
 
 
 
 
 
 
 
 
 
 

This electronic version (PDF) was scanned by the International Telecommunication Union (ITU) Library & 
Archives Service from an original paper document in the ITU Library & Archives collections. 

 
 
 

La présente version électronique (PDF) a été numérisée par le Service de la bibliothèque et des archives de 
l'Union internationale des télécommunications (UIT) à partir d'un document papier original des collections 
de ce service. 

 
 
 

Esta versión electrónica (PDF) ha sido escaneada por el Servicio de Biblioteca y Archivos de la Unión 
Internacional de Telecomunicaciones (UIT) a partir de un documento impreso original de las colecciones del 
Servicio de Biblioteca y Archivos de la UIT. 

 
 
 

 (ITU) للاتصالات الدولي الاتحاد في والمحفوظات المكتبة قسم أجراه الضوئي بالمسح تصوير نتاج (PDF) الإلكترونية النسخة هذه
 .والمحفوظات المكتبة قسم في المتوفرة الوثائق ضمن أصلية ورقية وثيقة من نقلا◌ً 

 
 
此电子版（PDF版本）由国际电信联盟（ITU）图书馆和档案室利用存于该处的纸质文件扫描提供。 

 
 
 

Настоящий электронный вариант (PDF) был подготовлен в библиотечно-архивной службе 
Международного союза электросвязи путем сканирования исходного документа в бумажной форме из 
библиотечно-архивной службы МСЭ. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
© International Telecommunication Union 



XVil A.R
DUSSELDORF
21.5-1.6 1990

CCIR
XVIIth PLENARY ASSEMBLY  
DUSSELDORF, 1 9 9 0

I N T E R N A T I O N A L  T E L E C O M M U N I C A T I O N  UNI ON

r

COMPATIBILITY BETWEEN THE BROADCASTING 
SERVICE IN THE BAND OF ABOUT 87-108 MHz 

AND THE AERONAUTICAL SERVICES 
IN THE BAND 108-137 MHz

RECOMMENDATION 591 (SG 8) 
REPORT 929 (SG 8) 

REPORT 1198 (SG 10) 
DECISION 71 (SG 8 AND 10)

v_



CCIR

1. The International Radio Consultative Committee (CCIR) is the
permanent organ of the International Telecommunication Union responsible 
under the International Telecommunication Convention "... to study technical 
and operating questions relating specifically to radiocommunications without 
limit of frequency range, and to issue recommendations on them..." (Inter
national Telecommunication Convention, Nairobi 1982, First Part, Chapter I, 
Art. 11, No. 83)?

2. The objectives of the CCIR are in particular:

a) to provide the technical bases for use by administrative radio conferences 
and radiocommunication services for efficient utilization of the radio-frequency 
spectrum and the geostationary-satellite orbit, bearing in mind the needs of the 
various radio services;

b) to recommend performance standards for radio system s and technical 
arrangements which assure their effective and compatible interworking in inter
national telecommunications;

" c) to collect, exchange, analyze and disseminate technical information 
resulting from studies by the CCIR, and other information available, for the 
development, planning and operation of radio systems, including any necessary 
special m easures required to facilitate the use of such information in developing 
countries.

*  See also the Constitution o f  the ITU, Nice, 1989, Chapter 1, Art. 11, No. 84.
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Rec .  591-1

RECOMMENDATION 591 - i '

COMPATIBILITY BETWEEN THE BROADCASTING SERVICE IN THE BAND OF ABOUT
87-108 MHz AND THE AERONAUTICAL SERVICES IN THE BAND 108-136 M Hz*’

(Question 61/8)

(1982-1986)
The CCIR,

C O N SID E R IN G

(a) that high-powered FM broadcasting service operations in close geographic proximity to aerodrome 
facilities are at times incompatible with airborne ILS, VOR and VHF communications equipment utilizing those 
facilities, and that this is a widely recognized problem among many users of aviation facilities in the Northern 
Hemisphere of ITU Region 2 and parts of Region 1:
(b) that in accordance with RR No. 44, the aeronautical radionavigation service is "A radionavigation service 
intended for the benefit and for the safe operation of aircraft” ;
(c) that FM broadcasting transmitters employ power levels which are relatively much higher than aeronautical
services transmitters;
(d) that aeronautical radionavigation and communication receivers have varying degrees of signal sensitivity
and susceptibility to interference;
(e) that high power broadcasting transmissions may cause interference to airborne receivers, depending upon
relative distance between the transmitter and receiver;
( f )  Recommendation No. 704 of the World Administrative Radio Conference (Geneva, 1979) (WARC-79)
which addresses potential interference problems between the FM broadcasting service and the aeronautical
radionavigation service;

U N A N IM O U SLY  R E C O M M E N D S

1. that administrations be invited to advise the broadcasting and aviation communities of the potential FM
broadcasting and aeronautical systems incompatibility problem;

2. that administrations develop or, where applicable, strengthen coordination procedures between the aviation
and broadcasting communities to minimize future problems;

3. that Report 929 be used as the best available guidance to date on the above matters.

The D irector, C C IR , is requested to bring this R ecom m endation  to the attention  o f the International Civil Aviation 
O rganization (IC A O ) and Study G roups 1 and 10.

This band will be expanded to 137 M H z by 1 Ja nuary . 1990.
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REPORT 9 2 9 - 2  *

COMPATIBILITY BETWEEN THE BROADCASTING SERVICE IN THE BAND 
OF ABOUT 87-108 MHz AND THE AERONAUTICAL 

SERVICES IN THE BAND 108-137 MHz

(Question 61/8)
(1982-1986-1 990)
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* The D irector, C C IR , is requested to bring this R eport to the atten tion  o f  Study G ro u p  10 and  to the In ternational Civil 
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T he a b r e v i a t i o n  "COM" i s  u s e d  i n  t h i s  R e p o r t  t o  d e n o m in a te  c o m m u n ic a t io n s  i n  
t h e  a e r o n a u t i c a l  s e r v i c e s .
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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 1 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 Report 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/COM) 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 t o  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 (ICAO 
A nnex  1 0 ) applicable as of 1998.

— Lack of a guard-band between the highest assignable frequency for FM broadcasting and the lowest 
assignable radionavigation frequency.

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 
V H F/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 th e ________________________
technical constraints to be used in planning the new band for the broadcasting service.

1 -5 To f u r t h e r  s tu d y  t h e  c o m p a t i b i l i t y  s i t u a t i o n ,  J o i n t  I n t e r i m  W o rk in g  P a r t y  8 - 1 0 /1  
m e t i n  M ay, 1 9 8 4 , i n  M arch  1987 a n d  i n  A u g u s t  1988 an d  p r e p a r e d  r e p o r t s  w h ic h  
o u t l i n e d  t h e  p o s s i b i l i t i e s  a n d  t e c h n i q u e s  f o r  im p ro v in g  s u p p r e s s i o n  o f  i n t e r 
m o d u la t i o n  p r o d u c t s  a t  b r o a d c a s t i n g  t r a n s m i t t i n g  s t a t i o n s  ( s e e  a l s o  R e p o r t  1 1 9 8 ) , .  
d e a l t  w i t h  a s p e c t s  o f  t h e  n e c e s s a r y  p r o t e c t i o n  r a t i o s  f o r  t h e  a e r o n a u t i c a l  
r a d i o n a v i g a t i o n  r e c e i v e r s ,  an d  p r e s e n t e d  f u t u r e  im p ro v e m e n ts  o f  t h e  im m u n ity  o f  
a i r b o r n e  r a d i o n a v i g a t i o n  e q u ip m e n t  t o  i n t e r f e r e n c e  f ro m  FM b r o a d c a s t i n g  s t a t i o n s .
I t  a l s o  d e s c r i b e d  p r o c e d u r e s  an d  c o m p a re d  a s s e s s m e n t  t e c h n i q u e s  t h a t  may b e  u s e d  
t o  b e t t e r  p r e d i c t  i n t e r f e r e n c e  s i t u a t i o n s  i n  g e n e r a l  o r  i n  s p e c i a l  c i r c u m s t a n c e s .



Re p .  9 2 9 - 2 5

1 . 6  With technical criteria provided by the JIW P 8-10/1 and submission of contributions from 
administrations to t ^ e  R e g io n a l  A d m i n i s t r a t i v e  C o n f e r e n c e  f o r  FM s o u n d  b r o a d c a s t i n g  
i n  t h e  VHF b a n d  (R e g io n  1 a n d  c e r t a i n  c o u n t r i e s  c o n c e r n e d  i n  R e g io n  3 ) ,
G en e v a  1 9 8 4 , compatibility criteria and assessment criteria were agreed ( s e e  F i n a l  A c ts  o f  t h e
C o n f e r e n c e ,  nam ed "G e n ev a  A g re e m e n t ,  1 9 8 4 " )  . 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 aeronautical services were not taken into 
account in all cases when selecting FM broadcasting frequencies.

2. Types of interference mechanisms

2.1 Type A interference

2.1.1 Introduction

2.1.1.1" In the normal operation of broadcast transmitters, type A interference may arise in two ways. First, 
a single transmitter may generate spurious emissions or several broadcast transmitters may intermodulate 
to produce c o m p o n e n ts  in the aeronautical frequency bands; this is termed type Al. 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 frequencies 
near to 108 MHz.

2.1.1.2 From the viewpoint of the aviation receiver, the spectral characteristics of the unwanted 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.

2.1.1.3 In addition, adverse effects in the ILS/VOR audio (identification) 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. w i t h  i n  ±  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).

2.1.2 Type A I interference

Variously described as “in-band” or “on-channel”, caused by spurious emissions (including 
intermodulation products) from the broadcast transmitter station. This is generally a low-level effect and 
can be regarded 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. A ttenuation  at source, the choice of broadcast assignment, and /o r distance separation are the 
only practical solutions.

2.1.3 Type A2 interference

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 services;

— the wide variability of the geometry between the aircraft, the aviation ground transmitters and the FM 
broadcasting 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 g ro u n d  system i n s t a l l a t i o n  differences (particularly antenna radiation pattern);

t h e  a i r b o r n e  s y s te m  d i f f e r e n c e s  ( p a r t i c u l a r l y  a n t e n n a  f r e q u e n c y  r e s p o n s e  
an d  f e e d e r s ) ;

— th e  F M  b r o a d c a s tin g  s ta tio n  a n te n n a  r a d ia t io n  p a t te rn .

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 (Bl) and 
receiver desensitization (B2). It is important to note that these are separate mechanisms with separate 
characteristics.

2.2.2 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 aeronautical band. I n  o r d e r  f o r  t h i s
ty p e  o f  i n t e r f e r e n c e  t o  o c c u r ,  n o r m a l ly  at least two--------------------------------------------—------
broadcasting signals need to be present and they must have a frequency relationship which, in non-linear 
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. U n d er c e r t a i n  c o n d i t i o n s ,  ty p e  B l i n t e r f e r e n c e  c a n  o c c u r  

w i th  a  c o m b in a t io n  o f  o n ly  o n e  b r o a d c a s t i n g  s i g n a l  an d  a n  a e r o n a u t i c a l  g ro u n d  
s i g n a l .

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 o r  im p l e m e n ta t i o n  o f  new  a e r o n a u t i c a l  
s t a t i o n s .

2.2.3 Type B2 interference

D e s e n s i t i z a t i o n  o c c u r r i n g  w hen t h e  RF s e c t i o n  o f  a n  a i r b o r n e  r e c e i v e r  
i s  s u b j e c t e d  t o  o v e r l o a d  b y  o n e  o r  m ore  b r o a d c a s t i n g  t r a n s m i s s i o n s .  T h is  a r i s e s  
b e c a u s e  t h e  r e l a t i v e l y  w id e - b a n d  RF s e l e c t i v i t y  o f  s u c h  r e c e i v e r s  m akes i t  
d i f f i c u l t  t o  p r o v i d e  s i g n i f i c a n t  RF a t t e n u a t i o n  im m e d ia te ly  b e lo w  108 MHz. S uch  
d e s e n s i t i z a t i o n  i s  m o s t l i k e l y  t o  o c c u r  i n  t h e  f i r s t  a c t i v e  s t a g e  w h ic h  c o u l d  b e  
a n  RF a m p l i f i e r ,  a  m ix e r ,  o r  a  c o m b in a t io n  o f  b o t h  i n  s e r i e s ,  d e p e n d in g  o n  t h e  
r e c e i v e r  d e s i g n .

A e r o n a u t i c a l  s e r v i c e s  p r o t e c t i o n  r e q u i r e m e n t s

3 . 1  P r o t e c t i o n  c r i t e r i a  f o r  I L S  a n d  V O R

ICAO A nnex  10 c o n t a i n s  s p e c i f i c a t i o n s  a n d  c h a r a c t e r i s t i c s  r e l e v a n t  t o  t h e  
p r o t e c t i o n  o f  b o t h  ILS a n d  VOR.

3 . 1 . 1  S e r v i c e  V o l u m e

T h e  I L S  l o c a l i z e r  s e r v i c e  v o l u m e  is d e f i n e d  in I C A O  A n n e x  10 a n d  is 
i l l u s t r a t e d  in F i g u r e  1. T h e  s e r v i c e  v o l u m e  of V O R  v a r i e s  w i d e l y  a n d  d e t a i l s  
c a n  be o b t a i n e d  f r o m  th e  A e r o n a u t i c a l  I n f o r m a t i o n  P u b l i c a t i o n  ( A I P )  of the 
A d m i n i s t r a t i o n  o p e r a t i n g  t h e  i n s t a l l a t i o n .
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FIGURE 1 -  ILS  l o c a l i z e r  p r o t e c t i o n  v o lu m e  

—: L i m i t s  o f  t h e  ILS  b a c k -b e a m  p r o t e c t i o n  v o lu m e
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3 . 1 . 2  W a n t e d  S i g n a l

S u b j e c t  to t h e  c o n s i d e r a t i o n s  g i v e n  b e l o w ,  t h e  f i e l d  s t r e n g t h  to be 
p r o t e c t e d  t h r o u g h o u t  t h e  s e r v i c e  v o l u m e  is:

- I L S :  40 p V / m  (32 dB ( p V / m ) ) .
- V O R :  90 p V / m (39 dB ( p V / m ) ) .

If a s e r v i c e  is p r o v i d e d  in th e  l o c a l i z e r  b a c k - b e a m  v o l u m e ,  t h e  f i e l d
s t r e n g t h  to b e  p r o t e c t e d  is 40 p V / m .

H o w e v e r ,  f l i g h t  m e a s u r e m e n t  of ILS or V O R  f i e l d  s t r e n g t h  m a y ,  in s o m e
a r e a s  of t h e  c o v e r a g e  v o l u m e ,  r e v e a l  v a l u e s  h i g h e r  t h a n  t h e  m i n i m u m  r e q u i r e d  by
I C A O .  S o m e  a d m i n i s t r a t i o n s  c o n s i d e r  t h a t  t h e s e  h i g h e r  v a l u e s  m a y  be t a k e n  i n t o  
a c c o u n t  in r e s o l v i n g  p a r t i c u l a r l y  d i f f i c u l t  f r e q u e n c y  a s s i g n m e n t  c a s e s  f o r  b o t h  
F M  b r o a d c a s t i n g  a n d  e x p a n s i o n  of a e r o n a u t i c a l  f a c i l i t i e s .  In d o i n g  so, du e  
a c c o u n t  m u s t  b e  t a k e n  of t h e  r e q u i r e d  i n t e g r i t y  of th e  r a d i o n a v i g a t i o n  s e r v i c e  
a n d  v a r i a t i o n s  w i t h  t i m e ,  m o n i t o r  l i m i t s ,  m e a s u r e m e n t  e r r o r s ,  e t c .  F o r  e x a m p l e ,  
in c e r t a i n  a r e a s  of t h e  I L S  c o v e r a g e  V o l u m e .  I C A O  A n n e x  10 r e q u i r e s  a h i g h e r  
f i e l d  s t r e n g t h  to be p r o v i d e d  in o r d e r  to i n c r e a s e  th e  r e c e i v e d  s i g n a l - t o - n o i s e  
r a t i o  t h e r e b y  i n c r e a s i n g  s y s t e m  i n t e g r i t y .  T h i s  is t h e  c a s e  f o r  I L S  f a c i l i t i e s  
w i t h i n  the l o c a l i z e r  c o u r s e  s e c t o r  ( _♦ 10 d e g r e e s )  f r o m  a r a n g e  of 1 8 . 5  km up
t o  ru n w a y  to u c h d o w n  p o i n t  w h e re  s i g n a l s  o f  90 - 200 /xV/m a r e  r e q u i r e d  b y  ICAO, 
d e p e n d in g  u p o n  t h e  F a c i l i t y  P e r f o r m a n c e  C a te g o r y  ( I ,  I I ,  I I I )  o f  t h e  ILS 
i n v o l v e d .  (S e e  ICAO A nnex  1 0 , V olum e I ,  p a r a g r a p h  3 . 1 . 3 . 3 ) .

3 . 1 . 3  T e s t  P o i n t s

T e s t  p o i n t s  m a y  b e  c h o s e n  to e s t a b l i s h  t h e  c o m p a t i b i l i t y  c o n d i t i o n  at 
s i g n i f i c a n t  p a r t s  of an I L S  o r  V O R  s e r v i c e  v o l u m e .  T h e  p o s i t i o n  of s u c h  p o i n t s  
m a y  v a r y  b e t w e e n  a e r o n a u t i c a l  i n s t a l l a t i o n s  d e p e n d i n g  on t h e  l o c a t i o n  of the 
b r o a d c a s t i n g  s t a t i o n s .  E x a m p l e s  of t e s t  p o i n t  s e l e c t i o n  a r e  g i v e n  in A n n e x  II.

3 . 2  P r o t e c t i o n  C r i t e r i a  f o r  COM S e r v i c e s

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 pV/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 i s  considered that a value of 40 jiV/m is appropriate f o r  t h e  g e n e r a l  c a s e .

In a r e a s  w h e r e  e x t e n d e d  r a n g e  C O M s  o p e r a t e ,  t h e  v a l u e  s h o u l d  be f u r t h e r  
r e d u c e d  to 30 p V / m .  I C A O  A n n e x  10 a l s o  r e q u i r e s  C O M  r e c e i v e r s  in g r o u n d  i n s t a l 
l a t i o n s  to o p e r a t e  w i t h  s i g n a l s  h a v i n g  a f i e l d  s t r e n g t h  of 20 p V / m .

The cho ice  o f  a  re p re se n ta tiv e  le v e l f o r  CCM se rv ic e s  f o r  c c n p a t ib i l i ty  a s sessn en t 
i s  p a r t i c u la r ly  d i f f i c u l t .  There a re  many occasions and circum stances where s a fe ty  messages a re  
re q u ire d  to  be passed  using  a  wanted s ig n a l below 10 pV /m . I n  a d d i t i o n ,  t h e  a s s e s s m e n t  o f  v o i c e  
q u a l i ty  i s  la rg e ly  su b je c tiv e  and henoe d i f f i c u l t  to  q u a n tify . N o te  - S ee  4 . 1 . 3  f o r  S+N/N, 
s e c t i o n  10 f o r  f u t u r e  w o rk  r e q u i r e d  a n d  P a r t  7 o f  A nnex  I .
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4 . AERONAUTICAL RECEIVER MEASUREMENTS AND PROTECTION
REQUIREMENTS

4.1 Standard interference thresholds fo r  bench measurements

It is stressed that the 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  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 a 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 .Roweyer, when th a t s i tu a t io n  does occur, th e  absence
of th e  f la g  could be dangerous.)

The above values 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

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 pA 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

T he i n t e r f e r e n c e  t h r e s h o l d  c r i t e r i a  f o r  a i r b o r n e  COM r e c e i v e r s  a r e  a s
f o l l o w s :

— With a signal at the required level (see § 3 .2  ) the interference criterion should be a reduction in the 
audio signal plus noise-to-noise ratio, (5  + N) / N,  to 6 dB.

-  With no wanted signal present, the interference shall not cause more than 5 dB (equivalent RF) 
increase in AGC voltage or an audio interference plus noise-to-noise ratio, ( /  + N V N  of greater 
than 6 dB.

T he c r i t e r i a  f o r  g ro u n d  r e c e i v e r s  may d i f f e r  fro m  th o s e  s t a t e d  f o r  
a i r b o r n e  r e c e i v e r s .  F u r t h e r  w o rk  i s  r e q u i r e d  to  d e t e r m in e  t h e  c r i t e r i a  
f o r  g ro u n d  r e c e i v e r s .  (S e e  S e c t i o n  10 o f  t h i s  R e p o r t ) .
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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 m o d u la t io n  o f  t h e  unwanted signals taking into account Region 1 and 
Region 2 FM transmission characteristics, including supplementary channels where applicable.

4 . 2 . 2  To f a c i l i t a t e  c o n s i s t e n c y  of t e s t  m e t h o d s  a n d  r e s u l t s ,  r e c e i v e r  i m 
m u n i t y  m e a s u r e m e n t s  s h o u l d  b e  p e r f o r m e d  u s i n g  an u n w a n t e d  s i g n a l  w h i c h  is m o d u 
l a t e d  w i t h  c o l o r e d  n o i s e  in a c c o r d a n c e  w i t h  Rec. 5 5 9  w i t h  a s e t - u p  a u d i o
I n j e c t i o n  l e v e l  ( q u a s i - p e a k )  b e f o r e  5 0 p s  p r e - e m p h a s i s  c o r r e s p o n d i n g  to ^ 3 2  k H z  
d e v i a t i o n  in a c c o r d a n c e  w i t h  R e c .  6 4 1 .  H o w e v e r ,  in o r d e r  to s i m u l a t e  s t e r 
e o p h o n i c  t r a n s m i s s i o n  the n o i s e  m o d u l a t i o n  s o u r c e  is a p p l i e d  to t h e  l e f t  a n d  
r i g h t  c h a n n e l  w i t h  a 6 dB d i f f e r e n c e  in l e v e l  b e t w e e n  c h a n n e l s .

A d m i n i s t r a t i o n s  i n  t h e i r  t e s t i n g  p r o c e d u r e s  may a l s o  u s e  o t h e r  
m o d u la t i o n  c o n d i t i o n s  t h a t  r e p r e s e n t  t h e  a c t u a l  b r o a d c a s t  p r a c t i c e s  i n  t h e i r  
c o u n t r i e s .

N o t e  1. - P a r t i c u l a r  a t t e n t i o n  m a y  n e e d  to be m a d e  on the b e n c h  to
r e d u c e  u n i n t e n t i o n a l  n o i s e  m o d u l a t i o n  e f f e c t s .

N o t e  2. - If u s i n g  a s i n g l e  s i g n a l  s o u r c e  to s i m u l a t e  t h i r d - o r d e r  t r a n s 
m i t t e r  i n t e r m o d u l a t i o n  p r o d u c t s .  i n c r e a s e d  d e v i a t i o n s  m a y  be r e q u i r e d .

N o t e  3. - S o m e  p r e v i o u s l y  r e p o r t e d  r e c e i v e r  i m m u n i t y  d a t a  w e r e  o b t a i n e d
u n d e r  t e s t  c o n d i t i o n s  e m p l o y i n g  a d i f f e r e n t  FM m o d u l a t i o n  p r o c e d u r e  t h a n  d e 
s c r i b e d  a b o v e .  In c o m p a r i n g  o r  c o m b i n i n g  s u c h  d a t a ,  t e s t i n g  o n e  or m o r e  c o m m o n  
r e c e i v e r s  u s i n g  e a c h  p r o c e d u r e  w o u l d  f i r s t  be r e q u i r e d  to d e t e r m i n e  if a c o r r e c 
t i o n  f a c t o r  m u s t  be a p p l i e d .

4 . 3  P r o t e c t i o n  r e q u i r e m e n t s  f o r  VOR/ILS r e c e i v e r s

C o n s id e r a b l e  s t u d y  o f  t h e  im m u n ity  c h a r a c t e r i s t i c s  o f  ILS a n d  VOR 
r e c e i v e r s  t o  FM b r o a d c a s t  i n t e r f e r e n c e  h a v e  b e e n  m ade a n d  r e p o r t e d  t o  G en ev a  
1 9 8 4  C o n f e r e n c e  a n d  t o  t h e  CCIR. Some new r e s u l t s  a r e  g iv e n  i n  A nnex  I  t o  t h i s  
r e p o r t ,  a n d  f u r t h e r  s t u d i e s  s h o u ld  c o n t i n u e  o n  t h e  s p e c i f i c  a s p e c t s  d e t a i l e d  i n  
s e c t i o n  1 0 .

T he v a l u e s  w h ic h  a p p e a r  b e lo w  h a v e  b e e n  u s e d  i n  p l a n n i n g  w i t h i n  
R e g io n  1 . T hey  may h o w e v e r  b e  s u b j e c t  t o  m o d i f i c a t i o n  o r  q u a l i f i c a t i o n  i n  t h e  
f u t u r e  a s  new  i n f o r m a t i o n  b ec o m e s  a v a i l a b l e .

4 . 3 .1 ,  T y p e  A1 I n t e r f e r e n c e

4 .3 .1  .1 A protection ratio of 17 dB was u s e d , including a small safety margin in order to take account 
o f 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 A1 interference need not be considered for frequency differences greater than 200 kHz.

TA BLE I

Frequency difference 
between spurious emission 

and w anted signal 
(kHz)

Protection ratio 
(dB)

0 17
50 10

100 -  4
150 - 1 9
200 - 3 8

4 .3 .2  Type A2 interference

The protection ratio values u s e d  are given in Table II.

TA BLE II

Frequency difference 
between w anted signal 

and broadcasting  signal 
(kHz)

Protection ratio 
(dB)

150 - 4 1
200 - 5 0
250 - 5 9
300 - 6 8

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

N o te  - FM s o u n d  b r o a d c a s t i n g  s t a t i o n s  may i n  som e r e g i o n s  e m p lo y  c o m p r e s s io n  
t e c h n i q u e s  a n d / o r  p r o v i d e  s e r v i c e s  o n  s u b c a r r i e r  f r e q u e n c i e s  u p  t o  99 kH z. B ench  
t e s t s  h a v e  show n t h a t  c o m b in a t io n s  o f  t h e s e  p r a c t i c e s ,  e s p e c i a l l y  w hen  
a s s o c i a t e d  w i t h  a  d e v i a t i o n  l a r g e r  t h a n  ±75 kH z, may r e s u l t  i n  0 t o  10 dB 
i n c r e a s e  i n  s u s c e p t i b i l i t y  o f  a n  ILS r e c e i v e r  o p e r a t i n g  a t  a  f r e q u e n c y  o f
1 0 8 .1  MHz t o  A2 ty p e  i n t e r f e r e n c e  f ro m  a  b r o a d c a s t i n g  s t a t i o n  o p e r a t i n g  a t  a  
f r e q u e n c y  o f  1 0 7 .9  MHz. S p e c i a l  c o n s i d e r a t i o n  s h o u ld  b e  a f f o r d e d  t o  t h e s e  
c o n d i t i o n s  w h e re  t h e s e  b r o a d c a s t i n g  o p e r a t i n g  p r a c t i c e s  e x i s t .  (S e e  a l s o  P a r t s  3 
a n d  6 o f  A nnex  I . )
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4 . 3 . 3  Type B l interference

Third-order intermodulation products of the form: 
fimermod =  2 f  -  f  (two-signal case) or 
fntermod =  f  + f i  ~  f  (three-signal case) 
with f  > f 2 > f ,
generated in the airborne ILS or VOR receivercould cause an unacceptable degradation of receiver 
performance, if f ntermod coincides with, or is close to, the frequency of the wanted signal and the 
inequalities given below are fulfilled t a k i n g  a c c o u n t  o f  § 5 . 6 .

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

N | , N 2 and N 3 in the inequalities below have the following meaning:
Ny: level (dBm) of the broadcasting signal of frequency f  (MHz) at the input of the aeronautical

radionavigation receiver;
N 2: level (dBm) of the broadcasting signal of frequency f  (MHz) at the input of the aeronautical

radionavigation receiver;
N 3: level (dBm) of the broadcasting signal of frequency f  (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

2 ( W| -  20 log m a xl° A ’ m -' + IV, -  20 log m” la 4 : l0 8 -' ~ / ; l + 120 > 0
V 0.4 / 0.4

4 .  3 . 3 . 2 Three-signal case

Nl _  20 log maX |0 4 ;„ '0!U -  f ' ] +

+  N 2 — 20 log

0.4

max {0.4; 108.1 - f i \
0.4

max  {0.4; 108.1 - A ]+  TV, -  20 log -------------------------- ^  +  126 > 0
0.4

4 .  3  . 3  . 3 Frequency offset conditions

Before applying the formulae given in § 4 . 3 . 3 . 1  o r ' 4 - 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 III.

^ 1,2,3 (corrected) =  V, 2 ,3 — correction term
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TABLE 111

Frequency difference 
between wanted signal 

and interm odulation  product 
(kHz)

C orrection  term 
(dB)

0 0
±  50 2

±  100 8
±  150 16
±  200 26

For frequency differences beyond ± 200 kHz, type Bl interference need not be considered.

4 .3 .4  Type B2 interference

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

TABLE IV

Frequency o f broadcasting signal 
(M Hz)

Level
(dBm)

107,9 - 2 0
106 -  5
102 5

<  100 10

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

5 . COMPATIBILITY ASSESSMENTS

P r a c t i c a l  a s s e s s m e n t s  on th e  c o m p a t i b i l i t y  o f  b r o a d c a s t  an d  a e r o n a u t i c a l  
s e r v i c e s  may b e  made u s in g  th e  c r i t e r i a  i n  s e c t i o n s  3 an d  4 .  I t  h a s  n o t  b e e n  
p o s s i b l e  t o  i d e n t i f y  a s i n g l e  m ethod  f o r  th e  a s s e s s m e n t  o f  c o m p a t i b i l i t y  w hich  
i s  a p p l i c a b l e  i n  a l l  o f  th e  s i t u a t i o n s  e n c o u n te re d  in  p r a c t i c e .  A num ber o f  
a d m i n i s t r a t i o n s  h av e  d e v e lo p e d  p a r t i c u l a r  a s s e s s m e n t  m e th o d s  an d  p r o c e d u r e s  f o r  
a p p l i c a t i o n  w i t h i n  t h e i r  own c o u n t r y  ( s e e  A nnex I I ) .  T h e s e
a s s e s s m e n t  m e th o d s  a r e  i n  many c a s e s  b a s e d  on some o r  a l l  o f  th e  a s s u m p tio n s  
w h ich  a r e  d e s c r ib e d  b e lo w . A p p l ic a b le  v a lu e s  a r e  q u o te d  f o r  im p o r ta n t  
p a r a m e te r s ,  h o w e v e r  i t  i s  s t r e s s e d  t h a t  th e s e  a r e  p r i m a r i l y  q u o te d  a s  g u id a n c e  
s i n c e  no o v e r a l l  a g re e m e n t c o v e r in g  a l l  a s p e c t s  p r e s e n t l y  e x i s t s .
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5 . 1  S e p a r a t i o n  d i s t a n c e  f r o m  a t e s t  p o i n t  of an a e r o n a u t i c a l  r a d i o n a v i g a t i o n
s t a t i o n

B r o a d c a s t i n g  s t a t i o n s  w h i c h  ar e :

m o r e  t h a n  5 0 0  km f r o m a V O R  t e s t p o i n t
- m a r e  t h a n  255 km f r o m  an I L S  t e s t  p o i n t

b e y o n d  t h e  r a d i o  l i n e - o f - s i g h t  f r o m  a V O R  or I L S  t e s t  p o i n t

a r e  c o n s i d e r e d  as b e i n g  u n l i k e l y  to a f f e c t  the s e r v i c e  of t h a t  a e r o n a u t i c a l  
r a d i o n a v i g a t i o n  s t a t i o n .

T h e s e  s e p a r a t i o n  d i s t a n c e s  are b a s e d  u p o n  a t e s t  p o i n t  h e i g h t  of

- 2 4 5 0  m f o r  an ILS t e s t  p o i n t
1 2 2 0 0  m f o r  a V O R  t e s t  p o i n t .

5 .2  Separation distances f ro m  a  b r o a d c a s t i n g  s t a t i o n

5 . 2 . 1  T a b l e  V g i v e s  s e p a r a t i o n  d i s t a n c e s  b e t w e e n  a b r o a d c a s t i n g  s t a t i o n  w i t h
a g i v e n  e . r . p .  a n d  f r e q u e n c y  a n d  a t e s t  p o i n t  of an a e r o n a u t i c a l  r a d i o n a v i g a t i o n
s t a t i o n  b e y o n d  w h i c h  it is c o n s i d e r e d  u n l i k e l y  t h a t  t he s e r v i c e  of the a e r o n a u t 
i c a l  s t a t i o n  c o u l d  be a f f e c t e d .  The more critical requirements are those for A 1 and B1; the higher of the 
---------------------two separation distances is shown in each case.
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TABLE V — Distance (km) between a test point o f  a radionavigation station an d  a sound broadcasting station

b e y o n d  w h ic h  t h e  a e r o n a u t i c a l  s e r v i c e  i s  u n l i k e l y  t o  b e  a f f e c t e d

Broadcasting station frequency (MHz) i

Effective 
power of 
station.

radiated | 
Broadcast ing

i
1

< 1001 
1 
1
102

1
1 104 105

1
1
1 106 
1 
1

107 107.91

dBW 1 kw 1 d i s t a n c e  (km )

55 1 300 I
1

125 1 210 400 500
1
1 500 500 500 1

50 1 100 | 75 1 120 230 340 t- 500 500 500 I
45 1 30 1 40 1 65 125 190 I 310 500 500 :
40 1 10 | 25 | 40 7 0 105 I 180 380 500 i
35 1 3 I 20 | 20 40 60

1
1 95 210 500 I

30 1 1 1 20 1 20 25 ' 35 1 55 120 370 :
25 1 0.300 1 20 | 20 2 0 20 1| 30 65 200 I
20 1 0.100 I 20 | 20 20 20 I 20 40 115 |

< 15 1<0.030 1 20 I 
1 
1

20 20 20
II 20
1
1

20 65 i

5 . 2 . 2 The A1 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 practical considerations of the line-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.r.p. must be taken.

5 . 2 . 4  Linear interpolation shall be used for e.r.p. (dBW) and frequency values not appearing in Table V.

5 . 2 . 5  Preliminary analyses based on these distances assume, in the case of A1 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 radionavigation 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 A1 type interference it will be necessary to check that the 
transmitter does not generate significant spurious components apart from third-order intcrmodulation 
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  C o m p a t i b i l i t y  a s s e s  s m e n t  c a l c u l a t i o n s

In d e t e r m i n i n g  c o m p a t i b i l i t y  in a c c o r d a n c e  w i t h  the c r i t e r i a  s p e c i f i e d  
in 4 . 3 ,  the f o l l o w i n g  f a c t o r s  s h o u l d  be c o n s i d e r e d  f o r  e a c h  t e s t  p o i n t  w i t h i n
th e  s e r v i c e  v o l u m e .  S u f f i c i e n t  t e s t  p o i n t s  s h o u l d  be u s e d  to e n s u r e  c o m p a t i b i l i 
ty w i t h i n  the o p e r a t i o n a l  s e r v i c e  v o l u m e  as m o d i f i e d  by a n y  p h y s i c a l  c o n s t r a i n t s .

t h e  f i e l d  s t r e n g t h s  of the d e s i r e d  s i g n a l  as g i v e n  in 3.1 a n d  3.2

- t h e  f i e l d  s t r e n g t h  o f  e v e r y  FM b r o a d c a s t i n g  s t a t i o n  i n  t h e  b a n d  8 7 .5  - 108 MHz 
i n s i d e  t h e  r e l e v a n t  d i s t a n c e  f ro m  a n  a e r o n a u t i c a l  s t a t i o n  t e s t  p o i n t  ( s e e  
T a b l e  V) a n d  w i t h i n  l i n e  o f  s i g h t  b a s e d  o n  sm o o th  e a r t h .  The f i e l d  s t r e n g t h  
s h o u l d  b e  d e t e r m in e d  c o n s i d e r i n g :

e f f e c t i v e  r a d i a t e d  p o w e r  a n d  p o l a r i z a t i o n  of the t r a n s m i s s i o n

- h o r i z o n t a l  a n d  v e r t i c a l  r a d i a t i o n  c h a r a c t e r i s t i c s  of the t r a n s m i t t i n g  
a n t e n n a  u s i n g  t h e  m o s t  a c c u r a t e  i n f o r m a t i o n  a v a i l a b l e

- h e i g h t  of the t r a n s m i t t i n g  a n t e n n a  c e n t e r  of r a d i a t i o n

t h e  50 % t i m e  p r o p a g a t i o n  c u r v e s  of R e c .  528. Up to the r a d i o  h o r i 
zo n .  a f r e e - s p a c e  c a l c u l a t i o n  m a y  be c o n s i d e r e d  as an a c c e p t a b l y  c l o s e  
a p p r o x i m a t i o n .

Note-: P r a c t i c a l  e x a m p l e s  of c a l c u l a t i o n  m e t h o d s  are s h o w n  in A n n e x  II.

5 . 4  P o l a r i z a t i o n

No account i s  taken of polarization differences between the broadcasting and the aeronautical 
radionavigatior. signals except in special cases (e.g. circular polarization of the broadcasting signal).

The interfering signals a r e  assumed to have the same polarization (vertical or horizontal) as the 
navigation system. If, 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.
-----------  W h e n  p o w e r  in a n o t h e r  p l a n e  of p o l a r i z a t i o n  n e e d s  to be a d d e d  at the
t r a n s m i t t i n g  a n t e n n a ,  a 1 dB a l l o w a n c e  s h o u l d  be a d d e d  to the h i g h e r  p l a n e  p o w e r  
w h e n  the t o t a l  p o w e r  is i n c r e a s e d  by 50% or m o r e .  H o w e v e r ,  no a l l o w a n c e  n e e d s  
to be take.n for t r u e  c i r c u l a r  p o l a r i z a t i o n .

5 . 5  S p u r io u s  E m is s io n  L e v e l s  ( A n a l y s i s  o f  T ype A l I n t e r f e r e n c e )

A d e t a i l e d  c o n s i d e r a t i o n  of the m e c h a n i s m s  of g e n e r a t i o n  of s p u r i o u s  
e m i s s i o n s ,  p a r t i c u l a r l y  t h o s e  in the fo r m  of i n t e r n o d u l a t i o n  p r o d u c t s ,  is c o n 
t a i n e d  in R e p o r t  1198. in tha t  R e p o r t ,  attenuation of spurious emission levels
a r e  i n d i c a t e d  w h i c h  are s u b s t a n t i a l l y  m o r e  s t r i n g e n t  t h a n  t h o a e  c o n t a i n e d  in 
A p p e n d i x  8 of the R a d i o  R e g u l a t i o n s ,  e x c e p t  in t h e  c a s e  of v e r y  low 
t r a n s m i t t e r  p o w e r s .
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T he a t t e n u a t i o n  o f  s p u r i o u s  e m is s io n  l e v e l s i n d  i c a t e a in  R e p o r t  1198  a r e  :

— for t r a n s m i t t e r  p o w e r s  £ 0.25 W j  40 dB
- for t r a n s m i t t e r  p o w e r s  >_ 7.9 kW ; 85 dB

b e t w e e n  the a b o v e  l i m i t s .  the s p u r i o u s  e m i s s i o n  at the t r a n s m i t t e r  o u t p u t  is 
a s s u m e d  to be 25 pW.

To c a l c u l a t e  i n t e r f e r i n g  f i e l d  s t r e n g t h s  f r o m  t h e s e  v a l u e s  it is n e 
c e s s a r y  to k n o w  the g a i n  of the t r a n s m i t t i n g  a n t e n n a s .  A n t e n n a  g a i n s  r e l a t i v e  
to a d i p o l e  a r e  l i k e l y  to v a r y  f r o m  0 - 1 0  dB a c c o r d i n g  to t r a n s m i t t e r  p o w e r  w i t h
h i g h  g a i n s  a s s o c i a t e d  w i t h  h i g h  p o w e r s .

In t h e  G e n e v a  A g r e e m e n t .  1984. an a n t e n n a  g a i n  of lO' dB was a s s u m e d  for 
a l l t r a n s m i t t e r p o w e r s .

Note:

1) In the c a s e  of s e v e r a l  t r a n s m i t t e r s  c o n t r i b u t i n g  to one s p u r i o u s  c o m p o n e n t  
( c a t e g o r y  (a) in 4 . 3 . 1 . 2 )  the m o s t  p o w e r f u l  t r a n s m i t t e r  is t a k e n  as the r e f e r 
ence.

2) A t t e n u a t i o n  o f  s p u r i o u s  e m is s io n  l e v e l s  of b e t t e r  t h a n  8 5 da a r e  k n o w n  to h a v e  
been, a c h i e v e d  i n p r a c t i c e  in s e e k i n g  s o l u t i o n s  to s p e c i f i c  c a s e s  of d i f f i c u l t y .

5 .6  R e c e i v e r  I n p u t .  V o l t a g e

The field strength , £, s h o u ld  b e  converted to signal power, N, at the receiver input 
according to the following formula:

£  (dB(pV/m)) = N  (dBm) + 1 1 8  + Ls + £ ( / )  .

where:
Ls : system fixed loss of 3.5 dB;
E (/)'■ system frequency-dependent loss at frequency, f  of 1 dB per MHz from 108-100 MHz and then

0.5 dB per MHz below 100 MHz.

M e a s u re m e n ts  on  i n s t a l l e d  a n t e n n a  s y s te m s  a r e  c o n t a i n e d  i n  P a r t  8 o f  
A nnex I .  

N o t e . -  S e e  S e c t i o n  3 . 3 . 1  o f  A nnex  I .

