a broadcauting station,
che'm?thca 1; ba;,d upon test Points generated in thedir vléinity. Thesge
broadcast station related test.points are additional tg fixed 1ILs test

points.

This approach has resulted {n an efficient Computational tool wvhich

provides a list of potential interference marginas at the test points

Poland (see Part 5)

The compatibility assessment method created in Poland {n principie

utilizes the compatibility criteria of the Geneva Agreement, 1984.

However, certain refinements have been introduced.

Compatibility for ILS, VOR and VHF COM is assessed. In the case o¢

VOR and VHF COM, test points are created along flight paths.

References
—c-2tNces

Glerhard G.D., Johnson M.E.. "The 1F-77 Electromagnetic Wave Propagatiogpn
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Part 2 of Annex II

Automated Compatibility Analysis Models Developed by Canada

Systen Overview

The FM/ILS/VOR/COM Interference Analysis System consists of 2 wmain compo-
nents: the Interference Analysis Subsystem and the Happing Subsystenm.

The lnterference Analysis Subsystem. running on a mainframe computer,

has ‘access to data bases containing:

(a) all canadian FM stations:

(b? USA FM staFions up to 320 km (172 NM) from the common border:
(c) all canadian ILS. VOR and COM facilities:

(d) - US}\AI!.S'tatv:J.lltien ui:}xigl 240 km (130 NM) t‘rom the border and

USA VOR facilities within 1020 km (550 NM) from the border
(note: distances shown are those in bilateral agreements with

the USA).

It carries out Type Al, A2, Bl and B2 analyses to produce ‘an inter-

ference report which prints out all cases where an interference contour
overlaps the service area of an aeronautical facility. ~This report ’
provides an approximate size of the potential interference areas. The

Mapping Subsystem.is then used. to provide an interference plot.

fhe interference Mapping Subsystenm ia {implemented on a microcomputer.
and is used to plot ILS/VOR/COM service arecas, FM transmitter sites. Type
A1/A2/B1/B2 interference contours and the results of test point ana-
lyses. This subsystem stores FM/ILS/VOR/COMi{nfarmation obtained from the
interference report. as well as measured data on aircraft antenna
characteristics, receiver interference iamunity characteristics. FH
antenna radiation patterns, ILS transmitter antenna radiation patterns

and ILS signal .levels.

Assumptions and Criteria

General model: This model considers the followtng:’

a. FM antenna pattern: an tdealized omnidirectional H.R.P.
pattern based on maxioum e.r.p-.

b. FM signal propagation: . free-space nodel

c. Aircraft antenna system model: the model of the Geneva Agreement,
1984 ’

d. 1LS signal level: -89 dBm throughout

e. ILS/VOR-receiver characterist:iés: those embodted in the criterta of

the GCeneva Agreement. 1984

Figure 29 shows the output of such an analysis.
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Enhanced nodel: One or more of the following may be substituted for

their equivalent in ;he.ggneral model:

a. FM antenna pattern: calculated or measured VRP, zeasured
HRP K
b, FM signal propagation: the ITS 1F-77 (Gierhard angd Johnson,

. . . 1983] propagation model .Reference:
which considers -Tee~-space losses
within line-of-as:3ht and diffraction
lossess beyond: radio horizon g
actual {nstead of calculated

c. Alrcraft antenna model: characteristi{ics in terams of radia-
tion pattern and frequency response
for.a specific aircraft/antenna
combination

d. ILS signal level: as measured or as derived fronm an
{dealized or measured 1IvLs antenna
pattern

e. ILS/VOR receiver characteristics: specific receiver characteristics
under varying 1ILS signal levels

Figure 30 shows the output of an analysis considering actual localizer
signals and a specific receiver (with 10 dB less immunity than was used in
Fig. 29) other factors remaining within the assumptions of the Geneva

Agreement, 1984.

Software is being modified to print {interference margin numbers along
flight -paths (or at selected test points), rather than just identifying
if interference i8 or is not being predicted. This will assiat {n
interpreting the presentation. Flight tests on a number of ILS faci{ly-
ties across Canada will be carried out 4in a continuing evaluation and

refinement of the enhanced analysis technique.

Usage

The general model is used a= a preliminary analysis for each assignment
case. The enhanced techniques may be used as the circumstances require.
Finally. both models may be used as a tool to design and implenent

compatible FM and aeronautical navigation au-ignnentn.

Reference

Glierhard G.D.,. Johnson M.E. "The IF-77 Electromagnetic Yave Propagation
Model™, DOT Rept. FAA-ES-83- -3. Boulder, Colorado. September 1983
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Part 3 of Annex II

A _Computer Based Mathematical Model to Evaluate Compatibility Between

Proposed FM Broadcast Stations and the Instrument Landing Systenm (ILs)

Localizer of the United States of America

In the United States an automated computer based model {sx enployed to
predict compatibility between FM broadcast transmission and ILS local-
'izer systemn.

Iﬁ.:unncry. the primary factors of .the model are:

‘Localizer Signal in Space -~ The ICAO mininmum specified signal level of
) 40 pV/m is used throughout the entire ILS service volume.

Aircraft Antenna System - The antenna system response curve of the Ge-

nheva Agreement, 1984 {s used. Horizontal or vertical direc:ivi:,
of the aircraft antenna are not considered. .

Receiver - Bench tests of 28 receivers. validated by flighe tests, were
used to derive unique interference criteria for the B} tYPe mecha-
nisnm. Criteria for types A2 and B2 fechanisms are the same as used
in the Geneva Agreement., 1984 except, where the two differ for a

given Z&[. the greater reatriction {s eaployed.

FM Antenna - Horizontal and vertical radiation Patterns based on manu-
facturers'specifications are used, {f known. I1f unknown, an omni -

directional horizontal Pattern is used, along with an assunption

for vertical radiation pattern with a * 5° main beam and -14 dB

for all other elevations (generic antenna).

EM Signal in Space - Line of sight inverse distance Propagation {s used,

normally from a search distance up to 55 km (30 NM) from .any poine
‘on the ILS service volunme. Greater search distances are used ¢

necessary.

Test Points - A pre-screening horlzoncaligrid of 2400 x 2400-; (8000 x
8000 ft.) spacing throughout the ILS volume {=s first applied
without any FM antenna pattern correction and with a +12 dB value
added to,tﬁe computed field strength of each FM station. Only {¢
an interference criterion {a exceeded in Pre~screening an intensive
analyasis is made on a 300 x 300 m» (1000 x 1000 ft.) horizontal
grid at any user selectable altitude. Default values are: botton
ot (ervice volunme, toéf elevation of FM tower. In the special
case where an FM antenna 1is within the service volume. a 30 x
30 m (100 'x 100 ft.) 2-dimensional grid is created for test pointas
in the vicinity of the FM location.
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Introduction

————— e ——

In-the United States of America. a cale-by;cnue cgor51nAtian procedure,
which starts at or before the building permit stage, 1s‘used on a con-
tinuing basis to ensure that the present, satisfactory level of compat-
ibil4ty between the aeronautical and broadcast services, cdnélnuel. As
a result., the U.S. has not had to adopt blanket limitations on the
aeronautical service to solve interference problems. VSeveral techniques
have been used in an effort to evaluate the electroéagnetic ;ampacibil-
ity (ENC) between the aeronautical radio services in the 108-137 MHx
band and FM broadcasting stations in the 88-108 ﬁHz band. Many of these
techniques, most notably the “Venn diagram”™ approach have by necessity
employed a asimplified approach due to the many calculations involved

in a precise analysis of a compatibility probien. The ready availabili-
ty of computers has provided the impetus to develop a computer-based .
mathematical model which, when cqmbined‘with empirical data derived

from bench and flight measurements would provide a full analysis of

any given compatibility question.