5.7 T r i g g e r  and c u t - o f f  v a l u e s  ( A n a l y s i s  of T y p e  Bl I n t e r f e r e n c e )

5 . 7 . 1  T r i g g e r  v a l u e  is the m i n i m u m  v a l u e  of an FM b r o a d c a s t i n g  s i g n a l  w h i c h ,
w h e n  a p p l i e d  to the i n p u t  of an a e r o n a u t i c a l  V H F  (ILS. V O R  or COM) r e c e i v e r ,  
is c a p a b l e  of i n i t i a t i n g  the g e n e r a t i o n  6 f a t h i r d  o r d e r  i n t e r m o d u l a t i o n  p r o d u c t  
(IP) of s u f f i c i e n t  p o w e r  to r e p r e s e n t  p o t e n t i a l  i n t e r f e r e n c e .  T h u s  e v e r y  t h i r d  
o r d e r  IP g e n e r a t e d  in the a e r o n a u t i c a l  r e c e i v e r  m u s t  h a v e  at l e a s t  o n e  c o m p o n e n t  
w i t h  a p o w e r  l e v e l  t h a t  is not l e s s  t h a n  the t r i g g e r  v a l u e  if t h a t  IP ls a p o t e n 
t i a l  s o u r c e  of i n t e r f e r e n c e .  The t r i g g e r  v a l u e  s u i t a b l e  for u s e  w h e n  a s s e s s i n g  
c o m p a t i b i l i t y  b e t w e e n  FM b r o a d c a s t i n g  a n d  the ILS a n d  V O R  c a n  be d e r i v e d  f r o m
t h e  f o l l o w i n g  f o r m u la  ( s e e  P a r t  9 o f  A nnex  I ) .
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max
N = -42 + 20 log ------

£  0 . 4 : 1 0 8 . 1  -

0 . 4

w h e r e :  f = b r o a d c a s t i n g  f r e q u e n c y .  in MHz

N « t r i g g e r  v a l u e .  in dB m

5.7.2 The sum of the signal levels in dBm (2^ + N2 or Nx + N2 + N3 in paragraph 4.3.3
a b o v e .  w h e r e  N is the p o w e r  l e v e l  of the b r o a d c a s t i n g  s i g n a l  at the i n p u t  to
the a e r o n a u t i c a l  r e c e i v e r )  just forming a Bl IP is a constant. Thus as N-̂ increases 
in p o w e r  the n e c e s s a r y  p o w e r  for N j or N ̂  d e c r e a s e s .  W h e n  N, r e a c h e s  the a p p r o
r i a t e  B 2 p o w e r  l e v e l  (para 4 . 3 . 4 )  the i n t e r f e r e n c e  m o d e  c h a n g e s  f r o m  Bl to B2 
t y p e .  T h e  v a l u e  of N ̂  a n d / o r  N ̂  a s s o c i a t e d  w i t h  that l e v e l  of N ̂  is t e r m e d  the 
c u t - o f f  v a l u e .

An  a n a l y s i s  of the p o s s i b l e  l i m i t i n g  c a s e s  (Part 9 of Annex I) gives a 
m i n i m u m  c u t - o f f  v a l u e  of 44 dB b e l o w  the t r i g g e r  v a l u e .  H o w e v e r ,  p r a c t i c a l  
c o n s i d e r a t i o n s  i n d i c a t e  that a v a l u e  of 24 dB b e l o w  the t r i g g e r  v a l u e  w o u l d  be 
a p p r o p r i a t e  g i v i n g

66 ♦ 20 log
0 . 4

m a x  . 4 ; 1 0 8 . 1  - f J

w h e r e  N » c u t - o f f  v a l u e .  in dB m

6 . 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 f ro m  d i f f e r e n t  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 and 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, ICAO s p e c i f i e s ---------------------
“signal-in-space” characteristics to ensure minimum acceptable performances. Airborne equipment 
design has sought to 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 A n n ex  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.

L a b o r a t o r y  t e s t s  h a v e  b e e n  p e r f o r m e d  t h a t  c h a r a c t e r i z e  t h e  r e s p o n s e  o f  a 
s e l e c t e d  s a m p le  o f  a i r c r a f t  r e c e i v e r s  f o r  w h ic h  a n  e x p e r i m e n t a l  b a n d  p a s s  f i l t e r  
h a s  b e e n  a d d e d  t o  t h e  a n t e n n a  i n p u t  ( s e e  P a r t  5 o f  A nnex  I ) . T he u s e  o f  e x t e r n a l  
f i l t e r s  h a s  n o t  b e e n  c o n s i d e r e d  f e a s i b l e  a s  a  g e n e r a l  s o l u t i o n  f o r  t e c h n i c a l  a n d  
a i r w o r t h i n e s s  r e a s o n s ,  n o r  a c c e p t a b l e  a s  a  f a c t o r  to  m o d if y  t h e o r e t i c a l  c r i t e r i a  
u s e d  t o  e s t a b l i s h  e l e c t r o m a g n e t i c  c o m p a t i b i l i t y .  H o w ev er, u n iq u e  s i n g u l a r  c a s e s  
may o c c u r  w h ic h  a r e  s u i t a b l e  f o r  e m p lo y in g  a n  e x t e r n a l  f i l t e r .  W i th in  t h i s  
c o n t e x t  t h e  i n s t a l l a t i o n  a n d  u s e  o f  a n  e x t e r n a l  f i l t e r  i s  s u b j e c t  t o  t h e  
a p p r o p r i a t e  r u l e s ,  r e g u l a t i o n s  a n d  p r o c e d u r e s  e x e r c i s e d  b y  t h e  c o n c e r n e d  
a v i a t i o n  a u t h o r i t i e s .

H o w ev er, a t  l e a s t  o n e  a d m i n i s t r a t i o n  w i l l  b e  c o n d u c t i n g  a  s e r i e s  o f  c o n t r o l  
t e s t s  t o  f u l l y  e v a l u a t e  t h e  u s e  o f  a d d - o n  f i l t e r s .

It is, however, very important to note that there are practical limits to the technical improvements 
that can be realized in both the short- and long-terms, and therefore airborne equipment improvements 
cannot reasonably be expected to resolve all compatibility problems with the FM broadcasting 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 received 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 im p l e m e n ta t i o n  is imminent.

It is evident that no simple technical solutions to the compatibility problem are immediately available.
The interference potential from FM broadcasting stations (singly or otherwise) to ILS, VOR a n d /o r --------------------
VHF COM will depend on many factors. Apart from airborne equipment performance itself, the most important 
factors as shown in A nnex  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.

Some examples of each type of interference to VHF-ILS/VOR and COM receivers are shown in detail in t h e  
a n n e x e s  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 q u a n t i f i c a t i o n  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.
8 .2  The interference potential from type A and type B mechanisms both need to be addressed in practice. ILS 
and VOR in the sub-band 108-118 MHz a r e  m o re  c r i t i c a l l y  a f f e c t e d  by  i n t e r f e r e n c e .

8 . 3  The volume o f  -airspace to be protected in ILS cases is relatively small, but in the VOR and VHF
COM cases it may be very large.

8 . 4  N e w  i n t e r f e r e n c e  I m m u n i t y  c r i t e r i a  fo r  a i r b o r n e  e q u i p m e n t  h a v e  b e e n
e s t a b l i s h e d  by I C A O .  T h e s e  i m p r o v e m e n t s ,  w h i c h  w i l l  be i n c o r p o r a t e d  b y  1998. 
w i l l  n o t  s o l v e  the p r o b l e m s  c o m p l e t e l y .

8 .5  The calculations given in this Report show that the current requirements of the Radio Regulations (in 
respect of spurious emission limits for FM sound broadcasting transmitters above one kW) would possibly require 
large distance separations in order to avoid type A interference problems. Suppression levels of better than 85 dB 
are known to have been achieved in practice in seeking solutions to specific cases of difficulty (see also 
§ 5 . 5 ) .

8 .6  T h i s  r e p o r t  s t r o n g l y  i n d i c a t e s  t h a t  t h e  c o o r d i n a t i o n  o f  f r e q u e n c y  
a s s i g n m e n t s ,  s i t i n g  a n d  s u p p r e s s i o n  w i l l  b e  n e e d e d  t o  s u p p le m e n t  a n y  g e n e r a l  
c r i t e r i a  i n  o r d e r  t o  r e d u c e  t h e  i n t e r f e r e n c e  p o t e n t i a l .

8 . 7  For at least the type A mechanisms, it is evident that adequate reduction of the levels of unwanted signals
at the aviation receiver will involve c o n s i d e r a t i o n  o f  the broadcasting power, the separation distance and the 
frequency separation.

8 . 8  Both the aeronautical and broadcasting services need to cooperate closely in order to minimise restrictions
on their freedom to deploy their respective facilities. ------------------------------------  —  F o r  e x a m p l e ,  a v o i d i n g
the u s e  of h i g h  p o w e r  at th e  b r o a d c a a t i n g  c h a n n e l s  c l o s e s t  to 108 MHz w i l l  a s s i s t
in a c h i e v i n g  c o m p a t i b i l i t y .  S e l e c t i o n  of f r e q u e n c i e s  f o r  n e w  a e r o n a u t i c a l  f a 
c i l i t i e s  s h o u l d  be m a d e  a f t e r  a n a l y s i s  of e x i s t i n g  FM f a c i l i t i e s  or t h o s e  c o o r 
d i n a t e d  b e t w e e n  A d m i n i s t r a t i o n s  to e n s u r e  c o n t i n u e d  c o m p a t i b i l i t y .

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  F u r t h e r  s t u d y  is r e q u i r e d  in o r d e r  to d e v e l o p / r e f i n e  s t a n d a r d  i n t e r 
f e r e n c e  c r i t e r i a  f o r  t h e  a s s e s s m e n t  of a i r b o r n e  ILS. V O R .  a n d  V H F  CO M  s y s t e m
c o m p a t i b i l i t y  w i t h  b r o a d c a s t i n g  s i g n a l s .

1 0 . Future tests and investigations

1 0 .1  Compatibility between the aeronautical radionavigation service and the sound broadcasting stations in the 
bands concerned should be studied and in particular:

1 0 . .1 1  protection ratio values for future airborne receivers against A1 ty p e  o f  i n t e r f e r e n c e  
from sound broadcasting stations in cases where the frequency of the spurious emissions does not coincide 
with the aeronautical frequency;
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10.1 .2  protection ratio values for future aeronautical receivers against A2 ty p e  o f  i n t e r f e r e n c e  
from sound broadcasting stations including measurements of FM broadcast spectra;

R e c e i v e r  m a n u f a c t u r e r s  s h o u ld  b e  c o n s u l t e d  i n  r e g a r d  t o  m e e t in g  a  
p r o t e c t i o n  r a t i o  g o a l  f o r  t y p e  A2 i n t e r f e r e n c e  o f  -6 0  t o  -7 0  dB f o r  150  kHz 
f r e q u e n c y  d i f f e r e n c e ,  -7 0  t o  -7 6  dB f o r  200  kHz d i f f e r e n c e ,  i n  f u t u r e  r e c e i v e r s .

10 .1 .3  criteria for prediction 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 effect of sinusoidal modulation of the sound broadcasting transmitters during test and line-up
and any precautions or procedures to be adopted at broadcasting stations in order to maintain the agreed
protection of the aeronautical radionavigation service;

s e r v i c e  ( I n c l u d i n g  
s o u n d  b r o a d c a s t i n g

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

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  statistical analysis of data;
10 .3 .5  description of, and experience with, assessment techniques in correlation with flight test and operational 
experience;

10 .3 .6  effect of FM broadcast signals on auto-pilot system performance;
10 .3 .7  effect on assessment criteria o f special techniques used in FM broadcasting (e.g. subsidiary communication 
carriers, increases in deviation) ( s e e  P a r t  4 o f  A nnex  I ) .

1 0 .4  E f f e c t  o f  b r o a d c a s t i n g  s i g n a l s  o n  t h e  p e r f o r m a n c e  o f  a e r o n a u t i c a l  g r o u n d  
e q u ip m e n t  (ILS/V O R  m o n i t o r s  a n d  VHF COM);

1 0 .5  E f f e c t  o f  FM b r o a d c a s t i n g  o n  ILS  r e c e i v e r s  w hen t h e r e  i s  no  d e s i r e d  
s i g n a l  p r e s e n t  a t  t h e  r e c e i v e r  ( s e e  §§ 3 . 6 . 7  a n d  4 . 1 . 1  a n d  T a b l e s  X I a n d  X I I  o f  
A nnex  I ) ;

1 0 .6  E f f e c t  o f  a e r o n a u t i c a l  s i g n a l  i n t e r a c t i o n  w i t h  b r o a d c a s t i n g  t r a n s m i s s i o n :
( e . g .  a n  IM p r o d u c t  c a u s e d  b y  a  b r o a d c a s t i n g  a n d  a n  a e r o n a u t i c a l  n a v i g a t i o n  
s i g n a l ) ;

1 0 .7  C h a r a c t e r i z a t i o n  o f  ILS a n d  VOR s i g n a l  l e v e l s  i n  t h e i r  s e r v i c e  a r e a s ,  
i n c l u d i n g  a p p r o p r i a t e  m a r g in s  ( e . g .  t o  a c c o u n t  f o r  s i g n a l  v a r i a b i l i t y ) ;

1 0 .8  A i r c r a f t  a n t e n n a  s y s te m s  w i t h  a  v ie w  t o  im p r o v in g  FM s i g n a l  r e j e c t i o n  
c h a r a c t e r i s t i c s ;

1 0 .9  A p p l i c a b i l i t y  o f  t h e  a i r c r a f t  ILS/VOR a n t e n n a  s y s te m  c h a r a c t e r i s t i c ,  a s  
d e f i n e d  i n  G en e v a  A g re e m e n t,  1 9 8 4 ;

1 0 .1 0  A p p l i c a b i l i t y  o f  ty p e  B l a n d  B2 e x i s t i n g  im m u n ity  f o r m u l a s  o f  t h e  G en e v a  
A g re e m e n t,  1 9 8 4 , f o r  ILS/VOR r e c e i v e r s .

1 0 . 2  C o m p a t i b i l i t y  b e t w e e n  the a e r o n a u t i c a l  m o b i l e  (R)
d i g i t a l  c o m m u n i c a t i o n s )  ir. the 1 1 8 - 1 3 7  HHi b a n d  a n d  the FM
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ANNEX I 

RECEIVER TEST RESULTS
P a r t  1 o f  Annex I

1. France

1.1  Introduction

1 .1 .1  The tests were conducted in the summer of 1984 on the following ILS localizer/VOR receivers:
-  Becker NR2030
-  Collins 51RV 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 A 2 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 A /is  the difference between the 
radionavigation frequency (ILS/VOR) and the broadcasting frequency, the measurement for A / = 0 
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 Af  the radionavigation receivers will always have the 
same desensitization characteristic since the latter depends only on the broadcasting frequency.

Note. — For A / = 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 o f 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 A/  of about 200 
to 300 kHz, the filter makes very little difference to the results when the signal is modulated.

1 .3  Applicability o f cut-off values to assessment criteria

1 .3 .1  Demonstration o f  the non-existence o f  a cut-off level

1 .3 .1 .1  The tests made on a sample of radionavigation receivers show that th e   ------------------------
concept of the cut-off phenomenon does not exist in reality. In fact, the figures here below show what 
really happens.
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TABLE VI — Broadcasting transmitter equipped with a band-pass filter

A/

Receiver A Receiver B Receiver C

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 -1 4 .0 -6 1 .0 -1 2 .5 -4 9 .0 - 1 2 .0 -6 0 .0 - 1 7 .0 - 6 3 .0 -  1.0 - 4 9 .0

100 -4 8 .0 -7 4 .0 -5 0 .0 -7 4 .0 -4 1 .5 -6 9 .0 - 4 7 .0 -7 2 .0 - 4 4 .0 - 5 4 .0
150 -7 6 .0 -7 7 .0 -7 5 .0 -7 0 .0 -7 0 .0 -7 1 .0 - 7 6 .0 -7 6 .0 -5 3 .0 - 5 3 .0
200 -7 9 .5 -8 0 .0 -7 9 .0 -7 4 .0 - 7 2 .0 -7 2 .0 - 7 8 .0 -7 9 .0 -5 2 .5 -5 2 .5
300 -8 0 .5 -8 3 .0 -7 6 .0 -7 4 .5 -7 4 .5 -7 5 .0 - 9 2 .0 -9 0 .0
400 - 8 5 .0 -8 6 .0 -8 7 .0 -8 8 .0 -7 6 .0 -7 6 .0 - 9 1 .0 -9 3 .0
500 -7 9 .0 -8 6 .0 -7 4 .0 -7 5 .0 -7 6 .5 -7 6 .5 - 9 2 .0 -9 2 .5
800 - 8 6 .0 -8 6 .0 -  86.0 -8 8 .0 - 7 7 .0 -7 7 .0 - 9 1 .0 -9 1 .0

1000 - 8 6 .0 -8 6 .0 -7 4 .0 -7 7 .0

M: broadcasting signal m odulated by coloured noise. 

N : b roadcasting  signal no t m odulated.

TABLE VII — Broadcasting transm itter without band-pass filte r

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 -1 1 .0 -2 2 .5 - 1 2 .0 -2 4 .0 -1 5 .5 -3 2 .0

100 - 4 6 .0 -5 7 .0 -4 7 .0 -5 7 .5 - 4 9 .0 -6 8 .5
150 — 72.5 - 7 3 .0 - 7 2 .0 -7 3 .0 - 7 0 .0 -7 0 .0
200 -7 6 .0 -7 6 .5 - 7 6 .0 -7 5 .0 - 7 8 .0 -7 7 .0
300 -7 8 .0 -7 7 .5 - 7 7 .0 -7 5 .5 — 81.5 -8 2 .0
400 -8 0 .5 -8 0 .0 -8 1 .5 -8 2 .0 -8 6 .5 -8 6 .5
500 -7 9 .0 -8 3 .0 -7 4 .5 -7 5 .0 - 9 2 .0 - 9 3 .0
800 - 7 9 .0 -8 5 .0 - 8 2 .0 -8 4 .0 - 9 0 .0 - 9 2 .0

1000 - 8 1 .0 -8 5 .5 - 7 9 .0 -7 9 .0 - 8 9 .0 -9 0 .0

M: broadcasting signal m odulated by coloured  noise. 

N: broadcasting signal not m odulated.
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1 .3 .1 .2  The intermodulation criterion is a linear law in A'l , N2, of the form
N] + N2 + M +  K = 0. If we take the position N} = constant, the relation between /V, and N2 can be 
plotted (see  F igure 2 ):

1 .3 .1 .3  The existence of a cut-off threshold on jV| is expressed by the fact that for N\ < A/| cut-off, 
there is no longer any intermodulation. The same is true for N2 < N2 cut-off.

1 .3 .1 .4  If such a cut-off value really existed, the above theoretical curve would in practice be distorted 
(see F igure 3):

1 .3 .1 .5  The tests made on radionavigation receivers have 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 show n i n  F i g u r e  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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■1.3.2 ( 'a u d it io n s  a t th e  lim its  w hen  typ e  H2 in te rfe ren ce  o u tw eig h s type  HI in te r fe ren ce

1 . 3 . 2 .  I A ssiim p tio n s

A disturbance bv three broadcasting stations is expressed by: 
the combination of frequencies:

the equation for the levels:

N ( f )  \ N ( f )  \ N( f )  t K (f  , f , /,, f ,  ) ■ 0

We denote \( / ) by the expression:

m a x  1108.1 -  / ;  0 .4 j
20 log

in which m a x  |« ; h } represents the greater of two values a  and h.

Thus for / >  107.7 MHz, v( / )  = 0.
We can also write:
K = 126 ,v( /, ) - v ( /.)  -  v( /,)

1 .3 .2 .2  T h eo re tic a l a t te m p t to  f in d  th e  tra n s itio n  p o in t b e tw een  th e  tw o  typ es  o f  in te r fe ren ce

We shall attempt to find the minimum level Nt( f )  corresponding to the transition from type HI 
interference to type B2.

For a signal of frequency f  , this value is obtained by a simultaneous desensiti/.ation caused by 
signals f  and f , or:

The des ens i t i za t io n  l e v e l  at. f r e q u e n c y  f i s  d e n o t e d  by N^Cf)  ( s e e  § 4 . 2 . 2  
o f  JIWP 8 - 1 0 / 1  r e p o r t  May 1 9 8 4 ) .

Formulating the signals, we also get:

N, ( f )  + NAJ 2 ) + N A f )  + 126 -  jc(./i) -  x ( f 7) -  x { f )  = 0 ( 1)

N/ ( f )  + N A J \ ) + N A f )  + 126 — x(J\)  — x(J2) — x ( f )  = 0 (2)

N , ( f )  + N A f )  + Nd(f i )  + 126 -  x ( f )  -  x ( f 2) -  x ( f )  = 0 (3)

It is logical to make the assumption that Nt{ f )  has the form:

Nt(f )  = x 0 + x { f ) (4)

where x() is a constant to be determined. Measurements have always yielded frequency dependences of the 
form x( f ) .

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

+ x (.f\) — — 126 + x ( f )  + x ( f )  + x { f )  — N A f )  — N A f )

X(i + x { f )  — —126 + x ( f )  + x ( f 2) + x ( f )  — N A f )  — N A f )

Xi) + x ( f )  — — 126 + x ( f )  + x ( f )  + x ( f )  — NA.f\)  — N A f )

Resolving this equation, we get:

+ 126 = 2[ x ( f )  -  NAf i )]  = 2[x(/2) -  NAf ) ]  = 2\ x ( f )  -  N A f ) ]

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

Nd( f )  = - l /2 ( x „  + 126) + * ( / )
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Nj ( f )  is thus defined in two ways:
-  firstly, by three s t r a i g h t  l i n e s  (see Fig. 2, § 4.2.2 of the Joint Interim Working Party 8-10/1 

Report May 1 9 8 A).
It should be noted that such a law is obviously the linear approximation of a law without 
discontinuity;

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

1/ 2(jc0 + 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 ( / )  for l/2 (x 0 + 126) = 20. This gives x0 = —86.

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 ^— -  dBm for /  <  107.7

N( f )  =  - 8 6  dBm for f >  107.7

— Future ILS and VOR receivers:

N( f )  > - 5 8  +  20 log 1 ^  dBm f o r / <  107.7

N( f )  =  - 5 8  dBm for f >  107.7

These values are plotted on the curves of Fig. 6.
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FIGURE 6

Curves A: future receivers 
B: current receivers

1 .4  F re n c h  t e s t  d a t a  on  3 - s i g n a l  t y p e  B1 i n t e r f e r e n c e .

Interpretation o f  the curves

The laws sought are of the form:

Ni + N2 + N3 + K = 0

where Nx, N2, N2 are the respective levels in dBm o f the three broadcasting transmitters at frequencies f ,  f 2, f .

To make them easier to use, the curves have been plotted , F i g u r e s  7 t o  1 2 , for three values of N2; 
each of these curves in (iV,, N2) must have a slope of —1:

Nx + N2 + + K) = 0

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

On each of the curves, levels ( Nx, N2, N2) are found which are lower than the cut-off level proposed in 
Annex IX of Joint Interim Working Party 8-10/1 r e p o r t ,M a y  1 9 8 4 and for which type Bl interference was measured. 
Some of these points are marked by squares.

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

Under each of the curves is given 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 dcsensitization of the receiver can be seen:
— when /V, = —20 dBM for J\ = 107.9 MHz, the same disturbance is found with -  —50, —60 or

- 7 0  dBm;
— similarly, when N : — — S dBm for J] == 107.5 MHz, the same disturbance is found with /V, = —40, -5 0 ,

— 60 or — 70 dBm.

N z - 5 4

FIGURE 7  -  Type B l  interference test

Equation obtained: + 87 = 0

Receiver type: receiver A

Signal type: ILS localizer

Receiver frequency: 108.5 MHz 

Wanted signal: -8 6  dBm (50 n )

/ ,  = 107.9 MHz 
/ ,  = 107.5 MHz 
/ ,  = 106.9 MHz

FIGURE 8  Type B l interference test 

Equation obtained: A', +A,3 + N 3 + 60 = 0

Receiver type: receiver A

Signal type: ILS localizer

Receiver frequency: 108.1 MHz 

Wanted signal: - 8 6  dBm (50 n )

f ,  = 104.1 MHz 
/ ,  = 103.7 MHz 
/ ,  = 099.7 MHz
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N2 -54

FIGURE 9  -  Type B l interference test 

Equation obtained: TV, + N 2 + N 3 + 112 = 0

Receiver type: receiver C

Signal type: ILS localizer

Receiver frequency: 108.5 MHz 

Wanted signal: - 8 6  dBm (50 12)

/ ,  = 107.9 MHz 
/ ,  = 107.5 MHz 
f 3 = 106.9 MHz

FIGURE 1 1 -  Type B l interference test 

Equation obtained: (V, + N 2 + N 3 + 108 = 0

Receiver type: receiver B

Signal type: VOR

Receiver frequency: 108.2 MHz 

Wanted signal: - 7 9  dBm (50 12)

Equation obtained: W, + N t + N 3 + 126 = 0

Receiver type: receiver B

Signal type: ILS localizer

Receiver frequency: 108.1M Hz 

Wanted signal: - 8 6  dBm (50 12)

/ ,  = 107.9 MHz 
/ ,  = 107.4 MHz 
f 3 = 107.2 MHz

FIGURE 1 2  -  Type B l interference test 

Equation obtained: iV, + N 3 + N 3 + 9 0  = 0

Receiver type: receiver C

Signal type: VOR

Receiver frequency: 108.4 MHz 

Wanted signal: - 7 9  dBm (50 SI)

/ ,  = 107.9 MHz 
= 107.4 MHz 

f 3 = 107.1 MHz

/ ,  = 107.9 MHz 
/ ,  = 107.5 MHz 
f 3 = 107 MHz
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P a r t  2 o f  A nnex I

2. Finland

2.1 Introduction

2 .1 .1  Studies and laboratory tests on type Bl interference in ILS-Iocalizer receivers have been performed 
in Finland. The construction of about 40 receivers was studied and three of those were actually measured. 
The receivers measured were Collins 51 RV 2, Collins 51 RV 4B and King KX-175B.

The interference criterion chosen was ±  7.5 pA change in course guidance current of 90 pA. 
Combinations of unwanted signals (/j and f 2) 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.

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

Interfering signal at has noise modulation with weighting according to Recommendation 559 and 32 kHz r.m.s. deviation. 

Filter at wanted signal frequency ( fa ).

Wanted signal level - 8 6  dBm, -7 6  dBm or -6 6  dBm.

Indicator criterion ±7.5 j/A change from 90 mA.

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 + 7>[a  — B log — ) > 0
V 0.4/

where:

A / =  f a-  f  (MHz)

f a - ILS channel tuned frequency (MHz),

f  and f 2 : broadcasting frequencies ( f  > f>),

: signal level at f  (dBm),

: signal level at f 2 (dBm).
= 2 f X-  f 2
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T A B L E V III— Interference threshold, interference type B l

A. Broadcasting frequencies in the range 107.7-108 M H z

Receiver C ondition  for interference

No. 1 

No. 2 

No. 3

2 N\ + N2 + 81 >  0

2 1V, +  W2 +  96 > 0

2 A/, +  N2 +  129 »  0

B. Broadcasting frequencies in the range below 107.7 M Hz

Receiver C ondition  for interference

No. 1

No. 2

No. 3

2 Ni + N2 + 3(27 -  10 log — ) >  0
V 0.4/

2 Ni + N2 + 3(32 -  5 log »  0

2 A, +  N2 +  3 ( 4 3  -  20 log »  0V 0.4/

Note I. — Frequencies selected (M H z) ( T a b le  IX )
and  the linear m odels given in this Table were fitted to the results.

N ote 2. — Interfering signal with R ecom m endation 559 weighting (coloured  noise,
32 kH z r.m.s. deviation)

— W anted ILS signal level —86 dBm

-  C riterion  for interference i s  a  ±  7.5 (iA change in t h e  s e t  course guidance current 
90 }aA.

TABLE IX

f 107.9 107.1 103.1 107.9
f i 107.7 106.1 98.1 103.9

fa 108.1 108.1 108.1 111.9

2 .2 .2  Coefficient A varied from 27 to 43 and coefficient B from 5 to 20. As the coefficients depend 
considerably 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 (+ 1 0  dB, +20 dB) the 
intermodulation immunity to unwanted signals improves with some of these receivers, almost in relation to 
the increase in the wanted signal level.
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2 .2 .4  For the case with three interfering signals the interference threshold formula should have the 
following general form:

N, +  N2 +  N, +  3A +  6dB  -  C log A/i * A/5 x Af  ^
(0.4)3

where:

Af  =  f a -  /(M H z) 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\ + N2 and 
type N\ + N2 + Nt, terms.

Part 3 o f  .A nnex I

3. Canada and the United States o f  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. T h is  p a r t  o f  A nnex  I  presents results of these tests.

3 .2  S u b s e q u e n t  f l i g h t  t e sts c o n d u c t e d  in C a n a d a  i n d i c a t e d  that there was
good c o r r e l a t i o n  b e t w e e n  Ty p e  Bl r e c e i v e r  bench test d a t a  and f l i g h t  test results 
(i.e. the m e a s u r e d  FM s i g n a l  l e v e l s  that caused i n t e r f e r e n c e  in r e c e i v e r s  during 
the flight' tests we r e  a p p r o x i m a t e l y  the sane levels that c a u s e d  i n t e r f e r e n c e  in 
the be n c h tests, at c o r r e s p o n d i n g  l o c a l i z e r  signal le v e l ) .

3.3  Common reference point fo r  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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R efe re n ce  p o i n t

FIGURE 14 -  Definition o f  standard reference point fo r  specification 
and measurement o f  airborne receiver im m unity

*  S u b s t i t u t e  v o l t m e t e r  w i th  5 0  n  load  fo r  av ia t ion  e q u i p m e n t  to  set R F  levels.

3.4 R e s u l t s  o f  a j o i n t  C a n a d i a n / U n i t e d  S t a t e s  t e s t  programme

3 .4 .1  Description o f tests

3 .4 .2  Type A 2 interference

3 .4 .2 .1 Jes ts  were conducted to determine the extent of interference caused by sideband energy from FM 
broadcast signals on ILS localizer and, to a lesser extent, VOR receiver performance.

3 .4 .2 .2E arlier results of a limited test effort were submitted to the JIW P 8-10/1, May 1 9 8 4 .They became the
basis for lyPe A1/A2 interference criteria in the JIWP 8-10/1 report, were subsequently accepted by the
G en e v a  A g re e m e n t 1984 ----------------------------------------— —  --------------------------------------------------------
and used as a basis for the A1/A2 protection criteria in Appendix 1 paragraphs III and IV of its Final 
Acts. The 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 .3E ach  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 .1JL S  localizer receiver overload thresholds caused by FM broadcast signals were examined.
3 .4 .3 .2P ure  carrier (CW) signals were employed for the interferer to determine type B2 desensitization 
thresholds.

3 .4 .4  Type Bl interference

3 .4 .4 .lR eceiver intermodulation interference tests were conducted on thirteen ILS localizer receivers; both 
airline quality and general aviation type.
3 .4 .4 .2T he 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 .3 A  comprehensive set 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 G en ev a  
Agreement, 1984 All three forums, ICAO, JIWP and Geneva Agreement, 1984, adopted the same future
immunity formulae. These formulae are contained in Annex I I I .

3 .4.4.4Several 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.

3-5 Type A2/B2 tests

3 .5 .1  Introduction

3 .5 .2  A total of 20 receivers were tested for type A2/B2 interference effects at ARINC laboratories, 
Annapolis, Maryland, United States of America, during August-September, 1984 (see Table X for a list of 
receivers tested).

TABLE X

U nit under test (UUTs)

K ing KX-175B 
KNS-80 
KN-53 
KNS-81 
KNR-615

C ollins V1R 351 TSO 
51 RV 1 
51 RV 1A 
51 RV 2B 
ILS 70

Cessna A RC RT 385A

N arco NAV 121 
NAV 825

Bcndix R N A  26C 
RN A  34A
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3 .6  Test procedures

3 .6 .1  Figure 15 is the set-up used for all the tests.

Reference point 
for signals 

into receiver 
antenna port

FIGURE 15  -  Block diagram o f  test set-up fo r  type A 2 /B 2  tests

3 .6 .2  For the A2/B2 tests, the amplitude modulated wanted signal ( IV) 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 o f 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 o f 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 multimeter, 
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, laughing, applause and periods of silence; and

— music recorded from an on-air FM broadcast station which included both loud and soft passages.

CCIR coloured noise was generated 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 tests, a single simulated FM signal was generated. The interference threshold (see 
§3.4.7) was approached from below. If the cross-pointer threshold was reached first, the FM signal was 
further increased until the flag threshold was also reached.
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3 .6 .7  Interference criteria %

3 .6 .7 . lCross-pointer

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

3 .6 .7 .2 Flag (with wanted signal)

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

3 .6 .7 .3/7ag (no wanted signal)

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

3 .7  Test results

3 .7 .1  General test observations

3 .7 .1 .lB o th  air carrier and general aviation type receivers were incl’uid'ed in the tests. Test results 
transcended type; e.g. no general statements could be made as to which groups included1 the worst and best 
performers. A large range of responses was seen from model to model. Results were found to be 
surprisingly consistent from unit to unit of the same model.

3 .7 .2  A 2 VS B2 interference

3 .7 .2 .lO n e  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 receiver) or B2 (desensitization due 
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 same, 
then any side-band energy received in the passband of the receiver is not the determining factor. If the 
protection ratio with modulation is higher (requiring a smaller U to exceed the saime threshold) then it was 
assumed to be of the A2 type.

3 .7 .2 .2A 2 /B 2  test results are shown in Fig. J.6 in the aggregate. Both the existing and future B2 immunity 
criteria curves from Fig. 23 are reproduced in part on Fig. 16. The current receivers as a whole exceed the 
existing immunity criteria, i.e. the data points fall below the upper curve. The future immunity curve 
represents an improvement of 10 dB. More than half of the receivers will require increased immunity to 
meet the future criteria for all Af

3 .7 .2 .3 T h e  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 A/  > 200 kHz 
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 a 
higher signal level than an FM modulated interferer for isolated cases out to A/  = 800 kHz. This was 
unexpected.

3 .7 .2 .4 For some specific receiver/frequency combinations, the protection ratio for CW was actually higher 
than that for FM modulation. This may be due to the fact that the unwanted signal frequency fell on a 
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 signal.

3 .7 .2 .5  In most of the tests, the cross-pointer and flag interference thresholds were exceeded before 
significant audio interference was heard in the identification channel.

3 .7 .2 .6  IFAGC 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 amplifier. Both IF and RF AGC data were 
recorded for one receiver, and the results were consistent with this hypothesis.
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107.9 107.8 107.7 107.5

Interference frequency,/(M H z)

107.3 107.1

•  CW

A  CCIR noise 

O Pink noise 

A Voice 

O  Rock music

FIGURE 1 6  -  Protection ratios fo r  ILS localizer receiver 

Type A2/B2 interference 

ILS frequency: 108.1 MHz
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3.7.2.7A 1/A 2 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 .8M ost 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 .9T he 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 levels 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;

— 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 .1 0  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.

3 .8  Type Bl tests

3 .8 .1  Introduction

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

3 .8 .2  Test procedure

3 .8 .2 .lT h e  airline-quality and general aviation-type ILS localizer receivers tested for 2-signal and 3-signal, 
third-order receiver intermodulation (type Bl) interference effects were:
-  Bendix RNA 26C
-  Bendix RNA 34A
-  Cessna RT 385A
-  Collins 51 RV 1
-  Collins 51 RV 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 .3  Using 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 .4 On 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 .5 T h e  block diagram for the 3-signal tests set-up is shown in Fig. 17. Maximum 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.

FIGURE 17 -  Block diagram o f  test set-up fo r 3-signal type B l  tests

/ , ,  f 2, f 3 : broadcasting frequencies, / .  > f i  > / .  

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 interfering signals 
were tabulated whenever an interference criterion was exceeded.

3 .8 .3  Test results

3.8.3.1M odulation sensitivity tests

3 .8 .3 .1 .lT h e  results of the modulation sensitivity are contained in Table XL for the 2-signal case 
2(106.9) — 105.3 =  108.5 MHz and in Table X II for the 3-signal case 106.1 +  105.3 — 103.3 =
108.1 MHz.
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TABLE X I — Effect o f  modulation on equi-signal levels fo r  the 2-signal intermodulation product:
2(106.9) -  105.3 = 108.5 M H z

Localizer
signal
status

M odulat ion Measured equi-signal levels (dBm)

f  (MHz) 
106.9

h  (M Hz) 
105.3

RX  A RX B RX C RX D RX E RX F RX G RX H RX I RX J RX K
RX L
108.50

RX L
108.55

RX M

On On-air On-air - 2 7 - 2 4 - 2 0 - 2 1 - 2 3 - 2 0 - 2 7 - 3 4 - 2 9 - 3 3 - 3 9 - 3 7 - 3 4 - 3 9

On C C IR C W - 2 6 - 2 4 - 2 0 - 2 1 - 2 3 - 1 9 - 2 7 - 3 3 - 2 8 - 3 4 - 3 8 - 3 6 - 3 4 - 3 8

O n CW C C I R - 2 7 - 2 5 - 2 1 - 2 2 - 2 4 - 1 9 - 2 8 - 3 4 - 2 8 - 3 4 - 3 9 - 3 6 - 3 2 - 3 9

On Pink CW - 2 6 - 2 4 - 2 0 - 2 1 - 2 3 - 1 9 - 2 7 - 3 3 - 2 8 - 3 3 - 3 8 - 3 6 - 3 4 - 3 8

On C W Pink - 2 7 - 2 5 - 2 1 - - 2 4 ' - 1 9 - 2 8 - 3 4 - 2 9 - 3 4 - 3 9 - 3 6 - 3 2 - 3 9

On Tape C W - 2 8 - 2 5 - 2 1 - 2 3 - 2 3 - 1 9 - 2 8 - 3 5 - 2 9 - 3 5 - 4 0 - 3 8 - 3 4 - 4 0

O ff On-air On-air - 3 0 - 3 4 Nil - 2 6 Nil Nil Nil - 3 0 Nil - 3 7 Nil Nil - 3 9 Nil

Off C C IR CW Nil - 2 8 Nil - 2 4 Nil Nil Nil Nil Nil - 2 2 Nil Nil - 3 9 Nil

O ff C W C C I R Nil - 1 0 Nil Nil Nil Nil Nil - - Nil Nil Nil - 3 6 Nil

O ff Pink CW Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil

O ff CW Pink Nil Nil Nil - Nil Nil Nil - - Nil lNil - Nil -

O ff Tape CW - 2 7 - 3 3 Nil - 2 7 Nil Nil Nil Nil Nil - 3 3 Nil Nil - 3 8 Nil

RX : Receiver

3 .8 .3 .1 .2 In tests where there was a desired localizer signal present, the different type of modulation resulted 
in only a 1-2 dB change in equi-signal levels and agreed closely with those obtained when the on-air 
broadcast signals were used.

3 .8 .3 .1 .3 ln  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 2 (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 .4 A s 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 TableX I).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 .5  Based on these tests, CCIR coloured noise was used to modulate broadcasting frequency /  in the 
receiver intermodulation tests.
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TA BLE X I I — Effect o f  modulation on equi-signal levels for the 3-signal interm odulation product:
106.1 + 105.3 -  103.3 =  I OS. I M H :

Localizer
signal
status

Modula t ion Measured  equi-signal levels (dBm)

f, (M Hz) 
106.1

/ :  (M Hz) 
105.1

f  (M Hz) 
103.3

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-air On-air - 2 0 - 2 0 Nil - 2 0 - 2 2 Nil - 2 3 - 3 2 - 2 3 - 3 0 - 3 4 - 2 9 - 3 6

On C C I R C W CW - 2 0 - 2 1 - 1 7 - 2 0 - 2 2 - 1 6 - 2 4 - 3 4 - 2 5 - 3 0 - 3 6 - 3 0 - 3 6

On C'W C C I R CW - 2 0 - -  17 - 2 0 - 2 2 - 1 7 - 2 4 - 3 2 - 2 4 - 3 0 - 3 6 - 3 0 - 3 5

On Pink C W CW - 2 0 - 2 1 Nil - 2 0 - 2 2 -  16 - 2 4 - 3 2 - 2 4 - 3 0 - 3 6 - 3 0 - 3 6

On CW Pink CW - - - - 2 0 - 2 2 -  16 - 2 4 - 3 2 - 2 5 - 3 1 - - 3 0 - 3 6

On Tape C W CW - 2 1 - 2 1 - 1 8 - 2 2 - 2 3 - 1 7 - 2 5 - 3 3 - 2 8 - 3 2 - 3 7 - 3 2 - 3 8

O ff On-air On-air On-air - 2 5 - 2 8 Nil - 2 4 Nil Nil Nil - Nil - 3 1 Nil Nil Nil

O ff C C IR C W CW - Nil Nil Nil Nil Nil Nil - Nil Nil Nil Nil Nil

O ff CW C C I R CW Nil - - Nil Nil Nil Nil - Nil Nil Nil Nil Nil

O ff Pink C W CW Nil Nil Nil Nil Nil Nil Nil - Nil Nil Nil Nil Nil

O ff CW Pink CW - - - Nil Nil Nil Nil - Nil Nil - - -

O ff Ta pe . C W CW - 1 6 - 6 Nil Nil Nil Nil Nil - Nil Nil Nil Nil Nil

RX:: Receiver

3 .8 .3 .2  Receiver 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 and 20 for 
localizer frequencies 108.1, 109.1 and 110.1 MHz respectively. Similarly, the results of the 3-signal tests are 
contained in Table XIII and plotted in Figs. 21,22 and23. In addition to the equi-signal level test data, 
theoretical levels were also calculated using the following different formulae (detailed in Annex I I I ) .

-  the existing immunity formulae in the Geneva Agreanent, 1984, referred to as G en e v a  A g re e m e n t 
1 9 8 4 , e x i s t i n g  im m u n ity  in T ab lesX llland  XIV;

— the future immunity formulae in the Geneva A gresnent, 1984, referred to as G en e v a  A g re e m e n t ,  
1 9 8 4 - f u t u r e  i m m u n i t y  arid  ICAO f u t u r e  i m m u n i t y  in Tables X llla n d  XIV. Note that the 
3-signal formula was derived in § 4;
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FIGURE 18 -  2-signal intermodulation on 108.1 MHz

  *  Geneva Agreement 1984, existing immunity A-M: data po in ts  for receivers A  to inclusive from
. .  y Table XIII

— - ^ | Geneva Agreement 1984, future immunity*
/  ICAO future immunity * < > : m axim um  am plitude  lim it o f test set-up;
'  actual equi-signal level higher than  this level

Ah~ULOC)~h
f(LO C )' l° cal‘zer frequency (MHz) 

fy. broadcast frequency (MHz)
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FIGURE 1 9 -  2-signal interm odulation on  109.1 MHz

*  Geneva Agreement 1984, existing immunity
Geneva Agreement 1984, future immunity 

/ ICAO future immunity *

A-M: data points for receivers A to M inclusive from 
Table X I I I

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

^ i ~ f ( L O C } ~ h  

f(LO C )' frequency (MHz)

: broadcast frequency (MHz)

/ ,  > h
i : 1
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FIGURE 20 -  2-signal interm odulation on 110.1.

*  Geneva Agreement 1984, existing immunity
4") Geneva Agreement 1984, future immunity 
/ ICAO future immunity *

A M data points for receivers A to M inclusive fi 
Table X I I I

< > :  maximum amplitude limit o f test set-up; 
actual equi-signal level higher than  this lev*

* h =f(LOC) ~U
f(LO C )’ ôca^ zer frequency (MHz) 

f - \  broadcast frequency (MHz)

/ ,> /*
i:  1
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FIGURE 21 -  3-signal interm odulation on 108.1 M Hz

*  Geneva Agreement 1984, existing immunity 
Geneva Agreement 1984, future immunityj 

/ICAO future immunity

A-M: data points for receivers A to M inclusive from 
Table XIV

<  > : maximum am plitude limit o f test set-up; 
actual equi-signal level higher than this level

* h Bf(LOC}- h
f[LO C )' frequency (MHz)

/j-: broadcast frequency (MHz)

/ » > / , > / ,  /
/: 1, 2, 3
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FIGURE 22 -  3-signal interm odulation on 109.1 MHz

A-M data points for receivers A to M inclusive from 
Table XIV

<  > :  maximum am plitude limit o f  test set-up; 
actual equi-signal level higher than this level

A ^i ~ f(LO C ) ~ U  

f(LO C )' I°c:1̂ 2er frequency (MHz)

/j-: broadcast frequency (MHz) 

f \  / j  ** l i  

i- 1, 2, 3

*  Geneva Agreement 1984, existing immunity
Geneva Agreement 1984, future immunity^ 

/ ICAO future immunity
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FIGURE 2 3 -  3-signal interm odulation on 110.1 MHz

*  Geneva Agreement 1984, existing immunity
Geneva Agreement 1984, future immunity* 

/ ICAO future immunity

A-M: data points for receivers A to M inclusive from 
Table XIV

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

A h  ~f(LO C )

f(L O C )’ ôca^zer frequency (MHz)

/j-: broadcast frequency (MHz)

/ ,  >U > h
i: 1, 2, 3
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TA BLE X I I I  — M easured an d  calculated equi-signal levels fo r  2-signal, 
third-order receiver interm odulation (type B l)  interference

Frequencies (MHz) Measured equi-signal levels (dBm) Calculated equi-signal (dBm)

/ h flLOC)
RX
A

RX
B

RX
C

RX
D

RX
E

RX
F

RX
G

RX
H

RX
1

RX
J

RX
K

RX
L

RX
M

G.A.*
existing

C.A.**
ICAO
fu tu re

107.5 106.9 108.1 - 3 5 - 3 0 - 2 5 - 2 5 - 3 1 - 2 0 - 3 5 - 3 7 - 3 6 - 3 4 - 4 3 - 4 6 - 4 0 -3 4 .5 -2 0 .5

106.5 104.9 108.1 - 2 7 -2 5 - 1 9 -2 1 - 2 2 - 1 8 - 2 5 - 3 3 - 2 7 -3 1 - 3 8 - 3 5 -3 8 -2 6 .0 -1 2 .0

105.5 102.9 108.1 - 1 8 - 1 6 -1 5 - 1 5 - 1 9 - 1 4 - 2 0 - 3 0 - 2 2 -2 8 - 3 2 - 2 5 -3 3 -2 1 .7 -7 .7

103.5 98.9 108.1 - 1 6 - 1 4 - 9 - 1 1 - 1 4 > - 5 - 1 6 - 2 3 - 1 8 -2 2 - 2 3 - 1 3 - 2 4 — 16.S I -2 .8i

101.5 94.9 108.1 -1 3 - 1 0 - 8 - 9 -1 1 - - 1 3 - 1 8 - 1 4 — 20 -1 8 - 8 - 1 9 -1 3 .6 . +  0.3

98.1 88.1 108.1 - 9 - 6 - 6 - 5 - 7 - - 9 - 1 2 -1 1 -1 5 - 1 2 >  - 7 -13! . -10 :0 . |  +4.0

107.9 106.7 109.1 - 3 0 - 2 8 -2 1 - 2 2 - 2 6 - 1 9 - 2 7 - 3 6 - 2 9 - 3 2 -4 1 - 3 9 - 3 9 -3 6 .4 -  24< 01

107.5 105.9 109.1 - 2 5 - 2 4 - 1 9 - 2 0 - 2 4 - 1 9 - 2 4 - 3 4 - 2 6 - 3 0 - 3 9 - 3 6 - 3 8 -3 2 .7 -2 0 .5

106.5 103.9 109.1 - 1 6 - 1 7 - 1 5 - 1 5 - 1 9 - 1 2 - 2 0 - 3 0 -2 1 - 2 6 -3 3 - 2 6 - 3 4 -2 5 .2 -1 2 .0

104.5 99.9 109.1 - 1 4 -1 3 - 1 0 - 1 2 - 1 5 > - 6 - 1 5 - 2 4 - 1 6 -2 1 - 2 4 -1 2 -2 5 -1 8 .5 -4 .9

101.5 93.9 109.1 - - 9 - 8 - 8 - 1 0 - -1 1 - 1 6 - 1 2 -1 7 - 1 8 >  - 7 - 1 8 -1 3 .4 +  0.3

107.9 105.7 110.1 - 2 0 - 2 0 - 1 6 - 1 7 -2 1 - 1 9 -2 1 - 3 4 - 2 3 - 2 8 - 3 5 -3 1 - 3 6 -3 4 .8 -2 4 .0

107.5 104.9 110.1 - 1 7 - 1 7 - 1 4 - 1 6 - 2 0 - 1 6 - 1 9 - 3 2 -2 1 - 2 7 -3 3 - 2 7 - 3 4 -3 1 .6 -2 0 .5

106.5 102.9 110.1 - 1 6 - 1 2 - 1 2 - 1 3 - 1 7 - 7 - 1 7 - 2 8 - 1 8 - 2 4 -2 8 -1 8 - 2 9 -2 4 .5 -1 2 .0

105.5 100.9 110.1 -1 5 - 1 2 - 1 0 - 1 2 - 1 5 - 7 - 1 5 - 2 4 - 1 6 — 22 - 2 4 - 1 2 - 2 5 -2 0 .8 -7 .7

101.5 92.9 110.1 - 9 - 7 - 6 - 7 - 9 - - 9 - 1 6 - 1 0 - 1 7 -1 3 > - 7 - 1 5 -1 3 .2 +  0.3

RX: Receiver

Geneva Agreement 1984,  e x i s t i n g  immunity 
Geneva Agreement 1984, fu tu re  immunity; 
ICAO fu tu re  immunity
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TABLE XIV _  M easured and calculated equi-signal levels fo r  3-signal, 
third-order receiver intermodulation (type B l)  interference

Frequencies (MHz) Measured equi-signal levels (dBm) Calculated equi-signal (dBm)

/ f i f i f i .O C ,
RX
A

RX
B

RX
C

RX
D

RX
E

RX
F

RX
C

RX
H

RX
I

RX
J

RX
K

RX
L

RX
M

G.A.*
existing

C.A.**
ICAO
fu tu re

107.5 106.5 105.9 108.1 - 3 3 -3 1 - 2 4 - 2 6 - 2 8 - 1 0 -3 1 -3 7 - 3 3 -3 5 - 4 3 - 4 2 - 4 2 -3 1 .9 -2 2 .5

106.5 104.5 102.9 108.1 -2 1 -  19 -1 8 -  19 - 2 2 - 1 0 - 2 3 - 3 0 - 2 4 - 3 0 - 3 5 - 2 8 - 3 5 -2 4 .2 -1 4 .0

105.5 102.5 99.9 108 1 -  19 -  17 -  15 - - 1 9 > - 6 - 2 0 - 2 6 - 2 0 - 2 6 - 2 9 - 1 9 - 2 9 -2 0 .2 -9 .7

104.5 100.5 96.9 108.1 -  17 -  15 -  13 -  14 -1 7 > - 6 - 1 7 - 2 2 - 1 8 - 2 3 - 2 4 - 1 3 -2 5 -1 7 .5 -6 .9

101.5 95.3 88.7 108.1 - 1 2 -  10 -1 1 - 9 -1 1 - - 1 2 - 1 5 - 1 4 - 1 8 -  14 - 6 - 1 7 -  12.6 -  1.7

107.9 106.3 105.1 109.1 _ _  22 - 2 0 - 2 0 -2 5 -2 1 -2 5 - 3 4 - 2 7 -3 1 - 3 8 -3 3 - 3 8 -3 1 .8 -2 6 .0

107.5 105.5 103.9 109.1 -2 1 - 1 9 - 1 8 -1 8 -2 3 - 1 6 -2 3 - 3 2 - 2 4 -2 9 - 3 5 - 2 9 - 3 6 -2 8 .6 -2 2 .5

106.5 103.5 100.9 109.1 -  19 - 1 7 - - -1 9 > - 6 -  19 -2 8 - 2 0 -2 5 - 2 9 -1 9 - 3 0 -2 2 .5 -1 4 .0

105.5 101.5 97.9 109.1 -  17 -1 5 - 1 2 -1 3 - 1 6 - -1 7 - 2 4 - 1 8 -2 3 - 2 4 - 1 2 - 2 6 -19 .1 - 9 .7

103.5 97.5 91.9 109.1 -1 3 -1 1 - 1 0 - 1 0 -1 2 - -1 3 -1 8 -  14 - 2 0 - 1 7 - 7 - 1 9 -1 4 .7 -4 .6

107.9 105.3 103.1 110.1 - 1 9 -1 5 -  15 -  16 - 2 0 -1 4 - 2 0 -3 1 -2 1 - 2 7 -3 1 - 2 3 - 3 2 -29 .1 -2 6 .0

107.5 104.5 101.9 110.1 - 1 8 - 1 5 - - - 1 9 - 6 - 2 0 - 2 9 - 2 0 - 2 5 - 2 8 - 2 0 - 3 0 -2 6 .5 -  22.5

106.5 102.5 98.9 110.1 -1 6 - 1 4 - 1 2 -1 3 -1 7 > - 6 - 1 6 -2 5 - 1 7 -2 3 - 2 4 - 1 2 - 2 6 -2 1 .3 -1 4 .0

104.5 98.5 92.9 110.1 - 1 3 - 1 0 -  10 - 1 0 - 1 2 - - 1 2 - 1 9 - 1 4 - 2 0 - 1 6 > - 7 - 2 2 -1 5 .9 -6 .9

99.5 98.7 88.1 110.1 -  10 - 7 - 9 - 8 - 9 - - 1 0 -1 5 - 1 2 -1 6 - 1 3 - - 1 5 -1 2 .7 +  0.6

RX: Receiver

* Geneva Agreement 1984, e x i s t i n g  immunity
** Geneva Agreement 1984, fu ture  immunity; 

ICAO fu tu re  immunity
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In Figs. 18 to 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 G en ev a  A g re e m e n t 1 9 8 4 , existing immunity formulae.

3 .8 .3 .2 .3  None of the receivers tested met the G en ev a  A g re e m e n t 1 9 8 4 , an d  ICAO future immunity
specification for all 2-signal------------------------------------------------------------------------------------------------------------
intermodulation 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 frequency.

3 .8 .3 .2 .4  Only 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 o f 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.e. 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 o f  varying localizer signal level on interfering equi-signal levels

Frequencies (M H z)

M easured equi-signal levels (dBm )

Receiver A Receiver I Receiver J Receiver L Receiver M

A f i f l O C i

LOC signal (dBm) LOC signal (dBm ) LOC signal (dBm ) LO C signal (dBm) LOC signal (dBm )

- 9 0 - 8 0 - 7 0 - 6 0 - 9 0 - 8 0 - 7 0 - 6 0 - 9 0 - 8 0 - 7 0 - 6 0 - 9 0 - 8 0 ; - 7 0 - 6 0 - 9 0 - 8 0 - 7 0 - 6 0

107.5 106.9 108.1 - 3 6 - 3 2 - 2 6 - 2 3 - 3 8 - 3 3 - 2 7 - 1 8 - 3 6 - 3 0 - 2 4 - 1 7 - 4 7 - 4 4 - 3 9 - 3 2 - 3 9 - 3 4 - 2 5 - 1 6

106.5 104.9 108.1 - 2 7 - 2 5 - 2 1 - 1 9 - 2 7 - 2 3 - 1 8 - 1 3 - 3 2 - 2 6 - 2 2 - 1 6 - 3 6 - 3 2 - 2 4 - 1 9 - 3 7 -3 1 -2 1 - 1 4

105.5 102.9 108.1 - 1 8 - 1 6 - 1 3 - 1 4 - 2 1 - 1 8 - 1 4 - 1 0 - 2 7 - 2 3 - 1 9 - 1 4 - 2 5 -2 1 - 1 7 - 1 4 -3 1 - 2 7 - 1 8 - 1 1

103.5 98.9 108.1 - 1 6 - 1 2 - 9 - 6 - 1 6 - 1 3 - 9 - 6 - 2 2 - 1 8 - 1 6 - 1 2 - 1 2 - 9 - 7 - - 2 2 - 2 0 - 1 2 - 7

101.5 94.9 108.1 - 1 3 - 9 - 6 - - 1 3 - 1 0 - 7 - - 2 0 - 1 5 - 1 4 - 1 0 - 8 >  - 6 - - - 1 7 - 1 5 - 8 -

107.9 105.7 110.1 - 2 3 - 1 9 - 1 5 - 1 0 - 3 6 - 3 0 -2 1 - 1 4

107.5 104.9 110.1 - 2 1 - 1 8 - 1 3 - 9 - 3 4 - 2 8 - 1 9 - 1 2

106.5 102.9 110.1 - 1 8 - 1 5 -1 1 - 7 - 2 8 - 2 4 - 1 5 - 1 0

105.5 100.9 110.1 - 1 5 - 1 2 - 9 >  - 7 - 2 4 - 2 1 - 1 2 - 8

3 .8 .3 .4  Effect o f  unequal interfering signal levels

3 .8 .3 .4 .1  Three receivers were tested to determine if equations of the form 2N\ — N2 =  K  (2-signal type Bl) 
hold for unwanted signal levels N\ and N2 which differ from each other. Referring to Tables XVI 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 B l effects with unequal signal levels 
(Illustrating the wide range o f  signal levels for which the type Bl equation  holds)

2-signal 
2(7(1)] — 7(2) = f(ILS) 
fttLS) -  108.7 M Hz

Interfering signal level
(dBm) 2 (IV,) +  N2

( / ) n 2 ( f 2)

- 5 0 -  7 - 1 0 7
- 2 0 - 6 8 - 1 0 8

- 1 0 - 7 1 - 9 1
- 4 0 -  9 - 8 9

- 3 0 +  1 - 5 9
0 - 6 2 - 6 2

- 2 0 +  5 - 3 5
0 - 3 8 - 3 8

10 - 6 0 - 4 0

- 1 0 +  2 - 1 8
0 - 1 7 - 1 7

+  10 - 3 8 - 1 8

Note. — Five different frequency com binations 
for f \ )  and  f 2> were used yielding five d ifferent 
sum m ations.

TABLE XVII — 3-signal type B l  effects with unequal signal levels 
(Illustrating  the wide range o f  signal levels fo r which the type B l equation  holds)

3-signal 
fi 1) +  7(2) ~  7(3) =  f(ILS) 

fttis> =  109.3 M H z

Interfering signal level
(dBm) Nt + N2 + N3

(dBm )
Ni ( f ) n2 ( / 2) Ns ( f )

+  1 - 4 0 +  1 - 3 8
- 4 0 +  1 +  1 - 3 8

- 7 0 +  2 +  2 - 6 6
- 8 0 +  7 +  7 - 6 6
- 6 0 - 1 - 1 - 6 2

Note. — Two different sets o f  frequencies f 0 ) , f 2) an d  f 2) are 
represented.
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Part  4 o f  Annex I ,

United S t a t e s
THE EFFECT OF FM STEREO PLUS SUBCARRIER 

MODULATING SIGNALS ON PROTECTION CRITERIA

Type A2 I n t e r f e r e n c e  
Type B2 I n t e r f e r e n c e

4 . 1  I n t  r o d u c t  i on

I n  N o r t h  Ame r i c a  t h e  b a s e b a n d  o f  t h e  m o d u l a t i n g  s i g n a l  
c a n  e x t e n d  t o  99 kHz and  i n c l u d e  s u b - c a r r i e r  s i g n a l s  t h a t  
a r e  a d d e d  t o  t h e  r e g u l a r  s t e r e o  m u l t i p l e x  s i g n a l ;  in 
a d d i t i o n ,  t h e  a u d i o  p r o c e s s i n g  e q u i p m e n t  n o r m a l l y  u s e d  a t  
FM b r o a d c a s t i n g  s t a t i o n s  a l t e r s  s i g n i f i c a n t l y  t h e  s t e r e o  
m u l t i p l e x  s i g n a l  in a ma n n e r  t h a t  r e n d e r s  t h e  CCIR 
c o l o u r e d  n o i s e  m o d u l a t i n g  s i g n a l  no  l o n g e r  
r e p r e s e n t a t  i v e .

4 . 2  T e s t  Me t hod

P r o t e c t i o n  r a t i o  m e a s u r e m e n t s  we r e  t a k e n  f o r  t h e  ILS 
s e c t i o n  o f  r e c e i v e r s  when t h e  i n t e r f e r i n g  FM b r o a d c a s t  
s i g n a l  w a s :
-  u n m o d u l a t e d
-  m o d u l a t e d  by t h e  CCIR c o l o u r e d  n o i s e  s i g n a l
-  m o d u l a t e d  by a s y n t h e t i c  p r o g r a m  n o i s e  s i g n a l
-  m o d u l a t e d  by t h e  CCIR c o l o u r e d  n o i s e  and  s u b c a r r i e r  

s i g n a l s .
-  m o d u l a t e d  by t h e  s y n t h e t i c  p r o g r a m  n o i s e  and  s u b c a r r i e r  

s  i g n a l s .

The  CCIR n o i s e  m o d u l a t i o n  was  g e n e r a t e d  a n d  s e t  up in 
a c c o r d a n c e  w i t h  t h e  p r o c e d u r e s  o f  Recommendation 559 
and Report 796.

Th e  s y n t h e t i c  p r o g r a m  n o i s e  s i g n a l  <SPN) was  d e v e l o p e d  by 
t h e  N a t i o n a l  P u b l i c  R a d i o  f o r  s u b c a r r i o r  t e s t s  in FM 
b r o a d c a s t i n g < 1 ) .  P i n k  n o i s e  i s  f i l t e r e d  by a 50 Hz h i g h  
p a s s  a n d  a 15 kHz l ow p a s s  f i l t e r s  a n d  l i m i t e d  by a 
s p e c i a l  c l i p p e r  c i r c u i t .  Th e  n o i s e  c l i p p i n g  s i m u l a t e s  
t h e  p e a k - t o - a v e r a g e  o r  d e n s i t y  c h a r a c t e r i s t i c s  o f  t y p i c a l  
a u d i o  p r o c e s s o r s .  The  r e s u l t i n g  s i g n a l  h a s  a  s p e c t r u m  
t y p i c a l  o f  p r o c e s s e d  FM p r o g r a m  s i g n a l s  in N o r t h  A m e r i c a .

The  s u b c a r r i e r  s i g n a l s  w e r e  s i n g l e  u n m o d u l a t e d  
s u b c a r r i e r s ,  p a i r s  o f  u n m o d u l a t e d  s u b c a r r i e r s  a n d  d a t a  
m o d u l a t e d  s u b c a r r i e r s .  The  t e s t s  w e r e  c o n d u c t e d  on 3 ILS 
f r e q u e n c i e s  n e a r  t h e  l o w e r  l i m i t  o f  t h e  f r e q u e n c y  band  
u s i n g  t h e  f o l l o w i n g  r e c e i v e r s :
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CESSNA
COLLINS
COLLINS
KING
NARCO

RT3S5A 
51RV-1A 
VIR351 
KX17513 
NAV121

The l e v e l  o f  t h e  d e s i r e d  s i g n a l  was  s e t  t o  - 8 9  dBm a t  t h e  
i n p u t  p o r t  o f  t h e  I LS s e c t i o n  o f  t h e  NAVCOM r e c e i v e r .  
The  i n t e r f e r e n c e  c r i t e r i a  was  a c h a n g e  o f  7 . 5  mi c r o a mp  in 
c r o s s - p o i n t e r  c u r r e n t  f o r  a l o c a l i z e r  s i g n a l  w i t h  a 
d i f f e r e n c e  in d e p t h  o f  m o d u l a t i o n  (DDM) o f  0 . 0 9 3 .  The 
t h r e e  u p p e r  c h a n n e l  f r e q u e n c i e s  o f  t h e  FM b a n d  w e r e  u s e d  
f o r  t h e  u n d e s i r e d  FM b r o a d c a s t  s i g n a l .  The  l e v e l  o f  t h e  
FM s i g n a l  was  s e t  a t '  a mi ni mum and  t h e n  i n c r e a s e d  u n t i l  
i n t e r f e r e n c e  was  p r o d u c e d  in t h e  r e c e i v e r  u n d e r  t e s t .  
The  CCIR c o l o u r e d  n o i s e  m o d u l a t i n g  s i g n a l  s e t  up in 
a c c o r d a n c e  w i t h  CCIR s t a n d a r d s  r e s u l t s ,  i n ,  a f t e r  p r e 
e m p h a s i s ,  a p ea k  FM c a r r i e r  d e v i a t i o n  o f  1002  ( 75  k H z ) .  
LMien s u b c a r r i e r s  we r e  a d d e d  t o  t h e  m o d u l a t i n g  s i g n a l ,  t h e  
t o t a l  c a r r i e r  pea k  d e v i a t i o n  was  o b t a i n e d  by a d d i n g  t h e  
s u b c a r r i e r  d e v i a t i o n  t o  t h e  a d j u s t e d  d e v i a t i o n  f r o m t h e  
s t e r e o  s i g n a l .

A. 3 R e s u l t s  and  A n a l y s i s

A. 3. 1 Type  A2 I n t e r f e r e n c e

The t e s t  r e s u l t s  g i v e n  in T a b l e  XVIII  a r e  f o r  a  c a r r i e r  
s e p a r a t i o n  o f  200  kHz wh e r e  t h e  FM f r e q u e n c y  i s  1 0 7 . 9  MHz

Wi t h  t h e  SPN p l u s  s u b - c a r r i e r s  a s  t h e  m o d u l a t i n g  s i g n a l ,  
a d d i t i o n a l  p r o t e c t i o n  o f  an a v e r a g e  o f  5dB f o r  f o u r  o f  
t h e  r e c e i v e r s  t e s t e d  and  o f  iOdB f o r  t h e  r e m a i n i n g  
r e c e i v e r ,  i s  r e q u i r e d .  D a t a  f o r  CCIR c o l o u r e d  n o i s e  p l u s  
s u b - c a r r i e r s  i n d i c a t e s  t h a t  t h e  p r o t e c t i o n  r a t i o s  d i d  n o t  
e x c e e d -  t h e  e x i s t i n g  c r i t e r i a  ( i . e . ,  t h e  SPN p l u s  s u b 
c a r r i e r  s i g n a l s  y i e l d e d  t h e  mos t  s t r i n g e n t  p r o t e c t i o n  
c r  i t  e r  i a ) .

Fr om t h e  t e s t s ,  f o r  f r e q u e n c y  d i f f e r e n c e s  b e t w e e n  t h e  
w a n t e d  s i g n a l  and  t h e  b r o a d c a s t  s i g n a l  o f  mor e  t h a n  300 
k Hz ,  t h e  82  t y p e  i mmuni t y  c r i t e r i a  b e c o me s  t h e  d o m i n a t i n g  
i n t e r f e r e n c e  m e c h a n i s m.

A. 3 . 2  Ty p e  B2 I n t e r f e r e n c e

E x i s t i n g  Type  B2 i mmu n i t y  c r i t e r i a  a r e  c o n t a i n e d  in T a b l e  
7 . 4 .  o f  t h e  Ge n e v a  A g r e e m e n t ,  1 9 8 4 .  The  m e a s u r e m e n t s  
w e r e  t a k e n  w i t h  c a r r i e r  s e p a r a t i o n s  o f  40 0  kHz o r  g r e a t e r  
a n d  w i t h  t h e  ILS f r e q u e n c i e s  1 0 8 . 1 ,  1 0 8 . 3  and  1 0 8 . 5  MHz 
p a i r e d  w i t h  t h e  FM f r e q u e n c i e s  1 0 7 . 9 ,  1 0 7 . 7  and  1 0 7 . 5  
MHz. The  d i f f e r e n t  m o d u l a t i n g  s i g n a l s  d e s c r i b e d  f o r  t h e  
Type  A2 t e s t s  w e r e  a l s o  u s e d .  The t e s t  r e s u l t s  a r e  
g i v e n  in T a b l e  XIX.
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T h e s e  r e s u l t s  i n d i c a t e  t h a t  f o r  c a r  r  i e r  s op  a r  a t  i o n s  
o f  400 k i t :  o r  g r e a t e r  and w i t h  t h e  FM b r o a d c a s t :  . s t a t i o n
o p e r a t i n g  on f r e q u e n c i e s  o f  1 0 7 . 7  MU:: o r  b e l o w ,  t h e
a d d i t i o n  o f  t h e  s u b c a r r i e r  s i g n a l  t o  t h e  m o d u l a t i n g  
s i g n a l  h a s  no e f f e c t  on t h e  e x i s t i n g  E! 2 i mmu n i t y  
c r i t e r i a .  Two t y p e s  o f  r e c e i v e r s  d i d  n o t  f o l l o w  t h i s  
g e n e r a l  t r e n d  f o r  s e p a r a t  i o n s  o f  (100 k H.: and t h i s  may be 
an i n d i c a t i o n  o f  a s p u r i o u s  r e s p o n s e  in t h e  r e c e i v e r s .  
T h i s  n e e  d s  f  u r  t h e r  s t u  d y .

The r e s u l t s  a l s o  i n d i c a t e  t h a t  f o r  c a r r i e r  s e p a r a t i o n s  o f  
400 kHz o r  g r e a t e r  and w i t h  an FM b r o a d c a s t  m o d u l a t e d  
c a r r i e r  a t 1 0 7 . 9  MU::, o n e  r e c e i v e r  ou t  o f  f  i ve  o v e r l o a d  ed 
a t  an u n d e s  i r e d  s i g n a l  l e v e  1 1 ower  t han t he  e i  s t i n g
c r i t e r i o n  w h i l e  t h e  o t h e r  f o u r  o v e r l o a d e d  a t  h i g h e r  
l e v e l s .

R e f  t  r  e n c e s

( 1 ) N a t i o n a l  A s s o c i a t i o n  o f  Brop. dca s t e r  s , U e s t i n y h o u s e 
B r o a d c a s t i n g  C a b l e  I n c . ,  N a t i o n a l  P u b l i c  R a d i o ,  
( Au g u s t  3 0 ,  1983)  I n c r e a s e d  FM D e v i a t i o n ,  A d d i t i o n a l
S u b c a r r i e r s  and FM B r o a d c a s t  i n g .

T a l i  I r  XVI H  - K l f r c t  o f  I'M S ti!> r  a  r  i i c  r  f i y s  I imi i s  o n  I’ r o l c c l  i o n  R a l i o r ;  

l o t  Typo A 7 I u C o r I «* t »• n ('<•
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Part  5 o f  Annex I

United S t a t e s

TEST DATA EXHIBITING THE EFFECT OF AN EXPERIMENTAL FILTER

5 . 1  This f i l t e r  weighs 2 .2  kg, i s  2 .9  cm in  diameter,  and i s  30 cm long.
E l e c t r i c a l l y  i t  i s  cheb ishe v (equal  r i p p l e )  w ith  maximum r i p p l e  o f  0 .3  dB in  the  
2 dB bandwidth when the 50 ohm input  and output  are matched. The 2 dB bandwidth 
i s  108.1  MHz to  132.3  MHz with  a ce n t re  frequency i n s e r t i o n  l o s s  o f  0 .8  dB. The 
f i l t e r  c h a r a c t e r i s t i c s  are shown in  Fig ures  24 and 25 and the measured data are 
p rese n t ed  in  Tables  XX to XXV.

Frequencies (KHz) i! Bare Receiver, Equal Undesired Signal Levels (dBa)
Undesired !

_____ l _ i Desired A B C D c£ r 8 H j K

107.5
(

106.9 : 108.1 -39

, , , _ _ 
-37

___
-30

__
-32

___
-35

___
-39 -39

___
-41

___
-39 -34

106.5 104.9 : 108.1 -31 -37 -28 -27 -32 -32 -27 -36 -33 -27
105.5 102.9 : 108.1 -23 -30 -24 -21 -29 -24 -18 ! -28 -25 -17
103.5 98.9 : 108.1 -13 -22 -13 -15 -21 -17 -10 1 -16 -20 -15
101.5 94.9 : 108.1 -10 -16 -10 -12 -16 -13 -8 ! -13 -20 -12

107.9 J 106.7 : 109.1 1! -35 ! -37 -31 S -29 S -34 -36 -33 ! -36 -36 -31
107.5 J 105.9 ! 109.1 :: -34 : -35 : -29 ! -26 : -35 ! -32 ! -28 : -36 ! -33 ! -26
106.5 : 103.9 : 109.1 :: -24 ! -26 1 -24 ! -22 : -32 : -24 -18 ! -29 : -23 1 -17
104.5 ! 99.9 1 109.1 i: -15 1 -21 ! -13 : -15 ! -22 ! -18 ! -10 : -16 : -19 1 -15
101.5 : 93.9 : 109.1 :: -10 1 -13 ! -8 : - l o : -16 1 -12 1 -6 : - i i  : -18 ! -11

107.9 : 105.7 ! u o .i :: -26 : -28 : -27 : -23: -34 : -28 ! -23 ! -33; -28 : -20
107.5 ! 104.9 ! 110.1 -24 1 -24 1 -25 ! -21 ! -32 ! -25 1 -20 : -30 J -23 : -18 !
106.5 : 102.9 ! lio .i -19 ! -23 : -19 1 -17 1 -28 1 -20 ! -13 I -24 ! -22 I -16 :
105.5 : 100.9 : 110.1 :: -15 ! -22 ! -15 J -15 1 -23 1 -17 1 -9 ! -17 S -19 ! -15 !
101.5 I 92.9 ! u o .i -9 • -10 J -6 ! -9 ! -13 I -10 ! -6 ! - i o : -18 : -10 !

TABLE XX -Undesired equal signal levels necessary to produce a 7.5 uA deviation froa a standard 
ILS localizer deflection of 90 uA. This table is for the bare receiver and tvo signal 
interaodulation interference.

Frequencies (KHz) Bare Receiver, Equal Undesired Signal Levels (dBa)
Undesired
• t

Desired : a
i

B
___

C 1 D 
•

: e
1 -

1 fa r  i

i  <
G

-

H
___

107.5
1 l

: 106.5 : 105.9 108.1
<

: -37 -41 -32
1

! -33 -36
i  — — - 1

-38 1 -34 -41
106.5 ; 104.5: 102.9 108.1 S -25 -32 -26 J -24 -31 ! -27 -20 -30
105.5 : 102.5 : 99.9 108.1 : -20 -25 -12 J -19 -26 -22 ! -14 -21
104.5 1 100.5 ! 96.9 108.1 1 -17 -21 -15 ! -17 -22 -19 1 -12 -17
101.5 ! 95.3 1 88.7 108.1 1 -10 -15 -11 S -11 -12 -13 : -8 -10

107.9 : 106.3 : 105.1 109.1 ! -29 -34 -30 ! -27 -35 -31 ! -25 -35
107.5 ; los.s : 103.9 109.1 : -27 -29 -27 5 -24 -34 -26 ! -21 -31
106.5 : 103.5 : 100.9 109.1 ! -21 -23 -19 ! -19 -28 -22 1 -13 -21
105.5 : 101.5 : 97.9 109.1 S -17 -21 -14 1 -16 -23 -18 ; -12 -17
103.5 1 97.5 ! 91.9 109.1 i -12 -16 -12 ! -12 -17 -14 ' -9 -12

107.9 : ios.3 : 103.1 u o .i :! -22 -24 -23 1 -20 -30 -23 ! -16 -26
107.5 : 104.5 : 101.9 lio .i :! -21 -23 -20 ! -19 -28 -21 ! -14 -22
106.S \ 102.5 1 98.9 u o .i :1 -18 -20 -12 1 -15 -23 -18 ! -10 ! -17
104.5 : 98.s ; 92.9 110.1 11 -12 -15 -11 ! -12 -17 -14 ! -8 -11
99.5 ! 98.7 1 88.1 u o .i :! -9 -11 -9 ! -10 -14 -11 ! -6 -15

J i
____ a

X
a

-39 « -34
-26 J -21
-26 « -19
-23 J -17
-15 J -12

-30 1 -25
-25 ! -21
-24 ! -19
-21 : -17
-18 ! -13

-25 ! -20
-23 ! -19
-22 J -17
-20 1 -13
-16 ! -11

a standard
ILS localizer deflection of 90 uA. 
interaodulation interference.

This table is for the bare receiver and three signal

* (See § 6 .2  o f  re port)
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Frequencies (HHz) :! Receiver with Filter, Equal Undesi red Signal Levels (dBa
Undesired !

_ «_____ i
Desired !
___*

: A : b : c ! D ! E : f : 6 ! H : j :: k

107.5 !
1

106.9 : 108.1 :
1
: -35 : -3i : -22 ! -28 ! -31 : -34 : -34

“1
: -37 : -38 : -31

106.5 i 104.9 : 108.1 : ! -20 : -23 : -14 : -15 : -22 : -20 : -12 ; -23 ! -25 ! -15
105.5 : 102.9 : los.i : : -3 : -6 : -2 ! -2 :: - li : -5 : >0 : -6 : -8 : >0
103.5 : 98.9 ! 108.1 : : >o : >o ! >0 : >o ;! >0 : >o : >0 1 >0 : >o : >0
loi.s : 94.9 : 108.1 :s >0 :: >o : >o : >o i! >0 !! >0 ! >0 : >o : >o ; >0

107.9 : 106.7 : 109.1 i : -31 i! -32 ! -25 : -24 !! -30 !! -31 : -28 : -33 s -34 : -27
107.5 : 105.9 1 109.1 :1 -27 iI -28 : -20 : -19 i! -27 !i -24 : -20 ! -29 ; -28 : -20
106.5 : 103.9 ! 109.1 : ! -9 !! -8 : -12 : -9 i! -20 !! - li  : -2 : - l i i -16 : 0
104.5 5 99.9 ! 109.1 : : >o !: >o : >o : >o i >0 :I >0 ! >0 : >o ! >0 1 >0
101.5 i 93.9 : los.i :: m> i! >0 : >o : >o i >0 !: >o : >0 : >o : >o : >0

107.9 : 105.7 : n o .i : : -20 : -20 : -20 : -17 i -28 : -21 J -16 : -29 ! -21 : -15
107.5 : 104.9 : lio .i : : -15 i -11 ! -16 ! -13 ! -25 ! -16 : -9 ! -20 ! -16 ! -9
106.5 : 102.9 : n o .i :! -1 ! -4 J -1 : >0 : -u  : -4 : >0 ! >0 : -14 : >0
105.5 : 100.9 ! 110.1 : : >o : >0 ! >0 ! >0 ! >o : >o : >0 : >0 : >o i >0
101.5 : 92.9 : lio .i :: >o ! >0 ! >0 : >o i >0 ! >0 { >0 : >o i >0 : >0

TABLE X X II-  “"desired signal levels necessary to produce a 7.5 uA deviation fro# a standard 
ILS localizer deflection of 90 uA. This table is for the receiver with an aviation 
bandpass filter (108 to 132 KHz BP) and two signal interaodulation interference.

Frequencies (KHz) Receiver with Filter, Equal Undesired Signal Levels (dBa)
Undesired Desired ! A B c D E F 6 H J K

107.5
l "* 1
; 106.5 : 105.9 108.1 : -29 -30 -22 -23 -28 -30 -24 -31 -36 -25

106.5 : 104.5 : 102.9 108.1 i -6 -11 -5 -7 -15 -11 0 -6 -11 -4
105.5 1 102.5 i 99.9 108.1 : >0 >0 >0 >0 >0 >0 >0 >0 >0 >0
104.5 ! 100.5 : 96.9 108.1 ; >0 >0 >0 >0 >0 >0 >0 >0 >0 >0
101.5 : 95.3 : 88.7 108.1 : >0 >0 >0 >0 >0 >0 >0 >0 >0 >0

107.9 : 106.3 : 105.1 109.1 : -20 -23 -17 -18 -25 -24 -14 -25 -19 -14
107.5 : 105.5 : 103.9 109.1 5 -14 -17 -13 -13 -23 -13 -9 -15 -15 -7
106.5 : 103.5 : 100.9 109.1 : >0 0 >0 >0 -1 >0 >0 >0 >0 >0
105.5 : ioi. s : 97.9 109.1 { >0 >0 >0 >0 >0 >0 >0 >0 >0 >0
105.5 1 97.5 1 91.9 io9.i : >0 >0 >0 >0 >0 >0 >0 >0 >0 >0

107.9 : ios.3 : 103.1 u o .i : -7 -10 -5 -7 -15 -9 -9 -15 -11 -4
107.5 : 104. s : 101.9 n o .i :: 0 -4 0 -2 -8 -3 -1 >0 -3 -1
106.5 flb2.5  ! 98.9 110.1 !' >0 >0 >0 >0 >0 >0 >0 >0 >0 >0
104.5 : 98.5 : 92.9 110.1 !! >0 >0 >0 >0 >0 >0 >0 >0 >0 >0
99.5 : 98.7 : 88.1 110.1 :: >0 >0 >0 >0 >0 >0 >0 >0 >0 >0

TABLE XXIII-Equal undesired signal levels necessary to produce a 7.5 uA deviation froa a standard 
ILS localizer deflection of 90 uA. This table is for the receiver with an aviation 
bandpass filter (108 to 132 KHz BP) and three signal interaodulation interference.
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F re q u en c ie s (MHz) 1 R e c e iv e r Input C o n d itio n s
U ndesired  I D e s ir e d  I Bare F i l t e r D i f f .

1 0 7 .5 1 1 0 6 .9  I 1 0 8 .1  | - 3 6 .5 - 3 2 .1 4 .4
1 0 6 .5 1 0 4 .9  I 1 0 8 .1  | - 3 1 .0 - 1 8 .9 1 2 .1
1 0 5 .5 1 0 2 .9  I 1 0 8 .1  I - 2 3 .9 - 5 .4 1 8 .5
1 0 3 .5 9 8 .9  1 1 0 8 .1  1 - 1 6 .2 > 0 .0 > 16 .2
1 0 1 .5 9 4 .9  I 1 0 8 .1  | - 1 3 .0 > 0 .0 > 13 .0

1 0 7 .9 1 0 6 .7  | 1 0 9 .1  1 - 3 3 .8 - 2 9 .5 4 .3
1 0 7 .5 1 0 5 .9  I 1 0 9 .1  I - 3 1 .4 - 2 4 .2 7 .2
1 0 6 .5 1 0 3 .9  I 1 0 9 .1  1 - 2 3 .9 - 1 0 .9 1 3 .0
1 0 4 .5 9 9 .9  I 1 0 9 .1  I - 1 6 .4 > 0 .0 > 16 .4
1 0 1 .5 9 3 .9  | 1 0 9 .1  1 - 1 1 .5 > 0 .0 > 1 1 .5

1 0 7 .9 1 0 5 .7  | 1 1 0 .1  I - 2 7 .0 - 2 0 .7 6 .3
1 0 7 .5 1 0 4 .9  t 1 1 0 .1  I - 2 4 .2 - 1 5 .0 9 .2
1 0 6 .5 1 0 2 .9  | 1 1 0 .1  | - 2 0 .1 - 6 .8 1 3 .3
1 0 5 .5 1 0 0 .9  | 1 1 0 .1  I - 1 6 .7 > 0 .0 > 16 .7
1 0 1 .5  | 9 2 .9  I 1 1 0 .1  I - 1 0 .1 > 0 .0 > 10 .1

TABLE XXIV ~  A verage l e v e l  o f  th e  u n d e s ir e d  e q u a l s ig n a l s  n e c e s s a r y  t o  produce 
a 7 .5  uA d e v ia t io n  from  a sta n d a rd  ILS l o c a l i z e r  SO uA d e f l e c t i o n .  
T h is t a b le  i s  fo r  th e  two s ig n a l  in te r m o d u la t io n  c a s e s  and shows 
th e  r e s u l t s  fo r  d i f f e r e n t  r e c e iv e r  in p u t c o n d i t io n s .  Column four  
i s  fo r  th e  bare r e c e iv e r ,  colum n f i v e  i s  fo r  a bandpass f i l t e r  
(108 t o  132 HHz BP) in  s e r i e s  w ith  th e  r e c e iv e r  and colum n s i x  i s  
th e  d if f e r e n c e  betw een  th e  f i l t e r e d  r e c e iv e r  and th e  bare r e c e iv e r

F re q u en c ies  (MHz)
U nd esired D e s ir e d

1 0 7 .5
- | ---------------- |

1 1 0 6 .5  | 10 5 .9 1 0 8 .1
1 0 6 .5 1 1 0 4 .5  | 1 0 2 .9 1 0 8 .1
1 0 5 .5 1 1 0 2 .5  | 9 9 .9 1 0 8 .1
1 0 4 .5 1 1 0 0 .5  I 9 6 .9 1 0 8 .1
1 0 1 .5 1 9 5 .3  | 8 8 .7 1 0 8 .1

1 0 7 .9 1 1 0 6 .3  | 1 0 5 .1 1 0 9 .1
1 0 7 .5 1 1 0 5 .5  I 10 3 .9 1 0 9 .1
1 0 6 .5 I 1 0 3 .5  | 1 0 0 .9 1 0 9 .1
1 0 5 .5 1 1 0 1 .5  | 9 7 .9 1 0 9 .1
1 0 3 .5 1 9 7 .5  | 9 1 .9 1 0 9 .1

1 0 7 .9 I 1 0 5 .3  | 1 0 3 .1 1 1 0 .1
1 0 7 .5 1 1 0 4 .5  | 1 0 1 .9 1 1 0 .1
1 0 6 .5 1 1 0 2 .5  I 9 8 .9 1 1 0 .1
1 0 4 .5 1 9 8 .5  I 9 2 .9 1 1 0 .1

9 9 .5 1 9 8 .7  | 8 8 .1 1 1 0 .1

R e c e iv e r
Bare

Input C o n d it io n s  
F i l t e r  D i f f .