The United States has developed such a computer based mathematical
model, known asm the Airspace Analysis Model (AAM) that s the mosat

- powerful tool yet developed in the U.S for the evaluation of the com=-

patibility between FM broadcasting And‘the'aeronautical radionavigation
(I1LS) services. It relies on actual data collected by flight checks
of existing radio stations as well as bench tests of radio equipment
used in the field. It uses broadcasting -antenna patterns (where pro-
vided) to enmure that the interference “zonea” predicted are as exact

as possible.

Model implementation to date iz limited to the evaluation of the com-
patibility between FM broadcasting transmitters and the Instrument

Landing System (ILS) localizer avionics. The output of this model

consists of computer generated plots which indicate areas within the
three dimensional localizer service volume where A2, B2 and/or Bl inter-
ference is to be expected under certain conditions. This model differs
significantly from earlier methods of analyzing compatibility in that

a three dimensional analysis is performed which takes into considera-
tion the vertical structure of the localizer service volume as well as
the vertical pattern of the FM broadcasting antennas involved. The
operator has the option of selecting any search distance for FM stations
as measured from the edge of the service volunme. The default (and
minioum allowable) value is 55 km (30 NM) to minimize computation time.

Empirical data

The results of a joint canadian/United States ILS/VOR receiver bench.
test program comprise the firast set of data incorporated into the model.
(Annex I. Part 3). Additional testing has been completed fn the United
States. and the results have been incorporated finto this database. A
total .of 28 receivers underwent bench testing to determine their sensi-
tivity to Al, AZ, Bl & B2 interference from FM broadcasting signals
(See Table XXXIV). In some cases multiple units of the same model were
tested to gain inaight into the repeatability of the data. Those
models, which are among the most popular, did exhibit remarkable re-
peatability. A detailed description of this additional testing is the
subject of a smeparate document to be published by the United States
Federal Aviation Administration.
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3.1.2.2 A total of 15 different antennas, mounted on 14 different airframes.
are included in the data which forms the basis of the model. A liasting
of the airframes and antenna mddels is included in Table XXXV. The fre--- -
quency response curve of the Geneva Agreecment, 1984 {s the curve cur-
rently {incorporated into the model.' Horizontal or vertlcdl'directivity

of the afircraft antenna is not 'considered.

3.1.2.3 Vertical radiation patterns of 11 different types of FH ‘broadcasting
) antennas was provided by antenna manufacturers and s included in thia
model. " Table XXXVI lists the types and Figure 31 is a sample pattern.

3.1.3  Model Formulation

3.1.3.1 The model calculates predicted areas of A2, Bl & B2 i{nterference within
the ILS localizer service volune. For A2/B2 interference field
strengths of FM broadcasting signals are calculated and compared to the
immunity criteria presented in Figure 32, the adopted curve of the Ceneva
Agreement, 1984, At the upper end of the curve. near 108 MHz., A2 pre-
dominates over B2 and Is the determining factor.

3.1.3.2 Criteria for type Bl Iinterference (3rd order. 2-sif{gnal and 3-signal
receiver intermodulation) is based on the data taken by the United

States and Canada, some of which appears {in Annex I. Part 3.
The 2-signal compatibility occurs when:
2
2N1 ¢ Ny o< 26.4 log [ At 1 * Afz ] - 133.8
The 3-signal compatibility occurs when: .
Ny o+ N, + N3y ¢ 27.1 log [ Ar, Az, = Ar,) - 141.3
where:
Ny, = ith FM received power, dBnm
At, = ¢, _ - £, (PH). HH:

3.1.3.3 The interference threshold equations in the AAM asasume a localizer

: signal of -86 dBm (the ICAO minimum field strength converted to dBm)
throughout the entire service volunme (Fignm 33). Terrain lﬁielding
(Figure 34). atrcraft shielding and monitor thresholds can create areas
wvhere th&ﬂzctual receivedinignal {2 leass than would be predicted using
standard propagation analysis techniques, (0perat£onnlly.<receiving
antenna reception patterns can vary considerably for various aircraft
‘attitudes and orientations. thus further degrading the signal level.)
Should terrain shielding reduce the actual field etrength below the
minimum level allowed by flight check (-90.5 dBm) a reduced or modified
service volume may be declared and published. Also, the ILS transmitter
monitor will allow a 3 dB reduction in transmitter power before turning
off the ILS tran:mitter.A' -

3.1.3.4 The AAM looks for possible interference anywvhere in the entire ILS
service volume in order to ensure that {t {8 {nterference free as op-
posed to only the centerline approach region. A pilot off course relies
on the directional guidance provided by the ILS to his course deviation
indicator (CDI) to steer the aircraft in the direction Necessary to

regain the course. Radio frequency interference to the localizer could
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give unpredictable readings and may even result in centering the needle
of the CDI., the normal indication that the pilot is on course. Addi-
tionally. providing less than full protection of the Service Volunme
would reduce the flexibility of air traffic control operations and could
jeopardize the viability of a given approach. Since it is extremely
costly and difficult to relocate an airport, the decision was made in
the U.S. to check for interference in the entire service volume and

pProtect all usable airspace within f{t.

NOTE (1). ICAO Annex 10. Volume 1, Part 1, Section 3.1.3.3.2
‘ specifies 40 pv/m as the minimunm signal level within

the localizer coverage volume. Thias is equivalent

to -86 dBm at the terminals of a lossless isotropic

antenna.

Bench data indicates that in most receivers, FM broadcasting inter-
ference tends to widen the course. However, in at least one popular
model, the needle can be made to veer to one side of the CDI (Annex I,
Part 3., Section 3.7). 1t is critical that the entire service volume

be protected from such FM broadcasting signal induced interference.