- 3 6 .5 - 2 7 .8 8 .7
- 2 6 .2 - 8 .4 1 7 .8
- 2 0 .4 > 0 .0 > 20 .4
- 1 8 .0 > 0 .0 > 1 8 .0
- 1 1 .7 > 0 .0 > 1 1 .7

- 3 0 .1 - 1 9 .9 1 0 .2
- 2 6 .5 - 1 3 .9 1 2 .6
-2 0 .9 > 0 .0 > 20 .9
- 1 7 .6 > 0 .0 > 1 7 .6
- 1 3 .5 > 0 .0 > 1 3 .5

- 2 2 .9 - 9 .2 1 3 .7
- 2 1 .0 *3 .1 1 7 .9
- 1 7 .2 > 0 .0 > 1 7 .2
- 1 3 .3 > 0 .0 > 13 .3
- 1 1 .2 > 0 .0 > 1 1 .2

TABLE XXV -  A verage l e v e l  o f  th e  u n d e s lr e d  e q u a l s ig n a l s  n e c e s s a r y  t o  produce 
a 7 .5  uA d e v ia t io n  from  a sta n d a r d  ILS l o c a l i z e r  90 uA d e f l e c t i o n .  
T h is t a b le  i s  fo r  th e  t h r e e  s ig n a l  in te r m o d u la t io n  c a s e s  and shows 
th e  r e s u l t s  fo r  d i f f e r e n t  r e c e iv e r  in p u t c o n d i t i o n s .  Column f iv e  
i s  fo r  th e  bare r e c e iv e r ,  colum n s i x  l s  fo r  a bandpass f i l t e r  (108  
t o  132 MHz BP) in  s e r i e s  w ith  th e  r e c e iv e r  and colum n se v e n  i s  th e  
d i f f e r e n c e  between th e  f i l t e r e d  r e c e iv e r  and th e  bare r e c e iv e r .
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FREOUFNCY MHz

FIGURE 24- Smoothed frequency re sponse  and VSWR curve o f  a custom des igned  
tubular  f i l t e r

5.2 Experimental  data taken to  measure frequency re sponse  c h a r a c t e r i s t i c s
o f  a t y p i c a l ,  f i x e d  tuned, tubular  bandpass f i l t e r  as a f u n c t i o n  o f  temperature  
v a r i a t i o n ,  i s  presented  in  Figure 25.
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Frmqumncy (MHz}

F i g u r e  25- Unsmoothed frequency responses showing temperature variation

- “ 20 d e g r e e s  C e l s i u s  c h a r a c t e r i s t i c
- ♦ 24 d e g r e e s  C e l s i u s  c h a r a c t e r i s t i c
------- ♦ SO d e g r e e s  C e l s i u s  c h a r a c t e r i s t i c

5 . 3  Modif ied ILS/VOR/COM r e c e i v e r

A s o l i d  s t a t e  ILS/VOR/COM r e c e i v e r  w a s  m o d i f i e d  in d e s i g n  b y  t h e  c o m p a n y  w h i c h  p r o 
d u c e d  t h e m ,  to h e l p  e l i m i n a t e  FM b r o a d c a s t  i n t e r f e r e n c e .  T h e  m o d i f i c a t i o n ,  ini 
t i a t e d  s e v e r a l  y e a r s  a g o .  c o n s i s t e d  of a d d i n g  a s e r i e s - t u n e d  L - C  c i r c u i t  n o t c h  
f i l t e r  i n s i d e  t h e  V H F  c o m m u n i c a t i o n s  s e c t i o n  of the r e c e i v e r  c h a s s i s ,  at the 
p o i n t  o f  t h e  c o a x i a l  c o n n e c t i o n  f r o m  t h e  a n t e n n a .

T h e  f i l t e r  c i r c u i t  is c o m p r i s e d  of a s i n g l e  i n d u c t o r  (X. = 0 . 1  uH) c o n n e c t e d  in
s e r i e s  w i t h  a s i n g l e  c a p a c i t o r  (C » 22 pF) w h i c h  is in t u r n ,  g r o u n d e d .  T h e
r e s o n a n t  f r e q u e n c y  of t h i s  c o m b i n a t i o n  is 1 0 7 . 3 0 2  M H z  w i t h  L a n d  C v a l u e s  s p e c i 
f i e d  ( s e e  Figure 26). Usual production tolerance o f  capacitors (5%) and inductors  (10%) could
r e s u l t  in a w o r s t  c a s e  r e s o n a n t  f r e q u e n c y  s o m e w h e r e  b e t w e e n  1 0 0  a n d  1 1 6  M H z .  
H o w e v e r ,  t h e  c o m p o n e n t s  a r e  c a r e f u l l y  c h o s e n  to a v o i d  s i g n i f i c a n t l y  i m p a c t i n g  
r e c e i v e r  s e n s i t i v i t y  in t h e  V H F  c o m m u n i c a t i o n s  b a n d .  A c i r c u i t  q u a l i t y  f a c t o r  
of Q - 40 (a r e a s o n a b l y  w e l l  m a n u f a c t u r e d  i n d u c t o r )  as u s e d  b y  the m a n u f a c t u r e r ,  
g i v e s  a 3 dB b a n d w i d t h  of t h e  f i l t e r  c i r c u i t  of s l i g h t l y  m o r e  t h a n  2 . 6  M H z .
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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)
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0 o 
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50 60 70 80 90 100 110 120 130 140

Fr e qu en cy  (MHz)

Figure 26

N o te :  With t h e  f i l t e r  i n s t a l l e d  and m a tc h e d ,  t h e  i n s e r t i o n  ( s e n s i t i v i t y )  l o s s  
i s  r e l a t i v e  t o  t h e  - 6  dB l e v e l  ( n e t  r e a c t a n c e  a b s o r b e d ) .  For e x a m p l e ,  f i l t e r  
i n s e r t i o n  l o s s  a t  126 MHz i s  a b ou t  1 dB .

Part 6 o f  Annex I

United S ta te s  

THE OVERLOAD CHARACTERISTICS OF 
AERONAUTICAL ILS NAVIGATION RECEIVERS

6 . 1

6 . 2

Ten. a er o n a u t i c a l  l o c a l i z e r  r e c e i v e r s  were t e s t e d  to  d e t e m i n e  t h e i r
s u s c e p t i b i l i t y  to overload ( d e s e n s i t i z a t i o n )  caused by st rong  s i g n a l s  i n  the  
FM broadcas t  band. The t e s t s  were conducted t o  show the e f f e c t s  of both  
modulated and CW s i g n a l s  on each r e c e i v e r ' s  performance.

The data c o l l e c t e d  for t h i s  p r o j e c t  are  presented in Tables  XXVI and XXVII
* V*

The
v a lu e s  shown fo r  each r e c e i v e r  are the  a b so lu te  l e v e l s  in  dBm n ece s s a r y  to  
produce a 7 .5  uA d e v i a t i o n  from a standard ILS l o c a l i z e r  d e f l e c t i o n  of  90 uA. 
The l o c a l i z e r  frequency was 108.1 MHz and i t s  l e v e l  was -8 9  dBm fo r  a l l  t e s t s .  
Receiver  A was not t e s t e d  under c o n d i t i o n s  in d ic a t e d  by *** because  i t  was 
re turned to  the manufacturer b e fo r e  the  t e s t  plan was f i n a l i z e d .  A va lue of 
>0 i n d i c a t e s  that  the i n t e r f e r e n c e  c r i t e r i a  of 7 .5  uA could not  be met for  a 
p a r t i c u l a r  r e c e i v e r  when the und es ired  s i g n a l  was equal  to  0 dBm, the  l i m i t  of  
the t e s t  se tup .
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Lindas l i e u  I 
Frequency I 

(MHz) |

I
i

Un desi r ed CW S ig n a l Leve ls (dBm)
i

A 1 B
i _

1 c
i _

R e ce iv e r s  
1 D '1 E |

T es ted  
F I G 1 H 1 J

i
L |

_ i
10 8 . 0 9 9  | -94 -99

1
-100

i  ̂ i 
-100

i
-99 -98

i
-99

‘ 1
-99 -98

1
-98

10 8 .0 9 7  | - 97 -97 -97 -99 -99 -98 -98 -100 -96 -97
108 .09 4  1 - 96 -97 -9 7 -99 -100 -98 -98 -101 - 97 -97
1 0 8 .0 90  | - 97 -96 -98 - 1 0 0 -100 -98 -98 -101 - 9 7 -97
1 0 8 . 0 8 5  | - 96 -97 -98 -100 -97 -98 -9 7 -100 - 9 7 -98
lUV.UOU 1 -36 -96 -9 7 - 9 5 -88 -84 -88 -8 5 -9 5 -97
10 8 .0 7 0  | -54 -72 -6 7 -78 -56 -45 -46 -45 -48 -71
10 8 .0 6 0  ) - 33 -49 -4 3 -59 -36 -31 -28 -28 - 2 5 -49
1 0 8 .0 5 0  I -35 -31 -28 -43 -34 -30 -23 -28 -28 -38
1 08 .0 4 0  ( -19 -22 -25 -3 1 -31 -24 -18 -25 - 20 -31
1 0 8 .0 3 0  I -15 -20 -19 -2 2 -21 -20 -18 -18 -23 -28
1 0 8 .0 2 0  | -16 -19 -18 -16 -16 -18 -18 -15 - 25 -2 5
1 0 8 .0 1 0  | -1 3 -21 -16 -14 -15 -19 -16 -15 -26 -23
10 8 .0 0 0  I -19 -26 -16 -15 -13 -19 -1 5 -15 -26 -24
10 7 .9 5 0  | -6 -15 -11 -10 -11 -18 -10 -11 -24 -18
10 7 .9 0 0  I - 5 -1 3 -9 -9 -9 -16 -10 -21 -18 -15
1 0 7 .8 5 0  | *** -14 -11 -7 -7 -15 -10 -8 -22 -13
10 7 .8 00  | *** -1 3 -11 - 5 -7 -12 -9 -7 -22 -11
1 0 7 .7 0 0  | -5 -1 3 -9 - 7 -4 -9 -9 -4 -1 6 -13
1 0 7 .6 0 0  | *** -13 -14 - 3 -4 -11 -9 -7 - 18 -9
1 0 7 .5 0 0  | - 5 -13 -12 -9 -3 -4 -8 -7 -18 -8
1 0 7 .3 0 0  I *** -14 -8 - 1 >0 -5 -9 -12 - 10 -6
1 0 7 .1 0 0  | - 7 -14 -5 -1 -1 -3 -8 -6 -4 -7
10 6 .1 0 0  | -6 -16 -3 >0 >0 -8 -1 0 -3 -2 -2
10 4 .1 0 0  | >0 -5 >0 >0 >0 >0 >0 >0 >0 >0
10 2 .1 00  I >0 >0 >0 >0 >0 >0 >0 >0 >0 >0

9 8 .1 0 0  | >0 >0 >0 >0 >0 >0 >0 >0 >0 >0

TABLE XXVI - U n d e s i r e d  CW s i g n a l  l e v e l ,  a t  t h e  r e c e i v e r  antenna t e r m i n a l ,  
n e c e s s a r y  t o  produce a 7 . 5  uA d e v i a t i o n  from a s tand ar d ILS 
l o c a l i z e r  d e f l e c t i o n  o f  90 uA. The l o c a l i z e r  f r e q u e n c y  was
1 0 8 . 1  MHz.

*** Not Te ste d

I
Undes ire d  | 
Frequency I 

(MHz) |

Unde s lr ed  Modulated S i g n a l  L e v e l s (dBm)

1 A B 1 C |
-I -  1

R e c e i v e r s  
D I E I

Te ste d  
F I

_ i
G I

i
H 1

-  1
J L I

_ •
1 0 8 .0 0 0  I

1
1 *** - 51

1 1 
-53 -52

i
-48

1
-49

1
-51

1
-52

_ _ 
-52

1
-53

10 7 .9 50  | I * * * -20 -21 -19 -18 -20 -21 -21 -22 -23
.107.900 1 | * * * -15 -11 -9 -8 -16 -1 1 -22 -17 -14
10 7 .8 50  | I *** -14 -10 -8 -6 -16 -1 0 -28 -23 -12
1 0 7 .8 0 0  | | *** -14 -11 -6 -6 -20 -12 -6 -23 -11
1 0 7 .7 0 0  | I *** -14 -11 -7 -6 -15 -1 0 -4 -17 -10
10 7 .6 00  | I *** -15 -15 -4 -4 -8 -9 -6 -17 -11
19 V3 0P I | * * * -14 -9 -4 -4 -6 -9 -17 -20 -6

t a b l e  x x v iT -U ndes i r ed  modula ted  s i g n a l  l e v e l , . a t  t he  r e c e i v e r  an tenna  t e r m i n a l ,  
n e c e s s a r y  t o  produce a 7 . 5  uA d e v i a t i o n  from a s t a n d a r d  ILS 
l o c a l i z e r  d e f l e c t i o n  of  90 uA. The l o c a l i z e r  f r eq uen cy  was
1 0 8 .1  MHz.

* * *  N o t  T e e  t e d
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Part  7 o f  Annex I

France

COMPATIBILITY BETWEEN THE AERONAUTICAL MOBILE ( R ) SERVICE 

(1 1 8  -  137 MHz) AND THE FM BROADCASTING SERVICE

7.1 I n t r o d u c t i o n

The c r i t e r i a  f o r  c o m p a t i b i l i t y  b e t w e e n  t h e  a e r o n a u t i c a l  m o b i l e  (R)  
s e r v i c e  and t h e  FM b r o a d c a s t i n g  s e r v i c e  u s e d  up t o  now h a v e  n o t  b e e n  
v a l id a t e d  by labor atory  t e s t s  and were more or l e s s  d er iv ed  from 
n a v i g a t i o n  r e c e i v e r  t e s t  r e s u l t s .

The f i r s t  t e s t s  c o n d u c t e d  by one c o u n t r y  show some i n t e r e s t i n g
r e s u l t s  i n  t h e  r e s p o n s e  o f  COM r e c e i v e r s  t o  A1 and B l  t y p e  i n t e r f e r e n c e .

7 .2  Immunity  c h a r a c t e r i s t i c s  o f  two COM a i r c r a f t  r e c e i v e r s  t o  
A1 t y p e  i n t e r f e r e n c e

U s i n g  t h e  two i n t e r f e r e n c e  c r i t e r i a  in §§ 3 .2  and A . 1 .3  o f  t h i s  r e p o r t ,  
t h e  d i f f e r e n t  t h r e s h o l d  l i s t e d  i n  T a b le  XXVIII below were found.

TABLE XXVIII
RECEIVER 1 RECEIVER 2

1 A F 1 iNl
I

M2 1 R1 
1

Ml | M2 R1 ’ 1 
1

1 o
I
1 - 9 6  
|

- 1 1 5 .
1
1 10  
1

-  9 7  | -  1 1 5
I

11  1 .

1 50 1 - 9 1 - 1 1 0
1
1 5 •
i

-  9 1  | -  1 0 8
1

5 I

1 1 0 0 1 - 7 9  
j

- 1 0 0
1
1 -  7
i

-  7 0  | -  93
I

-  16  I

1 . 1 5 0 1 - 5 6 -  83 1 -  30
I

-  5 3  | -  7 8
1

-  3 3  I
i

1 2 0 0 1 - 5 0  
1

-  77
i
1 - 3 6
1

-  4 7  | -  7 1
1

-  3 9  I
i

1 2 5 0
i
1 - 4 4  
1

-  71 1 -  4 2  
1

-  4 3  | -  69
1

-  4 3  |

1 3 0 0
1
1 - 4 0  
1

-  71 1 -  4 6
I

-  3 6  1 -  65
1

-  5 0  |
i

1 3 5 0
1
1 - 3 7  
1

-  73 I -  49
i

-  6 4
1
1
i

1 4 0 0
I
1 - 3 5  
1

-  71 I -  51  
1

-  2 9  | -  59
1

-  5 7  |
i

1 5 0 0 1 - 2 9
I

-  57 I -  57  
1

-  2 5  | -  52 -  61 I
i

1 6 0 0
l
1
|

1
1
1

-  2 9  | -  4 5 -  5 7  I
i

I 7 0 0
I
1
I

1
1
1

-  21  | -  43
1

-  6 5  |
i

I 1 0 0 0
1
1 -  4 5

1
.1. _  . -  19  | -  37

I
-  67  |
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The f i r s t  c r i t e r i o n  r e l a t e s  to  t e s t s  c a r r i e d  o u t  w i t h  t h e  w a n t e d  

s i g n a l  o f  -86dBm.

The s e c o n d  c r i t e r i o n  r e l a t e s  t o  te s ts  c a r r i e d  o u t  w i t h o u t  a 

w a n t e d  s i g n a l .

For t h e  i n t e r f e r e n c e  i n  t h e  p r e s e n c e  o f  t h e  w a n t e d  s i g n a l  on  

1 1 8 . 2 5  MHz o f  -86dBm i t  h a s  b e e n  p o s s i b l e  to  g i v e  t h e  p r o t e c t i o n  

r a t i o  i n  dB w h i c h  i s  d e f i n e d  by:

P r o t e c t i o n  r a t i o  = Wanted S i g n a l  l e v e l  i n  dBm -

i n t e r f e r i n g  s i g n a l  l e v e l  i n  dBm

N1 : l e v e l  o f  i n t e r f e r i n g  s i g n a l  i n  dBm to  meet  t h e  f i r s t  c r i t e r i o n .
N2 : l e v e l  o f  i n t e r f e r i n g  s i g n a l  i n  dBm to  m eet  t h e  2nd c r i t e r i o n .

R1 : p r o t e c t i o n  r a t i o  ( - 8 6  dBm -  N l )  i n  dB.

The t e s t s  h a v e  b e e n  c o n d u c t e d  w i t h  two r e c e i v e r s :
EAS t y p e  ER 4 — 671 — and D i t t e l  FSG 70

7 . 3  Immunity  c h a r a c t e r i s t i c s  f o r  Bl  t y p e  o f  i n t e r f e r e n c e

The t e s t s  were  c o n d u c t e d  w i t h  a u n m o d u l a t e d  w a n t e d  s i g n a l  o f  - 8 6  dBm and 

o n e  i n t e r f e r i n g  s i g n a l  w h i c h  was f r e q u e n c y  m o d u l a t e d  by p i n k  n o i s e .

The i n t e r m o d u l a t i o n  p r o d u c t  c o n s i d e r e d  w as :

2 x 1 0 7 . 9  -  9 4 . 7 5  = 1 2 1 . 0 5  MHz

Table XXIX shows t h e  l e v e l  i n  dBm c o r r e s p o n d i n g  to  t h e  f i r s t  

i n t e r f e r e n c e  t h r e s h o l d .  To a s c e r t a i n  t h e  n a t u r e  o f  t h e  i n t e r f e r e n c e  

l a w ,  a c a l c u l a t i o n  was a l s o  made o f  (2 Nl  + N 2 ) / 3  w h i c h  g i v e s  t h e  
a v e r a g e  l e v e l ;  t h e  r e s u l t s  shows t h a t  t h e  i n t e r f e r e n c e  la w  i s  o f  
t h e  t y p e  2 Nl  + N2 = c o n s t a n t .

Nl  and N2 were  t h e  l e v e l s  o f  t h e  unwanted s i g n a l s .

TABLE XXIX

RECEIVER 1 RECEIVER 2

I Nl  1 N2
1

( 2  N1 + N2 ) /  31 Nl N2
.................. ....  1

! ( 2 N 1 + N 2 ) / 3  I

1 7 1 - 3 9
1

- 8  I 5 - 4 9
1 1 
1 - 1 3  1

1 5 | - 3 5 - 8  | 0 - 3 7 1 - 1 2  1
1 0 1 - 2 5 - 8  I -  5 - 2 7 1 - 1 2  1
1 - 5  | - 1 7 - 9  1 - 1 0 - 1 5 1 - 1 2  I
1 - 1 0  1 -  6 - 9  I - 1 2 - 1 0 j - 1 1  1
1 - 1 5  1 3 - 9  I - 1 5 -  5 i - 1 2  1
1 - 1 7  1 8 - 9  1 - 1 7 0 1 - 1 1  1

1 - 1 9 3 ! - 1 2  1
1 - 2 u 4 I - 1 2  1
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7 .4  Conclusions

I t  i s  p o s s i b l e  to propose,  as for  the r a d i o - n a v i g a t i o n  r e c e i v e r s  ca se ,  
a law o f  the type 2N1 + N2 = con s ta n t .  This co n s ta n t  w i l l  be f a i r l y  low, and 
t h e r e f o r e  h ig h  s i g n a l  l e v e l s  w i l l  be needed to  cause i n t e r f e r e n c e .

H o w e v e r ,  t h e  f i n a l  v a l u e  o f  t h i s  c o n s t a n t  c a n n o t  b e  d e r i v e d  f r o m  t e s t s  

c o n d u c t e d  w i t h  o n l y  t w o  r e c e i v e r s  a n d  i n  c o n s e q u e n c e  A d m i n i s t r a t i o n s  

s h o u l d  b e  e n c o u r a g e d  t o  c o n d u c t  a d d i t i o n a l  t e s t s  t o  a c h i e v e  a m o r e  

p r e c i s e  l a w  f o r  t w o - s i g n a l  i n t e r f e r e n c e .

I t  c a n  b e  a s s u m e d  t h a t  d u e  t o  t h e  s e p a r a t i o n  b e t w e e n  t h e  t w o  b a n d s  o f

1 0  MHz,  t h e  i n t e r f e r e n c e  l a w  w i l l  n o t  b e  v e r y  f r e q u e n c y  d e p e n d e n t .

These c h a r a c t e r i s t i c s  o f  the COM r e c e i v e r  have a l s o  to  be checked by 
o th er  measurements .
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Part 8 o f  Annex I 
CANADA

A I R C R A F T  A N T E N N A  T E S T  R E S U L T S

pH00 M e a 8 u r e m e n t s w e r e m a d e in C a n a d a  on ILS/VOR a n t e n n a s as in s t a l l e d  on
10 g e n e r a 1 a V i a t i o n c o r po r a t e  a n d  c o m m e r c i a l  t r a n s p o r t  a i r c r a ft. D a t a w e r e
t a k e n i n t h e h o r i z o n t a 1 P 1 a n e at f o u r a i r c r a f t  o r i e n t a t i o n s  (f o r w a r d a f t .  p o r t
a n d s t a r b o a r d ) T h e c o m po s i t e o f a l l t h e  a i r c r a f t  a n t e n n a  gai n c u r v es is s h o w n
in F i g u r e 27 T h e a n t e n n a 6 y s t e m 1 O 8 S c h a r a c t e r i s t i c s  d e f i n e d by t h e G e n e v a
A g r e e m e n t i 9 8 4 ( i e L s ♦ L ( f ) f r o m section 5.8) is shown in Figure 27. This curve describes
a curve which basically represents the maximum of the composite gain data.

8.2 F i g u r e  27 s h o w s  t h a t  t h e r e  is a 15-20 dB v a r i a t i o n  in s y s t e m  g a i n  in
t h e  8 8 - 1 1 8  M H z  b a n d .  The t e s t  d a t a  a l s o  i n d i c a t e s  t h a t  a l m o s t  all of t h e  a i r 
c r a f t / a n t e n n a  s y s t e m  c o m b i n a t i o n s  e x h i b i t e d  l e s s  g a i n  in 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 Agreement, 1984, 
and assuming the minimum ILS field strength of 40 /zV/m (32 dB/iV/m).

(D - curve = Geneva Agreement, 1984.
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Part 9 o f  Annex I - United Kingdom

T R I G G E R  A N D  C U T - O F F  V A L U E S  

9.1 I N T R O D U C T I O N

T h e o r e t i c a l l y  e v e r y  FM b r o a d c a s t i n g  s i g n a l  p r e s e n t  at an a e r o n a u t i c a l  
t e s t  p o i n t  s h o u l d  b e  t a k e n  i n t o  a c c o u n t  w h e n  a s s e s s i n g  t h e  Bl t y p e  i n t e r f e r e n c e  
p o t e n t i a l .  H o w e v e r .  u n l e s s  th e  l e v e l  of t h e s e  s i g n a l s  e x c e e d  c e r t a i n  v a l u e s  t h e y  
c a n n o t  b e  a f a c t o r  in p r o d u c i n g  Bl i n t e r f e r e n c e .  T a k i n g  a c c o u n t  of s u c h  s i g n a l s  
w o u l d  l e a d  to t h e  w a s t e  of c o s t l y  p e r s o n n e l  a n d  c o m p u t e r  t i m e .  To combat t h i s  
t h e  c o n c e p t s  of ' T r i g g e r '  v a l u e  a n d  ' C u t - o f f '  v a l u e  h a v e  b e e n  u s e d .

9 .2 ' T R I G G E R *  V A L U E

9 . 2 . 1 D e f i n i t i o n

T r i g g e r  v a l u e  is t h e  m i n i m u m  v a l u e  of a n  FM b r o a d c a s t i n g  s i g n a l  w h i c h ,
w h e n  a p p l i e d  to t h e  i n p u t  of an a e r o n a u t i c a l  V H F  (ILS. V O R  or C O M )  r e c e i v e r .  is
c a p a b l e  o f  i n i t i a t i n g  the g e n e r a t i o n  of a t h i r d  o r d e r  i n t e r m o d u l a t i o n  o f  s u f f i 
c i e n t  p o w e r  to r e p r e s e n t  p o t e n t i a l  i n t e r f e r e n c e .

9 . 2 . 2 D e r i v a t i o n

9 . 2.2.1 F o r  the two s i g n a l  c a s e  P a r a  4. 3 . 3 . 1  of R e p o r t  929 s t a t e s  t h a t  Bl i n t e r 
f e r e n c e  c a n  o c c u r  if:

2 (N. - 20 log

♦ N, - 20 log

If N. - 20 log

N, - 20 log

£ 0 . 4 : 1 0 8 . 1  - f

0 . 4

ma x  - 0 . 4 :  1 0 8 . 1  - f

0 . 4

max J o . 4: 1 0 8 . 1  - f.

0 . 4

2 i

max . 0 . 4 :  1 0 8 . 1  - f

0 . 4

2 r

> - 120 dBm ( 1 )

NT - 20 log
max J O . 4; 1 0 8 . 1  - f

0 . 4

}
( 2 )
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9.2.2.2

9.2.2.3 
s i g n a 1 
as :

m a x  f  0 . 4 : 1 0 8 . 1  - f J
T h e n  3 (NT - 20 log      ) > - 12 0 d B m  (3)

0 . 4

m a x  ^0. 4 :  1 0 8 . 1  - fj.
a n d  NT > - 40 ♦ 20 l o g ----------------------------------- dBm (4)

0 . 4

NT la t h e n  the t r i g g e r  v a l u e  for the f r e q u e n c y  f.

F o r  t h e  t h r e e  f r e q u e n c y  c a s e  P a r a  4 . 3 . 3 . 2  g i v e s

max £ o  . 4 : 1 0 8 . 1  - f
Nj - 20 l o g --------------------------------- --

0 . 4

max X 0. 4 : 1 0 8 . 1  - f , I
«■ 2JN 2 - 20 log---------------------------------

0 . 4

max So.4: 1 0 8 . 1  - f
L♦ N 3 - 20 l o g   > - 126 ( 5 )

0 . 4

This l e a d s  to a t r i g g e r  val u e  of

^ 0 . 4 :  108 . 1  - fJ»max
NT > - 42 ♦ 20 l o g    ( 6 )

0 . 4

Since, w h e n  this c h e c k  is applied, it is now k n o w n  w h e t h e r  a 2 or a 3
case is l i k e l y  the i n e q u a l i t y  in (6) is used to d e f i n e  the t r i g g e r  val u e

max • 4 : 108.1 - f J
NT = - 42 ♦ 20 l o g   dBm (7)

This is the val u e  in A n n e x  2 Para 7.6.5.4 of the G e n e v a  A g r e e m e n t
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9.3 ' C U T - O F F - V A L U E

9.3.1 D e f i n i t i o n

' C u t - o f f '  v a l u e  is t he id i n i m u m v a l u e  of FM b r o a d c a s t i n g  s i g n a l  w h i c h ,
w h e n  a p p l i e d  to the i n p u t  of an a e r o n a u t i c a l  V H F  ( I LS. V O R  or C O M )  r e c e i v e r  is
c a p a b l e  of p r o d u c i n g  a t h i r d  o r d e r  IP of s u f f i c i e n t  p o w e r  to r e p r e s e n t  p o t e n t i a l  
i n t e r f e r e n c e  w h e n  c o m b i n e d  w i t h  1 or 2 o t h e r  b r o a d c a s t i n g  s i g n a l s  at a l e v e l
J u s t  e q u a l  to t h e  t y p e  B2 p o w e r  l i m i t .

9.3.2 D e r i v a t i o n

9.3.2.1 F r o m  c o n s i d e  
th e  ' c u t - o f f '  v a l u e  i 
T h e  t r i g g e r i n g  s i g n a l  
t l o n  l e v e l  as its u p p  
g i v e s  the v a l u e  of th 
M H z  to 10 d B m  at. a n d  
a p p r o x i m a t i o n ,  t he B2 
f o r  t h i s  p u r p o s e  the

r a t i o n  of t he i n t e r  
s I n f l u e n c e d  by the 
h a s  the t r i g g e r  va 

er l i m i t .  P a r a  7 . 6  
e B 2 t h r e s h o l d  l e v e  
b e l o w .  1 00 M H z .  B 
l i m i t  h a s  the s a m e  

u p p e r  Bl l i m i t  c a n

f e r e n c e  c r i t e r i a  it 
a c t u a l  v a l u e  tTf 

lue as its 
.6 of A n n e x  
1 w h i c h  v a r  
e t w e e n  107.
l aw as the 

be t a k e n  as:

c a n  be s e e n  t h a t  
t r i g g e r i n g  s i g n a l .

t h e  B 2 t r a n s l  
A g r e e m e n t  

a t  107 . 9  
f i r s t  
T h u s

t h e
l o w e r  l i m i t  and 
2 of t he G e n e v a

i es f r o m  - 20 d B m
9 a n d  1 0 0  M H z .  to a
Bl f r e q u e n c y  t e r m .

^ 0 . 4 :  108 . 1  - f xj.max
- 2 0 ♦ 20 l o g      ( 8 )

9.3.2.2 T w o  F r e q u e n c y  C a s e

W i t h  t he Nj l i m i t  g i v e n  in (8). Nj w o u l d  h a v e  to e x c e e d  a v a l u e  g i v e n  
by (9) f o r  i n t e r f e r e n c e .

^ 0 . 4 :  108 . 1  - f 2J |max
N > - 80 ♦ 20 l o g ---------   (9)

B e t w e e n  t h e  t w o  e x t r e m e s .  the i n t e r f e r e n c e  t h r e s h o l d  v a l u e  w o u l d
v a r y  w i t h  N. as f o l l o w s :

j o . 4 :  1 0 8 . 1  - f x ^
N 2 > - 1 2 0  - 2 ( N ̂  - 20 l o g ---------    - )

0 . 4

m a x  < 0 . 4 :  1 0 8 . 1  - f 2 V
2 0 l o g -------i -------------------------'' ( : 0 )

0 .4
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9.3.2.3 T h r e e  F r e q u e n c y  C a s e

T h e  g e n e r a l  c a s e  b e c o m e s :

max •)0. 4: 108.1 - f
N , > - 126 - N . ♦ 20 log ---

2 0 lo g
0 . 4

j o . 4: 1 0 8 . 1  - fjt
i  J - N

0.4 

max jo . 4 ; 108.1 - f 

0 . 4

jo . 4 : 108.1 - f ̂J-max
2 0 l o g ---------- - ---------------------------------------------------------------------------(11)

0 . 4

W h e n  N. and N , at their B2 limit this w o u l d  give

max ^0.4: 108.1 - f ̂
N , > - 86 - 20 l o g ---------    (12)

9.3.2.4 To c o v e r  all c a s e s  the e q u a t i o n  (12) w o u l d  be a p p l i c a b l e .  However,
e x p e r i e n c e  in E u r o p e  has shown that f r e q u e n c y  c o m b i n a t i o n s  repeat when the lower 
s ignal l e v e l s  are t a k e n  into account. Also t r i g g e r  v a l u e s  are often well b e l o w  
the type B 2 l i mit. A g r o u p  of E u r o p e a n  A d m i n i s t r a t i o n s  have p r o d u c e d  a c o m m o n  
a s s e s s m e n t  m e t h o d  w h i c h  a d opts the f o l l o w i n g  c u t - o f f  v a l u e

£ 0.4: 108.1 - fj-
2 0 l o g ------   (13)

Comparison Of computer test runs with c r i t e r i a  (12) and (13) has shown that n i 
i n t e r f e r e n c e  c a s e s  w e r e  m i s s e d  by the use of (13).

Part 10 of  Annex I - Canada

C O M P A R I S O N  OF M E A S U R E D  AND C A L C U L A T E D  C U T - O F F  V A L U E S  FOR T Y P E  Bl I N T E R F E R E N C E

19-1 D u r i n g  the T y p e  Bl test p r o g r a m  w h i c h  p r o d u c e d  d a t a  c o n t a i n e d  in S e c t i o n
3.8. A n n e x  I, s o m e  d a t a  w e r e  al s o  t a k e n  to d e t e r m i n e  the c u t - o f f  l e v e l s  w h e r e
T y p e  B 2 e f f e c t s  s u p e r c e d e  T y p e  Bl e f f e c t s .  In T a b l e  1. t h e s e  d a t a  are c o m p a r e d
w i t h  the c u t - o f f  v a l u e s  c a l c u l a t e d  u s i n g  the f o r m u l a  of the C e n e v a  A g r e e m e n t .
1 9 8 4  (see p a r a  5.7) a n d  w i t h  the f o r m u l a e  d e v e l o p e d  by the U n i t e d  K i n g d o m  a n a 
l y s i s  for c u r r e n t  i m m u n i t y  of ILS localizer receivers (see equations (8), (9) and (12) of 
Part 9, Annex I).

10.2 A l t h o u g h  the l i m i t e d  test d a t a  in T a b l e  1 s h o w  c u t - o f f  l e v e l s  as low
as - 70 and - 85 dBm. the c u t - o f f  f o r m u l a  of the G e n e v a  A g r e e m e n t .  1984 will
n o t  g i v e  a c u t - o f f  l e v e l  b e l o w  - 54 dBm. The U n i t e d  K i n g d o m  f o r m u l a  g i v e s  a 
b e t t e r  c o r r e l a t i o n  w i t h  the test data.
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1 1 
1 I n t e m o d u l a t i o n  1

R e c e i v e r  1 | R e c e i v e r  2  | R e c e i v e r  

( d f i n )  j ( d B n )  j ( d B n )

4 N( Geneva 
Agrearent 1984 

(dBn)

f i ( U K ) |  

( d B n )  j
| P r o d u c t  | 

| |
51 | 52 j 53 t  mi 52 j 53 J It J 51 82 j H3 u HI M2 53 51 |52 j »  j

12 C107 .2) -  106.9 -  108.1 j
”  | -  | -

-105* -30 -30 j -  j~70* | _23 -25 j - -75* 1 1 
1 1

1 1 1 
1 1 I

1 1 
|

-10 J( -8 3 )j - -105 -11 (-3 0 )J -  J-92 | (-33 -10 - -78 -5 0 -4 4 -1 6 -7 0  -

1 1
j 1

(-5 0 )J -3 j - -102 ]<-42) -10 j -  I-9* J -19 (-40) - -78 1 1
| '

1 1 1
1 ! !

J2C106.3) -  10*. 9 -  108.1 -77 1 -27 j - -81*J -25 -23 j -  J '75*J ~19 -19 * -57* 1 1 
| |

1 1 1 
1 I I

1 1 
j [.

-10 j ( -6 * )j - -8* -19 (-* 0 )j -  j-78 j -4 2 -3 6 - - 8 -6 2  -

1 1
j |

( -3 0 )J -20 J - -80 (-3*) -10 J -  j-78 j -9 (-40)] -38 1 1
| i

1 1 1

j2C107 .9) -  106.7 -  109.1 -30 J -30 j - -90* 1 1 1
i i i

1 1 
-3* -*3

| |

1 1 1 
- 2 0 -6 9  -

1 ! 1
J 1 
| )

-6 ](-76)1 - -88 i i i
i i i

J2C107.5) -  103.9 -  109.1
•“ I - !  - "73l

i i i
i i i

1 1 
| |

1 1 1 
1 1 1

1 1 
| -6 |<‘67>j ' -79 j i i i 

j j j
-5 0 -3 9 ] - -1 6 -6 5  -

1 1
j |

(-33)[ -10 j - -76 i i i
i i i

1 1
| j

1 1 1
1 1 1

J2C106.3) -  103.9 « 109.1 -16 j - i6  j - -48* i i i
i f i

1 1 
-* 2 -3 *

I !

1 1 1 
- 8 -6 0  -

i 1 
j j

-6 l (-* 0 )j  - -52 j l i  
1 ! 1

J107.3 - 106.3 -  103.9 -  108.1 -33 j -33 [ -33 -99* -31 -31 j -31 J-73*J -2* -24 ] -24 -72* 1 1 
j |

1 1 1 
1 I 1

1 1 
I I

-7 0 )j -13 ] -13 -100 | (-60) -17 j -17 1-7* j (-60) -7 -7 -74
-50 -*2  

| |

•39

1 1 1 

-16 -7* -5

1 1 i
1 1 
I L

-13 j ( -7 0 )j -15 -100 -17 (-6 0 )J -17 J-7* j -17 (-40) -17 -74

1 1 
I 1

-13 j -13 J(-70) -100 -18 -18 j(-60)J-76 j -17 -!7 -40) -74 1 1
| |

1 1 1
1 ! 1

Jl07.9 -  106.3 -  105.1 -  109.lj -25 J -25 J -25 -75*1 1 1 1 
I 1 1

1 1 
| |

1 1 1 
1 1 1

L -60)1 -8  j -8 -76 1 1 1
1 1 1

1 1 

—5*| *1J “
| |

38
1 1 1 

-20 -73 -3

1 1 1
1 1 
1 1

-18 ,j -18 J(-*0) -76 1 1 1
j j ;

1 1 
1 1

-9 J( -6 0 )j -9 -78 1 1 1
1 1 1

1 1
| |

1 1 1
1 4— !1 ----r

]l07 .5  -  105.5 -  103.9 -  109.i j -21 j -21 j -21 —S3* j 1 1 1
1 ! 1

1 1 
| |

1 1 1 
1 1 1

L
1 1 
l . . . . . .  L

-50)J -7 J -7 -64 1 1 1 
1 1 1

-30. -38 - 3* -1 6 -7 0  0

1 1
1 1

1
i I

1 1 1 
i i i

1 1 
1 1

1 1 i 
1 1 1

TABLE XXXI~Compari son o f  Measured and c a l c u l a t e d  C ut-O ff V a lues  f o r  
Type B l  I n c e r f e r e n c e .

Noees :

1) CuC-off l e v e l s  in the daca a r e  c i r c l e d ,  e . g .  ^60^

2) CuC-ot l  l eve l*  i nd i ca t e  wnere Type 32 i n t e r f e r e n c e  e f f e c t s  
• c a r t e d  o r  became dominanc.

3 )  * I nd l caces  e q u l - s t g n a l  r e f e r e n c e .

<•) For 2 - s l g n a l  case :  2NI - N2 -  K • 0

f o r  3 - s l g n a l  c a s e :  Nl .  N2 N3 -  K •  0

where Nl .  N2. N3 • *lgnal  l e v e l s  f or  FM s t a t i o n s  f l .  f2.  (3 
r e s p e c t i v e l y ,  i ns  f l  >(2 >(3.

5) N( Ge ne va  A g r e em en t  1 984)  = - 5 4  -  20 l o g  f max ( 0 . 6 :  1 0 8 . 1  -  f ) ~|
L 0 . 4  J

6) N2(UK) • - 80 ♦ 20 log 2.5 (max (0.4; 108.1 - ( 2 ) )

for 2-«ignal caaa. and
- 86 ♦ 20 log 2.5 (max (0.4; 108.1 - f2))
for 3-iignal caae

7) B 2 l i m i t s :  N l ( U K )  = - 2 0  ♦ 20 l o g  2.5 (max (0. 4 ;  1 0 8 . 1  - f l ) )  and
N 3 (UK) « - 2 0  ♦ 20 l o g  2.5 (max (0. 4 ;  1 0 8 . 1  - f 3 ) .
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PART l

1.1

ANNEX IT

C o m p a t i b i l i t y  A s s e s s m e n t  M e t h o d s

I n t r  o d u c t  Ion

S e v e r a l  m e t h o d s  h a v e  b e e n  d e v e l o p e d  w h i c h  p e r m i t  the t h e o r e t i c a l  assess'
m e n t  of c o m p a t i b i l i t y .  S u c h  m e t h o d s  a r e  of m o s t  u s e  b e f o r e  n e w  b r o a d 
c a s t i n g  or a e r o n a u t i c a l  f a c i l i t i e s  are i n t r o d u c e d .

D e t a i l s  of the m e t h o d s  c u r r e n t l y  in u s e  m a y  be f o u n d  parts 2 to 5. A
comparison of the computation philosophy adopted may be found in Table XXXII.

It s h o u l d  be n o t e d  t h a t  the e n h a n c e d  m e t h o d  d e s c r i b e d  in A p p e n d i x  1 
is t h e  o n l y  o n e  w h i c h  has b e e n  f i e l d - t e s t e d  in o r d e r  to p r o v e  that if
k n o w n  p a r a m e t e r  v a l u e s  are u s e d  for a s p e c i f i c  s i t u a t i o n  t h e n  its p r e 
d i c t i o n s  c o r r e l a t e  w i t h  r e a l i t y .  All f o u r  m e t h o d s  c a n  be u s e d ,  w i t h
g e n e r a l i z e d  p a r a m e t e r s  and w o r s t - c a s e  c o m b i n a t i o n s  of w a n t e d  and u n 
w a n t e d  s i g n a l  l e v e l s  to p r o v i d e  c o n s e r v a t i v e  g e n e r a l  a n a l y s i s .  M o r e  
o p e r a t i o n a l  e x p e r i e n c e  is r e q u i r e d  to a s s e s s  the g e n e r a l i z e d  a p p r o a c h e s
in t h i s  r e g a r d .



C A N A D A
G E N E R A L

C A N A D A  
E N H A N C E D  
(N O T  E 2 )

U S A
( I L S  o n l y )

L E G B A C
( U n i f i e d  A s s e s s 
m e n t  M e t h o d )

P O L A N D

FM A N T E N N A  
P A T T E R N

O M N I  HR P 
NO  V R P  
M A X  e . r . p .

M e a s u r e d  H R P  
t h e o r i  al or 
m e a s u r e d  V R P

Man.:i c t u r e r ' s 
s p e c i f i c a t i o n s  
w h e r e  a v a i l a b l e .  
H R P  o m n i - d i r e c 
t i o n a l
V R P  -14 dB b e y o n d  
1 5° (V)

H R P  -as g i v e n  
in CL 64 - p l a n  
V R P  - no c o r r e c t 
ion b e l o w  the
horizontal
G e n e r a l i z e d  m o d e l  
w i t h  l i m i t i n g  v a 
lue

V R P  - s i m i l a r  
to t h e o r e t i c a l  
m o d e l  in R e p o r t
1198

FM P R O P A G A T I O N F r e e - a p a c e I F - 7 7 F r e e - s p a c e  to 
r a d i o  h o r i z o n

F r e e - s p a c e  w i t h  
100 % a t t e n u a t 
ion b e y o n d  the 
r a d i o  h o r i z o n

■ r e e - s p a c e  w i t h  
an a t t e n u a t i o n  
of 20 dB b e y o n d  
th e  r a d i o  h o r i z o n

A I R C R A F T  A N T E N N A
F R E Q U E N C Y
R E S P O N S E

Geneva Agreement 1984 M e a s u r e d  fo r  
s p e c i f i c  a i r 
c r a f t

Geneva Agreement 1984 J I W P  8 - 1 0 / 1 Geneva Agreement 1984

A I R C R A F T  A N T E N N A  
R E C E P T I O N  P A T T E R N

O m n i - d i r e c t i o n a l M e a s u r e d  fo r  
s p e c i f i c  a i r 
c r a f t

O m n i - d i r e c t i o n a l O m n i - d i r e c t i o n a l O m n i - d i r e c t i o n a l

A E R O N A U T I C A L
S I G N A L

Geneva Agreement 1984 
l e v e l s

M e a s u r e d  or d e 
r i v e d  f r o m  i d e a l 
i z e d  or m e a s u r e d  
ILS p a t t e r n

4 0 p V / m T h e  m i n i m u m  I C A O  
v a l u e s  f o r  ILS 
a n d  V O R  t h r o u g h 
o u t  the v o l u m e

P r e d i c t e d
v a l u e s

A V I O N I C  R E C E I V E R  
S U S C E P T I B I L I T Y

Geneva Agreement 1984 
r i t e r i a

S p e c i f i c  r e c e i v e r  
c h a r a c t e r ! s t i c  
at v a r i o u s  ILS 
s i g n a l  l e v e l s

U n i q u e  c a l c u l a t e d  
v a l u e s

Geneva Agreement 1984 
c r i t e r i a

Al - p r e d i c t e d  
Bl - m o d i f i e d  
by the d i f f e r 
e n c e  b e t w e e n  
th e  p r e d i c t e d  
a n d  w a n t e d  l e v e l s

T E S T  P O I N T S I n t e r f e r e n c e
a r e a

I n t e r f e r e n c e  a r e a  
or t e s t  p o i n t s  
a l o n g  f l i g h t  p a t h

1 0 0 0  x 1 0 0 0  f o o t  
h o r i z o n t a l  g r i d  
10 0  f o o t  v e r t i c a l  
I n c r e m e n t s .  100 x 
10 0  f o o t  h o r i z o n 
tal g r i d  n e a r  FM 
s t a t i o n  ( N O T E  1)

B r o a d c a s t  s t a t i o n  
r e l a t e d  w i t h  
a d d i t i o n a l  f i x e d  
t e s t  p o i n t s  fo r  
I L S

s i m i l a r  to Geneva 
Agreement 1984 with 
a d d i t i o n a l  
f i x e d  t e s t  
p o i n t s  on a i r  
r o u t e s  a n d  
in ILS v o l u m e

T A B L E  XXXII 
T e s t  m e t h o d s  c u r r e n t l y  In u s e

NOTES: 1 .

2 .
Ini t i a l  cull at 80 0 0  x 8000 ft. to r e d u c e  c o m p u t e r  time with ♦ 12 dB a d d e d  to FM e.r.p.
One or more of the p a r a m e t e r a  of the e n h a n c e d  m o del may be s u b s t i t u t e d  by their e q u i v a l e n t  in the ge n e r a l  model
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Table XXXIII lists the identified parameters that need to be considered1
when 

correlating 
measured 

interference 
to 

calculated 
or 

predicted 
inter

ference. 
for 

each 
of 

the 
mechanisms 

- 
- 

Types 
Al. 

A2. 
Bl 

and 
B 2. 

Ex
planatory 

notes 
follow 

where 
applicable. 

The 
parameters 

listed 
apply 

to 
ILS 

localizer. 
VOR. 

and 
VHF 

communications 
systems.

o

UNKNOWN FACTOR (NO PRAC T I C A L  E X P E R I E N C E )



E X P L A N A T I O N

P A R A M E T E R S  I. 2. 3 and 4 By m e a s u r e m e n t  of f i e l d  s t r e n g t h  of the r a d i a t e d
s i g n a l  or by c a l c u l a t i o n ,  the r a d i a t i o n  p a t t e r n  is 
e s t a b l i s h e d  in the d i r e c t i o n  of m e a s u r e m e n t .  M e a s u 
r e m e n t s  at d i f f e r e n t ' a z i m u t h s  a n d  e l e v a t i o n s  m a y  be 
c o m b i n e d  to f u l l y  c h a r a c t e r i z e  t h e  r a d i a t i o n  p a t t e r n .  
B e a m  tilt, if any. s h o u l d  be t a k e n  i n t o  a c c o u n t .
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P A R A M E T E R 6 S i t e  a n d  a n t e n n a  e l e v a t i o n  n e e d  to be t a k e n  into  
a c c o u n t .  P r o p a g a t i o n  is f r e e  s p a c e  up to r a d i o  h o r i 
z o n  w i t h  d i f f r a c t i o n  l o s s e s  b e y o n d  (s e e  R e c o m m e n  
d a t i o n  528). V a r i a b i l i t y  d u e  to s e a s o n / w e a t h e r  e f 
f e c t s  s h o u l d  be c o n s i d e r e d .

P A R A M E T E R 7 B o t h  b r o a d c a s t i n g  and a e r o n a u t i c a l  b a n d s .

P A R A M E T E R 9 T e r r a i n  e f f e c t s  n e e d  to be t a k e n  i n t o  a c c o u n t .  V a 
r i a b i l i t y  due to 8 e a s o n / w e a t h e r  e f f e c t s  s h o u l d  be 
c o n s i d e r e d .

P A R A M E T E R 1 0 T h e  Al m e c h a n i s m  is a f f e c t e d  by a v i o n i c  r e c e i v e r  
c h a r a c t e r i s t i c s  o n l y  to the e x t e n t  t h a t  the r e c e i v e r  
s e l e c t i v i t y  a d m i t s  the s p u r i o u s  e m i s s i o n .  M o d u l a t i o n  
c h a r a c t e r i s t i c s  w i l l  a f f e c t  r e s u l t .

P A R A M E T E R 1 3 E n e r g y  o t h e r  th a n  fr o m  FM b r o a d c a s t i n g  t r a n s m i t t e r s  
c o u l d  c o n t a m i n a t e  s i g n a l  m e a s u r e m e n t s  in a n y  of the
f o u r  m e c h a n i s m s .



1.3' R e s u l t  of  c o r r e l a t i o n  e x p e r i m e n t s

1.3.1 i n t r o d u c t i o n

In C a n a d a ,  c o r r e l a t i o n  b e t w e e n  the p r e d i c t i o n s  of the e n h a n c e d  a n a l y s i s  
m o d e l  and f l i g h t  r e s u l t s  u n d e r  t e s t  c o n d i t i o n s  was e x a m i n e d  f o r  the Typi 
Bl i n t e r f e r e n c e  m e c h a n i s m .  F o r  t h e s e  t e s t s ,  the ILS t r a n s m i t t e r  of an 
ILS t e s t  f a c i l i t y  n e a r  O t t a w a  w a s  r e - t u n e d  and o p e r a t e d  at 1 0 8 . 5  MHz. 
to c o i n c i d e  w i t h  the r e c e i v e r  i n t e r m o d u l a t i o n  p r o d u c t :  2 ( 1 0 6 . 9 )  - 1 0 5 . 3
= 108. 5 MHz.

1.3.2 A n a l y s i s  m o d e l

'.The a n a l y s i s  t e c h n i q u e  c o n s i d e r e d  the f o l l o w i n g  f a c t o r s :

76 Re p .  9 2 9 - 2

m e a s u r e d FM ante nna h o r i z o n t a l r a d i a t i o
m e a s u r e d 1 O c a 1 i z er t r a n s m i t t e r a n t e n n a
m e a s u r e d a i r c r a f t a n t e n n a r a d i a t ion pat
m e a s u r e d r e c e i v e r i n t e r f e r e n c e i m m u n i t y
1 o c a 1 i z e r s i g n a 1 l e v e l s :
a i r c r a f t P ° s i t i o n and h e a d i n g :
a i r c r a f t i n side m a i n b e a m s of FM t r a n s n l

1.3.3 F l i g h t  te s t  r e s u l t s

F i g u r e  28 p r e s e n t s  an e x a m p l e  of the r e s u l t s  of the tw o  v e r s i o n s  of the 
e n h a n c e d  t e c h n i q u e  (i.e. an i n t e r f e r e n c e  a r e a  and a test p o i n t  a n a l y s i s  
a l o n g  a f l i g h t  p a th).

Th e  " p r e d i c t e d  area of no i n t e r f e r e n c e "  w a s  p l o t t e d  a s s u m i n g  w o r s t  c a s e  
a i r c r a f t  a n t e n n a  o r i e n t a t i o n .  t h a t  b e i n g  m a x i m u m  g a i n  t o w a r d s  the FM 
t r a n s m i t t e r  s i t e s  and m i n i m u m  g a i n  t o w a r d s  the ILS t r a n s m i t t e r  site.  
T h i s  p l o t  t h e r e f o r e  p r e s e n t s  a l i m i t i n g  case: any i n t e r f e r e n c e  f o u n d
d u r i n g  a f l i g h t  test s h o u l d  be o u t s i d e  the " p r e d i c t e d  a r e a  of no i n t e r 
f e r e n c e " .

T h e  correlation b e t w e e n  the f l i g h t  t e s t  r e s u l t s  and the d e t a i l e d  p r e d i c 
t i o n  t e c h n i q u e  u s i n g  te s t  p o i n t s  a l o n g  f l i g h t  p a t h s  can be s e e n  in
f l i g h t  p a t h  s e g m e n t s  RUN R47 a n d  R U N  R48. In RUN R47, the l o b e  s t r u c 
t u r e  of the ILS a n t e n n a  r a d i a t i o n  p a t t e r n  can be se e n  c r e a t i n g  s h o r t  
s e g m e n t s  of no i n t e r f e r e n c e  on e i t h e r  s i d e  of the f r o n t  c o u r s e  s e c t o r ,  
in b o t h  the p r e d i c t e d  and f l i g h t  t e s t  r e s u l t s .  T h e s e  f l i g h t  t e s t s
c o n f i r m e d  the p r e d i c t i o n  t h a t  t h e r e  w o u l d  be no i n t e r f e r e n c e  in the 
f r o n t  c o u r s e  s e c t o r .  In R U N  R48. a g a i n  no i n t e r f e r e n c e  w a s  p r e d i c t e d  
or f o u n d  in the f r o n t  c o u r s e  s e c t o r .

C o n c 1 u s i o n

I t i s k n o w n that f o r e a c h f a c t o r u se d  in the a n a l y s i s  m o d e 1 . t h e r e
e x i s t s a v a r i a t i o n b e t w e e n a c t u a 1 parameters and characteristics of the Geneva
A g r e e m e n t , 1984. S u b ra i t t e d d a t a q u o t e s  v a r i a t i o n s  of -10 t o ♦ 4 d B for
F M an t e n n a p a t t e r n s .  - 1 0 to -30 d B for ILS a c t u a l  s i g n a l  1 e v e 1 s as
c o m p a red to the -89 dBm m i n i m u m 1 e v e l  a n d  fin a l l y  7 dB bet w e en a c t u a l
a n d  p r e d i c t e d F M 1 e v e 1 s (due to 9 r o u n d  r e f l e c t i o n s ) . Co n s i d e r i n g  t h a t
p r e d i c t e d r e s u 1 t s m a t c h e d f 1 igh t r e s u l t s  v e r y c l o s e l y .  the c o r r e l a t i o n
o b t a i n e d c a n o n l y  b e e x p 1 a i n e d b y the use of m e a s u r e d  c h a r a c t e r i s t i c s
f o r  a 11 f a c t o r s  con a i d e r : d .



Bl EMI CONTOUR i 2 «106 . 9 -105 . 3 - 108 . 5 CHRP 10130 feat
ID FREO LATITUDE LONGITUDE ERPfHi DIST(NM) DEARC ) G (dDl)

CARP 180 108.5 4519 6 076 154 — — — -16.0
CKO 1 OTT 106.9 453011 07551 2 100000 13.5 34 .5 -12.0
CKBY OTT 105.3 453011 07551 2 B4000 13.5 34 .5 -11.0

V a r ia b le s  c o n s id e re d  In t h i s  a n a l y s i s ;

-OCRLIZER a n ta n n a  t y p e : .  
lOCRLIZER s ig n a l  l e v e l :  
Hi a n te n n a  d i r e c t i v i t y :  

a n te n n a  d i r e c t i v i t y :

3 e t a t I s

TES 
TES 

. YES 
TES

LOC. RZIMUTH : 83 *
l OC. TX RNT. : a2CRRP7NM
Rl r c r a f  t  RX K.
A i r c r a f t  RNT g a ln : l i s o r  D efin ed  
RX DELTA f cubed  -  8 .1 9 2

M easured  LOC. s ig n a l  
CARP 1808 f e e t  1 0 8 .5 0

LOC. ANT. FIELD E
__ D IST _(R 1)_ __ (d B u V /e)__

1 .0 8 2 .0
2 .0 8 1 .0
4 .8 7 5 .0
8 .0 7 1 .0
8 .0 8 5 .0

1 0 .0 6 1 .0
12 .0 5 8 .0
1 4 .0 5 6 .0
1 6 .0 5 2 .0
1 8 .0 5 1 .0
2 0 .0 4 9 .0
2 2 .0 4 6 .0
2 4 .0 4 3 .0
2 5 .0 4 3 .0

F l i g h t  a l t . 1000 FT ASL

COMMENTS:
HORST CASE AIRCRAFT 
ANTENNA ORIENTATION f o r  
RX K.
FM g a in  -  MAX.
LOC g a in  -  MIN.

F l i g h t  P a t h  S e g me n t  w h e r e  I n t e r f e r e n c e  was  
P r e d i c t e d  U s i n g  T e s t  P o i n t  A n a l y s i s .

F l i g h t  P a t h  S e g me n t  w h e r e  I n t e r f e r e n c e  was  
D e t e c t e d  I n  F l i g h t  T e s t s .
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1 . A E x p e c t e d  v a l i d i t y  of g e n e r a l i z e d  m e t h o d s

Some of the g e n e r a l i z e d  methods d e s c r i b e d  In this
A n n e x  have b e e n  used to predict the t h e o r e t i c a l  c o m p a t i b i l i t y  of well 
e s t a b l i s h e d  o p e r a t i o n a l  s i tuations. T h e s e  m e t h o d s  are c o n s e r v a t i v e  
and. It Is not u n c o m m o n  for n e g a t i v e  c o m p a t i b i l i t y  margins, s o metimes 
v e r y  large, to be p r e d i c t e d  for well e s t a b l i s h e d  o p e r a t i o n a l  s i t u a t i o n s  
w h e r e  no c o m p l a i n t s  of I n c o m p a t i b i l i t y  ha v e  a p p a r e n t l y  been received. 
This r a i s e s  d o u b t s  about the d e gree of v a l i d i t y  of the methods a n d/or  
at least some of the c o m p a t i b i l i t y  c r i t e r i a  w h i c h  they apply. C o n c l u 
s i o n s  d r a w n  from using any ge n e r a l  m e t h o d  a p p l i e d  to well e s t a b l i s h e d  
o p e r a t i o n a l  s i t u a t i o n s ,  some of w h i c h  hav e  be e n  in use for many years, 
s h o u l d  be v i e w e d  with some caution. In N o r t h  Ame r i c a ,  a e r o n a u t i c a l  
and b r o a d c a s t i n g  systems were e n g i n e e r e d  one by one based on c a s e - b y -  
case e v a l u a t i o n s ,  for example, t a king a c c o u n t  of c o n d i t i o n s  at s p ecific  
l o c a t i o n s .  T h e r e  is some doubt about the v a l i d i t y  of applying a g e n e r a 
liz e d  m e t h o d  to a situation such as that in R e g i o n  2.

It is d e s i r a b l e  to a t t e m p t  to q u a n t i f y  the m a g n i t u d e  of the d i s c r e p a n 
c i e s  w h i c h  c o u l d  be i n t r o d u c e d  by k n o w n  ' a p p r o x i m a t i o n s  or a s s u m p t i o n s .

The s o u r c e s  of d i s c r e p a n c y  and the e s t i m a t e d  m a g n i t u d e  are:

H o r i z o n t a l  r a d i a t i o n  p a t t e r n  of b r o a d c a s t i n g  s t a t i o n .  D i f f e r e n c e s
of ♦ or - 2 dB can e x i s t  b e t w e e n  p r e d i c t e d  and m e a s u r e d  v a l u e  on any
b e a r i n g .  D i f f e r e n c e s  of ♦ 5 to - 10 dB h a v e  b e e n  f o u n d  to e x i s t  in
C a n a d a  for s i d e  m o u n t e d  a n t e n n a s  b e t w e e n  n o m i n a l  t h e o r e t i c a l  e . r . p . 
a n d  a s s u m e d  o m n i - d i r e c t i o n a l i t y  and m e a s u r e d  v a l u e s  on any b e a r i n g .

U a n t e d r a d i o n a v 1 g a t i o n s i g n a 1 lev e 1
c a n e x 1 s t b e t w e e n t h e m in i m urn v a 1 u e
( - 89 d B m ) a n d the a c t u a 1 V a lue at a

D i f f e r e n c e s  of -10 to *30 dB 
of a e r o n a u t i c a l  s i g n a l  l e v e l  
t e s t  p o i n t .

A i r c r a f t  a n t e n n a  s y s t e m  p e r f o r m a n c e .  D i f f e r e n c e s  of 0 to -20 dB can 
o c c u r  b e t w e e n  the a n t e n n a  s y s t e m  f r e q u e n c y  d e p e n d e n c y  m o d e l  q u o t e d
in the G e n e v a  A g r e e m e n t .  1984 A n n e x  2. P a r t  7 . 6 . 2  and the m e a s u r e d
v a l u e s .  T h i s  d i f f e r e n c e  a l s o  t a k e s  in t o  a c c o u n t  any e f f e c t s  due to
a n t e n n a  d i r e c t i v i t y .

- A e r o n a u t i c a l  r e c e i v e r  i m m u n i t y .  D i f f e r e n c e s  in the r a n g e  -10 to +30 
dB c o u l d  o c c u r  w h e n  a c c o u n t  is t a k e n  of the d e v i a t i o n  of the c h a r a c 
t e r i s t i c s  f o r  a p a r t i c u l a r  m o d e l  of r e c e i v e r  c o m p a r e d  w i t h  the c h a r a c
t e r i s t i c s  s p e c i f i e d  in the G e n e v a  A g r e e m e n t ,  19 8 4  and a l s o  the e x 
p e c t e d  v a r i a t i o n  of r e c e i v e r  p e r f o r m a n c e  as the l e v e l  of the w a n t e d
s i g n a l  is v a r i e d .

I t s h o u 1 d b e no ted that some o f t h e 8 e ex P e c t e d d i s c rep a n c i e s a re i n t e r
d e p end e n t F o r e x a m p l e v 1 f the r e c e i v e r P e r f o r m a n c e i s 1 e v el d e p e n d e n t
thi 8 c a n b e a f f e c t e d  bo t h by the V a r i a t i o n o f the 1 eve 1 o f the w a n t e d
s i g n a 1 a n d a l s o by the a i r c r aft a n t e n n a P e r f o r a a n c e

It s h o u l d  a l s o  be n o t e d  that one s i g n i f i c a n t  s o u r c e  of p o t e n t i a l  d i s 
c r e p a n c y  w h i c h  can be c o n s i d e r a b l y  r e d u c e d  is the r e p l a c e m e n t  of a f r e e -
s p a c e  p r o p a g a t i o n  p r e d i c t i o n  m o d e l  by one u s i n g  ITS IF 77 [ G l e r h a r d
and J o h n s o n .  1 9 8 3 ] ,  or the 50% t i m e  p r o p a g a t i o n  c u r v e  fro m  Rec. 528.
T h i s  w i l l  h a v e  the e f f e c t  of r e d u c i n g  d i s c r e p a n c i e s  by up to 30 dB for
p a t h s  w h i c h  e x t e n d  to n e a r  or b e y o n d  the r a d i o  h o r i z o n  e s t i m a t e d  on
the b a s i s  of a s m o o t h  4/3 e a r t h  a p p r o x i m a t i o n .  On s h o r t e r  p a t h s ,  h o w 
eve r .  the e f f e c t  can be e x p e c t e d  to be n e g l i g i b l e .
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A f u r t h e r  p o s s i b l e  s o u r c e  of d i s c r e p a n c y  h a s  b e e n  i d e n t i f i e d  w h i c h  ca n  
n o t  yet be q u a n t i f i e d .  T h i s  a p p l i e s  o n l y  to the c a s e  of r a d i a t e d  inter' 
m o d u l a t i o n  p r o d u c t s  (Al) w h e r e  it is c o n s i d e r e d  i m p o r t a n t  to c o n s i d e r  
the V R P  of the b r o a d c a s t i n g  a n t e n n a  at the f r e q u e n c y  of the s p u r i o u s  
e m i s s i o n .

Any .  or all. of the a b o v e  f a c t o r s  c o u l d  c o n t r i b u t e  to a d i s c r e p a n c y  
b e t w e e n  c a l c u l a t e d  m a r g i n s  and o p e r a t i o n a l  e x p e r i e n c e ,  b u t  no i n f o r m a 
t i o n  is yet a v a i l a b l e  a b o u t  the o v e r a l l  d i f f e r e n c e s  w h i c h  c o u l d  o c c u r .

A l s o .  t h e  a c t u a l  o p e r a t i o n a l  c o n s t r a i n t s  at
to be  t a k e n  i n t o  a c c o u n t .

s p e c i f i c  f a c i l i t y  n e e d

1-5 Summaries of  the  methods des cr ib ed  in  Parts  2 to  5 o f  t h i s  Annex

1.5.1 C a n a d a  ( s e e  Part 2)

C o m p u t e r i z e d  t e c h n i q u e s  p e r m i t  t h e  p l o t t i n g  o f  p o t e n t i a l  t y p e  Al. A2.
Bl and B 2 i n t e r f e r e n c e  a r e a s  d i r e c t l y  on a e r o n a u t i c a l  c h a r t s  or on 
s e r v i c e  a r e a  d i a g r a m s .  Th e  c o m p a t i b i l i t y  c r i t e r i a  of the G e n e v a  
A g r e e m e n t .  1 9 8 4  are u s e d  in the g e n e r a l  m o d e l .  M o r e o v e r ,  a d e t a i l e d  
c a s e  a s s i g n m e n t  a n a l y s i s  is p o s s i b l e  u t i l i z i n g  o t h e r  p a r a m e t e r s  or 
c r i t e r i a .  T h i s  e n h a n c e m e n t  p e r m i t s  a c l o s e r  a p p r o a c h  to the o p e r a t i o n a l  
e n v i r o n m e n t .

1.5.2 U n i t e d  S t a t e s  o f  A m e r i c a  ( s e e  Part 3)

In the U n i t e d  S t a t e s  an a u t o m a t e d  c o m p u t e r  b a s e d  m o d e l  is e m p l o y e d  to
p r e d i c t  c o m p a t i b i l i t y  b e t w e e n  FM b r o a d c a s t  t r a n s m i s s i o n s  a n d  the ILS 
l o c a l i z e r  s y s t e m .  S o m e  i m p o r t a n t  f e a t u r e s  are: Th e  I C A O  m i n i m u m  s p e c i 
f i e d  s i g n a l  l e v e l  of 40 p V / m  is u s e d  t h r o u g h o u t  the e n t i r e  ILS s e r v i c e  
v o l u m e .  B e n c h  t e s t s  of 28 r e c e i v e r s ,  v a l i d a t e d  by f l i g h t  t e s t s ,  w e r e  
u s e d  to d e r i v e  i n t e r f e r e n c e  c r i t e r i a  fo r  the Bl t y p e  m e c h a n i s m .  C r i t e 
ria for t y p e s  A2 and B 2 m e c h a n i s m  are the s a m e  as u s e d  in the G e n e v a  
A r g e e m e n t .  1 9 8 4 .  e x c e p t ,  the g r e a t e r  r e s t r i c t i o n  is e m p l o y e d  w h e r e  the
two d i f f e r  f o r  a g i v e n  Af . Th e  m i n i m u m  d e f a u l t  s e a r c h  r a n g e  is 30 NM
b e y o n d  the b o u n d s  of the ILS s e r v i c e  v o l u m e .  L a r g e r  r a n g e s  c a n  be 
s e l e c t e d  as a p p r o p r i a t e .

1.5.3 Th e  L E G B A C  U n i f i e d  A s s e s s m e n t  M e t h o d  f o r  A e r o n a u t i c a l - B r o a d c a s t  C o m p a t i 
b i l i t y  (see Part 4).

T h e  m e t h o d  w a s  d e v e l o p e d  by a " L i m i t e d  E x p l o r a t o r y  G r o u p  f o r  B r o a d c a s t  
to A e r o n a u t i c a l  C o m p a t i b i l i t y "  ( L E G B A C )  c o m p r i s i n g  the A d m i n i s t r a t i o n s  
of G e r m a n y  (Fed. Rep. of). B e l g i u m .  F r a n c e .  I r e l a n d .  L u x e m b o u r g .  N e t h e r 
l a n d s  ( K i n g d o m  of the) a n d  U n i t e d  K i n g d o m .

Th e  U n i f i e d  A s s e s s m e n t  M e t h o d .  UAM, p r o v i d e s  a c o m p u t e r i s e d  a n a l y s i s  
to o l  for i n t e r n a t i o n a l  c o o r d i n a t i o n  in r e l a t i o n  to the c o m p a t i b i l i t y  
p r o b l e m .  T h e  U A M  a p p l i e s  the c o m p a t i b i l i t y  c r i t e r i a  c o n t a i n e d  in the 
G e n e v a  A g r e e m e n t .  1984 w i t h  a c o r r e c t i o n  f a c t o r  w h i c h  t a k e s  i n t o  a c c o u n t  
the a n t e n n a  c h a r a c t e r i s t i c s  of b r o a d c a s t i n g  s t a t i o n s .  A l l  s i g n i f i c a n t  
p o t e n t i a l  i n c o m p a t i b i l i t i e s  are i d e n t i f i e d  u s i n g  a r e a s o n a b l e  n u m b e r
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1.5.4

R e p . 9 2 9 - 2
of t e s t  p o i n t s .  G i v e n  tha t  the n i g h e s t  l e v e l  of p o t e n t i a l  i n c o m p a t i 
b i l i t y  w i l l  a l w a y s  o c c u r  in the v i c i n i t y  of a b r o a d c a s t i n g  s t a t i o n ,  
the m e t h o d  is b a s e d  u p o n  test p o i n t s  g e n e r a t e d  in t h e i r  v i c i n i t y .  T h e s e  
b r o a d c a s t  s t a t i o n  r e l a t e d  test p o i n t s  are a d d i t i o n a l  to f i x e d . I L S  test 
p o i n t s  .

T h i s  a p p r o a c h  h a s  r e s u l t e d  in an e f f i c i e n t  c o m p u t a t i o n a l  tool w h i c h  
provi-dies a l i s t  of p o t e n t i a l  i n t e r f e r e n c e  m a r g i n s  at the test p o i n t s .

P o l a n d  (see Part 5)

The c o m p a t i b i l i t y  a s s e s s m e n t  m e t h o d  c r e a t e d  in P o l a n d  in p r i n c i p l e  
u t i l i z e s  the c o m p a t i b i l i t y  c r i t e r i a  of the G e n e v a  A g r e e m e n t .  1984. 
H o w e v e r ,  c e r t a i n  r e f i n e m e n t s  h a v e  b e e n  i n t r o d  u'c e d .

C o m p a t i b i l i t y  f o r  ILS, V O R  and VHF C O M  is a s s e s s e d .  In the c a s e  of 
V O R  a n d  V H F  COM. tes t  p o i n t s  are c r e a t e d  a l o n g  f l i g h t  p a t h s .

R e f e  r e n c e s

G i e r h a r d  G . D . .  J o h n s o n  M.E . .  "The I F - 7 7  E l e c t r o m a g n e t i c  W a v e  P r o p a g a t i o n  
Model"., D O T  R e p t .  F A A - E S - 8 3 - 3 .  B o u l d e r .  C o l o r a d o ,  S e p t e m b e r  1983.
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Part  2 o f  Annex II

A u t o m a t e d  C o m p a t i b i l i t y  A n a l y s i s  M o d e l s  D e v e l o p e d  b y  C a n a d a

2.1 S y s t e m  O v e r v i e w

2.1.1 The FM/ILS/VOR/COM I n t e r f e r e n c e  A n a l y s i s  S ystem c o n s i s t s  of 2 main c o m p o 
nents: the I n t e r f e r e n c e  A n a l y s i s  S u b s y s t e m  and the M a p p i n g  S u b s y s t e m

2.1.2 T h e  I n t e r f e r e n c e  A n a l y s i s  S u b s y s t e m ,  r u n n i n g  on a m a i n f r a m e  c o m p u t e r
h a s  a c c e s s  to d a t a  b a s e s  c o n t a i n i n g :

(a) all C a n a d i a n  FM stations:

(b) USA FM s t a t i o n s  up to 320 km (172 NM) f r o m  the c o m m o n  border:

(c) all C a n a d i a n - I L S .  VOR and COM f a c i l i t i e s :

(d) USA ILS f a c i l i t i e s  w i t h i n  240 km (130 NM) f r o m  the b o r d e r  and
USA VOR f a c i l i t i e s  wit h i n  1020 km (550 NM) f r o m  the border  
(note: d i s t a n c e s  shown are those in b i l a t e r a l  a g r e e m e n t s  with
the U S A ).

It c a r r i e s  out Type Al. A2. Bl and B 2 an a l y s e s  to p r o d u c e  an i n t e r 
f e r e n c e  r e p o r t  w h i c h  p r i n t s  out all cases w h e r e  an i n t e r f e r e n c e  contour
o v e r l a p s  the s e r v i c e  a r e a  of an a e r o n a u t i c a l  f a c i l i t y .  This report
p r o v i d e s  an a p p r o x i m a t e  size of the p o t e n t i a l  i n t e r f e r e n c e  areas. The 
M a p p i n g  S u b s y s t e m  is then used to provide an i n t e r f e r e n c e  plot.

2.1.3 The i n t e r f e r e n c e  M a p p i n g  S u b s y s t e m  is i m p l e m e n t e d  on a m i c r o c o m p u t e r .
and is used to plot ILS/VOR/COM S e r v i c e  areas. FM t r a n s m i t t e r  sites. Type 
A 1 / A 2 / B 1 / B 2  i n t e r f e r e n c e  c o n t o u r s  and the r e s u l t s  of test p oint a n a 
lyses. This s u b s y s t e m  s t o r e s  FM/ILS/VOR/COMi nf o raa t ion o b t a i n e d  from the 
i n t e r f e r e n c e  report, as well as measured data on a i r c r a f t  antenna 
c h a r a c t e r i s t i c s ,  r e c e i v e r  i n t e r f e r e n c e  i m m u n i t y  c h a r a c t e r i s t i c s .  FM 
a n t e n n a  r a d i a t i o n  p a t t e r n s .  I L S  t r a n s m i t t e r  a n t e n n a  r a d i a t i o n  patterns 
and I L S  s i g n a l  levels.

2.2 A s s u m p t i o n s  and C r i t e r i a

2.2.1 G e n e r a l  model: This m o d e l  c o n s i d e r s  the f o l l o w i n g

a. FM a n t e n n a  p a t t e r n :

b. FM si g n a l  p r o p a g a t i o n :
c. A i r c r a f t  a n t e n n a  s y s t e m  model

d. ILS sig n a l  level:
e. ILS/VOR receiver characteristics:

h . r . p
r . P .

an I d e a l i z e d  omn 
p attern b a s e d  on m a x i m u m
f r e e - s p a c e  m o d e l
the model of the G e n e v a  Agreement.
1984
-89 dBm t h r o u g h o u t
those e m b o d i e d  in the c r i t e r i a  of
the Ge n e v a  A g r e e m e n t .  1984

F i g u r e  29 shows the o u t p u t  of such an analysis.
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E n h a n c e d m o d e l : O n e o r m o r e  of th e  f o l l o w i n g  m a y  b e s u b s t i t u t e d for
t h e i r  e q u i v a l e n t in the g e n e r a l m o d e l :

a . FM a n t e n n a p a t t e r n c a l c u l a t e d  or m e a s u r e d  VRP, m e a s u r e d
HRP

b . F M s i g n a l p r o p a g a t 1 o n : the ITS I F -  7 7 ( G i e r h a r d  a n d Johnson.
1983] p r o p a g a t i o n m o d e l  Re f e r e n c e :

w h i c h  c o n s i d e r s • e e - s p a c e losses
w i t h i n  l i n e - o f - S  1 g h t  a n d  dl f f r a c t i o n
lo siess b e y o n d :  rad i o  h o r i z o n  is
actual i n s t e a d  of c a l c u l a t e d

c. a i r c r a f t  a n t e n n a  model: c h a r a c t e r i s t i c s  in t e rms of r a d i a 
tion p a t t e r n  and f r e q u e n c y  response 
for a s p e c i f i c  a i r c r a f t / a n tenna 
c o m b i n a t i o n

d. ILS s i g n a l  level: as m e a s u r e d  or as d e r i v e d  from an
i d e a l i z e d  or m e a s u r e d  ILS antenna  
p a t t e r n

e. ILS/VOR receiver characteristics: s p e c i f i c  r e c e i v e r  c h a r a c t e r i s t i c s
und e r  v a r y i n g  ILS s i g n a l  levels

F i g u r e  30 shows the o u t p u t  of an ana l y s i s  c o n s i d e r i n g  a c t u a l  l o c a l i z e r  
s i g n a l s  and a s p e c i f i c  r e c e i v e r  (with 10 dB less i m m u n i t y  than was used in 
Fig. 29) o t h e r  f a c t o r s  r e m a i n i n g  with i n  the a s s u m p t i o n s  of the Geneva 
A g r e e m e n t .  1984.

2.2.3 S o f t w a r e  is b e i n g  m o d i f i e d  to print i n t e r f e r e n c e  m a r g i n  n u m b e r s  along
flig h t  p a t h s  (or at s e l e c t e d  test points). rather than Jus t  i d e n t i f y i n g  
if i n t e r f e r e n c e  is or is not b e ing p r e d i c t e d .  T h i s  will a s s i s t  in 
i n t e r p r e t i n g  the p r e s e n t a t i o n .  Flight tests on a n u m b e r  of ILS f a c i l i 
ties a c r o s s  C a n a d a  will be c a r r i e d  out in a c o n t i n u i n g  e v a l u a t i o n  and 
r e f i n e m e n t  of the e n h a n c e d  a n a l y s i s  t e c h n i q u e .

2.3 Usage

The g e n e r a l  m o d e l  is used as
case. The e n h a n c e d  t e c h n i q u  
F ina l l y ,  bot h  m o d e l s  may be used as

R e f e r e n c e

a p re 1 im i n a r y a n a 1 y s i s for e a ch a s s ignmen t
s may b e used a s the c i r c u m s t a nc e s  require
s e d a s a tool t o des i g n and im p l e m e n t
1 n a v ig a t i o n a s s i gnm e n t s .

G i e r h a r d G . D . .  J o h n s o n  M.E.. "The I F - 7 7 E l e c t r o m a g n e t i c  W a v e  P r o p a g a t i o n
M o d e l ” . DOT Rept. F A A - E S - 8 3 - 3 ,  Boulder. C o l o r a d o .  S e p t e m b e r  1983
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F I G . 29 - AGREEMENT, 1984  -  ANALYSIS WITH AIRCRAFT ANTENNA 
SYSTEM RESPONSE CURVE OF THE SAME AGREEMENT 

ERP = 40 kW ( b o t h  FM)

C H R R - l f 2 )  RX w i t h  J I W P  a n t e n n a :

2 ( 1 0 6 . 9 ) - 1 0 5 . 3  = 1 0 8 . 5  CHRP

12 ILS 100.5 CflRP 
45*19*06* 076*01'54* WVD4-83* 

» «  0 i-  RECEIVER IHP 
ILS f r o q .’  100.5 HHz

2» 106.9 -  105.3 -  100.5 
IW> OFFSET -  8 KHx

16 FX O fr - fm  106.9 OT
ERP- 4«M 

4 5 *38 '11* 075*91*6*

17 FX OCHY 105.3 OTTRM
ERP- 4904 

«5*38'U * 075*5 r 8 2 -

INTERFERENCE CRITERION: CflRR-I<2) •
2Nl*4C*-35.99 ♦ 120 >-0dta

R .9 . f r o .  JI*>

9. 9 . fo r 106.9* ‘ .60 dB 
9 . 9 . fo r  105.3- 6 .20  dB 

FH TXs sopor .^ # 1

S C f l L E ( N M)

B l CHI CONTOUR: 2 » 1 0 6 . 9 - 10 5 . 3 - 1 8 8 . 5  CARP 1 0 0 0  f » d t

1 ID FREQ LATITUDE LONGITUDE ERP(W> D IST (N H ) BEARC ) G (d B l^ I
CARP 1 00 1 0 0 .S 4 S 1 9  6 0 7 6  154 — — — - 3 . 5
CKOI OTT 106 . 9 4 5 3 0 1  I 0 7 5 S I  2 4 0 0 0 0 1 3 . 5 3 4 . 5 - 4 . 6
CKBY OTT 1 0 5 .3  11 4 5 3 0 1 1 0 7 5 5 1  2 4 0 0 0 0 1 3 . 5 3 4 . 5 - 6 . 2  I

V a r i a b l e rad
Ar e a  o f  P o t e n t i a l  
I n t e r f e r e n c e

LOCALIZER antenna type  
LOCALIZE* s ig n a l le v e l  
n i l  antenna d i r e c t w i t  
FN2 antenna d ir e c t l y :

YES
YES
OMNIOWI FM T r a n s m i t t e r  - S i t e  — «•

D e t t i i s

LOC. AZIMUTH : 03 • 
i_0C. TX ANT. a216ELEM
A ir c r a f t  RX K‘
A ir c r a f t  ANT gain*T IH P-0/12  
RX DELTA f cubed •  0 .4 9 2

LOC. RfT. field  e
_ ju s r _ o * u _ _CdlL//»J_

1.0 02.0
2 .0 01.0
4 .0 75.0
6 0 71.0
8 0 65 .8

11.0 61 .0
12.0 58 0
14.0 55 0
16.0 52 .8
10.S s i . a
20 .9 49.0
22 .9 46.0
24.0 43 .0
25.0 41 .0

F l ig h t  a i t  1008 H  (Q.
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Part 3 o f  Annex I I

A C o m p u t e r  B a a e d  M a t h e m a t i c a l  Model to E v a l u a t e  C o m p a t i b i l i t y  B e t w e e n  
P r o p o s e d  FM B r o a d c a s t  S t a t i o n s  and the I n i t r m e n t  L a n d i n g  S y s t e m  (ILS) 
L o c a l i z e r  of the U n i t e d  S t a t e s  of A m e r i c a

In the U n i t e d  S t a t e s  an a u t o m a t e d  c o m p u t e r  b a sed mod e l  is e m p l o y e d  to 
p r e d i c t  c o m p a t i b i l i t y  b e t w e e n  FM b r o a d c a s t  t r a n s m i s s i o n  and ILS local-  
iier sy s t e m .

In s u m m a r y ,  the p r i m a r y  factors of the model are:

L o c a l i z e r  S i g n a l  in Spa c e  - The ICAO m i n i m u m  s p e c i f i e d  signal level of
40 p V / m  is u s e d  t h r o u g h o u t  the e n t i r e  ILS s e r v i c e  volume.

A i r c r a f t  A n t e n n a  S y s t e m  - The a n t e n n a  s y s t e m  r e s p o n s e  cur v e  of the G e 
n e v a  A g r e e m e n t .  1984 is used. H o r i z o n t a l  or v e r t i c a l  d i r e c t i v i t y
of the a i r c r a f t  a n t e n n a  are not c o n s i d e r e d .

R e c e i v e r  - B e n c h  t e sts of 28 r e c e i v e r s ,  v a l i d a t e d  by f l i g h t  tests, were
u s e d  to d e r i v e  u n i q u e  i n t e r f e r e n c e  c r i t e r i a  for the Bl type m e c h a 
nism. C r i t e r i a  for types A2 and B2 m e c h a n i s m s  are the same as used
in the G e n e v a  A g r e e m e n t .  1984 e x c ept, w h e r e  the two d i f f e r  for a
g i v e n  the g r e a t e r  r e s t r i c t i o n  is e m p l o y e d .

FM A n t e n n a  - H o r i z o n t a l  and ver t i c a l  r a d i a t i o n  p a t t e r n s  bas e d  on m a n u 
f a c t u r e  r s ' s p e c i f i c a t i o n s are used, if known. If unkn o w n ,  an o m n i 
d i r e c t i o n a l  h o r i z o n t a l  p a t t e r n  is used, a l o n g  w i t h  an a s s u m p t i o n

ofor v e r t i c a l  r a d i a t i o n  pa t t e r n  w i t h  a * 5 main be a m  and -14 dB
for all o t h e r  e l e v a t i o n s  ( g eneric a n tenna).

FM S i g n a l  in S p a c e  - Line of sight i n v e r s e  d i s t a n c e  p r o p a g a t i o n  is used,
n o r m a l l y  from a s e a r c h  d i s t a n c e  up to 55 km (30 NM) from any p o i n t
on the ILS s e r v i c e  volume. G r e a t e r  s e a r c h  d i s t a n c e s  are us e d  if
n e c e s s a r y .