The computer implementation of the model perforams FM broadcasting signal
level calculations at hundreds of locations throughout the ILS local-
izer smervice volume under investigation. Calculations are performed
over a grid with points every 300 m ( 1000 ft.) horizontally. For all
FM atatifions within the service volume, a 30 x 30 m (100 x 100 ft.)
horizontal grid of test points is used in the vicinity of the stations.
The model can also plot a vertical slice of {nterference areas at thae
users option. Such a three dimensional matrix of signal levels froam
all FM transmitters under investigation i{s calculated. These levels
are combined and compared with the Bl intermodulation criteria for 3rd
order, 2- and 3-signal intermodulation., A2 and B2 criteria. At each
location where compatibility criteria are violated, a dot is placed on
4 computer generated plot. Examples of such graphic plots are depicted
in Pigures 34-38. As can be seen. the results are sensitive to both
the vertical dimension of the service volume and vertical antenna pat-
tern of the FM broadcasting station radiating elements. This result

is then used to assess the compatibility between the PN broadcasting

environment and the ILS localizer system.

U.8. Experience with the Model

In an effort to redice the computing time, the U.S. has made a number
of modifications to the model. The U.S. model now performs the compati-
bility assessment in two phases. During the first phase (pre-screening

‘phase)., the model pertbrm- the analysis on test points based on 2400 x
2400 °'m (8000 x 8000 ft.) horizontal spacing with 30 x 30 m (100 =x

100 ft.) vertical incrementz. -For the second phase. the model uses

300 x 300 m (1000 x 1000 ft.) horizontal spacing with the same 30 x

30 m vertical increments.

In order to avoid the possibility of missing any potential problens
during the pre-screening phase, the analysis is made under the following
special conditions: ) v

(1) 12 dB is added to the e.r.p. of each FM station
(2) No vertical pattern corrections are made for the FH statlions

(3) Alrborne receivers are in the FM main beam
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If any potential interference problems are detacted'duying the pre-

.8creening process, the model automatically starts .the analysis over

again with the 300 x 300 m horizontal spacing.
The two-phase analysis technique used in the U.S. model essentially

doubles the speed of the entire analysis.

The FM astation search is now conducted in an elliptical pattern sur-
rounding the service volume, instead of a circular search from the
localizer. The minimum ellipse is determined such that at no point ¢
is less than 55 ko (30 NM) from the edge of the service volune.

Other improvements include addition of VOR stations as an interfering

source and a number of cosmetic changes to make the model more user

. friendly.

Operation of the AAHM itself has yielded some surprising results. In
one recent case. an applicant proposed to relocate his antenna. The
"Venn diagram™ method showed that at the proposed site, the predicted
interference would have been no worse than that at his existing afte.
This normally would have meant granting the proposal with a Conditiongl
statement added.

Subsequently. the data was run through the AAM. Using the generic
antenna pattern., the predicted interference was worse by a negligible
amount (an: additional. 15 - 22.5 m (SO - 75 feet) up into the service
volunme). As is the procedure when interference is predicted using the
generic antenna model, the more precise antenna model was used. Once
the appropriate antenna type model was included, the. AAM showed thate
interference would have been present throughout a significant portion

-of the service volume. FPigure 39 {llustrates a characterization of

the interference in a vertical Plane through the ILS . transmitter and
the FM transmitter site.

Another recent case..the AAM predicted interference in such graphic
detail that examination of the plots by the applicant's engineer along
with his knowledge of the operation of the. model, resulted in thenm with-
drawing their own engineering study until further notice. FPigure 40
illustrates a vertical characterization of thiasa interference along a

radial through the FM transmitter location.

The AAM can also assist in interfe;énée Lnéentiéaéions.‘ c$nracter1.§1;.
of aircraft type. receiver and antenna system, when included into the
AAM submodels. will represent a specific aircraft. The characteriatics
of several flight inspection aircraft are included in the databases

and it is possible to specify a particular alircraft qnd.éontigurution.
By using a new antenna calibration facility at the Atlantic éity, New
Jeraey the flight inspection aircraft antenna patterns will be docu-
mented. Having a calibrated aircraft will allow the aAnlyaia of an
interference situation prior to actual flight nealurenent as was 11-
lustrated recently in an interference case at Greenville, North Carolif-
na. There was a report of FM interference to the localizer at Pltt-
Greenville Airport. The AAM predicted that the interference. was not
FM. A subsequent flight check verified this.
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Validation

Validation of the model is being accomplished by comparing calculated
performance of ILS localizer avionics with measured performance under
actual flight conditions employing a specially equipped aircraft. This
aircraft - is particularly valuable for this function since both {ts
avionics Treceiver and antenna characteristics have been measured and
calibrated as part of this model development effort. The avionics
receiver was measured during the bench test program. The antenna was
calibrated Iin both {ts horizontal pattern and frequency response at

the Canadian antenna measurement range. Validation of the model is in

progreas. with encourtiing results from {nitfal flight testing efforts.

Recently, there was a report of radio frequency'in:erterenée to the
localizer (110.5 MHz) at Marquette, Michigan. This interference was
reported on runway centerline and was indicated by a drop in localizer

flag current.

Using the Airapace Analysiszs Model. it was determined that the cause of
the centerline i{nterference was intermodulation between the Marquette
VOR (109.0 HHz) and WHMQT. The VOR "is located 3 km (1.6 =ailes)
from the threshold. 2 degrees right of the centerline extension. While
other navatds are not usually considered in FM interference cases, this
particular one offered a unique situation due to the location of the

VOR The VOR was treated as a‘}aaiating gsource just like an FM

This cas-- offered a good opportunity to validate the AAM predictions,
since both the localizer and the VOR" could be reduced in power or
shut off completely to determine the effects of the {nterference.
Consequently, the specially instrumented airplane was deployed to con-
duct flight measurements. gfepeated approaches were made to the local-

{zer and the following r-esults were noted:

Run VOR "TUNED FM : ' cpz Flag

No. Status Trap = Indication Indication

1. ) Normal : " Not used ‘'Slight Waiver Pully visible
2. Normal Inserted " sSteady Barely visible
3. Reduced 3 dB ‘Inserted’ ‘Steady Flag Hidden

4. New freq. Not used Steady Flag Hidden

The existence of type Bl is cleariy indicated by the above data since
an attenuation of either the VOR~ or FM station asignal eliminated
the {nterference. The location and coverage of the measured {nterfer-

ence corrcspondl‘to AAM predictions.

The operating fx‘equen.ci' of the VOR Qa-'chnngec (o eliminate the

"intermodulation and subsequent flight measturement: indicate that the

localizer interference is no longer present.

89
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Future Enhancenents

Presently, the Ailrspace Analyais Model will gjalu;tei£hebe!tecta é; én'
broadcasting stations to ILS localizers. This ilvbeﬁng expanded to
include the evaluation of FM broadcasting interference and VOR and coM
service volumes. In the future, the AAM will evaluate the effects of
VHF and UHF television stations to alllaeronnutlcal ﬁacilltiel in the
108-~137 HMHz band.

As these future enhancements are added, th; capabilitiea of a micro-
computer will be greatly taxed. Plans include,adapta;ion of the AANM to
operate on a supernind or possibly a mainfranme computer., This wi)}
allow the evaluation of many more stations and the Potential problems

they may cause.