Te s t  P o i n t s  - A p r e - s c r e e n i n g  h o r i z o n t a l  grid of 2400 x 2400 m (8000 x
8 0 0 0  ft.) s p a c i n g  t h r o u g h o u t  the ILS v o l u m e  is f i r s t  a p p l i e d  
w i t h o u t  any FM a n t e n n a  p a t t e r n  c o r r e c t i o n  and w i t h  a +12 dB val u e
a d d e d  to the c o m p u t e d  field s t r e n g t h  of ea c h  FM sta t i o n .  O n l y  if
an i n t e r f e r e n c e  c r i t e r i o n  is e x c e e d e d  in p r e - s c r e e n i n g  an i n t e n s i v e
a n a l y s i s  is ma d e  on a 300 x 300 m (1000 x 1000 ft.) h o r i z o n t a l
g r i d  at any u s e r  s e l e c t a b l e  a l t i t u d e .  D e f a u l t  v a l u e s  are; b o t t o m
of s e r v i c e  v o l u m e ,  top. e l e v a t i o n  of FM tower. In the s p e c i a l
c a s e  w h e r e  an FM a n t e n n a  ls w i t h i n  the s e r v i c e  vol u m e ,  a 30 x
30 m (100 x 100 ft.) 2 - d i m e n s i o n a  1 grid is c r e a t e d  for test p o i n t s
in the v i c i n i t y  of the FM l o cation.
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3.1.1 I n t r o d u c t i o n

3.1.1.1 In the U n i t e d  S t a t e s  of A m e r i c a ,  a c a a e - b y - c a i e  c o o r d i n a t i o n  p r o c e d u r e ,
w h i c h  s t a r t s  at or b e f o r e  the b u i l d i n g  p e r m i t  s t a g e ,  is u s e d  on a c o n 
t i n u i n g  b a s i s  to e n s u r e  that the p r esent, s a t i s f a c t o r y  level of c o m p a t 
i b i l i t y  b e t w e e n  the a e r o n a u t i c a l  and b r o a d c a s t  s e r v i c e s ,  c o n t i n u e s .  As 
a r e sult. the U.S. has not had to adopt b l a n k e t  l i m i t a t i o n s  on the 
a e r o n a u t i c a l  s e r v i c e  to solve i n t e r f e r e n c e  p r o b l e m s .  S e v e r a l  t e c h n i q u e s  
ha v e  b e e n  u s e d  in an e f f o r t  to e v a l u a t e  the e l e c t r o m a g n e t i c  c o m p a t i b i l 
ity (EMC) b e t w e e n  the a e r o n a u t i c a l  radio s e r v i c e s  in the 1 0 8 - 1 3 7  MHz 
b a n d  and FM b r o a d c a s t i n g  s t a t i o n s  in the 88 - 1 0 8  MHz band. M a n y  of these 
t e c h n i q u e s ,  m o s t  n o t a b l y  the " V e n n  d i a g r a m "  a p p r o a c h  hav e  by n e c e s s i t y  
e m p l o y e d  a s i m p l i f i e d  a p p r o a c h  due to the many c a l c u l a t i o n s  i n v o l v e d
in a p r e c i s e  a n a l y s i s  of a c o m p a t i b i l i t y  p r o b l e m .  The r e a d y  a v a i l a b i l i 
ty of c o m p u t e r s  has p r o v i d e d  the im p e t u s  to d e v e l o p  a c o m p u t e r - b a s e d  
m a t h e m a t i c a l  m o d e l  w h i c h ,  wh e n  c o m b i n e d  w i t h  e m p i r i c a l  d a t a  d e r i v e d  
from b e n c h  and f l i g h t  m e a s u r e m e n t s  w o u l d  p r o v i d e  a full a n a l y s i s  of 
any g i v e n  c o m p a t i b i l i t y  q u e s t i o n .

3.1.1.2 The U n i t e d  S t a t e s  has d e v e l o p e d  such a c o m p u t e r  b a s e d  m a t h e m a t i c a l
m o del, k n o w n  as the A i r s p a c e  A n a l y s i s  Model (AAM) that is the mo s t  
p o w e r f u l  tool yet d e v e l o p e d  in the U.S for the e v a l u a t i o n  of the c o m 
p a t i b i l i t y  b e t w e e n  FM b r o a d c a s t i n g  and the a e r o n a u t i c a l  r a d 1 o n a v i g a t i o n  
(ILS) s e r v i c e s .  It r e l i e s  on a c t u a l  data c o l l e c t e d  by f l i g h t  c h e c k s
of e x i s t i n g  r a d i o  s t a t i o n s  as well as b e nch tests of r a d i o  e q u i p m e n t  
u s e d  in the field. It uses b r o a d c a s t i n g  a n t e n n a  p a t t e r n s  ( w h e r e  p r o 
v i ded) to e n s u r e  that the i n t e r f e r e n c e  "zones" p r e d i c t e d  are as e x a c t  
«s p o s s i b l e .

3.1.1.3 M o d e l  i m p l e m e n t a t i o n  to date is l i m i t e d  to the e v a l u a t i o n  of the c o m 
p a t i b i l i t y  b e t w e e n  FM b r o a d c a s t i n g  t r a n s m i t t e r s  and the I n s t r u m e n t  
L a n d i n g  S y s t e m  (ILS) l o c a l i z e r  avion i c s .  The o u t p u t  of this m o d e l  
c o n s i s t s  of c o m p u t e r  g e n e r a t e d  plo t s  w h i c h  i n d i c a t e  a r e a s  w i t h i n  the 
t h r e e  d i m e n s i o n a l  l o c a l i z e r  s e r v i c e  v o l u m e  whe r e  A2. B 2 a n d / o r  Bl i n t e r 
f e r e n c e  is to be e x p e c t e d  u n d e r  c e r t a i n  c o n d i t i o n s .  This m o d e l  d i f f e r s  
s i g n i f i c a n t l y  fro m  e a r l i e r  m e t h o d s  of a n a l y z i n g  c o m p a t i b i l i t y  in that 
a t h r e e  d i m e n s i o n a l  a n a l y s i s  is p e r f o r m e d  w h i c h  t a k e s  into c o n s i d e r a 
tion the v e r t i c a l  s t r u c t u r e  of the l o c a l i z e r  s e r v i c e  v o l u m e  as w e l l  as 
the v e r t i c a l  p a t t e r n  of the FM b r o a d c a s t i n g  a n t e n n a s  i n v o l v e d .  The 
o p e r a t o r  has the o p t i o n  of s e l e c t i n g  any s e a r c h  d i s t a n c e  for FM s t a t i o n s  
as m e a s u r e d  fr o m  the edge of the s e r v i c e  volume. The d e f a u l t  (and 
m i n i m u m  a l l o w a b l e )  v a l u e  is 55 km (30 NM ) to m i n i m i z e  c o m p u t a t i o n  time.

3.1.2 E m p i r i c a l  dat a

3.1.2.1 The r e s u l t s  of a j o i n t  C a n a d i a n / U n i t e d  Stat e s  I L S / V O R  r e c e i v e r  b e n c h -
test p r o g r a m  c o m p r i s e  the first set of data i n c o r p o r a t e d  into the model. 
(A n n e x  I, Par t  3). A d d i t i o n a l  t e s t i n g  has been c o m p l e t e d  in the U n i t e d  
S t a t e s ,  and the r e s u l t s  have b e e n  i n c o r p o r a t e d  into this d a t a b a s e .  A 
total of 28 r e c e i v e r s  u n d e r w e n t  b e nch testing to d e t e r m i n e  t h e i r  s e n s i 
t i v i t y  to Al. A2, Bl & B2 i n t e r f e r e n c e  from FM b r o a d c a s t i n g  s i g n a l s  
(See T a b l e  XXXIV) .  1 n some c a s e s  m u l t i p l e  units of the same m o d e l  we r e  
t e s t e d  to g a i n  i n s i g h t  into the r e p e a t a b i l i t y  of the data. T h o s e  
mo d e l s ,  w h i c h  are a m o n g  the mo s t  popular, did e x h i b i t  r e m a r k a b l e  r e 
p e a t a b i l i t y .  A d e t a i l e d  d e s c r i p t i o n  of this a d d i t i o n a l  t e s t i n g  is the 
s u b j e c t  of a s e p a r a t e  d o c u m e n t  to be p u b l i s h e d  by the U n i t e d  S t a t e s  
F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n .
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3.1.2.2 a tot a l  of 15 d i f f e r e n t  antennas, m o u n t e d  on 14 d i f f e r e n t  a i r f r a m e s .
are i n c l u d e d  in the data w h i c h  forms the b a sis of the model. A l i s t i n g
of the a i r f r a m e s  and a n t e n n a  models is i n c l u d e d  in Table XXXV. The fre
q u e n c y  r e s p o n s e  c u r v e  of the G e neva A g r e e m e n t ,  1984 ls the c u r v e  c u r 
r e n t l y  i n c o r p o r a t e d  into the model. H o r i z o n t a l  or v e r t i c a l  d i r e c t i v i t y
of the a i r c r a f t  a n t e n n a  ls not c o n s i d e r e d .

3.1.2.3 V e r t i c a l  r a d i a t i o n  p a t t e r n s  of 11 d i f f e r e n t  types of FM b r o a d c a s t i n g
a n t e n n a s  was p r o v i d e d  by a n t e n n a  m a n u f a c t u r e r s  and is I n c l u d e d  in this
model. Table XXXVI lists the types and Figure 31 is a sample pattern.

3.1.3 M o d e l  F o r m u l a t i o n

3.1.3.1 The m o d e l  c a l c u l a t e s  p r e d i c t e d  areas of A2. Bl & B 2 i n t e r f e r e n c e  w i t h i n
the 113 l o c a l i z e r  s e r v i c e  volume. For A2/B2 i n t e r f e r e n c e  field  
s t r e n g t h s  of FM b r o a d c a s t i n g  signals are c a l c u l a t e d  and c o m p a r e d  to the
i m m u n i t y  c r i t e r i a  p r e s e n t e d  in Figure 32, the a d o p t e d  curve of the G e neva 
A g r e e m e n t ,  1984. At the upp e r  end of the curve, n e a r  108 MHz. A2 p r e 
d o m i n a t e s  o v e r  B2 and ls the d e t e r m i n i n g  factor.

3.1.3.2 C r i t e r i a  for type Bl i n t e r f e r e n c e  (3rd order. 2 - s i g n a l  and 3 - s i g n a l  
r e c e i v e r  i n t e r m o d u 1 a t i o n  ) is bas e d  on the data t a k e n  by the U n i t e d  
S t a t e s  and C a n a d a ,  some of whi c h  a p p e a r s  in A n n e x  I. Part 3.

The 2 - s l g n a l  c o m p a t i b i l i t y  o c curs when:

2 N X ♦ N 2 <_ 26.4 log [ A f 2 } x A f j  ] - 133.8

The 3 - s l g n a l  c o m p a t i b i l i t y  occurs when:

N1 

w h e r e  :

N 3 <_ 27.1 log [ A f x x At 2 i A f 3 ] - 141.3

N^ » ith FM r e c e i v e d  power. dBm

i  ■ f l o c  " f i  (KM) • MHz

3.1.3.3 The i n t e r f e r e n c e  t h r e s h o l d  e q u a t i o n s  in the AAM a s s u m e  a l o c a l i z e r
s i g n a l  of -86 dBm (the ICAO m i n i m u m  field s t r e n g t h  c o n v e r t e d  to dBm) 
t h r o u g h o u t  the e n t i r e  s e r v i c e  volume (Figure 33). T e r r a i n  s h i e l d i n g  
(Figure 34). a i r c r a f t  s h i e l d i n g  and m o n i t o r  t h r e s h o l d s  can c r e a t e  areas 
w h e r e  the a c t u a l  r e c e i v e d  signal is less than w o u l d  be p r e d i c t e d  u s i n g 
s t a n d a r d  p r o p a g a t i o n  a n a l y s i s  t e c h n iques. ( O p e r a t i o n a l l y ,  r e c e i v i n g  
a n t e n n a  r e c e p t i o n  p a t t e r n s  can vary c o n s i d e r a b l y  for v a r i o u s  a i r c r a f t  
a t t i t u d e s  arid o r i e n t a t i o n s ,  thus f u r t h e r  d e g r a d i n g  the s i g n a l  level.) 
S h o u l d  t e r r a i n  s h i e l d i n g  reduce the actu a l  field s t r e n g t h  b e l o w  the 
m i n i m u m  l e vel a l l o w e d  by flight check (-90.5 dBm) a r e d u c e d  or m o d i f i e d  
s e r v i c e  v o l u m e  may be d e c l a r e d  and p u b l i s h e d .  Also, the ILS t r a n s m i t t e r  
m o n i t o r  wi l l  a l l o w  a 3 dB r e d u c t i o n  in t r a n s m i t t e r  p o w e r  b e f o r e  t u r n i n g  
off the ILS t r a n s m i t t e r .

3.1.3.4 The A A M  l o oks for p o s s i b l e  i n t e r f e r e n c e  a n y w h e r e  in the e n t i r e  ILS
s e r v i c e  v o l u m e  in o r d e r  to ensure that it is i n t e r f e r e n c e  free as o p 
p o s e d  to on l y  the c e n t e r l i n e  app r o a c h  region. A p i l o t  off c o u r s e  relies 
on the d i r e c t i o n a l  g u i d a n c e  p r o v i d e d  by the ILS to his c o u r s e  d e v i a t i o n  
i n d i c a t o r  (CDI) to s t e e r  the a i rcraft in the d i r e c t i o n  n e c e s s a r y  to 
r e g a i n  the c o u r s e .  Rad i o  f r e q u e n c y  i n t e r f e r e n c e  to the l o c a l i z e r  cou l d
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g i v e  u n p r e d i c t a b l e  r e a d i n g s  and may e v e n  r e s u l t  in c e n t e r i n g  the n e e d l e
of the CDI. the normal i n d i c a t i o n  that the p i l o t  is on course. A d d i 
t i o n a l l y .  p r o v i d i n g  less than full p r o t e c t i o n  of the S e r v i c e  V o l u m e  
w o u l d  r e d u c e  the f l e x i b i l i t y  of air t r a f f i c  c o n t r o l  o p e r a t i o n s  an d  c o u l d  
j e o p a r d i z e  the v i a b i l i t y  of a g i v e n  a p p r o a c h .  S i n c e  it is e x t r e m e l y  
c o s t l y  and d i f f i c u l t  to r e l o c a t e  an a i r p o r t ,  the d e c i s i o n  was m a d e  in 
the U.S. to c h e c k  for i n t e r f e r e n c e  in the e n t i r e  s e r v i c e  v o l u m e  and 
p r o t e c t  all u s a b l e  a i r s p a c e  w i t h i n  it.

N O T E  (1). ICAO A n n e x  10. V o l u m e  1. Part 1. S e c t i o n  3. 1 .3.3. 2
s p e c i f i e s  40 p V / u  as the m i n i m u m  s ignal level w i t h i n  
the l o c a l i z e r  c o v e r a g e  v o l u m e .  This is e q u i v a l e n t  
to -86 dBm at the t e r m i n a l s  of a l o s s l e s s  i s o t r o p i c  
a n t e n n a .

3.1.3.5 B e n c h  d a t a  i n d i c a t e s  that in mos t  r e c e i v e r s .  FM b r o a d c a s t i n g  i n t e r 
f e r e n c e  t ends to w i d e n  the course. H o w e v e r ,  in at least one p o p u l a r  
m o d e l .  the n e e d l e  can be made to v e e r  to one side of the CD I ( A n n e x  Z, 
P a r t  3. S e c t i o n  3.7). It is c r i t i c a l  that the e n t i r e  s e r v i c e  v o l u m e
be p r o t e c t e d  from such FM b r o a d c a s t i n g  s i g n a l  i n d u c e d  I n t e r f e r e n c e .

3.1.3.6 Th e  c o m p u t e r  i m p l e m e n t a t i o n  of the m o d e l  p e r f o r m s  FM b r o a d c a s t i n g  s i g n a l  
l e v e l  c a l c u l a t i o n s  at h u n d r e d s  of l o c a t i o n s  t h r o u g h o u t  the ILS l o c a l 
i z e r  s e r v i c e  v o l u m e  u n d e r  i n v e s t i g a t i o n .  C a l c u l a t i o n s  are p e r f o r m e d  
o v e r  a g r i d  w i t h  poi n t s  e v e r y  300 m ( 1000 ft.) h o r i z o n t a l l y .  For all
FM s t a t i o n s  w i t h i n  the s e r v i c e  v o l u m e ,  a 30 x 30 m (100 x 100 ft.) 
h o r i z o n t a l  grid of test p o i n t s  is u s e d  in the v i c i n i t y  of the s t a t i o n s .  
The m o d e l  can also plot a v e r t i c a l  s l i c e  of i n t e r f e r e n c e  a r e a s  at the 
u s e r s  o p t i o n .  Such a three d i m e n s i o n a l  m a t r i x  of s ignal l e v e l s  f rom  
all FM t r a n s m i t t e r s  u n d e r  i n v e s t i g a t i o n  is c a l c u l a t e d .  T h e s e  l e v e l s
are c o m b i n e d  and c o m p a r e d  w i t h  the Bl i n t e r m o d u 1 a t i o n  c r i t e r i a  for 3rd 
o r d e r .  2- and 3 - s i g n a l  i n t e r a o d u l a t i o n .  A2 and B2 c r i t e r i a .  At e a c h  
l o c a t i o n  w h e r e  c o m p a t i b i l i t y  c r i t e r i a  are v i o l a t e d ,  a dot ls p l a c e d  on
a c o m p u t e r  g e n e r a t e d  plot. E x a m p l e s  of s u c h  g r a p h i c  p lots are d e p i c t e d  
in F i g u r e s  34“38. As can be seen, the r e s u l t s  are s e n s i t i v e  to b o t h
the v e r t i c a l  d i m e n s i o n  of the s e r v i c e  v o l u m e  and v e r t i c a l  a n t e n n a  p a t 
t e r n  of the FM b r o a d c a s t i n g  s t a t i o n  r a d i a t i n g  e l e m e n t s .  T his r e s u l t
ls t h e n  u s e d  to a ssess the c o m p a t i b i l i t y  b e t w e e n  the FM b r o a d c a s t i n g  
e n v i r o n m e n t  and the ILS l o c a l i z e r  s y s t e m .

3.1.4 U . S .  E x p e r i e n c e  w i t h  t he M o d e l

3.1.4.1 In an e f f o r t  to reduce the c o m p u t i n g  time, the U.S. has made a n u m b e r
of m o d i f i c a t i o n s  to the model. The U.S. m o d e l  now p e r f o r m s  the c o m p a t i 
b i l i t y  a s s e s s m e n t  in two phas e s .  D u r i n g  the f i r s t  p hase (p r e - s c r e e n i n g  
p h a s e ) ,  the m o d e l  p e r f o r m s  the a n a l y s i s  on test p o i n t s  b a s e d  on 2400 x 
2 4 0 0  m (8000 x 8000 ft.) h o r i z o n t a l  s p a c i n g  w i t h  30 x 30 m (100 x 
100 ft.) v e r t i c a l  i n c r e m e n t s .  For the s e c o n d  pha s e ,  the m o d e l  u s e s  
300 x 300 m (1000 x 1000 ft.) h o r i z o n t a l  s p a c i n g  w i t h  the same 30 x 
30 m v e r t i c a l  in c r e m e n t s .

In o r d e r  to a v oid the p o s s i b i l i t y  of m i s s i n g  any p o t e n t i a l  p r o b l e m s  
d u r i n g  the p r e - s c r e e n i n g  phase, the a n a l y s i s  is mad e  u n d e r  the f o l l o w i n g  
s p e c i a l  c o n d i t i o n s :

(1) 12 dB ls a dded to the e.r.p. of eac h  FM s t a t i o n
(2) No v e r t i c a l  p a t t e r n  c o r r e c t i o n s  are m a d e  for the FM s t a t i o n s
(3) A i r b o r n e  r e c e i v e r s  are in the FM m a i n  b eam
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If any p o t e n t i a l  I n t e r f e r e n c e  p r o b l e m s  are d e t e c t e d  d u r i n g  the p r e 
s c r e e n i n g  p r o c e s s ,  the. m o d e l  a u t o m a t i c a l l y  s t a r t s  the a n a l y s i s  over 
again with the 300 x 300 m h o r i z o n t a l  s p acing.

The t w o - p h a s e  a n a l y s i s  t e c h n i q u e  used in the U.S. m o d e l  e s s e n t i a l l y  
d o u b l e s  the s p e e d  of the e n t i r e  analysis.

3.1.A.2 The FM s t a t i o n  s e a r c h  ls n o w  c o n d u c t e d  In an e l l i p t i c a l  p a t t e r n  s u r 
r o u n d i n g  the s e r v i c e  v o l u m e .  I n s t e a d  of a c i r c u l a r  s e a r c h  from the 
l o calizer. The m i n i m u m  e l l i p s e  is d e t e r m i n e d  suc h  that at no point it 
is less than 55 km (30 NM) from the edge of the s e r v i c e  volume.

3.1.A.3 Oth e r  i m p r o v e m e n t s  i n c l u d e  a d d i t i o n  of VOR s t a t i o n s  as an i n t e r f e r i n g
source and a n u m b e r  of c o s m e t i c  ch a n g e s  to ma k e  the m o d e l  more user
friendly.

3.1.A.A O p e r a t i o n  of the AAM i t s e l f  has y i e l d e d  some s u r p r i s i n g  results. In
one r e cent case, an a p p l i c a n t  p r o p o s e d  to r e l o c a t e  his ante n n a .  The
"Venn diagram'' m e t h o d  s h o w e d  that at the p r o p o s e d  site, the p r e d i c t e d 
i n t e r f e r e n c e  w o u l d  h a v e  b e e n  no worse than that at his e x i s t i n g  site. 
This n o r m a l l y  w o u l d  h a v e  m e a n t  g r a n t i n g  the p r o p o s a l  w i t h  a c o n d i t i o n a l  
s t a t e m e n t  added.

3.1.A.5 S u b s e q u e n t l y .  the d a t a  was run t h rough the AAM. U s i n g  the ge n e r i c
a n t e n n a  p a t t e r n ,  the p r e d i c t e d  i n t e r f e r e n c e  was w o r s e  by a n e g l i g i b l e  
amount (an a d d i t i o n a l  15 - 22.5 m (50 - 75 feet) up into the service
volume). As is the p r o c e d u r e  when i n t e r f e r e n c e  is p r e d i c t e d  u s ing the 
g e n e r i c  a n t e n n a  model, the more p r e c i s e  a n t e n n a  m o d e l  was used. Once 
the a p p r o p r i a t e  a n t e n n a  type model was i n c l u d e d ,  the A A M  s h o w e d  that
i n t e r f e r e n c e  w o u l d  h a v e  b e e n  p r e s e n t  t h r o u g h o u t  a s i g n i f i c a n t  po r t i o n  
of the s e r v i c e  v o l u m e .  F i g u r e  39 i l l u s t r a t e s  a c h a r a c t e r i z a t i o n  of 
the i n t e r f e r e n c e  in a v e r t i c a l  plane t h r o u g h  the ILS t r a n s m i t t e r  and 
the FM t r a n s m i t t e r  site.

3.1.A.6 A n o t h e r  r e c e n t  case, the A A M  p r e d i c t e d  i n t e r f e r e n c e  in such gr a p h i c
detail that e x a m i n a t i o n  of the plots by the a p p l i c a n t ' s  e n g i n e e r  along 
with his k n o w l e d g e  of the o p e r a t i o n  of the model, r e s u l t e d  in them w i t h 
dr a w i n g  t h e i r  own e n g i n e e r i n g  study until f u r t h e r  n o t i c e .  F i gure A0 
i l l u s t r a t e s  a v e r t i c a l  c h a r a c t e r i z a t i o n  of this i n t e r f e r e n c e  along a 
radial t h r o u g h  the FM t r a n s m i t t e r  location.

3.1.A.7 The AAM can a l s o  a s s i s t  in i n t e r f e r e n c e  i n v e s t i g a t i o n s .  C h a r a c t e r i s t i c !
of a i r c r a f t  type, r e c e i v e r  and a n t e n n a  system, w h e n  i n c l u d e d  into the
AAM s u b m o d e l s ,  wi l l  r e p r e s e n t  a s p e c i f i c  a i r c r a f t .  The c h a r a c t e r i s t i c s
of se v e r a l  f l i g h t  i n s p e c t i o n  a i r c r a f t  are i n c l u d e d  in the d a t a b a s e s
and it is p o s s i b l e  to s p e c i f y  a p a r t i c u l a r  a i r c r a f t  and c o n f i g u r a t i o n .
By u s i n g  a n e w  a n t e n n a  c a l i b r a t i o n  f a c i l i t y  at t h e  A t l a n t i c  C i t y .  N e w  
J e r s e y  th e  f l i g h t  i n s p e c t i o n  a i r c r a f t  a n t e n n a  p a t t e r n s  w i l l  be d o c u 
m e n t e d .  H a v i n g  a c a l i b r a t e d  a i r c r a f t  w i l l  a l l o w  t h e  a n a l y s i s  of an 
i n t e r f e r e n c e  s i t u a t i o n  p r i o r  to a c t u a l  f l i g h t  m e a s u r e m e n t  as w a s  i l 
l u s t r a t e d  r e c e n t l y  in an  i n t e r f e r e n c e  c a s e  at G r e e n v i l l e .  N o r t h  C a r o l i 
na . T h e r e  w a s  a r e p o r t  of FM i n t e r f e r e n c e  to t h e  l o c a l i z e r  at P i t t -  
C r e e n v i l l e  A i r p o r t .  T h e  A A M  p r e d i c t e d  t h a t  th e  i n t e r f e r e n c e  w a s  no t
FM. A s u b s e q u e n t  f l i g h t  c h e c k  v e r i f i e d  t h i s .
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3.1.5 

3.1.5.1

3.1.5.2

3.1.5.3

3.1.5.4

3.1.5.5

V a l i d a t i o n

V a l i d a t i o n  of the m o d e l  is b e i n g  a c c o m p l i s h e d  by c o m p a r i n g  c a l c u l a t e d  
p e r f o r m a n c e  of ILS l o c a l i z e r  avion i c s  w i t h  m e a s u r e d  p e r f o r m a n c e  under 
a ctual f l i g h t  c o n d i t i o n s  e m p l o y i n g  a s p e c i a l l y  e q u i p p e d  air c r a f t .  This 
airrrrafl- - p a r t i c u l a r l y  v a l u a b l e  for this f u n c t i o n  s i n c e  both its
avionics' r e c e i v e r  and a n t e n n a  c h a r a c t e r i s t i c s  h a v e  b e e n  m e a s u r e d  and 
c a l i b r a t e d  as par t  of this model d e v e l o p m e n t  e f f o r t .  The a v i onics 
r e c e i v e r  was m e a s u r e d  d u r i n g  the bench test p r o g r a m .  The a n t e n n a  was 
c a l i b r a t e d  in b o t h  its h o r i z o n t a l  p a t t e r n  and f r e q u e n c y  r e s p o n s e  at 
the C a n a d i a n  a n t e n n a  m e a s u r e m e n t  range. V a l i d a t i o n  of the model is in 
p r o g r e s s ,  w i t h  e n c o u r i z i n g  results from i n i t i a l  f l i g h t  t e s t i n g  efforts.

Rec e n t l y ,  t h e r e  was a r e p o r t  of radio f r e q u e n c y  i n t e r f e r e n c e  to the
l o c a l i z e r  (110.5 MHz) at M a r q u e t t e .  M i c h i g a n .  Thi s  I n t e r f e r e n c e  was 
r e p o r t e d  on r u n w a y  c e n t e r l i n e  and was i n d i c a t e d  by a dro p  in loc a l i z e r
flag c u r r e n t .

U s i n g  the A i r s p a c e  A n a l y s i s  Model, it was d e t e r m i n e d  that the cause of 
the c e n t e r l i n e  i n t e r f e r e n c e  was in t e r m o d u l a t i o n  b e t w e e n  the M a r q u e t t e
VOR (109.0 MHz) and WMQT. The VOR is l o c a t e d  3 km (1.6 miles)
from the t h r e s h o l d .  2 d e g r e e s  right of the c e n t e r l i n e  e x t e n s i o n .  While
o t h e r  n a v a i d s  are not u s u a l l y  c o n s i d e r e d  in FM i n t e r f e r e n c e c a s e s .  this
p a r t i c u l a r  one o f f e r e d  a u n i q u e  s i t u a t i o n  due to the l o c a t i o n  of the
VOR The VOR was t r e a t e d  as a r a d i a t i n g  s o u r c e  Jus t  like an FM
b r o a d c a s t i n g  st a t i o n .

This ca 3 - o f f e r e d  a goo d  o p p o r t u n i t y  to v a l i d a t e  the A A M  p r e d i c t i o n s ,
since bot h  the l o c a l i z e r  and the VOR c o u l d  be r e d u c e d  in p o w e r  or
shut off c o m p l e t e l y  to d e t e r m i n e  the e f f e c t s  of the i n t e r f e r e n c e .
C o n s e q u e n t l y ,  the s p e c i a l l y  i n s t r u m e n t e d  a i r p l a n e  was d e p l o y e d  to c o n 
duct f l i g h t  m e a s u r e m e n t s .  ^R e p e a t e d  a p p r o a c h e s  w e r e  m a d e  to the l o c a l 
izer and the f o l l o w i n g  results were noted:

Run VO R  TUNED FM
No . S t a t u s  Trap

1. N o r m a l  Hot used
2. N o r m a l  In s e r t e d
3. R e d u c e d  3 dB In s e r t e d
4. N e w  freq. Not used

The e x i s t e n c e  of type Bl ls clea r l y
an a t t e n u a t i o n  of e i t h e r  the V O R
the i n t e r f e r e n c e .  The l o c a t i o n  and
ence c o r r e s p o n d s  to AAM p r e d i c t i o n s

C DI Flag
I n d i c a t i o n  I n d i c a t i o n

S l i g h t  W a i v e r  F ully visible 
S t e a d y  B a r e l y  visible
S t e a d y  Flag Hidden
S t e a d y  Flag Hidden

i n d i c a t e d  by the a b o v e  data since 
or FM s t a t i o n  s i g n a l  e l i m i n a t e d  
c o v e r a g e  of the m e a s u r e d  lnterfer-

(-o e l i m i n a t e  the 
i n d i c a t e  that the

The o p e r a t i n g  f r e q u e n c y  of the VOR was c h a n g e c
i n t e r m o d u 1 a t i o n  and s u b s e q u e n t  flight m e a s u r e m e n t :
l o c a l i z e r  i n t e r f e r e n c e  is no longer p r e s e n t .
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3.1.6 F u t u r e  E n h a n c e m e n t s

3.1.6.1 P r e s e n t l y ,  the A i r s p a c e  A n a l y s i s  M o d e l  w i l l  e v a l u a t e  the e f f e c t s  of FM 
b r o a d c a s t i n g  s t a t i o n s  to ILS l o c a l i z e r s .  T h i s  ls b e i n g  e x p a n d e d  to 
i n c l u d e  the e v a l u a t i o n  of FM b r o a d c a s t i n g  I n t e r f e r e n c e  a n d  V O R  a n d  C O M  
s e r v i c e  v o l u m e s .  In the f u t u r e .  the A A M  w i l l  e v a l u a t e  t h e  e f f e c t s  of 
V H F  a n d  U H F  t e l e v i s i o n  s t a t i o n s  to a l l  a e r o n a u t i c a l  f a c i l i t i e s  in th e  
1 0 8 - 1 3 7  M H z  b a n d .

3.1.6.2 A s  t h e s e  f u t u r e  e n h a n c e m e n t s  a r e  a d d e d .  the c a p a b i l i t i e s  of a m i c r o 
c o m p u t e r  w i l l  be g r e a t l y  t a x e d .  P l a n s  i n c l u d e  a d a p t a t i o n  of t h e  A A M  to 
o p e r a t e  on a s u p e r m i n i  or p o s s i b l y  a m a i n f r a m e  c o m p u t e r .  T h i s  w i l l  
a l l o w  t h e  e v a l u a t i o n  of m a n y  m o r e  s t a t i o n s  a n d  the p o t e n t i a l  p r o b l e m s  
t h e y  m a y  c a u s e .

3.1.7 I n t e r f e r e n c e  P r e d i c t i o n  T e c h n i q u e  f o r  S p u r i o u s  E m i s s i o n s  I n t e r f e r e n c e  
(type A 1 )

3.1.7.1 T h e  s p u r i o u s  i n t e r f e r e n c e  o c c u r s  w h e n  t h e  r e c e i v e r  r e s p o n d s  to c o m p o 
n e n t s  of  the FM s i g n a l  w h i c h  a r e  I n t r o d u c e d  i n t o  the a e r o n a u t i c a l  f r e 
q u e n c y  b a n d s ,  an d  thus, w i t h i n  th e  r e c e i v e r  (IF) r e s p o n s e .  T h e  m a j o r  
f a c t o r s  i n v o l v e d  in c a l c u l a t i n g  I n t e r f e r e n c e  of t h i s  f o r m  a r e  t h e  r e 
c e i v e r  s e n s i t i v i t y ,  the FM s p u r i o u s  e m i s s i o n  l i m i t s ,  a n d  t h e  p o w e r  
( e . i . r . p . )  of the FM s t a t i o n .  T h e  a n t e n n a ,  f i l t e r ,  a n d  r e c e i v e r  s e l e c 
t i v i t y  of the a e r o n a u t i c a l  s y s t e m s  u n d e r  t h e s e  c o n d i t i o n s  h a v e  no  e f f e c t  
as t h e  FM s p u r i o u s  e m i s s i o n  is an o n - f r e q u e n c y  i n t e r f e r i n g  s i g n a l .
T h u s ,  s p u r i o u s  i n t e r f e r e n c e  to V H F  a e r o n a u t i c a l  s y s t e m s  c a n  o c c u r  w h e n :

e . i . r . p .  - L d - S R > R g and.

w h e r e :

e . i . r . p . : e q u i v a l e n t i s o t r o p i c r a d 1 a te d power of the FM s t a t i o n
(dBm) ( e . i .r . p . - e .r • P . ♦ 2 .15 d B ) ;

L D ' free space t r a n s m i s s i o n 1 o s s in d B :

S R ' spu r i o u s  em 1 s s i o n 1 i m i t i n dB below the FM s t a t i o n
power :

R g : r e c e i v e r  s e n s i t i v i t y  in dBm.

3.1.7.2 For FM s t a t i o n  No. 2 p r o v i d e d  in the F i g u r e  41 COM e x ample:

e . i . r . p .  ■ 164 kU or 82 dBm (for e.r.p. > 100 kW) i n c l u d i n g
v e r t i c a l  a n t e n n a  p a t t e r n s  as a p p r o p r i a t e :

L D - 37.8 ♦ 20 log (119.3) ♦ 20 log (3) » 89 dB:
S R » 80 dB ( r e q u i r e d  m i n i m u m  s u p p r e s s i o n  in U.S. for f r e 

q u e n c i e s  mo r e  than 600 kHz from c a r r i e r ) :
R g « -104 dBm ( t y p i c a l  g r o u n d  receiv e r ) .

T h e r e f o r e :  82 dBm - 89 dB - 80 dB » -87 dBm w h i c h  is a p p r o x i m a t e l y  17
dB g r e a t e r  than the typical a e r o n a u t i c a l  grou n d  r e c e i v e r  s e n s i t i v i t y ,  
t h e r e f o r e ,  s p urious I n t e r f e r e n c e  is p o s s i b l e  u n d e r  these c o n d i t i o n s .
If FM s t a t i o n  No. 2 in F i g u r e  41 was m o v e d  to a l o c a t i o n  a p p r o x i m a t e l y
38 km (21 NM) from the a i rport, or if the p o w e r  of the FM s t a t i o n  was
r e d u c e d  by 17 dB. or if the m a x i m u m  s p u r i o u s  r a d i a t i o n  was l i m i t e d  to 
97 dB b e l o w  the c a r r i e r  the a e r o n a u t i c a l  g r o u n d  f a c i l i t i e s  at the a i r 
p o r t  w o u l d  be p r o t e c t e d  from FM b r o a d c a s t i n g  s p u r i o u s  i n t e r f e r e n c e .
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3.1.8 I n t e r f e r e n c e  P r e d i c t i o n  T e c h n i q u e  for A e r o n a u t i c a l  R e c e i v e r  O v e a l o a d
( type B2)

3.1.8.1 F r o n t  end o v e r l o a d  or de
w h e n  the r e c e i v e r  RF sec 
the h i g h - p o w e r  FM signal  
p r o v i d e  any p r o t e c t i o n  a 
tio n  w h i c h  will u s u a l l y  
f r e q u e n c y  band. The cur 
a i r b o r n e  VHF c o m m u n i c a t i  
r e c e i v e r  and -4 dBm for 
(B2) and l n t e r a o d u l a t l o n  
a v i o n i c s  from FM b r o a d c a

s e n s i t i z a t i o n  of an a e r o n a u t i c a l  r e c e i v e r  o c c u n  
tion is d r i v e n  into n o n - l i n e a r  o p e r a t i o n  by

I n t e r m e d i a t e  f r e q u e n c y  s e l e c t i v i t y  w i l l  not 
s the o v e r l o a d  occ u r s  in the b r o a d b a n d  RF sec- 
r e s p o n d  to most s i g n a l s  in the FM b r o a d c a s t i n g  
rent c r i t e r i a  for type B2 t e r f e r e n c e  for 
ons r e c e i v e r s  is -10 dBm at the i n p u t  of the 
g r o u n d  VHF c o m m u n i c a t i o n s  e q u i p m e n t .  O v e r l o a d  
(Bl) i n t e r f e r e n c e  c o n t o u r s  for c o m m u n i c a t i o n s  

s t ing s t a t i o n s  is shown in F i g u r e  41.

3.1.9 V e n n  D i a g r a m  A p p r o a c h  for Type Bl I n t e : 
VO R  R e c e i v e r s

to C o m m u n i c a t i o n s  and

3.1.9.1 The f o l l o w i n g  p r o c e d u r e s ,  k n o w n  as the "Venn D i a g r a m "  a p p r o a c h ,  c o n 
t i n u e  to be used to e v a l u a t e  the eff e c t  of FM b r o a d c a s t i n g  s t a t i o n s
on a i r b o r n e  VHF c o m m u n i c a t i o n s  and VOR n a v i g a t i o n s  s y s t e m s .  T h i s  t e c h 
n i q u e  is to be p h a s e d  out in f a v o r  of a more p o w e r f u l  c o m p u t e r  m odel 
d e s c r i b e d  in Section 3.1.3. Until a s u f f i c i e n t  e m p i r i c a l  r e c e i v e r
d a t a  bas e  ls d e v e l o p e d  to s u p p o r t  such an a p p r o a c h ,  the V e n n  D i a g r a m  
a p p r o a c h  will c o n t i n u e  to be used. The n e c e s s a r y  d a t a  bas e  is b e i n g  
d e v e l o p e d  via b ench t e s t i n g  of VOR and c o m m u n i c a t i o n s  r e c e i v e r s  in the 
U n i t e d  States.

3.1.9.2 T e s t s  p e r f o r m e d  in 1978 on a i r b o r n e  c o m m u n i c a t i o n s  r e c e i v e r s  i n d i c a t e
t hat at least one s t r o n g  FM s i g n a l  (prime signal) is r e q u i r e d  to force 
the r e c e i v e r  RF part into n o n - l i n e a r  o p e r a t i o n .  O n c e  the r e c e i v e r  w c * 
o p e r a t i n g  in the n o n - l i n e a r  mode, the prime s i g n a l  c o u l d  mix w i t h  ot h e r  
s i g n a l s  10 to 20 dB l o w e r  in level ( s e c o n d a r y  s i g n a l s )  to p r o d u c e  h a r m 
ful i n t e r m o d u 1 a tion p r o d u c t s .  T e s t i n g  of r e c e i v e r s  i n d i c a t e d  that the
m i n i m u m  p r i m e  signal l evel at the input to the r e c e i v e r  w a s  a p p r o x i 
m a t e l y  -10 dBm for a i r b o r n e  c o m m u n i c a t i o n  r e c e i v e r s  and -20 dBm for
a i r b o r n e  n a v i g a t i o n  r e c e i v e r s .  The m i n i m u m  s e c o n d a r y  s i g n a l  l e v e l  for 
b o t h  types of a i r b o r n e  s y s t e m s  was a p p r o x i m a t e l y  -30 dBm. By a s s u m i n g
a l o s s l e s s  i s o t r o p i c  r e c e i v e r  antenna, no line loss, and free s p a c e
p r o p a g a t i o n  1o s s c o n t o u r  d i s t a n c e s  c o r r e s p o n d i n g  to r e c e i v e d  p o w e r
l e v e l s  of -10. -20. and -30 dBm can be c a l c u l a t e d  u s i n g  the f o l l o w i n g
f o r m u l a :

l o g * 1 ! .i.r.p. - P - C - L _ ) / 2 0

F r e e  space loss c l o s e l y  
w h e n  t r a n s m i t t e r  and 
an a i r c r a f t  at about 1500

med i a n  t r a n s m i s s i o n  loss c u r v e s  
are w i t h i n  1 i n e - o f - s i g h t  (LOS). LOS for

(5000 ft.) w ould be a m i n i m u m  of 87 NM
of FM s t a t i o n  a n t e n n a  height.
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w h e r e :

d : c o n t o u r r adius (nau t ic a 1 m I 1 e s ) :
C : 37.8 fo r d in nauti c a 1 mi 1 e s . or 3 2 . 4 fo r d in k i l o m e t r e s ;
e.i . r . p .  : e q u i v a 1 e n t i s otropi c r a d i a t e d p o w e r o f the FM b r o a d c a s t i n g

s t a t i o n (dBm) ( e . i . r • P - * e .r . p . ♦ 2 . 1 5 d B ) 1 n c 1 u d i n g  v e r t i c a l
r a d 1 a 1 1 o n p a t t e r n s a s app r o p r i a t e :

f : F M cent r e f r e q u e n c y (MHz)
P : c o n t o u r P owe r level d e s i r e d e i t h e r -10 . - 2 0. o r - 3 0 dBm:
l h : a v i o n i c s a n t e n n a  ou t - o f - b a n d r e J e c t ion.

O u t - o f - b a n d  a v i o n i c  a n t e n n a  r e j e c t i o n  a p p r o x i m a t e d
as follows:
For a n a v i g a t i o n  antenna:

L a = 3 dB: plus 1 dB/MH: b e l o w  108 MHz.
For a c o m m u n i c a t i o n  antenna:

L R = 10 dB: plus 2 dB/MHz b e l o w  100 MHz.

3.1.9.3 The o u t - o f - b a n d  a n t e n n a  r e j e c t i o n  v a lue (L R ) is s u b j e c t  to wide v a r i a 
tions w h i c h  are a f u n c t i o n  of a i r b o r n e  a n t e n n a s  and i n s t a l l a t i o n  d i f 
f e r e n c e s  .

3.1.9.4 C o m m u n i c a t i o n s  exa m p l e

3.1.9.4.1 Fi g u r e  -41 g i v e s  a p i c t o r i a l  p r e s e n t a t i o n  of the i n t e r f e r e n c e  p r e d i c t i o n
m e t h o d  u s i n g  the Venn d i a g r a m  te c h n i q u e .

3 .1 .9 .4 .2  In this e x a m p l e .  FM s t a t i o n  No. 1 is p r e s e n t l y  o p e r a t i n g  on 96.5 MHz
w i t h  100 kV e.r.p. and is l o c a t e d  a p p r o x i m a t e l y  55 km (30 NM) from the
air p o r t .  FM s t a t i o n  No. 2 is b e i n g  p r o p o s e d  to o p e r a t e  on 107.9 MHz 
with 100 kU e.r.p. at a l o c a t i o n  a p p r o x i m a t e l y  5.6 km (3 NM) from the
air p o r t .  An i n t e r f e r i n g  i n t e r m o d u l a t i o n  signal i.c p r e d i c t e d  on the 
a i r p o r t  t o w e r  f r e q u e n c y  119.3 MHz (2 x 107.9' - 96.5 * 119.3). The solid
ci r c l e  i n d i c a t e s  the -30 and -10> dB c o n t o u r s  for FM s t a t i o n s  No. 1 and 
No. 2. r e s p e c t i v e l y .  The c r o s s h a t c h e d  area i n d i c a t e s  the area where
i n t e r m o d u 1 a t i o n  i n t e r f e r e n c e  in COM r e c e i v e r s  is likely. W h e n  the 
a n t e n n a  r e j e c t i o n  of the a i r b o r n e  c o m m u n i c a t i o n  a n t e n n a  is c o n s i d e r e d ,  
the r e s p e c t i v e  i n t e r f e r e n c e  c o n t o u r s  w o u l d  r e c e d e  to those s h own by 
b r o k e n  c i r c l e s .  In this case i n t e r a o d u l a t i o n  i n t e r f e r e n c e  is s i g n i f i 
cant o n l y  w h e n  the a i r b o r n e  c o m m u n i c a t i o n  a n t e n n a  p r o v i d e s  no r e j e c t i o n  
of the FM band. Even if FM s t a t i o n  No. 1 was not i n v o l v e d ,  i n t e r f e r e n c e  
c o u l d  r e s u l t  from the a s s i g n m e n t  or FM s t a t i o n  No. 2 w i t h i n  the se r v i c e  
v o l u m e  of the tower f r e q u e n c y  due to r e c e i v e r  f r ont end o v e r l o a d  (type
B2) or s p u r i o u s  i n t e r f e r e n c e  (type Al).



Rep.  9 2 9 - 2 93

TABLE XXXIV

R E C E I V E R S  T E S T E D

A r i z o n a  A v i o n i  
Be n d i x

C o 1 1 i n a

King

R T - 3 8 4 A  
R T - 3 8 5 A  
MX 3 0 0 
RNA 2 6 C 
RNA 3 4 A 
V I R - 3 0
V I R - 3 5 1  (2 u n i t s  tested)
5 1 R V 1
5 1 RV 1A
5 1 RV 2 B
ILS 7 0
KX 15 5
KX 17 0 B
KX 175B (2 u n i t s  tested)
KN 53 (2 u n i t s  tested)
KNS 80 
KNS 8 1
KNR 615 (2 u n i t s  tested)
NAV 121 (3 u n i t s  tested)
NAV 824 
NAV 825 
MK 1 2 D

TABLE XXXV

A I R F R A M E  C O N F I G U R A T I O N S

A i r f r a m e  and a n t e n n a  c o n f i g u r a t i o n s  m e a s u r e d  for the a n t e n n a  dat a  base

P i p e r  A r r o w  IV 
C e s s n a  172 
M o o n e y  M 2 0 C  
M o o n e y  201 
B e e c h c r a f t  B o n a n z a  
A - 3 6

P i p e r  T w i n  C o m a n c h e

B e e c h c r a f t  K i n g  Air
Mo d e l  100

B e e c h c r a f t  K i n g  Air
Mo d e l  200
R o c k w e l l  S a b e r l i n e r  
N A 2 6 5 M o d e l  80 
G r u m m a n  G u l f  s t r e a m  GII

M c D o n n e l  D o u g l a s  DC-9 
B o e i n g  B - 727

D orne and M a r g o l i n  D M N - 4 2 - 1
A n t e n n a  S p e c i a l i s t s  AL 12-L 
V R P - 3 7
D orne and M a r g o l i n  D M N - 4 8 - 1
C o m m u n i c a t i o n s  C o m p o n e n t s  3 5 - 5 0 - 1 1  
D orne and M a r g o l i n  D M N - 4 - 1 7 E
D orne and M a r g o l i n  D M N - 4 8 - 1
U n k n o w n  m a n u f a c t u r e r ,  c a t ' s  w h i s k e r
D o r n e  and M a r g o l i n  D M N - 4 - 1 7
ARC AS 5 8 0 A 
C o l l i n s  137X-1
D orne and M a r g o l i n  D M N - 4 - 1 5 - 3
D o r n e  and M a r g o l i n  D M N - 4 - 1 5

Dorne and M a r g o l i n  D M N - 4 - 1 5 - 3

C o l l i n s  8 37B-1
Dorne and M a r g o l i n  D M N - 2 0 - 1 - 9
F l ush mount, v e r t i c a l  s t a b i l i z e r
Fl u s h  mount, v e r t i c a l  s t a b i l i z e r
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TABLE XXXVI

FM B R O A D C A S T I N G  A N T E N N A  TYPES

FM b r o a d c a s t i n g  a n t e n n a  types used for model v e r t i c a l  p a t t e r n s .

3 - b a y n o b e a m - t
4 - b a y n o b e am - t
6 - b a y n o b e a m - t
6 - b a y - 1 .0° b e am - t
6 - b a y - 0 5° b e a m - t
7 - b a y n o b e a m - t
8 - b a y -0 5° b e am - t

1 0 - b a y n o b e a m - t
1 2 - b a y n o b e a m - t
1 2 - b a y - 0 6° b e a m - t
1 4 - b a y - 0 5° b c a m - t

no n u l l - f i l l  
no n u l l - f i l l  
no n u l l - f i l l  
no n u l l - f i l l  

10* n u l l - f i l l  
no n u l l - f i l l  

20* n u l l - f i l l  
no n u l l - f i l l  
no n u l l - f i l l  

12* first/5* second null-fill 
20* n u l l - f i l l

Degrees r e l a t i v e  to  h o r i z o n t a l  plane

FIGURE 31 -  Typical  v e r t i c a l  r a d i a t i o n  p a t t e r  of  an FM 
bro ad cas t in g  antenna
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99 100 101 102 103 104 105 106 107 108

Frequency (MHz)

Figure 32 -  A2/B2 C r i t e r i a  used i n  the  model
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OPTION B SERVICE VCLLME

LOCALISER ANTENNA

SERVICE VCLUME 
ILS LOCALISER 
(FRONT COURSE)

touchdown p o in t

TOTAr.TSER ANTENNA

4500 ft 
(1372 m)

A ll e lev a tio n s shown 
are w ith resp ect to  
the sta tio n  *s s it e  
elev a tio n  (AGL)

OPTION C SERVICE VCLLME 
ILS LOCALISER

OPTION A SERVICE VCLLME 
ILS LOCALISER

1000 ft 
(305 m)

1000 ft 
(305 m)

F i g u r e  3 3 -  ILS S e r v i c e  Volumes  i n  t h e  U n i t e d  S t a t e s
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F i g u r e  34 -  T h r e e  S i g n a l  I n t e r r a o d u l a t i o n  P r o d u c t  1 0 0 . 9  MHz + 1 0 5 . 7  MH:
— 9 7 . 3  MHz = 1 0 9 . 3  M Hz. T h e  s o l i d  l i n e  i n  t h e  v e r t i c a l  
s l i c e  s h o w s  t h e  t e r r a i n  c o n t o u r  p r o t r u d i n g  i n t o  t h e  
s e r v i c e  v o l u m e .
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F i g u r e  35 _ F ' lo t  o f  - £ 0  dBm ( o r  g r e a t e r )  s i g n a l  s t r e n g t h
c o n t o u r  f r o m  a  p r o p o s e d  FM t r a n s m i t t e r  a n t e n n a  
l o c a t e d  a t  t h e  e d g e  o f  t h e  s e r v i c e  v o lu m e  a s  
c a l c u l a t e d  f r o m  t h e  V e n n  d i a g r a m  m o d e l .

F i g u r e  36 -  S a m e s c e n a r i o  a s  i n  - F i g u r e  3 5 ,  b u t  u s i n g  t h e
c o m p u t e r  m a t h e m a t i c a l  m o d e l .  T h e  e f f e c t  o f  t h e  
v e r t i c a l  FM a n t e n n a  p a t t e r n  m a n i f e s t s  i t s e l f  
t h e  c l e a r  c i r c l e  w i t h i n  t h e  c o n t o u r  w h e r e  t h e  
s i g n a l  s t r e n g t h  f a l l s  b e l o w  t h e  t h r e s h o l d  d u e  t o  
v e r t i c a l  l o b i n g .
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H o r i z o n t a l  P l o t

Uo-uc0)u

Figure 37 - Venn diagram approach to Bl intermod analysis for
a typical FM antenna location.

Figure 38 - Same scenario a a in Figure 37,  but uaing the
computer mathematical model on the floor of the 
eervice volume and incorporating vertical FM 
broadcast antenna pattern data. Note the 
correlation with the shaded area in Figure 37 .
The notable exception is the clear circular areas 
where the interference criteria is not exceeded 

, due to the v e r t i c a l  l o b in g  o f  the  FM antenna.
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F i g u r e  ,3 9  _  T h r e e  s i g n a l  i n t e r m o d u l a t i o n  p r o d u c t  o f  1 0 5  7 MHz +
1 0 4 . 5  MHz -  1 0 0 . 9  MHz = 1 0 9 . 9  MHz s h o w i n g  d i s t i n c t i v e  
l o b in g  p a t t e r n s  in  a  v e r t i c a l  p la n e  a lo n g  a  r a d i a l  th r o u g h  t h e  
FM s t a t i o n .
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Distance (NM)

F ig u r e  40 -  T h r e e  s i g n a l  in t e r m o d u la t io n  p r o d u c t  o f
1 0 0 .9  MHz + 1 0 5 .7  MHz -  9 7 .3  MHz = 1 0 9 .9  MHz 
s h o w in g  d i s t i n c t i v e  lo b in g  p a tte rn s  in  a 
v e r t i c a l  p la n e  a lo n g  a r a d i a l  th r o u g h  th e  
FM a n te n n a
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13 .7  km
— 30 dBm contour^7.4 NM) 
with 17 dB antenna rejection

FM  station No. 1 
96.5 MHz 
100 kW e.r.p.

\

©  Area where intermodulation interference
in avionics receiver is likely

41
FIG U R E 'S - -  Example o f  method used to predict interference 

to communications receivers

B i b l i o g r a p h y

S A W T E L L E .  E.M. a n d  DON G .  J.G. [ J u l y .  1 9 7 8 ]  I n t e r f e r e n c e  in c o m m u n i c a 
t i o n s  a n d  n a v i g a t i o n  a v i o n i c s  f r o m  c o m m e r c i a l  FM s t a t i o n s .  FAA- 
R D - 7 8 - 3 5 ,  N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  S e r v i c e  (NTIS) US Dept, 
of C o m m e r c e .  W a s h i n g t o n  DC. USA.
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Part 4 o f  Annex I I

The L E G B A C  U n i f i e d  A s s e s s m e n t  M e t h o d  for A e r o n a u t 1ca 1 - B r o a d c a  at C o m 
p a t i b i l i t y

A . 1 G e n e r a l

The c e n t r a l  o b j e c t i v e  of the U n i f i e d  A s s e s s m e n t  M e t h o d  is to define 
test or c a l c u l a t i o n  p o i n t s  w i t h i n  the a e r o n a u t i c a l  s e r v i c e  v o l u m e  such 
that all s i g n i f i c a n t  p o t e n t i a l  i n c o m p a t i b i l i t i e s  are i d e n t i f i e d .  These 
po ints will e s t a b l i s h  the m a x i m u m  d e g r e e  of p o t e n t i a l  i n c o m p a t i b i l i t y  
a s s o c i a t e d  w i t h  a p a r t i c u l a r  a e r o n a u t i c a l  s e rvice.

A m e thod, d i f f e r e n t  from that c o n t a i n e d  in the G e n e v a  A g r e e m e n t .  1984. 
was n e c e s s a r y  b e c a u s e  the p r i n c i p l e s  used at that C o n f e r e n c e  to ide n t i f y  
p o t e n t i a l  i n t e r f e r e n c e  cases were not c o m p l e t e ,  m a i n l y  b e c a u s e  of the 
lack of s u f f i c i e n t  te s t  points.

The U n i f i e d  A s s e s s m e n t  M e t h o d  is b a sed up o n  p r o t e c t i o n  of the a e r o n a u t 
ical r a d 1 o n a v i g a t 1 on s e r v i c e  down to a h e i g h t  of 600 m e t r e s  above local 
terrain. In a r e a s  w h e r e  a i r c r a f t  are a p p r o a c h i n g  or l a n d i n g  at or 
d e p a r t i n g  fr o m  an a e r o d r o m e ,  p r o t e c t i o n  is a s s u m e d  d o w n  to g r o u n d  level. 
For VOR w h e r e  the a n t e n n a  of the b r o a d c a s t i n g  s t a t i o n  is more than 300 
m e tres a b o v e  local t e r r a i n ,  a m i n i m u m  v e r t i c a l  s e p a r a t i o n  b e t w e e n  an 
a i r c r a f t  and the top of the a n t e n n a  is a s s u m e d  to be 300 m whi l e  the 
m i n i m u m  l a t e r a l  s e p a r a t i o n  w o u l d  not be less than 3 km.

From the a e r o n a u t i c a l  o p e r a t i o n a l  point of v i e w  t h e s e  l o w e r  limits were 
c o n s i d e r e d  to r e f l e c t  in g e n e r a l  the n o r m a l  o p e r a t i o n a l  use of these 
r a d i o n a v i g a t i o n  f a c i l i t i e s .

a m i n i m u m  a l t i t u d e  for the t e s t p o i n t s  the e f f e c t  of the 
a t i o n  p a t t e r n  of the b r o a d c a s t i n g  a n t e n n a  may be used in 
c a l c u l a t i o n s  .

A l t h o u g h  they are b a s e d  up o n  the same p r i n c i p l e s ,  two d i f f e r e n t  m e t h o d s  
for a s s e s s i n g  c o m p a t i b i l i t y  were agreed, one for ILS and one for VOR.

The m e t h o d  to be u s e d  for a s s e s s i n g  c o m p a t i b i l i t y  w i t h  ILS is bas e d  
upon a s u f f i c i e n t  n u m b e r  of fixed test p o i n t s  w i t h i n  the ILS s e rvice 
v o l u m e  to i d e n t i f y  e v e r y  p o t e n t i a l  i n t e r f e r e n c e  ca s e  u s ing, w i t h i n  
c e r t a i n  l i m i t a t i o n s ,  the v e r t i c a l  r a d i a t i o n  p a t t e r n  a n d  the actual slant 
p a t h .

This m e t h o d  i n d i c a t e s  the p r o t e c t i o n  m a r g i n s  or i n t e r f e r e n c e  m a r g i n s  
at the test p o i n t s .

When a s s e s s i n g  c o m p a t i b i l i t y  with VOR, test p o i n t s  i n s i d e  the VOR s e r v i 
ce v o l u m e  w i l l  be s e l e c t e d  v e r t i c a l l y  abo v e  the b r o a d c a s t i n g  station.
In this ca s e  the r e d u c t i o n  of the e.r.p. due to the v e r t i c a l  r a d i a t i o n  
p a t t e r n  is at a f i x e d  value.

When s e t t i n g  
v e r t i c a l  radi
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4 . 2  A n t e n n a  C o r r e c t i o n s

4 .2 .1  P o l a r i z a t i o n

In g e n e r a l  no a c c o u n t  is taken of any p o l a r i z a t i o n  d i s c r i m i n a t i o n  b e t 
ween b r o a d c a s t  and a e r o n a u t i c a l  r a d i o n a v i g a t i o n  t r a n s m i s s i o n s .  In the 
s p ecial ca s e  of m i x e d  p o l a r i z a t i o n  with equ a l  h o r i z o n t a l  and vert i c a l  
c o m p o n e n t s ,  an a l l o w a n c e ,  i n d i c a t e d  in S e c t i o n  7.4 of A n n e x  2 of Gene v a  
A g r e e m e n t .  1984. is ma d e  by a d d i n g  1 dB to the e . r.p. of the p o l a r i z a 
tion c o m p o n e n t  in the same plane as that u s e d  by the r a d i o n a v 1gation 
s y s t e m .

4 .2 .2  H o r i z o n t a l  R a d i a t i o n  P a t t e r n  (HRP)

for a b r o a d c a i t  s t a t i o n  h a v i n g  a d i r e c t i o n a l  a n t e n n a  in the G e neva Plan, 
1984. HRP d a t a  are s p e c i f i e d  at 10 d e g r e e  a z i m u t h  i n t e r v a l s .  HRP c o r 
r e c t i o n s  are g e n e r a t e d  u s i n g  l i n e a r  a z i m u t h a l  i n t e r p o l a t i o n  of values 
exp r.e ss e d  in dB.

4 .2 .3  V e r t i c a l  R a d i a t i o n  P a t t e r n  (VRP)

Vlth a v i e w  to r e d u c i n g  the n u m b e r  of p o t e n t i a l  I n c o m p a t i b i l i t i e s  a d v a n 
tage can be o b t a i n e d  by t a king ac c o u n t  of the a t t e n u a t i o n  due to the 
VRP of b r o a d c a s t  a n t e n n a s .  Such VRP c o r r e c t i o n s  w o u l d  be a p p l i e d  only 
for .angles a b o v e  the h o r i z o n  from the b r o a d c a s t  a n t e n n a .

W i t h i n  the d e s i g n  of b r o a d c a s t i n g  a n t e n n a s  a n u m b e r  of c o n f i g u r a t i o n s  
is a v a i l a b l e .  T h e s e  can vary from a s i m p l e  a n t e n n a  su c h  as a dipole, 
as o f t e n  u s e d  at low p o w e r  s t ations, to the more c o m p l e x  m u l t i - t i e r e d  
a n t e n n a  n o r m a l l y  u s e d  at high p o w e r  s t a t i o n s .

Table VI can be u s e d  as a guide to the r e l a t i o n  b e t w e e n  the m a x i m u m
total e . r.p. and the v e r t i c a l  a p e r t u r e  in w a v e l e n g t h .

TABLE XXXVII

M A X I M U M  T O T A L  e . r . p .  V E R T I C A L  A P E R T U R E  IN W A V E L E N G T H S

e.r.p. > - 44 d B W 8
37 dBW < - e . r.p. < 4 4 dBW 4
3 0 dBW < - e . r.p. < 3 7 dBW 2
3 0 dBW > - e . r . p . 1

4 .2 .3 .1  VRP c o r r e c t i o n s  for v e r t i c a l  a p e r t u r e s  of two or m o r e  w a v e l e n g t h s

In o r d e r  to c a l c u l a t e  the VRP c o r r e c t i o n ,  V. the f o l l o w i n g  f o r m u l a  can 
be u s e d :

V « -20 log ('TT*. N . s i n-e-) dB
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w h e r e  N « v e r t i c a l  a p e r t u r e  in w a v e l e n g t h

-6- * e l e v a t i o n  a n g l e  r e l a t i v e  to the m a x i m u m 
( n o r m a l l y  h o r i z o n t a l )  .

It s h o u l d  be noted that for small e l e v a t i o n  angles this e x p r e s s i o n  can
p r o d u c e  p o s i t i v e  v a l u e s  for V . In such cases V ls set to 0 dB (i.e.:
no VRP c o r r e c t i o n  ls a p p l i e d ) .

For h i g h  e l e v a t i o n  a n g l e s  the VRP c o r r e c t i o n  is l i m i t e d  to a v a l u e  of
-14 d B .

i.e.: 0 > - VRP c o r r e c t i o n  > * -14 dB.

This fo r m u l a  has been c h o s e n  as a s u i t a b l e  c o m p r o m i s e  for all p o l a r 
iz a t i o n s .

A.2 . 3 . 2  VRP c o r r e c t i o n s  for v e r t i c a l  a p e r t u r e s  less than two w a v e l e n g t h s

In o r d e r  to d e t e r m i n e  the VRP c o r r e c t i o n s ,  the v a lues in T a b l e  XXXVIII
s h o u l d  be applied.

The table s p e c i f i e s  the c o r r e c t i o n  v a l u e s  for every ten d e g r e e s .  For
i n t e r m e d i a t e  angles l i n e a r  i n t e r p o l a t i o n ' s h o u l d  be used.

T h e s e  v a l u e s  in this tab l e  have be e n  c h o s e n  as a s u i t a b l e  c o m p r o m i s e
for all p o l a r i z a t i o n s .

The l i m i t i n g  value of -8 dB t a k e s  a c c o u n t  of the w o r s t  ca s e  s l a n t  path.

TABLE XXXVIII

E l e v a t i o n  angle VRP C o r r e c t i o n
(degrees) dB

0
10

2 0

30
4 0
5 0 
60 
7 0 
80 
90

0 
0 

- 1 
-  2 

-4 
-  6 
- 8  

-  8 

-  8 

-  8

A . 2 . 3 . 3  VRP c o r r e c t i o n  for s p u r i o u s  e m i s s i o n s  in the band 1 0 8 - 1 1 8  MHz

T a k i n g  a c count of the a p p r o x i m a t i o n s  inherent in the f o r m u l a  g i v e n  in
2.3.1 and in Table XXXVill t h e s e  VRP c o r r e c t i o n s  may be a s s u m e d  to a p ply 
also to s p u r i o u s  e m i s s i o n s  in the band 108-118 MHz.
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4 . 2 . 4  C o m b i n i n g  VRP and HRP c o r r e c t i o n s

E x p e r i  e n c e  h a s  s h o w n  t h a t  it is v e r y  r a r e l y  n e c e s s a r y  to t a k e  H R P  c o r 
r e c t i o n s  i n t o  a c c o u n t  f o r  e l e v a t i o n  a n g l e s  of m o r e  t h a n  10 d e g r e e s .

A t  t h e  e l e v a t i o n  a n g l e  of 90 d e g r e e s  no H RP c o r r e c t i o n  is a p p l i e d .

H R P  a n d  V R P  c o r r e c t i o n s  in dB s h o u l d  be a d d e d  a r i t h m e t i c a l l y  s u b j e c t  
to a m a x i m u m  t o t a l  r e d u c t i o n  of 20 dB.

4 . 3  A p p l i c a t i o n  of U n i f i e d  A s s e s s m e n t  M e t h o d

4 . 3 . 1  G e n e r a l  c o n s i d e r a t i o n s

In a p p l y i n g  the U n i f i e d  A s s e s s m e n t  M e t h o d  the c o m p a t i b i l i t y  c r i t e r i a  
c o n t a i n e d  in the G e n e v a  A g r e e m e n t .  1 9 8 4  ( A n n e x  2. p a r a  7 . 6 )  e x c e p t
r e g a r d i n g  t h e  c u t - o f f  v a l u e s  ( s e e  A p p e n d i x  1). s h a l l  be u s e d .

B r o a d c a s t  s t a t i o n s  to be i n c l u d e d  in a p a r t i c u l a r  a n a l y s i s  at a t e s t
p o i n t .  a r e  s u b j e c t  to t h e  d i s t a n c e  l i m i t s  g i v e n  in A t t a c h m e n t  1. c o n s i s 
t e n t  w i t h  an  o v e r a l l  u p p e r  l i m i t  of 125 km in the c a s e s  of Al. A2 a n d
B 2 t y p e i n t e r f e r e n c e .

d i a t e d  i n t e r a o d u l a t i o n  p r o d u c t s  
k e p t  at s u c h  a l o w  l e v e l  t h a t
c o n s i d e r e d  f u r t h e r  in t h e  c o m -

t i o n s  a re to be m a d e  o n l y  f o r  the
s m i s s i o n s .

T r a n s m i s s i o n s  ar e  c o n s i d e r e d  to be c o - s i t e d  w h e n  th e  g e o g r a p h i c a l  c o 
o r d i n a t e s  a r e  the s a m e .

To a l l o w  f o r  th e  v a r i a t i o n  of Al s u p p r e s s i o n  w i t h  t r a n s m i t t e r  p o w e r ,
t h e  f o l l o w i n g  v a l u e s  a r e  to be u s e d :

- e . r . p .  > 48 d B U  s u p p r e s s i o n  • 85 dB:
- e . r . p .  * 30 d B W  s u p p r e s i i o n  > 76 dB:

b e t w e e n  t h e  g i v e n  v a l u e s ,  l i n e a r  i n t e r p o l a t i o n  is to be u s e d .

- e . r . p .  < 30 d B W  s u p p r e s s i o n  » 46 ♦ e . r . p .  (in d B W )  dB;

To  c a l c u l a t e  Al m a r g i n s  c o n s i s t e n t l y ,  the f o l l o w i n g  p r o c e d u r e  h a s  b e e n
s d o p t e d .

F o r  e a c h  of t h e  p o s s i b l e  c o n t r i b u t o r s :

c a l c u l a t e  th e  i n t e r f e r i n g  f 1 e 1 d - s t r e n g t h  l e v e l  at t h e  t e s t  p o i n t ,
t a k i n g  a c c o u n t  of t h e  e . r . p .  of th e  b r o a d c a s t i n g  t r a n s m i s s i o n  in t he
r e l e v a n t  d i r e c t i o n  a n d  s u b t r a c t i n g  the r e l e v a n t  Al s u p p r e s s i o n  v a l u e :

d e r i v e  t h e  Al m a r g i n  f r o m  th e  h i g h e s t  v a l u e  of i n t e r f e r i n g  f i e l d
s t r e n g t h ,  t he l e v e l  of  the w a n t e d  s i g n a l  (32 dB ( p V / m )  or  39 dB
( p V / m ) )  a n d  th e  p r o t e c t i o n  r a t i o  a p p r o p r i a t e  f o r  t h e  f r e q u e n c y  d i f 
f e r e n c e  b e t w e e n  t h e  i n t e r a o d u l a t i o n  p r o d u c t  a n d  t h e  a e r o n a u t i c a l  f r e 
quency.;

S p u r i o u s  e m i s s i o n s  (Al t y p e )  e x c e p t  ra 
( I P ) ,  s h o u l d ,  as a g e n e r a l  m e a s u r e ,  be
t h e r e  w i l l  be no i n c o m p a t i b i l i t y  to be
p a t i b i l l t y  a n a l y s i s .  H e n c e  Al c a l c u l a  
c a s e  of r a d i a t e d  IP f r o m  c o - s i t e d  t r a n
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in t h e  c a s e  of m i x e d  p o l a r i z e d  t r a n s m i s s i o n s  t h e  s u p p r e s s i o n  r a t i o  
a n d  t h e  a s s u m e d  v e r t i c a l  a p e r t u r e  a r e  d e r i v e d  on  t h e  b a s i s  of the 
t o t a l  e . r . p .  H o w e v e r ,  the e . r . p .  to b e  u s e d  f o r  t h e  d e t e r m i n a t i o n  
of p r o t e c t i o n  m a r g i n s  s h a l l  be:

t h e  larger* of t he VP a n d  HP c o m p o n e n t s  in c a s e s  w h e r e  t h e y  d i f f e r  
i n  v a l u e :

t h e  t o t a l  e . r . p .  r e d u c e d  by 2 dB in c a s e s  w h e r e  t h e  VP  a n d  HP 
c o m p o n e n t s  ar e  of e q u a l  v a l u e .

T h e  p r o c e d u r e  d e s c r i b e d  a b o v e  f o r  the d e t e r m i n a t i o n  of a n t e n n a  v e r t i c a l  
a p e r t u r e s  in t h e  c a s e  of m i x e d  p o l a r i z e d  t r a n s m i s s i o n s  a p p l i e s  a l s o  
f o r  c a l c u l a t i o n  of Bl a n d  B2 m a r g i n s .

I n f o r m a t i o n  on a c t u a l  r a d i a t e d  IP l e v e l s  as w e l l  as a n t e n n a  g a i n  w i l l  
be u s e d  if a v a i l a b l e  w h e n  c a l c u l a t i n g  Al.

In an a n a l y s i s  t he B2 t y p e  i n t e r f e r e n c e  is c a l c u l a t e d  b e f o r e  Bl.

A.3.2 C o m p a t i b i l i t y  c a l c u l a t i o n s  f o r  ILS s e r v i c e  v o l u m e s

A . 3 . 2 . 1  T e s t  p o i n t  l o c a t i o n  a n d  h e i g h t

T h e  d i s t a n c e  a n d  b e a r i n g ,  r e l a t i v e  to t h e  I L S  l o c a l i z e r  s i t e  a n d  c e n t r e  
l i n e ,  f o r  e a c h  t e s t  p o i n t  a r e  g i v e n  in T a b l e  V I I I .

T h e  c o n v e n t i o n  a d o p t e d  f o r  b e a r i n g s  is t h a t  l o c a t i o n s  w h i c h  a r e  c l o c k -
v i e w e d  f r o m  a b o v e ,  a r e  to be r e g a r d e d

E, F a n d  G. w h i c h  a r e  w i t h i n  t h e  ILS 
the t o u c h  d o w n  p o i n t ,  a r e  to be m a d e  

l o c a l i z e r  s i t e .

e s t  p o i n t s  a r e  to be m a d e  f o r  a h e i g h t

th e  BC a n t e n n a  a n d  a t e s t  p o i n t  is to 
a t i o n s .  H o w e v e r ,  t h e  f o l l o w i n g  m i n i m u m  
t a n c e  a r e  to be  u s e d :

1 0 0  m if t h e  BC s t a t i o n  is w i t h i n  or  b e l o w  t h e  I L S  c r i t i c a l  z o n e .

3 0 0  m if t h e  BC s t a t i o n  is n o t  w i t h i n  or  b e l o w  t h e  I L S  c r i t i c a l  z o n e .

A .3 .2 .3  V R P  C o r r e c t i o n

w i s e  of  t h e  I L S  c e n t r e  l i n e ,  as
as h a v i n g  p o s i t i v e  b e a r i n g s .

C a l c u l a t i o n s  f o r  t e s t  p o i n t s  A. 
c r i t i c a l  z o n e  a n d  w i t h i n  9 km of 
f o r  a h e i g h t  of 3 0 0  m a b o v e  the

C a l c u l a t i o n s  f o r  t he r e m a i n i n g  t 
of 6 0 0  m a b o v e  th e  l o c a l i z e r  si t

A .3 . 2 . 2  M i n i m u m  s e p a r a t i o n  d i s t a n c e

T h e  s l a n t  p a t h  d i s t a n c e  b e t w e e n  
b e  u s e d  in f i e l d  s t r e n g t h  c a l c u l
v a l u e s  o f  l a t e r a l  s e p a r a t i o n  di s

T h e  V R P  c o r r e c t i o n p r o c e d u r e  d e s c r i b e d in S e c t i o n  4.2.3 Is to be a p p l i e d .
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4 . 3 . 2 . A C a l c u l a t i o n s  f o r  Bl compat:

V i t h i n  or  b e l o w  a n y  I L S  s e r v i c e  v o l u m e ,  c a l c u l a t i o n s  fo r  Bl c o m p a t i 
b i l i t y  s h a l l  be  m a d e  f o r  t h e  t e s t  p o i n t  s p e c i f i e d  in S e c t i o n  4.3.2.1 
t a k i n g  a c c o u n t  of th e  s p e c i a l  p r o v i s i o n s  of S e c t i o n s  4.3.2.2 a n d  4.3.2.3

T h e  r e s u l t a n t  p r o t e c t i o n  m a r g i n s  s h a l l  be  p r i n t e d  if w o r s e  t h a n  0 dB 
r e c o g n i z i n g  t h a t  the w o r s t  m a r g i n  m a y  n o t  be  r e p r e s e n t a t i v e .

4 . 3 . 2 . 5 C a l c u l a t i o n ] f o r  Al. A2 a n d  B2 c o m p a t i b i l i t y

C a l c u l a t i o n s  a r e  to be m a d e  f o r  t h e  t e s t  p o i n t s  s p e c i f i e d  in S e c t i o n
4.3.2.1 a c c o u n t  b e i n g  t a k e n  of th e  s p e c i a l  p r o v i s i o n s  of S e c t i o n s  4.3.2.2
a n d  4.3.2.3 • t h e  r e s u l t s  a r e  to be p r i n t e d  if t he p r o t e c t i o n  m a r g i n s  ar
w o r s e  t h a n  0 dB.

I f t h e B C a n t e n n a 1 s w i t h i n or b e 1 o w t h e ILS c r i t i c a l z o n e c a 1 c u 1 a t i o n s
are al s o m a d e f o r a l a t e r a l s e p a r a t i o n d 1 s t a n c e of 10 0 m i n th e  h o r i z o n -
t a 1 P 1 a n e t h r o u g h t h e B C an t e n n a u s i n g th e  m a x i m u m v a 1 ue o f the e . r . p .
I f t h e p r o t e c t i o n m a r g i n is w o r s e t h a n 0 d B . the re s u 1 t s a r e p r i n t e d
t o g e t h e r w i t h th e d i s t a n c e a n d  b e a ri n g of th e B C s t a t i o n f r o m the 1 o -
c a l i z e r  s i t e .

If t h e  BC s t a t i o n  is w i t h i n  or  b e l o w  t h e  I L S  s e r v i c e  v o l u m e  b u t  o u t s i d e  
t h e  I L S  c r i t i c a l  z o n e ,  c a l c u l a t i o n s  a r e  a l s o  m a d e  f o r  a t e s t  p o i n t  l o 
c a t i o n  a b o v e  t h e  BC static.- ( f o r  a h e i g h t  of 6 0 0  m a b o v e  th e  l o c a l i z e r
s i t e ) .  T h e  r e l e v a n t  m a x i m u m  V R P  c o r r e c t i o n  d e r i v e d  f r o m  S e c t i o n  4.2 i s 
a p p l i e d .  H o w e v e r ,  if t h e  BC a n t e n n a  is m o r e  t h a n  5 0 0  m a b o v e  th e  l o 
c a l i z e r  s i t e ,  t h e s e  c a l c u l a t i o n s  a r e  m a d e  f o r  a l a t e r a l  s e p a r a t i o n  
d i s t a n c e  of 3 0 0  m in t h e  h o r i z o n t a l  p l a n e  t h r o u g h  t he BC a n t e n n a  u s i n g  
th e  m a x i m u m  v a l u e  of th e  e . r . p .  If t h e  p r o t e c t i o n  m a r g i n  is w o r s e  t h a n
0 dB. t h e  r e s u l t s  a r e  p r i n t e d  as in t h e  p r e v i o u s  p a r a g r a p h .

4 . 3 . 3  C o m p a t i b i l i t y  c a l c u l a t i o n s  f o r  V O R  s e r v i c e  v o l u m e s

T e s t  p o i n t s  a r e  s e l e c t e d  in a c c o r d a n c e  w i t h  th e  c r i t e r i a  s e t  o u t  in
4.3.3.1 a n d  4.3.3.2 b e l o w .  F o r  e a c h  of these t e s t  p o i n t s  f i e l d  s t r e n g t h  
c a l c u l a t i o n s  a r e  c a r r i e d  o u t  a n d  th v a l u e s  o b t a i n e d  m a y  be u s e d  d i r e c t 
ly f o r  Al. A 2  a n d  B2 a n a l y s e s .  A t  a n y  t e s t  p o i n t  w h e r e  t h e  s i g n a l  l e v e l  
is a b o v e  t h e  Bl t r i g g e r  l e v e l ,  t h e  t e s t  p o i n t  is r e t a i n e d  f o r  f u r t h e r  
Bl c a l c u l a t i o n s .  H o w e v e r ,  t h e  Bl p o t e n t i a l  i n c o m p a t i b i l i t y  is p r i n t e d  
o n l y  if it i n v o l v e s  o n e  of t h e  t r a n s m i t t e r s  o n  t h e  s i t e  of t h e  t r a n s 
m i t t e r  w h i c h  c a u s e d  t h e  t e s t  p o i n t  to b e  g e n e r a t e d .

4 . 3 . 3 . 1  T e s t  p o i n t  h e i g h t

T e s t  p o i n t s  s h o u l d  be s e l e c t e d  w i t h i n  t h e  d e s i g n a t e d  o p e r a t i o n a l  c o v e r 
a g e  ( D O C )  as p r o m u l g a t e d  by  I C A O .

T h e  l o w e r  b o u n d a r y  of t h e  D O C  ls a s s u m e d  to be:

6 0 0  m e t r e s  a b o v e  l o c a l  t e r r a i n  as d e t e r m i n e d  by  th e  s i t e  
h e i g h t  of a n y  r e l e v a n t  b r o a d c a s t i n g  s t a t i o n :

3 0 0  m e t r e s  a b o v e  t he r e l e v a n t  b r o a d c a s t i n g  a n t e n n a ;

t h e  h e i g h t  d e r i v e d  f r o m  F i g u r e  43/ to w h i c h  is a d d e d  the 
h e i g h t  a b o v e  m e a n  s e a  l e v e l  of th e  V O R  s i t e ,  if k n o w n :

w h i c h e v e r  is t h e  g r e a t e s t .
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The a i n i mum a 1 t i t u d e o £ the a i r c r a f t  an ten n a is. for c o n p a t i b i l i t y
asses 8 m e n t P u r p o s e s „ a  t leas t 600 m abo v  e g r o u n d level This i m p l i e s
that in terf e r e n c e t o the V O R at h e i g h t s b e low 600 m , w ithin l i n e - o f -

sight o f th e V O R  , i s not c a 1 c u 1 a t e d  .

The m i n i m u m  h e i g h t  of the test p o i n t s  d e t e r m i n e s  the v e r t i c a l  s e p a r a t i o n
from the BC ante n n a .  W h e n  a VRP r e d u c t i o n  of 14 dB ls a s s u m e d  (see p a r a
4.2.3.1 ) . a v e r t i c a l  s e p a r a t i o n  of 300 to 600 m e t res c o r r e s p o n d s  to a
l a t e r a l s e p a r a t i o n  d i s t a n c e  of 1S00 .to 3 000 m e t res. This e x c l u d e s the
need to d e f i n e  a m i n i m u m  lateral separ a tion d i s t a n c e. It p r o v i d e s also
for a d e q u a t e  test p o i n t s  when the VOR i s use d a s an i n t e r m e d i a t e o r
final a p p r o a c h  aid. s i n c e  the m i n i m u m s e p a r a t io n d i s t a n c e  b e t w e e n a n
a i r c r a f t  and a b r o a d c a s t i n g  a n t e n n a  is a s s u m e d t o be not less than 3 km.

4 . 3 . 3 . 2  Test p o i n t  l o c a t i o n

4 . 3 . 3 . 2 . 1  Test p o i n t s  r e l a t e d  to b r o a d c a s t i n g  t r a n a m i t t e r s  that are Insi d e  the DOC

Test p o i n t s  are l o c a t e d  above the b r o a d c a s t i n g  a n t e n n a .  as i n d i c a t e d  in
4.3.3.1.

4 . 3 . 3 . 2 . 2  Test p o i n t s  r e l a t e d  to b r o a d c a s t i n g  t r a n s m i t t e r s  that are o u t s i d e  the
D O C

B r o a d c a s t i n g  s t a t i o n s  in the near v i c i n i t y  of the DOC w i t h i n  an e x t e n d e d
zone of 3 km s h o u l d  be t r e a t e d  as in 4.3.3.2.1 j for s t a t i o n s  o u t s i d e  this 
zone an a p p r o p r i a t e  test point will be g e n e r a t e d  at the n e a r e s t  poi n t
on the ed g e  of the DOC. and at a h e i g h t  w h i c h  is the g r e a t e s t  of

BC a n t e n n a  h e i g h t  above mean sea level:

the h e i g h t  d e r i v e d  from Figu r e  4 3 ,  t o “ h i c h  is a d d e d  the h e i g h t
a b o v e  m e a n  sea level of the VOR site, if known:

600 m abo v e  mea n  sea level.

4 . 3 . 3 . 3  R e s u l t s  s h all be p r i n t e d  for each test point at w h i c h  the p r o t e c t i o n
m a r g i n  is w o r s e  than 0 dB.
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TABLE XXXIX

T est p o in t lo c a t io n s  

I d e n t i f ic a t io n  D istan ce in  km R e la t iv e

A 0 0

E 3 0

F 6 0

G 9 0

H 1 2 0

I 15 0

J 21.25 0
K 27.5 0
L 33.75 0

M AO 0
D A6.3 0

B 31.5 -35
C 31.5 35

xo 7 .7 -  6
YO 7 . 7 35

XI 12.9 -2 5 .5
Y1 12.9 2 5 .5

X2 18.8 -1 7 .2
Y2 1 8 . 8 17 .2

X3 2 A. 9 -1 2 .9
Y3 2 A. 9 12 .9

XA 31.5 - 1 0
Y4 31.5 1 0

X5 37.3 - 8 . 6
Y5 3 7 . 3 3 .6

X6 A3.5 -7 .3
Y6 A3.5 7 .3

7.1 18.5 -35
Y7 18.5 35

X8 2 A. 0 -2 7 .6
Y8 24.0 27 .6

X9 29.6 - 2 2 . 1

Y9 29.6 2 2 . 1

bearing in  degrees

Within ILS 
c r i t i c a l  zone

along centre  
l in e
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F i g u r e  42
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D is t a n c e  v e r s u s  t e s t - p o in t  h e ig h t
Height in m et res  

x 1000

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

D is ta n ce  in nautical miles

T h i s  c u r v e  is d e r i v e d  f r o m  I C A O  d o c u m e n t a t i o n  a n d  s h o w s  
the m i n i m u m  h e i g h t  ai w h i c h  a s a t i s f a c t o r y  V O R  s e r v i c e  can 
be e x p e c t e d  for a n y  p a r t i c u l a r  r a n g e .

F i g u r e  43
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TABLE XL

Coordination distances

Effective radiated 
power of Broadcastin^< 100 
station.

dBW k W

Broadcasting station frequency (MHz)
I 1

102 104 I 105 I 106 1 107 1107.9
I 5 I I

 1 1 1_____ I

Separation distance (km)

55
1
1 300 j

"1 
J 125 1 210 400 I500 J 500 500 500 i

50 1 100j 1 75i 120 230 340 500 500
I

500 1
45 1 30

i
I 40 • 65 125 190 310 500 500 i

40 ! 10 
i

! 25 < 40 70 105 180 380 500 i
35

i

! 3 « i 20 1 20 40 60 95 210 500 J
30

i

! l
i

J 20i 20 25 I 35 
i

20 J 20 
1

20 I 20

1
55 120 370 J

25 { 0.300
i

; 20 1 20 30 65 200 J
20 ! 0.100 

j
1 20 
i

20 20
■

40
1

115 |
< 15 I < 0 . 0  30 

I B 
I

1 20
1
i
i

20 20 20 20 20 1
65 |

Linear interpolation shall be used for e . r . p .  (dBW) and frequency 
values not appearing in the table.

These coordination distances assume a cut off value of
-66 + 20 log max (0.4; 108.1-f)

^ 7 4  “

113
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P art 5 o f  Annex I I  to  Report 929

C o m p a t i b i l i t y  a s s e s s m e n t  m e t h o d  u s e d  In P o l a n d

In g e n e r a l  t e r m s ,  the c o m p a t i b i l i t y  c r i t e r i a  a n d  p r o c e d u r e  s p e c i f i e d  
in t h e  G e n e v a  A g r e e m e n t .  1984 are a p p l i e d ,  a l t h o u g h  s o m e  of t h e m  h a v e  
b e e n  m o d i f i e d ,  as i n d i c a t e d  b e l o w :

1. FM a n t e n n a  v e r t i c a l  r a d i a t i o n  p a t t e r n .  A m o d e l  s i m i l a r  to that
p r o p o s e d  in R e p o r t  1198. A n n e x  HI S e c t i o n  2. is u s e d  w i t h  the 
v a l u e  of m a x i m u m  r e d u c t i o n  m o d i f i e d  to c o r r e s p o n d  w i t h  the p e r 
f o r m a n c e  of a n t e n n a s  p r o d u c e d  in P o l a n d .