Interference Prediction Technigue for Spurious Emd{ssions Interference

(type Al)

The spurious interference occurs when the receiver responds to compo-
nhents of the FM signal which are introduced f{nto the aeronautical fre-
quency bands. and thus, within the receiver (IF) rTesponse, The major
factors involved in calculating interference of this to;m are the re-
Celver sensitivity, the FM spurious emission limits, and the power
(e.i.r.p.) of the FM station. The antenna, filter, and Treceiver melec-
tivity of the aeronautical systems under these conditions have no effecte
as the PM spurious emission is an on-frequency interfering aignal,.

Thus. spurious interference to VHF aeronautical syastems can occur vﬁen

e.i.r.p. - LD - sR > RS and.

where:

e.i.r.p.: equivalent isotropic radiated power of the FM statio

n

(dBm) (e.i.r.p. = e.r.p. + 2,15 dB):

Ly: free space transmission loss in dB:

S.: spurious emission 1limit {in dB be;ov the Fy Statiop
power:

Rg: receiver sensitivity in dBm.

For FH station No. 2 provided in the Figure 41 COM exanmple:

e.f.r.p. = 164 k¥ or 82 dBm (for e.r.P. = 100 kW) incluaing

vertical antenna patterns as appropriate:;

Ly = 37.8 + 20 log (119.3) + 20 log (3) = B89 4ap;

Sp = 80 dB (required minimum suppression in y, kg, for fre.
quencies more than 600 kHz fros carrier);:

Rg = . . . =104 dBm (typical ground receiver).

Therefore: 82 d8m - 89 d8 - 80 dB = -87 dBm which 1= ‘PPrOxlén:ei, 17
dB greater than the typical aeronautical ground receiver 'en'itivig
therefore, spurious interference i{s possible under these °°"dition.y’

If FM station No. 2 in Figure 4] wam moved to a location APProximay 1
ely

38 km (21 NM) from the airport, or if the power of the Fy stat{op
wa
reduced by 17 dB. or {f the maximum spurious radiation waa linftegq "
t
97 dB below the carrier the aeronautical ground faci{lities a¢ the Lo
afra

port would be protected from ¥M broadcasting aspurious intertgrence
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Interference Predictfon Technigue for Aeronautical Receiver Oveaload

(type B2)

Front end overload or desensitization of gnvagronautical recgiver occurs
when the receiver RF mection 1is qéiven into non-linear oper#:ion by

the thh—pbwer Fnralgnal. Intermediate frequency selectivity will not
provide Aﬁy prot?ction as the oyerloéd occurs in the broadband RP sec-
tion which will usually ;espohd to.host élgna;s in the FM broadcasting
frequency band. The current crite;@g'tpf'tybe BZ‘LACerference for
airborne VHF communications receivers is -10 dBm at the input of the
receiver and -4 dBm for groﬁnd VHF comnuﬁicationn'equipnent. Overload
(B2) and Lnternoduiatlon (Bl) interference contours for comaunications

nviqnics from FM broadcasting stations {s shown {in Figure 41.

Venn Diagram Approach for Tvpe Bl Interference to Communications and

VOR Receivers

The following proéedurea. known as the “"Venn Diagram™ approach., con-
tinue to be used to evaluate the effecst of FM broadcasting ntntioq-.

on airborne VHP comnunicationu'ahd VoRlnévlgations systens. This éech-
nique {8 to be phasmed out in favor of a more powerful conﬁu:er model
described in section 3.1.3. Until a sufficient empirical receiver
data base is developed to support such an approach, the Venn Diagranm
approach will continue to be used. The necessary data base i3 being
developed via bench testing of VOR and communications receivers i{a the

United States.

Tests performed {in 1978 on airborne communications receivers indicate
that at least one strong FM signal (prime signal) 4{s required to force
the receiver RF part into non-iihear operation. Once the receiver wee
operating in the non-linear mode, the prinebsignul could Eix with other
signals 10 to 20 dB lower in level (cécandafy signals) to produce harm-
ful intermodulation products. Teating o!_recéiverl indicated that the
minimum érime signal level at the input to the‘reéeiver un-.npprcx-—
maéely =10 dBm for airborne ccmnunica:ich receiverﬁ Ana -20 dBm for
airborne navigatioﬁ receivers. The minimunm :ecundarf signal level for
both types of airborne systems was approximately -30 dBm. By assuaing

a lossless {sotropic receiver antenna. no line loss., and free space
%

propagation loss)/ contour distances corresponding to recei{ved powver

levels of -10, -20, and -30 dBm can be calculated using the following

formula:

log ™ (e.f.r.p. = P = ¢ - LZ)/20

Free space loss closely approximates median transmission loss curves
when transmitter and receiver are within line-of-sight (LOS). LOS for
an aircraft at about 1500 m (5000 ft.) would be a minimum of 87 NM

regardless of FM station antenna height.
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3.1.9.3

3.1.9.4

3.1.9.4.1

3.1.9.4.2

'uich 100 kw e.Tr.p. and is located apprcximately 55 km (30 NM)

iairport tower’ frequency 119 3" MHz (2 x 107.9 < 96.5 = 119. 3); The

circle indicates the -30 and -10 dB éonfauri for FM stations ‘No. 1

"broken‘circles. In this case finteraocodulation ln:er’erence ia

Rep. 929-2

where:
a: bcaﬁfourAéadLusv(ﬁautical nilesn);
c: ' 37.8 for 4d Ln'niutical miles. or 32.4 for 4 tn kilometres:

i.L.f.b.E”equivalent iso:ropic radiated Power of the Fy broadcasting
station (dBm) (e. 1...p. * e.r.p. + 2.15 dB) including vertical
radiatlon patterns as appropriate. ’

R FH centre £requenc7 (MH:)'
P ‘ contour power level desired, either -10., -20, or -30 dBn:
q:’ avionics antenna out-of-band rejection. ’ o

Out-of-band avionic antenna rejection LR) is approximated
as follows:

For a navigation antenna:

Ly = : 3 dB: plus 1‘dB/HH: below 108 MHz.
For a communication antenna:
LH = 10 dB: plus 2 dB/MHz below 100 MHz.

The out o'f~ bnnd antennn rejectian value (LR) is subject ts'vlda varia-
tion: vhich are a func:ion ‘©f airborne antennas and installation di¢e-

ferences.

Communications eiahple

figure :4]1 gives a pictorial prementation of :he'intefferehcekpredic:'on

_:ethod using the Venn dlagran technique.

In :hisAexumple. FM station No. 1 is presently operating on 96.5 MYz

) from the
airport. FH s:ation Ho. 2 is being proponed to operate on 107.9 HHz
with 100 kW e.r. P.- at a location Approxinately 5 6§ ko (3 NM) fronm the
airport. An lnterfering internodula:ion uLgnal is predié::d on the
salig
and

F‘No.’i. respectlvely.‘ The crosshatched area indicates the area where

intermodulatiun interference in COM receivers is likely. "When the
antenna rejection of the airborne conuunication nntennu i3 considered

the respec:ive interterence contours would recede te those shown by

signisyg.

cant only when the airborne communication antenna providea no rejection

of the FM band. Even if FM station No. 1 wasz not involved, interference

could result from the assignment or FM station No. 2 uithin the service

volume of the tower frequency due to receiver front end overload (type

B2) or spurious interference (type Al1).
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TABLE XXXIV

RECEIVERS TESTED

ARC . RT-384A
’ " RT-385A
Arizona Avionics ’ MX 300
Bendix RNA 26¢C
) ‘ RNA 34A
Collinsa VIR-30
VIR-351 (2 units tested)
S1RV 1
51RV ;A'
51RV 2B
o _ 1Ls 70
King KX 155
» ’ KX 1708
KX iISB (2 units tested)
KN S3 7(2 units teated)
KNS 80 '
KNS 81
KNR 615 (2 units.tented)
NARCO NAV 121 (3 units tested)
» NAV 824
NAV 825
MX 12D

’ . \

TABLE XXXV’

AIRFRAME CONPIGURATIONS

Adlrframe and antenna configuration-'neulured for the antenna data base.

Piper Arrow 1V o 7‘»Do£he.andknn£§61iﬁ Dﬁ&-iz-l
Celqnn‘172'. o ) ASEénhn SpcéiAliiti iL"iZ-L
Mooney M20C ' VRP-37 ’ o :
Mooney 201 K .+ .  ..Dorne and Margolin DMN-48-1
Beechcraft Bonanza Communications Components 35-50-11
A-36 Dorne and Margolin DMN-4-17E

Dorne and Margolin DMN-48-1
Piper Twin Comanche Unknown manufacturer, cat‘s whisker
Beechcraft Baron e 'Dorn; and Hafjolin'oﬂh;{-17‘
Beechcraft Xing Aair ARC ASSB80A . ’ ’ .
Hodgl 100 Collins 137X-1

Dorne and Margolin DMN-4-15-3
Beechcraft Xing Alr Dorne and Margolin DMN-4-15
Model 200
Rockwell Saberliner Dorne and Margolin DMN-4-15-3
NA265 Model 80
Grumman Gulfstream GI1I Collins 837B-1

Dorne and Margolin DMN-20-1-9
McDonnel Douglas DC-9 Flush mount. vertical stabilizer
Boeing B-727 . Plush mount, vertical stabilizer
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. TABLE. XXXVI

F4 BROADCASTING ANTENNA TYPES

FM broadcasting antenna types d:ed for model vertical patterns.

3-bay B no beam-tilt no null-f411
4-bay no beam-tilt no null-f{11
§-bay no beam-tilt ] no null-f£1{11
6-bay -1.0° beam-tilt no null-fi111
6-bay -0.5° beam-ti1t 10% null-f{11
7-bay no beam-tilt no null-f£111
8-bay -0.5° beam-tilt 20% null-f£411
10-bay no beam-tilt ’ no null-fi11
12-bay ' no beam-tilt no null-f£411
l12-bay -0.6° beam~-tilt 12x first/SX second null-fze1}
l4-bay -0.5° beam-tilt _ 20% null-f411
1.0 !
1
0,8 l
- /
3 [
EO.S il \ .
v Y RN
, :
2 0.4 T T ]
o [ \ T U L
< | || Ll
0,2 - T
e 0, , |
VE NN FEERN
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10 0 -10 -20 -30 —40 —50 —60 —-70 —80 -390

Degrees relative to horizontal plane

FIGURE 31 - Typiéal vertical radiation patter of an FM
broadcasting antenna
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A2/B2 protection levels
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- Figure 32 - A2/B2 Criteria used in the model
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4500 ft
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7

4,8 NM
(8,9 km)

TCUCHDOWN POINT

LOCALISER ANTENNA

Note:

25 NM (46,3 km)

/
1000 ft/1
(305 m)

All elevations shown

are with respect to
the station’s site

elevation (aq,)

ILS Service Volumes in the United States
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Figure 33-
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Figure 34 - Three Signal Intermodulation Product 100.9 MHz + 105.7 MH:
= 97.3 MHz = 109.3 MHz. The solid line in the vertical

slice shows the terrain contour protruding into the
service volume.
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Figw+e 35 _ Plet of —-20 dBm (or greater)

contour from a proposad FM tr

located at the edge of the se
calculated fir

sigral strerngth
ansmitter anternna

rvice volume as
a the Vern diagram model.

| N.lgu
|

Figure 36 - Same scenario as in Figure 35, but using the

cemputer mathematical model. The effect of the

vertical FM antenna Pattern mantifestsg itself

the clear circle within the contour where the
signal strength falls below the threshold due to
vertical lobing.
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Horizontal Plot

= L wczY
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Figufe 37 - Venn diagram approach to Bl intermod analysis for
B a typical FM antenna locat:ion.
l
I "l | L
g
|
Figurae 38 - Same acanario aa in Figure 37, but uaing the

computer mathematical model on the floor of the
sarvica volume and incorporating vertical FM
broadcast antenna pattarn data. Notae the
correlation with the shaded area in Figure 37.
The notable axception iz the clear circular areas
whare the interferaence criteria is not aexceeded
,due to the vertical lobing of the FM antenna.
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Three signal intermodulation
104.5 MHz - 100.9 MHz =

lobing patterns in a vertica
FM station.

product of 105.7 MHz +
109.9 MHz showing distinctive
1 plane along a radial through the
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Figure 40 - Three signal intermodulation product of
100.9 MHz + 105.7 MHz - 97.3 MHz = 109.9 MHz
showing distinctive lobing patterns in a

vertical plane along a radial through the
FM antenna . : :
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13.7 km

—30 dBm contour/(7.4 NM)
with 17 dB antenna rejection

/,—\/Fl\v{‘stan’on No. 1

v 96.5 MHz
/ 100 kW e.r.p.
/ .
l @/‘
\
\

=10 dBm contour (5.2 NM)

—10 dBm contour (1.7 NM)

with 10 dB antenna rejection Service volume of the

control tower frequency

radius = i(:nNM

{3 Airport control tower

FM station No. 2 frequency: 119.3 MHz

107.9 MHz
100 kW e.r.p.

—30 dBm contour
(52 NM)
km

Area where intermodulation interference
in avionics receiver is likely

41
FIGURE 5 - Example of method used to predict interference
fo communications receivers
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Part 4 of Annex IT

The LEGBAC Uni{fied Assessament Method for Aeronautical-Broadcast Com~
patibility

General

The central objective of the Uni!léd Assessment Method is to define
test or calculation points within the aeronautical service volume. such
that all significant potential incompatibilities are {dentified. These
points will establizh the maximum degree of potential incompatibilicty

associated with a particular aeronnuticaL service.

A method, different from that contained in the Geneva Agreement. 1984,
was necesszary because the principles used at that Conference to fdentity
potential {interference cases were not complete, mainly because of the

lack of sufficient test points.

The Unified Assessment Method is based upon protection of the aeronaut-
ical radionavigation service down to a height of 600 metres above local
terrain. In areas where aircraft are approaching or landing at or
departing from an aerodrome. protection is assumed down to ground level.
For VOR where the antenna of the broadcasting station is more than 300
metres above local terrain, a sminimum vertical separation between an
aircraft and the top of the antenna is assumed to be 300 o while the

minimum lateral separation would not be less than 3 kn.

From the aeronautical operational point of view these lowver linits were
conaidered to reflect in general the normal operational use of these

radionavigation facilities.

When setting a minimum altitude for the testpoints the effect of the
vertical radifiation pattern of the broadcasting antenna may be used {in

compatibility calculations.

Although they are based upon the same principles, two different methods

for assessing compatibility were agreed, one for ILS and one for VOR.

The method to be used for assessing cbnpatibllity with ILS is based

upon a sufficient number of fixed test points within the ILS service
volume to identify every potential interference case using, within
certain limitations, the vertical radiation pattern and the actual slant
path.

This method indicates Ehe.protectlon margins or interference margins
at the test points.

When assessing compatibility with VOR, test points inside the VOR servi-
ce volume will be selected vertically above the broadcasting station.
In this case the reduction of the e.r.p. due to the vertical radiation

pattern is at a fixed value.

103
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4.2

4.2.1

4.2.2

4.2.3

4.2.3.1

30 dBW > = e.r.p-.

Rep. 929-2

Antenna Corrections

Polarization

In general no account is taken of any polarization discrimination bet-
ween broadcast and aeronautical radionavigation transmiszsions. In the
special case of mixed polarization with equal horizontal and vertical
components., an allowance. indicated in Section 7.4 of Annex 2 of Geneva-
Agreement, 1984, i=s made by adding 1 dB to the e.r.p. of the polariza-

tion component in the same plane as that used by the radionavigation

‘system.’

Horizontal Radiation Pattern '(HRP)

“FPor a broadcast station having a directional antenna {n the Geneva Plan

1984. HRP data are aspecified at 10 dﬁgree azimuth intervals. HRP cor-
rections are generated using linear azimuthal interpolation of values

expressed in dB.

Vvertical Radiation Pattern (VRP)

With a view to reducing the number of pu:enti#l incompatibilities advan-
tage can be obtained by taking account of the attenuation due to the

VRP of broadcast antennas. Such VRP corrections would ‘be applied only
for angles above the horizon from the broadcast antenna. ’
Wwithin the design of broadcasting antennas a numnber of configurations

is available. These can vary from a simple antenna such as a dipole,

as often used at low power stations, to the more cohplex‘nulti-éiired

antenna normally used at high powver stations.

Table VI can be used as a guide to the relation between the maxzimunm

total e.r.p. and the vertical aperture in wavelen§ch.

' TABLE XXXVII

MAXIMUM TOTAL e.r.p. VERTICAL APERTURE IN WAVELENGTHS

e.T.p. > = 44 dBW
37 dBW ¢ = e.r.p. < 44 dBW
30 dBW ¢ = e.Tr.pP. ¢ 37 dBW

H N & @

VRP correctionas for vertical apertures of two or more vavélengihé

In order to calculate the VRP correction. V, the following formula

be used:

can

v = =20 log (TT.N.aine) dsB
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where N = vertical aperture in wavelength

9 = elevation angle relative to the maxioun

"(normally horizontal).

It should be noted that for small elevation angles this expremssion can

'pfoduce‘bouliive-valuéu for V. In such cases V {s set to O dB ({.e.:

no VRP correction is applied).

For high elevation angles the VRP cdrrec:lbn is l{mited to a value of
-14 dB,

{.e.: 0O » = VRP correction > = =14 dB.

This formula has been chosen as a suitable compromise for all polar-
izations.

VRP corrections for vertical apertures less than two wavelengths

In order to determine the VRP corrections, the values in Table XXXVIII
should be applied.

Tﬁe tABie‘lﬁéclflen the correction values for every ten degrees. For

intermediate angles linear interpolation should be used.

These values in this table have been chosen as a suitable compronmise

for all polarf{zations.

The liniting value of -8 dB takes account of the worst case slant path.

TABLE XXXVIII

Elevation angle VRP Correction
(degrees) ’ ds
o] o]
10 ’ ' o
20 . -1
30 -2
40 -4
50 ’ -6
60 -8
70 ' -8
80 -8
90 : -8

VRP correction for spurious emissions in the band 108-118 MHz

Taking account of the approximations inherent in the formula given in
2.3.1 and in Table XXVIIIT these VRP corrections may be assumed to apply
also to spurious emissions in the band 108-118 MHz.
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4.2.4

4.3

4.3.1
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Combining VRP and HRP corrections

Experience has shown that {t ix very rarely necessary to take HRP cor-

rections into account for elevation angles of more than 10 degrees.
At the elevation angle of 90 degrees no HRP correction {s applied.

HRP and VRP corrections in dB should be added arithmetlcﬁlly subject

to a maximum total reduction of 20 dB.

Application of Unified Assessment Method

General considerations

In applying the Unified Asseasment Method the coapatibility criteria
contained in the Geneva Agreement, 1984 (Annex 2. para 7.6) except

regarding the cut-off values (see Appendix 1), shall bg used.

Broadcasr astations to be included {n a particular analysis at a test
Point, are subject to the distance linits given {n Attachment 1, consis-
tent with an overall upper limit of 125 ka in the cases of Al, A2 and

B2 type interference.

Spurious emissions (Al type) except radiated intersodulation produces
(IP), should. as a general measure., be kept at such a low lcvel‘th.t
there will be no {ncompatibility to be considered further in the com-
patibility analysis. Hence Al calculations are to be made only for the

case of radiated IP from co-asited transmisslons.

Tranamissions are considered to be co-sited when the geographical co-

ordinates are the sanme.

To allow for the variation of A1l suppression with transmitter power,

the following values are to be used:

~e.T.p. > 48 dBW suppreasion = 85 dB:
~-e.r.p. = 30 dBW suppresaion = 76 dB: . .

between the given values, linear interpolation i{s to be uned.
~e.r.p. ¢ 30 dBW suppression = 46 + e.r.p. (in daw) dB:

To calculate Al margins consistently, =he following procedure has been
adopted.

For each of the possible contributors:

- calculate the interfering field-strength level at the test point,
taking account of the e.r.p. of the broadcasting transmission in the
relevant direction and subtracting the relevant al suppression value:

- derive the Al margin from the highest value of interfering fileld
strength. the level of the wanted signal (32 d3 (uv/m) or 39 dB
(uv/m)) and the protection ratio appropriate for the frequency dif-
ference between the {intermodulaction product and the aeronautical fre.

quency:
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- in the case of mixed polarized transmissions the suppression ratio
and the assumed vertical aperture are derived on the basis of the
total e.r.p. However, the e.r.p. to be used for the determination

ot pfoted:ion margins shall be:’

« " the larger of the VP and H?'ccnponentu in cases where they differ

in value:

- "the total e.r.p. reduced by 2 dB in cases where the VP and HP

components are of equal value.
The procedure described above for the determination of antenna vertical
kperturei in the case of mixed polarized transmissions applies also

for calculation of Bl and B2 margins.

Information on actual radiated IP levels as well as antenna gain will

be used if available when calculating Al.

In an analysis the B2 type interference is calculated before Bl.

Compatibility calculations for ILS service volumes
Test point location and height

The distance and bearing, relative to the ILS localizer aite and centre

line, for each test point are given in Table VIII.

The convention adopted for bearings is that locations which are clock-

wise of the ILS centre line, as viewed from above, are to be regarded

"as having positive bearings.

Calculations for test points A. E, F and G, which are within the ILS
critical zone and within 9 km of the touch down point, are to be made

for a height of 300 m above the localizer site.

Calculations for the remaining test points are to be ‘made for a height

of 600 m above the localizer site.

Miniaum separation distance

The slant path distance between the BC antenna and a test point is to
be used in fileld strength calculations. However, the following minimum
valuea of lateral separation distance are to be used:

100 m if the BC station is within or below the ILS critical zone.

300 m £f the BC station is not within or below the ILS critical zone.

VRP Correction

The VRP correction procedure described in Section 4.2.3 is to be applied.
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4.3.2.4

4.3.2.5

4.3.3

4.3.3.1
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Calculations. for B1 compatibilicy ,
Within or below any ILS service volune{ calculations for ai compati-
bility shall be made for the test point specified {n Section 4.3.2.1
taking account of the special proviaions of Sections 4.3.2.2  and 4.3.2.3.
The resultant protection margins shall be printed {f¢ worse than 0 dB
recognizing.that the worst margin may not be representative.

Calculations for Al. A2 and B2 compatibility

Calculations are to be made for the test points specified In Section
4.3.2.1 account being taken of.the special provisions of Sections 4.3.2.2
and 4,3,2.3. the reaults are to be printed if the protection margins are

worse than O dB.

If the BC antenna is within or below the ILS critical tone, calculations

are also made for a lateral separation distance of 100 @ in the horizon-

tal plane through the BC antenna, using the maximum value of the e.r.p.

If the protection margin is worse than 0 d8. the results are Printed
together with the distance and bearing of the BC station fron the lo-

calizer site.

1f the BC station is within or below the ILS service volume byt outside
the ILS critical zone. calculations are also made for a test Point 1o-
cation above the BC statio: (for a height.of 600 m above the localizer
site). The relevant maximum VRP correction derived from Section 4,244
applied. However, 1f the BC antenna is more than S00 o above the lo-
caliser site, these calculationa are nade for a lateral separation
distance of 300 m in the horizontal plane through the BC antenna using
the maximum value of the e.r.p. If the protection margin s worge than

0 dB. the results are printed as in the previous paragraph.
Compatibility calculations for VOR service volumes

Test points are selected in accordance with the criteria set out in
4.3.3.1 and 4.3.3.2 below. For each of these test points field strengeh
calculations are carried out and th values obtained nay be usmed direce-
ly for Al, A2 and B2 analyases. At eny test point where the signal level
is above the Bl trigger level. the test point ia retained for further

Bl calculations. However, the B1 potential incompatibility ig Printed
only i1f it involves one of the transmitters ph the site of the trans-
mitter which caused the teast point. to be generated.

Test point height

Test points should be selected within the designated °Perational cover-

age (DOC) as promulgated by ICAO.
The lower boundary of the DOC i3 assumed to be:

- 600 metres above local terrain as determined by the slte
height of any relevant broadcasting atation:

- 300 metres above the relevant broadcasting antenna:

- the height derived from Figure 43, to which (g added the
height above mean zea level of the VOR site, {2 known:

whichever i3 the greatest.
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The minimum altitude of the aircraft antenna is, for compatibility
asgsessment purposes. .':-ié.-;-:"tsoo m above ground level. This {nplien
that interference to the VOR at heights below 600 m, within line-of-
sight of the VOR. I8 not calculated.

The nminimum height of the test pointas determines the vertical separation
fro;.the BC antenna. When a VRP reduction of 14 dB Ll_nlluued (see para’
uLli);uaAvertié;l separation of 3100 to 600 metres corresponds to a
lateral separation distance of 1500 to 3000 metres. This excludes the

need to define a minimum lateral separation distance. It provides also

.for adequate test points when the VOR is used as an {intermediate or

4.3.3.2

4.3.3.2.1°

4.3.3.2.2

4.3.3.3

final) approach aid, since the minimum separation distance between an

nircriti and a broadcasting antenna is assumed to be not less than 3 knm.
Test point location

Te-i‘péinta related to broadcasting transmitters that are inaside the DOC

Test points are located above the‘broaachlzinq antenna, as {ndicated in

4.3.3.1.

Test points related to broadcasting tranamitters that are outside the
poc ' '

Broadcasting stations in the near vicinity of the DOC within an extended
zone of 3 km should be treated as in 4.3.3.21; for stations outside this
zone an appropriate test point will be generated at the nearest point

on the edge of the DOC, and at a heigbtrwhich is the gre-te-:'ot

- BC antenna height above mean seca level:

- the height derived from Pigure 43,:;3 which is added thc hefght

above mean sea level of the VOR site, {f known:

- 600 m above mean sea level.

Results shall be printed for each :eu§ point at which the protection

maryin s worse than 0O dB.
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TABLE.XXXIX

Test point locations

Identification Di{azance in km Relative bearing in degrees
A 0 0" )
E 3 0 )
F 6 0 ) V{thinvILS
G S 0 ) critical zone
H 12 0 )
I 15 0 )
J 21.25 o] )
K 27.5 0 )
L 23.75 0 ) along centre
M 40 0] ) line
D 46.3 0 )
B 31.5 -35
C 31.5 35
X0 7.7 -6
Yo 7.7 35
X1 ‘ 12.9 ' -25.5
Y1 12.9 25.5
X2 i8.8 -17.2
Y2 i8.8 17.2
X3 24.9 -12.9
Y3 24.9 12.9
X3 31.5 -10
Ya 31.5 10
X5 37.3 -8.6
Y5 7.3 3.6
X6 43.5 -7.3
Y6 43.5 7.2
N X7 18.5 =35
Y7 18.5 35
X8 24.0 -27.6
v8 24.0 27.6
X9 2.6 =-22.1

Y9 29.6 22.1
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' TESTPOINE LOCATIONS

Figure 42

< 4\ T - X
(e} ]
T \o
>
:+ + IC T -
+ 1
< 4
N+ _l + 9
4
<+ + o
w
+ R
< >
A -
4+ -
ey e
4 =
- =< S
‘U

L X

8 X

) X

111



112

Rep. 929-2

Distance versus teSt-point height
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Rep'. 929.2
Broadcasting station frequency (MHz)

"Coordination distances
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Linear interpolation shall be used for e.r.p. (dBW) and frequency

vValues not appearing in the table.
These coordination distances assume a cut off value bf
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Part 5 of Annex II to Report 929

Compatibility assesament method used {n Poland

In §eneral terms, the compatibility criteria and Procedure specified
in the Geneva Agreement, 1984 are applied. although 8ome of them have
been modified, as indi{cated below:

1. FM antenna vertical radiation pattern. A model simiflar to that
proposed in Report; 1198, Annex HI Section 2. i138. used with the
value of maximum reduction modified to correspond with the per-

formance of antennas produced {n Poland.

2. Interfering signal propagation model. Free space Propagation ig
assumed with an attenuation value of 20 dB applied beyond :ﬁe radio

horizon.

3. Receiver model. The model of the Geneva Agreement, 1984 {a applied

with an {mprovement taking into account the level of wanted signal:

- Al: the predicted wanted signal field strength is takeé to

calculations instead of the minimum signal level,

- B1l: the constant in the Bl criterion is reduced by the value
of the difference between the predicted wanted signal level

"and the minimum signal level.
The test Point distributions amsumed are given in Figures 44 and 45
Lt o
In the case of ILS test points, the heighta chosen éorre-pond to the
ainimum glide slope. Points at a given distance are all assigned the

same height value.

In the case of VOR and VHF coOM, heightas of 2000, 5000, 7600 and
10000 m are used for each teat point location.

The test points are located along the airways at 15 knm intervals.

However. any point near a broadcasting station will be moved:

= to be coincident with the station, i1f this 1is under the airway,

or,

- to the edge of the airway for stations just outside the horizontal limit of the airway
(see Figure 45). '
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remove

Fig. 44 - Test point distribution for a) ILS,
and b) VHF COM, e.g. tower communications
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Fig.45 Test points for VOR and VHF COM

115




116

6.1

6.2
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Part 6 of Annex II

Analyses and Practical Experience

Region 1 Bnalyﬁel

Analyses of the Geneva Plan, 1984, in Region 1 indicates- a consid-
erable number of potential theoretical incompatibilitiesn with the
aeronautical radionavigation services resulting from application

of the protection criteria contained 15 the Geneva Agreement, 1984

Region 2 Analyses and Practical Experience

Wwith regard to Region 2, studies have been made to apply the
FH/Reronautical compatibility criteria embodied Iin the Geneva
Agreement. 1984, to the North American area where thousands of FM

broadcasting atations have been operating for many years throughout

the band 88-108 MHz, at maxinoum e.r.p. values of 100 kw. ILS lo=-
calizer systema at Washington, D.C.: San Diego: St. Loudisn: Miami:

New York City and Denver were analyzed using FM stations selected

using the table in Annex 5.1. of the Geneva Agreement, 1984, impli-

cating FM transmitters currently operational, (see Figures 46 to 51). The
theoretical analyses did not take into account terrain effects, flight

operation, restrictions on traffic flow due to saturation of airwvay

facilities in high density terminal areasz or physical obstructions

In practice, all of the FM stations included in the ILS analyses

for the above mentioned cities operate compatibly with the indi-

cated aeronautical facilities.
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PLOT OF 'FM STATIONS (4) CENTURLD AROUND THE
WASI!INGION, D.C. ILS TRANSMITTLR LOCATION (O)
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FIGURE 47
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PLOT OF P STATIONS (+) CENTFRED AROUND THE
ST. LOUIS, MISSOURI ILS TRANSHITTER LOCATION (0)
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FIGURE 48
PLOT OF FM STATIONS (+) CENTERED AROUND THE
HIAHI, FLORIDA ILS TRANSMITTER LOCATION (0)
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PLOT OF FM STATIONS

(+) CFNTERED AROUND THE

NEN YORK CITY ILS TRANSHITTER LOCATION (0)
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1.3

1.1.1ICAO Annex 10 - future immunity

120 Rep. 929-2
ANNEX III
SUMMARY :OF INTERFERENCE THRESHOLD CRITEkIA
1. Localizer/_VOR receiver immunity formulae
1l Third-order intermodulation interference (type Bl) '
Let: fi | = the i FM frequency: f;, £, f; (MHz)
and: N; = the i'™ FM received power level (dBm)
then: a; = max {0.4; 108.1 — f}/0.4 '
and: a(f) = 20 log (a;) '
Note. — No interference when formulae are satisfied.

Reference: ICAO- Annex 10, 88 3.1.4 (ILS) and 3. 3.8 (VOR)

1.1.1.12 signal
2N|+N2—3a(f)+72<0

1.1.2 Geneva Agreement 1984 — future immunity

Reference: Geneva Agreement 1984, Annex S, § 1.2.1.

1.1.2.1 2 signal
2N, + Ny = 3a(f;) + 72 < 0
1.1.2.2 3 signal

- The Geneva Agreement 1984 specifies a future immunit,

states that a comparable relaxation in the criterion for the 3-signal case could
on this assumption, expansion of the 2-signal case to the 3- -signal case yields:

N+ N+ Ny —3a(f;) +78 < 0

1.1.3 Geneva Agreement 1984 _ type BI correction term
Reference: Geneva Agreement 1984, Annex 2, § 7.6.5.3

where: N (corrected) = N; — correction term
and: =123 ’ ’

TABLE XLI

Af
Sty = Sintermody
(kHz)

Correction term
(dB)

0
+ 50
+100
*150°
+200

[- = - - N1

N —

Desensitization (B2 type)
See Fig. 52.

Co-channel interference (type Al)

y formula for the. 2-signal case only, but

possibly be expected. Based

Reference: Geneva Agreement 1984, Annex 2, § 7.6.3.3 (current and future immunity)
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TABLE XLII

Geneva Agreemenc 1984
Af . .
protection ratio

(kHz) (dB)

0 Rt
+ 50 . 10
+100 ’ ' -4
+150 -19
£200 -38

1.4  Side-band xnterference (l) pe A2)

Reference: Geneva Agreement 1984 Anncx 2 § 764 (current and fulurc |mmumty)

TABLE XLIII

Geneva ‘Agreesent 1984 °
Af
protection ratio

(kHz) (dB)

100 . _ —41

200 . =50

250 . =59

300 —68

500 : -

30 —~
S~ 20—---
of o - B '
-2
.::.’. ‘é_ 10b—uaa = M~
S o
2= B . [~
5 °;5 \ \
5§ o 0 <
S . \ \
£S -10|—--- R
s N
EX : . \
é; -20 f—--- _ ; ‘
'30 71) - : : -
.88 100 101 102 103 104 105 - 106 107 108

Frequency of unwanted signal (MHz)

FIGURES2 - ILS/VOR desensitization immunity criteria (type B2}

A: existing immunity:
— Geneva Agreement: 1984, Annex 2, § 7.6.6
B: future unmumty

-Geneva Agreement 1984, Ann'cx 5§ 1.2.2

ICAO Annex 10
Amendment 65, § 3.1.4.2