2 . I n t e r f e r i n g  s i g n a l  p r o p a g a t i o n  m o d e l .  F r e e  s p a c e  p r o p a g a t i o n  is 
a s s u m e d  w i t h  an a t t e n u a t i o n  v a l u e  of 20 dB a p p l i e d  b e y o n d  the r a d i o  
h o r i z o n .

3 . R e c e i v e r  m o d e l .  The m o d e l  of the G e n e v a  A g r e e m e n t .  1984 is a p p l i e d
w i t h  an i m p r o v e m e n t  t a k i n g  i n t o  a c c o u n t  the l e v e l  of w a n t e d  s i g n a l :

Al: the p r e d i c t e d  w a n t e d  s i g n a l  f i e l d  s t r e n g t h  is t a k e n  to
c a l c u l a t i o n s  i n s t e a d  of the m i n i m u m  s i g n a l  l e v e l .

- Bl: t h e  c o n s t a n t  in the Bl c r i t e r i o n  is r e d u c e d  by the v a l u e
of the d i f f e r e n c e  b e t w e e n  the p r e d i c t e d  w a n t e d  s i g n a l  l e v e l  
a n d  the m i n i m u m  s i g n a l  l e v e l .

T h e  t e s t  p o i n t  d i s t r i b u t i o n s  a s s u m e d  ar e  g i v e n  in F i g u r e s  44 Slid 45,

In t h e  c a s e  of ILS t e s t  p o i n t s ,  the h e i g h t s  c h o s e n  c o r r e s p o n d  to the
m i n i m u m  g l i d e  s l o p e .  P o i n t s  at a g i v e n  d i s t a n c e  ar e  all a s s i g n e d  the
s a m e  h e i g h t  v a l u e .

In t h e  c a s e  of V O R  an d  VH F  COM. h e i g h t s  of 2000. 5000. 7600 and
1 0 0 0 0  m a r e  u s e d  fo r  e a c h  t e s t  p o i n t  l o c a t i o n .

T h e  t e s t  p o i n t s  a r e  l o c a t e d  a l o n g  the airways at 15 km i n t e r v a l s .  
H o w e v e r ,  a n y  p o i n t  n e a r  a b r o a d c a s t i n g  s t a t i o n  w i l l  be m o v e d :

- to be c o i n c i d e n t  w i t h  the s t a t i o n ,  if t h i s  is under the airway, 
o r ,

- 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 - T e s t  p o i n t  d i s t r i b u t i o n  for a) ILS, 
and b) VHF COM, e .g .  tower com m unications

TP 5*

TP3 TP4 \ ^ P 5TP1 TP 2

\
TP 3*

T P  3' i n s t e a d  of TP 3 
TP 5' i n s t e a d  of TP 5

F i g .  45 T e s t  p o i n t s  for V O R  and V H F  C O M
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Part 6  o f Annex II

A n a l y s e s  a n d  P r a c t i c a l  E x p e r i e n c e

6 . 1  R e g i o n  1 A n a l y s e s

A n a l y s e s  of the G e n e v a  P l a n ,  1984, in R e g i o n  1 i n d i c a t e s  a c o n s i d 
e r a b l e  n u m b e r  of p o t e n t i a l  t h e o r e t i c a l  i n c o m p a t i b i l i t i e s  w i t h  the
a e r o n a u t i c a l  r a d i o n a v i g a t i o n  s e r v i c e s ^ r e s u l t i n g  f r o m  a p p l i c a t i o n  
of the p r o t e c t i o n  c r i t e r i a  c o n t a i n e d  in the G e n e v a  A g r e e m e n t ,  1984.

V i t h  r e g a r d  to R e g i o n  2. s t u d i e s  h a v e  b e e n  m a d e  to a p p l y  the 
F M / A e r o n a u t i c a  1 c o m p a t i b i l i t y  c r i t e r i a  e m b o d i e d  in t h e  G e n e v a  
A g r e e m e n t .  1 9 8 4 ,  to the N o r t h  A m e r i c a n  a r e a  w h e r e  t h o u s a n d s  of FM 
b r o a d c a s t i n g  s t a t i o n s  h a v e  b e e n  o p e r a t i n g  for m a n y  y e a r s  t h r o u g h o u t  
the b a n d  8 8 - 1 0 8  MHz, at m a x i m u m  e . r . p .  v a l u e s  of 10 0  kW. ILS l o 
c a l i z e r  s y s t e m s  at W a s h i n g t o n ,  D . C . ;  San D i e g o ;  St. L o u i s ;  M i a m i :  
N e w  Y o r k  C i t y  a n d  D e n v e r  w e r e  a n a l y z e d  u s i n g  FM s t a t i o n s  s e l e c t e d  
u s i n g  the t a b l e  in A n n e x  5.1. of the G e n e v a  A g r e e m e n t .  1 9 8 4 .  i m p l i 
c a t i n g  FM t r a n s m i t t e r s  c u r r e n t l y  o p e r a t i o n a l ,  (see Figures 46 to 51). The 
theoretical analyses did nottake into a c c o u n t  t e r r a i n  e f f e c t s ,  f l i g h t  
o p e r a t i o n ,  r e s t r i c t i o n s  on t r a f f i c  f l o w  due to s a t u r a t i o n  of a i r w a y

In p r a c t i c e ,  all of the FM s t a t i o n s  i n c l u d e d  in t h e  IL S  a n a l y s e s

6 .  2 R e g i o n  2 A n a l y s e s  an d  P r a c t i c a l  E x p e r i e n c e

es in h i g h  d e n s i t y  t e r m i n a l  a r e a s  or p h y s i c a l  o b s t r u c t i o n s .

f o r  the a b o v e  m e n t i o n e d  c i t i e s  o p e r a t e  
c a t e d  a e r o n a u t i c a l  f a c i l i t i e s .

w i t h  the i n d i -
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PLOT OF'FM STATIONS (+) CENTERED AROUND TEE 
WASHINGTON, D.C. ILS TRANSMITTER LOCATION (0)

FIGURE 46

PLOT OF FM STATIONS (+) CENTERED AROUND THE 
SAN DIEGO ILS TRANSMITTER LOCATION (0)

FIGURE 47
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PLOT OF FTt STATIONS (+) CENTERED AROUND THE 
ST. LOUIS, MISSOURI ILS TRANSMITTER LOCATION (0)
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FIGURE 48

PLOT OF FM STATIONS (+) CENTERED AROUND THE 
HIAMI, FLORIDA ILS TRANSMITTER LOCATION (0)

FIGURE 49
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PLOT OF FM STATIONS (+) CENTERED AROUND THE

FIGURE 50

PLOT OF FM STATIONS (+) CENTERED AROUND THE 
DENVER-STAPLETON ILS TRANSMITTER LOCATION (0)

FIGURE 51
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1.

1.1

and:
then:
and:
Note.

1.2

1.3

ANNEX I I I

SUMMARY OF INTERFERENCE THRESHOLD CRITERIA

Localizer/VOR receiver immunity formulae

Third-order intermodulation interference (type B l)

Let: f  =  the i th FM frequency: f ,  f 2, f  (MHz)
Nj =  the i',h FM received power level (dBm)
a, =  max {0.4; 108.1 — f ) / 0 A
a ( f )  = 20 log (ay)

— No interference when formulae are satisfied.

1.1.1ICA0 Annex 10 - fu tu re  immunity
Reference: ICAO A nnex 1 0 , 88 3 . 1 . 4  ( I L S )  a n d  3 . 3 . 8  (VOR)

1 .1 .1 .1 2  signal

2N\ +  N2 -  3a ( f )  +  72 <  0

1 .1 .2  G en e v a  A g re e m e n t 1984  — future immunity 

Reference: G en e v a  A g re e m e n t 1984  , Annex 5, § 1.2.1.

-1 .2 .1  2 signal

I N  +  N  -  3a { f )  +  72 <  0 

.1 .2 .2  3 signal

The G en e v a  A g re e m e n t 1984  s p e c if ie s  a future immunity formula for the 2-signal case only, but 
states that a comparable relaxation in the criterion for the 3-signal case could possibly be expected. Based 
on this assumption, expansion of the 2-signal case to the 3-signal case yields:

N  + N  + N  -  3 a ( f ) +  78 < 0

1 .1 .3  G en e v a  A g re e m e n t 1 9 8 4 -  type B l correction term 

Reference: G en e v a  A g re e m e n t 1 9 8 4 , Annex 2, § 7.6.5.3
where: N-, (corrected) =  N, — correction term 
and: / =  1, 2, 3

TABLE XLI

A/
f  1 LS) fintennodi

(kHz)
Correction term 

(dB)

0 0
± 50 2
±100 8
±150 16
±200 26

Desensitization (B2 type)

See Fig. 52.

Co-channel interference (type A l)

Reference: G en ev a  A g re e m e n t 1984 , Annex 2, § 1.6.3.3 (current and future immunity)
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TABLE X L II

A/
(kHz)

Geneva Agreenenc 1984
protection ratio 

(dB)

0 17
± 50 10
±100 -  4
±150 -19
±200 -38

1 .4  Side-band interference (type A 2)

Reference: G e n e v a  A g re e m e n t 1 9 8 4 , Annex 2, § 7.6.4 (current and future immunity)

TABLE X L I I I

A /
(kHz)

Geneva Agreeaenc 1984
protection ratio 

(dB)

100 -41
200 -5 0
250 -5 9
300 -6 8
500 —

FIGURE 52 -  ILS/VOR desensitization immunity criteria (type B2)

A: existing im m unity:

-  Geneva Agreement 1984 ,  Annex 2, § 7.6.6 

B: future im m unity:

-G eneva Agreement 1984, Annex 5, § 1.2.2 

ICAO Annex 10 
A m endm ent 65, § 3.1.4.2
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REPORT 1198*

COMPATIBILITY BETWEEN THE BROADCASTING SERVICE IN 
THE BAND 87.5 -  108 MHz AND THE AERONAUTICAL 

SERVICES IN THE BAND 108 -  137 MHz
(Study Programme 4 6 J /1 0 )

(1990)
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1. In tro d u c tio n

Region 2 has been  o p era tin g  VHF/FM s ta t io n s  fo r  many y ea rs in  the  
freq uency  band 8 8  - 108 MHz. The World A d m in istra tiv e  Radio C onference (Geneva, 
1979) extended  the VHF/FM band to  108 MHz on a w orld-w ide b a s i s .  The p o s s ib i l i t y  
th a t  th e e x is te n c e  o f  b ro a d ca stin g  and a er o n a u tic a l ra d io n a v ig a t io n  s e r v ic e s  in  
a d ja ce n t frequency bands m ight le a d  to  problems o f  in c o m p a t ib il i ty  was 
reco g n ized  by th e  WARC 1979 (Recommendation 704) and a ls o  in  th e  agenda o f  the  
R egion a l A d m in istra tiv e  C onference fo r  FM Sound B road castin g  in  the VHF band 
(R egion  1 and c e r ta in  c o u n tr ie s  in  R egion 3 ) .  T his con feren ce was h e ld  in  Geneva 
in  1982 and 1984 to  determ ine the te c h n ic a l  c o n s tr a in ts  to  be u sed  in  p lann ing  
th e  new band fo r  th e b ro a d ca stin g  s e r v ic e  and to  produce a R egion al P lan  tak in g  
th e s e  c o n s tr a in ts  in to  c o n s id e r a t io n . Those te c h n ic a l  c o n s tr a in ts  have been used  
in  c a lc u la t in g  c o m p a t ib il ity  r e s u l t s  fo r  e x i s t in g  s i t u a t io n s  in  North America 
[CCIR, 1 9 8 6 -9 0 ],

T his Report c o n s id e rs  r e le v a n t  c h a r a c te r is t ic s  o f  b ro a d ca st s ta t io n s  in  
r e la t io n  to  the a e r o n a u tic a l c o m p a t ib il ity  problem .

2. Terminology

The' Final Act3 of the CARR-l(2) and Report 929 id e n t i fy  
several mechanisms by which interference to aeronautical services from FM 
broadcasting can arise. These can be divided into two general types. Those 
arising from components radiated from broadcasting transmitters at or near the 
frequency of the aeronautical service constitute Type A interference, whereas 
those arising within the aeronautical receiver constitute Type B.

2.1 Type A interference

In the normal operation of broadcast transmitters Type A interference may 
arise in two ways. First, a single transmitter may generate spurious emissions 
or several broadcast transmitters may intermodulate to produce terms in the 
aeronautical frequency bands; this is termed Type Al. Second, the sidebands of 
a broadcast 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 frequencies near to 108 MHz.

From the viewpoint of the aviation receiver the spectral characteristics of 
the unwanted 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 aeronautical receivers.

In addition, adverse effects in the ILS/VOR audio (identification) channel 
can occur.

However, if unmodulated broadcast transmission were to produce stable 
frequency components close to the ILS modulation signal frequencies (e.g +15 Hz 
of the modulation frequencies 90 Hz and 150 Hz) then highly significant inter
ference could occur even at very low levels of unwanted signals (see'
Report 927).
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2.2 Type Al interference
This is variously described as ’’in-band" or "on-channel", and is caused by 

spurious emissions (including intermodulation products) from the broadcast 
transmitter station. This is generally a low-level effect and can be regarded 
as harmful interference, as defined in the Radio Regulations, in cases where 
the level is sufficient to affect the performance of aeronautical receivers. No 
rejection can be provided at the airborne receiver. Suppression at source, the 
choice of broadcast assignment, and/or distance separation are the only practical 
solutions.
2.3 Type A2 interference 

This is interference to ILS channels near to the 108 MHz band edge 
owing to out-of-band emissions from broadcasting stations operating on 
carrier frequencies at the upper end of the broadcasting band.

2 . k Type B l  i n t e r f e r e n c e

Im erm o d u ia tio n  genera ted  in an airborne receiver as a resu lt o f  the -receiver being  driven ipio 
non-linearity  by a h ig h -p o w ered  b roadcasting  signal outside the a e ro n a u tic a l b an d . I n  o r d e r  f o r  t h i s  
t y p e  O f  i n t e r f e r e n c e  t o  o c c u r ,  n o r m a l l y ’at least rwo broadcasting  sig n a ls  need  to be present 
an d  thejy must have a freq u en cy  re la tio n sh ip  w hich, in non-lin ear com bination , can p ro d u c e  an in tcrm odu la tion  
product w ithin the w a n te d  R F  channel in use by the airborne receiver. O ne o f  the b roadcasting  signals must 
be p ow erfu l en o u g h  to drive the receiver into regions o f  n o n -lin e a rity  but interference may then be p ro d u ced  even  
though  the o ther signalfs) may be significantly  less p o w erfu l. U n d e r  c e r r a i n  c o n d i t i o n s ,  t y p e  3 1  

i n t e r f e r e n c e  c a n  o c c u r  w i t h  a  c o m b i n a t i o n  o f  o n l y  o n e  b r o a d c a s t i n g  s i g n a l  a n d  a n  
a e r o n a u t i c a l  g r o u n d  s i g n a l .

Perhaps the m ost sc n o u s practical aspect o f this m ecnantsm  fro m  the frequency p lann ing  view point 
is that an accep tab le  existing  situation  involving FM b ro adcasting  s ig n a ls  a t non-critical levels can be 
transform ed  in to  a p rac tica l problem  by. for exam ple, the ad d itio n  o f  a new  broadcasting  s ta tio n ,* ^  an 
increase in pow er at an  existing  broadcasting  station o r  i m p l e m e n t a t i o n  o f  a e r o n a n c i c a . 1  s t a t i o n s .

3. Improving the suppression of intermodulation products and out-of band emissions
at broadcast transmitting stations and d eterm in ation  of protection ratios-------

3.1 Intermodulation In a transmission system

When tvo or more transmission frequencies f a , f ta» ' * * are combined
in to  one antenna system cr where separate a n t e nnas are in  c lo s e  proxim ity  
there i s  a p o s s ib i l i t y  o f intenm odulation taking p lace somewhere in  the 
transm ission  system . At VHF the interm odulation  freq u en cies w hich .are  
most l ik e ly  to cause in ter fere n c e  w ith  other se r v ic e s  are o f the form 
(2 f fl -  f-a) or ,(fa -t f -0 -  f„ )  because th ese  freq uencies remain in  the 
VHF band and are th erefo re  rad iated  e f f i c i e n t ly  by the antenna system . 
They are a lso  more d i f f i c u l t  to f i l t e r  out than those which appear c lo se  
to the harmonic fr eq u e n c ie s . The d is p o s it io n  o f th ese in term odulation  
freq uencies i s  shown diagram m atically  in  F ig . la  fo r  the case o f three  
transm itters having eq u ally -sp aced  fr e c u e n c ie s . Figure lb  shows a more 
general case fo r  unequally-spaced  freq u en c ie s , in  th is  case fo r  A and 
A/2, where m u ltip le  in term odulation  products need not occur a t  one 
frequency, and the number o f freq u en c ies w ith interm odulation  products 
i s  g rea ter .
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FIGURE 1 -  O c cu re n c e  o f  t h i r d - o r d e r  i n t e r m o d u l a t i o n  
p r o d u c t s  a t  a  t h r e e - f r e q u e n c y  t r a n s m i t t i n g  s t a t i o n

Interm odulation a t the tran sm ittin g  s ta t io n  may take p lace  by e ith e r  
of two d is t in c t  p ro ce sse s . By the f i r s t  process the tran sm itter  combining 
u n it*  may a llow  a low le v e l  of v o lta g e  from one tran sm itter  (frequency f a )
to  reach the output sta g e  of another tra n sm itter  (frequency f^ ) where
mixing takes p lace to  produce a frequency (2f^ -  f a )« The production
in vo lves a conversion  lo s s  in  going from the input le v e l  o f  fa  to the 
output l e v e l  o f (2f^ -  f a ) .  The conversion  lo s s  i s  dependent on the working 
con d ition s of the a m p lif ie r , i . e .  c la s s  B, C or D, the term inating  
Impedances fo r  the mixing products and other relevant freq u en c ies:  
(fb  “ fa)» Ĉ b + ^a)» harmonics, e t c . ,  and the frequency response of the
output c i r c u i t  a t  th e frequency f a and th a t  o f  th e  in term o d u la tio n
p ro d u cts. In  a d d it io n  to  the co n v ersio n  l o s s ,  power m atching betw een  
th e combiners and th e m ixing fu n c tio n  in  th e tr a n sm itte r  a f f e c t s  the  
f in a l  l e v e l s  o f  the in term od u la tion  p ro d u cts . T his fa c to r  depends on 
th e e l e c t r i c a l  le n g th  o f  the co n n ectin g  fe e d e r s  between the com biners 
and the t r a n s m it te r s . With v a lv e  t r a n s m it te r s , v a r ia t io n s  o f  
in term od u la tion  product l e v e l s  o f  up to  10 dB have been ob served  w ith  
changes o f  fe ed er  le n g th .

* A l t e r n a t i v e  t e r m s  f o r  t r a n s m i t t e r  c o m b i n i n g  u n i t s  i n p l u d e  t r a n s m i t t e r  c o m b in e r  
o r  d i p l e x e r ,  c h a n n e l  c o m b i n e r ,  s t a r  f i l t e r  and h y b r i d  f i l t e r .
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  Data on various arrangements for combining tr a n sm itte r s , in c lu d in g
methods o f c a lc u la t io n  and measurements on some r e p r e se n ta tiv e
in s t a l la t io n s , are given in Annex I .

The second process takes p lace in  the transm ission  system  a f t e r
freq u en cies have been combined and may be due to a rc in g  or to  the non
lin e a r  r e s is ta n c e  of m eta l-to -m eta l co n ta c ts  w ith in  th e feed er and antenna 
system . In g en era l, however, the le v e ls  thus produced are l ik e ly  to be
lower than th ose produced due to  an im perfect tra n sm itter  combining u n it .
The p o s s ib i l i t y  of in term odulation  having taken p lace  by the second  
process can be checked by comparing the le v e ls  o f  products measured in  
the rad iated  f i e ld  w ith those measured in  the main fe e d e r s .

When con sid erin g  le v e ls  that are l ik e ly  to be produced i t  i s  necessary  
to consider:

-  the c ir c u i t  of the tra n sm itter  combining u n it and i t s  tr a n sfe r  
c h a r a c te r is t ic s  a t a l l  re levan t fr eq u en c ie s; and

-  the loss in the ocnversicn process.

Because o f the com plicated nature o f the term inating impedances a t  
the various freq u e n c ie s , e s p e c ia l ly  in  tr a n s is to r iz e d  power a m p lif ie r s  
where the mixing occurs in  a number of combined a m p lif ie r s ,  con version  
lo s s e s  cannot be a ccu ra te ly  p red ic te d . Conversion lo s s e s  fo r  va lve  
tr a n sm itte r s , in c lu d in g  matching e f f e c t s ,  have been reported as being  
between 9 and 26 dB, ty p ic a l ly  20 dB.

For tr a n s is to r iz e d  a m p lif ie r s , con version  lo s s e s  o f 6  to  25 dB have 
been reported but fu rth er in v e s t ig a t io n s  are needed.

The above v a lu es  axe based on 1 .8  MHz spacing between c a r r ie r s .  U n in ten tion a l 
a istu n in g  o f  a tuned a m p lifie r  can in crea se  in term odulation  products by ut> to 1 0  d3 . 
Care must a ls o  be taken to  ensure the fa nal  a m p lifier  has been c o r r e c t ly  n eu tra lized .

3 .2  P o s s ib i l i t i e s  and techniques for  improving suppression  of in t e r 
modulation products a t broadcast tra n sm ittin g  s ta t io n s

It is possible to design and build broadcast transmitting stations that will have 
Interm odulation products suppressed to  a le v e l  lower than th at required by 
th e  Radio R eg u la tio n s and such l e v e l s  can be m aintained  over a lo n g  
period  o f tim e. I t  has a ls o  been shown that s t i l l  lower le v e l s  may be 
obtained  a t in d iv id u a l s ta t io n s  where the a d d itio n a l c o s t  and e f f o r t  are  
j u s t i f i e d .  It remains to  be seen whether th ese  le v e ls  can eq u a lly  be 
m aintained in  s e r v ic e .
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The ITU Radio R egulations (1982) require th at the mean power o f an 
in term odulation  product su pp lied  by a tra n sm itter  o f mean power above 25 W 
Co. the antenna tran sm ission  l in e  s h a ll  be a t le a s t  60 dB below the wanted 
s ig n a l  and s h a ll  not exceed 1 mW. Thus fo r  a tra n sm itter  power of 1 kW the 
h ig h e s t  r e la t iv e  le v e l  for  the i .p .  i s  -60  dB w hile fo r  one of AO kW the 
r e la t iv e  le v e l  must not exceed -76 dB. From Table I—II o f Annex I , i t  may 
be seen  th at o ld  UK s ta t io n s  ex h ib it  I .p .  le v e ls  5 dB or more below the ITU 
requirem ent and the two new s ta t io n s  ach ieve  even lower l e v e l s ,  a t le a s t  in  
the sh ort term. I t  seems l ik e ly  that l e v e l s  a t l e a s t  10 dB below the ITU 
requirem ent can be achieved and m aintained In s e r v ic e  for  tran sm itters o f 
25 W or more. For tra n sm itters  o f powers below 25 W I t  i s  b e lieved  that no 
improvement i s  n ecessary .

The United S t a t e s  FCC-rules spec i fy  the l e v e l  of  a spurious 
emission as a f u n c t io n  of  i t s  f requency separa t ion  from the t r a n s m i t t e r  
f requency.  Out of  band emission must be a t t e n u a te d  by a t  l e a s t  13 t  10 -°S^o 
( t r a n s m i t t e r  power) below the l eve l  of the unmodulated c a r r i e r ,  or by 80 dB, 
whichever i s  the smal le r  a t t e n u a t io n .  Measurements o f  m u l t ip le  (up to 15) 
operat ions a t  common s i t e s  show t h a t  s t a t io n s  i n  the United S ta te s  have achieved,  
or exceeded, t h i s  l e v e l  of intermodulat ion product suppress ion  in  the ae ronau t i ca l  
band when the s e p a r a t i o n  between t r a n s m i t t e r  f requenc ie s  i s  800 kHz or  more. In 
add i t ion ,  a lmost  a l l  in te rmodulat ion products ,  from transmiss ions  of 50 kW e . r . p .  
or more, met the 85 dB suppression requirement  given i n  Annex I I ,  pa ra .  7 .6 .3 -2  
of the Geneva Agreement, 1981.

In order to ach ieve the required le v e ls  of suppression  of
in term odulation  products i t  i s  n ecessary  to  d esign  and engineer the
tra n sm itter  in s t a l la t io n  w ith m eticu lous a tte n t io n  to d e t a i l .  In
p a r t ic u la r , the fo llo w in g  a sp ects  have been found to  be Important.

5.2.1 Combining units and frequency—separation dependence of
transmitter conversion loss

With regard to the generation of interaodulation products 
wichin broadcasting transmitters, measurements in the UK have 
confirmed that transmitter conversion losses for the generation of 
two—frequency incermodulation products increase as the frequency 
separation Increases - Hence, if the broadcast transmitter frequencies 
that may cause third-order intemodulation products in the 
aeronautical bands above 108 MHr are relatively widely spaced (I.e. by 
more than about 3.0 MHz) it follows that the required low levels of 
intemodulation products will generally be achieved without 
significant increase in the cost or complexity of the transmitter 
c ombIni ng uni ts.

A d d i t i o n a l  m e a s u r e m e n t s  i n  t h e  U n i t e d  S t a t e s  o f  A m e r i c a  
s h o w  t h a t  t h e  c o n v e r s i o n  l o s s  :

c a n  b e  a f u n c t i o n  o f  t h e  t y p e  o f  d e v i c e  w i t h  t h e  n o n 
l i n e a r  c h a r a c t e r i s t i c  a n d  t h e  t y p e  o f  o u t p u t  c i r c u i t ;

c a n  b e  a f u n c t i o n  o f  t h e  r e l a t i o n s h i p  o f  t h e  i n t e r f e r i n g  
s i g n a l  a n d  t h e  r e s u l t i n g  i n t e r m o d u i a t i o n  p r o d u c t s  t o  t h e  
FM t r a n s m i t t e r  f r e q u e n c y . ;

w i l l  b e  l e a s t  w h e n  t h e  i n t e r f e r i n g  s i g n a l  i s  w i t h i n  t h e  
FM t r a n s m i t t e r ' s  p a s s b a n d  and

may r e m a i n  a l m o s t  c o n s t a n t  whe n  t h e  l e v e l  o f  t h e  
i n t e r f e r i n g  s i g n a l  i s  r e d u c e d  b e l o w  a c e r t a i n  l e v e l .
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The conversion losses for chree-f requency inc.emodula.cion 
produces have been found co be higher Chan in che tvo-frequency case 
so Chac ic is probably unnecessary Co make special provision in Che 
combining unic design for Che suppression of incemodulacion produces 
in che chree-frequency case.

The required isolacion between cransmiccers sharing an 
ancenna should be calculaced caking Into account Che conversion loss 
ac che transmitter and any accenuacion of che incermoduiacion produce 
in che combiner as discussed in Seccion 3.2 above-

3 .2 .2  Antennas

If tran sm itters are fed in to  separate antennas, the mutual 
coupling between them should be taken in to  co n sid era tio n  when d ecid in g
what a d d itio n a l f i l t e r s  w i l l  be requ ired .

If a common ancenna is used, one having a large aperture 
and a relatively low power-densicy would, be expected to have a 
better linearity chan a small-aperture, nigh power-densicy ancenna.

The antenna co n stru c tio n  should take in to  account the lo c a l  
environm ent. M aterials and f in is h e s  should be chosen to  m inim ize the  
p o s s ib i l i t y  o f r e c t i f ic a t io n  e f f e c t s  a t ju n ctio n s .

In c a lc u la tin g  the e f f e c t  o f rad iated  in term odu lation  
products, the r e s u lt  w i l l  be more accurate i f  allow ance i s  made fo r  
the ra d ia tio n  pattern  o f the antenna taking
in to  account the beam t i l t  where appropriate (se e  example g iven  in
'.Annex I I ) .

Where possible, data on the radiation pattern for the intermodulacion 
product frequency should be used in the case of Al interference. In the example 
in Annex II the pattern at the intermodulation frequency is approximately the 
same as the pattern at frequencies within the broadcast band but this may not 
always be the case .

3 .2 .3  Antenna transm ission  l in e

The use of m u ltip le  co n ta c ts  in  a transm ission  l in e  should
be minimized as th ese  may become n o n -lin ea r  w ith  o x id a t io n . Thus a 
continuous sem i" flex ib le  transm ission  l in e  would be p re fera b le  to a 
r ig id ,  s e c t io n a liz e d  l in e .

3 .2 .4  Transm itter d rives

Any s i g n i f i c a n t  coupling between t r a n s m i t t e r  d r iv e s ,  a l b e i t  low lev e l ,  
can give r i s e  to  intermodulat ion products which w i l l  degrade the ove ra l l  
performance. I f  a number of drives are mounted close  toge the r  the e l e c t r o 
magnetic screening should be of high s tandard.  S i m i l a r ly ,  i f  the coaxial  
t ransmission l i n e s  between the dr ives  and the power a m p l i f i e r s  run 
together ,  e .g .  i n  a duct ,  the screening between the l i n e s  should be of a 
high order ;  i t  may be necessary to use double screened cable or feeder  having 
a so l id  ou ter  conductor .

As a gu id e, tran sm itter  d r iv e s  should carry no s tr a y  p ick —up 
of unwanted freq uencies h igher than -75  dB r e la t iv e  l e v e l .  Screen ing  
must be s u f f ic ie n t  to  reduce d ir e c t  pick-up o f the rad iated  s ig n a ls  
from tra n sm itters  on other freq u e n c ie s , as w e ll as reducing the mutual 
coup ling  mentioned above.
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3 . 2 . 5  P o s i t i o n  o f  combining u n i t  f o r  optimum a t t e n u a t i o n  o f  
i n t e r m o d u l a t i o n  p ro d uc ts

Adjustment o f the len gth  o f feed er  between the tra n sm itter  
and combining u n it i s  necessary  to  ach ieve  optimum perform ance.

3 .2 .6  Suppression of Interm odulation products in
s o l id - s t a t e  a m p lifier s

For tra n sm itters  with s o l id - s t a t e  a m p lif ie r s  i t  has been 
suggested  th at conversion  lo s s  can be increased  up to about 25 dB by
combining two a m p lifier  s ta g es  by means of 90° phase s h if t in g
networks.

3 .3  D iscu ss io n  regard ing  Type Al in te r fe r e n c e

3 .3 .1  In Region 1, p a r tic u la r ly  in  Europe, FM broadcast s ta t io n s  
with m u ltip le  tra n sm itters  are u su a lly  m ultip lexed  in to  the same 
antenna, although in  other a rea s , e .g .  in  the USA, th is  i s  ex c ep tio n 
a l .  The use o f m ultip lexed  tra n sm itters  can cause d i f f i c u l t  cases of 
spurious em issio n , v iz ,  th ird -o rd er  interraodulation products f a l l in g  
in  the frequency band a llo c a te d  to  the a ero n a u tica l s e r v ic e s  
(108-137 MHz). C onsequently, Footnote 10 to Appendix 8  o f the
In tern a tio n a l Radio R egulations s p e c i f i c a l ly  a p p lie s  to  FM 
broadcasting tra n sm itters  operating  in  the band 87 .5-108  MHz. Other
relevan t Radio R egulations are RR 30A, 3A3 and 1813.

-.3.2 Spurious emission measurements reported by a number of
administrations shoved vide variations In values. All experiences 
repartee concerned spurious emissions from transmitters operating with 
less tr.an 50 kW transmitter pave r. Measurements ranged from about 
—60 d3 to about -LOO d3, depending upon transmitter filtering used, 
age of the systems, and particular installation characteristics.

D if r le n i t ie s  may a r ise  i f  transm itter powers o f greater than about 
50 kW are used , p a r ticu la r ly  in m ultiplexed  in s t a l la t io n s .

3 .3 .3  R ecognizing that broadcasters must con tr ib u te  towards
overcoming In co m p a tib ility  problems between the broadcasting  and 
a ero n a u tica l s e r v ic e s  op eratin g  in  adjacent bands, the spurious  
em ission  l im it s  suggested  should be a s ig n if ic a n t  improvement on the  
requirem ents of the Radio R egu la tion s.

3 .3 .A Although the appropriate spurious em ission  l im it s  are
sp e c if ie d  r e la t iv e  to tra n sm itter  power, i t  i s  important to  be ab le
to  c a lc u la te  the l im its  r e la t iv e  to  e f f e c t iv e  rad iated  power.

3.3.5 It is technically feasible to reduce the radiated 
power of the th ir d —order in term odulation  products to -85 dB r e la t iv e  
to  the e f f e c t iv e  rad iated  power. (The referen ce  in  th is  case  i s  the 
maximum e . r . p .  o f the h ig h est powered broadcast transm ission  ) .
Since measurements on the b roadcas t  t r a n s m i t t e r  comprise the sum of 
a l l  inte rmodulat ion  products f a l l i n g  on any one frequency, i t  i s  not 
necessary to add an allowance fo r  m ul t ip le  in te r fe re nc e  from a s ingle  
broadcast ing s i t e .
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3 .3 .6  Head Note 4 to Appendix 8  of the Radio R egulations i s  a ls o
s p e c i f i c a l ly  a p p lica b le  to the FM broadcasting s e r v ic e .  T igh ter  
spurious em ission  l im its  than those s p e c if ie d  by Appendix 8  are  
fe a s ib le  for the fo llo w in g  reasons:

-  s u ita b le  equipment i s  a v a ila b le ;

-  most tran sm itter  in s t a l la t io n s  have a b etter  performance; 

and

-  some a d m in istra tio n s' domestic reg u la tio n s already s t ip u la te  t ig h te r  
l im i t s .

3 .4  D isc u ss io n  regard in g  Type A2 in te r fe r e n c e

From the lim ited  Information made a v a ila b le , i t  i s  p o s s ib le  to  
in d ica te  the approximate sp ec tra l c h a r a c te r is t ic  of an FM broadcast 
em ission  (Report 1065).

In view o f the rapid f a l l - o f f  of an FM transm ission  spectrum w ith  
frequency d if fe r e n c e  from the nominal c a r r ier  frequency i t  i s  l ik e ly  th a t  
fu rth er  reduction  of energy ou tsid e ±  150 kHz would g iv e  n e g l ig ib le
b e n e f i t .

Various op tion s of p o ss ib le  u t i l iz a t io n  of f i l t e r i n g  ou t-o f-b a n d  
em ission s (fo r  exam ple, notch f i l t e r s  and band-pass f i l t e r s )  have been  
con sid ered . However, the u t i l iz a t io n  of ce r ta in  types of f i l t e r s  may a f f e c t  
the s p e c tr a l c h a r a c te r is t ic s ,  introduce asymmetry of spectrum and degrade 
the q u a lity  o f sound.

In  p r a c t ic e ,  where th e frequency sep a ra tio n  betw een b ro a d ca st and 
a e r o n a u tic a l s e r v ic e s  i s  sm a ll, i t  i s  d i f f i c u l t  to  d is t in g u is h  betw een  
in te r fe r e n c e  due to  o u t-o f-b a n d  em iss io n s  and th a t due to  in -b r o a d c a st  band 
e m iss io n s  r e c e iv e d  as a r e s u l t  o f  the s e l e c t i v i t y  resp on se o f  th e  
a e r o n a u tic a l r e c e iv e r .  T ests  have in d ic a te d  th a t w ith  e x i s t in g  r e c e iv e r s  
the l a t t e r  i s  th e  more im portant a t  se p a ra tio n s  ex ceed in g  250 kHz. Improved 
s e l e c t i v i t y  may th e r e fo r e  m odify A2 p r o te c t io n  c r i t e r i a  even  
though th e  b ro a d ca st spectrum  remains unchanged.

4 . Other a sp e c ts  o f  c o m p a t ib il ity  assessm en t

4 .1  I n te r fe r e n c e  to  ILS by unmodulated b ro a d ca stin g  s ig n a ls

Concern has been expressed about the degree of co—channel in ter fere n c e  
from the th ird-order interm odulation product from two (or th ree) broadcast 
transm issions when the transm itters are unmodulated or have sim ultaneous 
pauses in  modulation. This problem might a r ise  for Type Al or _ Bl 
in ter feren ce .

The reason for concern is  that CCIR Report 927 (S ection  3 .1  o f Annex
I) g ives a p rotection  r a t io  of 46 dB for cases where a CW s ig n a l may have a
sta b le  frequency d ifferen ce  of 90 Hz or 150 Hz from the ILS c a r r ie r
frequency, thus producing amplitude modulation to which the rece iv er  is
most s e n s it iv e .  This exceeds the planning co-channel p ro tectio n  .ra tio  of 
17 dB by 29 dB, thus suggesting up to  29 dB greater sensitivity to  
In terference than would be expected using the normal c r it e r ia -
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However, the a c tu a l s i tu a t io n  a t broadcast tra n sm itters  i s  that during  
normal programme tran sm ission  there i s  a re s id u a l n o ise  l e v e l  cau sing  a 
minimum of ± 20 Hz d ev ia tio n  of each tr a n sm itter , g iv in g  about ± 35 Hz 
d ev ia tio n  on a th ird-'order product. I t  may th erefo re  be unnecessary to take 
fu rth er  precautions a g a in s t  the ra d ia tio n  o f interm odulation  products of 
very low d e v ia t io n . Further t e s t s  are required  to  e s ta b lis h  the p o s it io n .  
S tu d ies carried  out by one a d m in istra tio n  show th a t , i f  i t  should prove 
n ecessary  in  c e r ta in  c a s e s ,  a t l e a s t  one a ccep ta b le  so lu t io n  to  the problem  
e x i s t s ,  as d escrib ed  below . This means th at i t  w i l l  not be n ecessary  to  
make s p e c ia l  allow ance fo r  the problem in  p lanning.

Having stu d ied  some a lte r n a t iv e  s o lu t io n s ,  the one proposed by one 
a d m in istra tio n  i s  a sm all frequency o f f s e t  from the nominal frequency for 
e i th e r  the broadcast tra n sm itters  or the ILS tra n sm itter , to ensure that 
the interm odulation  product is  never c lo s e r  than 160 Hz from the ILS 
c a r r ie r . T ests w ith  ILS r e c e iv e r s  have confirm ed that th is  i s  s u f f i c i e n t  to 
remove the problem.

With practical frequency colerar.css , e.g. ± I kHz for broadcast ar.c 
- 2 kHz for ILS (sonevhac smaller char, che maximum tolerances in che 
Radio Regulations) an example of a possible solucion is as f o l l o w s .  Tae 
broadcast transmitters would operate with a nominal 2 kHz offset i n  
such d i r e c t i o n s  t h a t  a nominal o f f s e t  of c kHz i s  c rea ted  on. the 
third-order intermodulation product. With adverse extremes of the suggested 
tolerances this would reduce che offset ca a minimum of 1 kHz.

A s im ila r  example can be g iven  fo r  the o f f s e t  ap plied  in stea d  to  the 
ILS tr a n sm itter . In th is  ca se  (assuming th at the ILS to lera n ce  i s  Improved 
to  ±  1 kHz) an o f f s e t  o f A.5 kHz i s  s u f f i c i e n t .  This value o f o f f s e t  i s  
used in  tw o-frequency ILS lo c a l iz e r  in s t a l la t io n s .

A.2 I n te r fe r enc e  to  ILS and yOR during FM s t a t i o n  t e s t i n g

A common p r a c t i c e  i n  many c o u n t r i e s  i s  f o r  FM b r o a d c a s t  
s t a t i o n s  t o  p e r f o r m  o p e r a t i o n a l  t e s t s  u s i n g  v a r y i n g  m o d u l a t i o n  
f r e q u e n c i e s  and  m o d u l a t i o n  l e v e l s .  G e n e r a l l y ,  t h e  m o d u l a t i o n  i s  
s i n u s o i d a l .  The FM m o d u l a t i o n  s i d e b a n d s  d u r i n g  t e s t s  a r e  t v o i c a l l y  
h i g h e r  i n  a m p l i t u d e  t h a n  du r ing  normal s te reophonic  t r a n s m i s s i o n s „

A v a i l a b l e  i n f o r m a t i o n  on t e s t i n g  p r o c e d u r e s  snow t h a t ,  in  t h e  
USA, t h e  t e s t  p e r i o d s  a r e  i n f r e q u e n t  and  a r e  e x e c u t e d  a t  t i m e s  c i  
low a v i a t i o n  a c t i v i t y  (See Annex I V - l ) .

F i n l a n d ,  h o w e v e r ,  h a s  i n d i c a t e d  t h a t  t r a n s m i s s i o n  
m e a s u r e m e n t s  a r e  p e r f o r m e d  i n  a r e g u l a r  m anner  a t  s m a l l e r  

- i n t e r v a l s ’ a nd  d u r i n g  d a y t i m e  (see Annex IV-2) .

The c h a r a c t e r i s t i c s  o f  t h e s e  t e s t s  a r e  s u c h  t h a t  
s p e c i a l  c o n s i d e r a t i o n  o f  i n t e r f e r e n c e  m ec h a n i s m s  may be w a r r a n t e d ,  
t a k i n g  i n t o  a c c o u n t  a l l  f r e q u e n c y  t o l e r a n c e s .  T h i s  i s  p a r t i c u l a r l y  
t r u e  i f  t h e  r e s u l t i n g  b a s e b a n d  s i g n a l  i n  t h e  ILS/VOR r e c e i v e r  
c o n t a i n s  f r e q u e n c y  c o m p o n e n t s  o f  30,  90 o r  150 Hz p l u s  a 
t o l e r a n c e  a b o u t  t h e s e  f r e q u e n c i e s .  An i m p o r t a n t  c a s e  c o u l d  
be f o r  t r a n s m i t t e r s  w h e r e  a c o m p a t i b i l i t y  a n a l y s i s  shows t h a t  
t h e r e  i s  o n l y  a s m a l l  p o s i t i v e  p r o t e c t i o n  m a r g i n .
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4 .3  FM b r o a d c a s t  a n t e n n a  p a t t e r n

B o th  h o r i z o n t a l  and  v e r t i c a l  r a d i a t i o n  p a t t e r n s  o f  p r o p o s e d  
and  e x i s t i n g  FM b r o a d c a s t  s t a t i o n s  c a n  be t a k e n  i n t o  a c c o u n t  
i n  c o m p a t i b i l i t y  a n a l y s i s  f o r  b o t h  t y p e  A and  t y p e  3 
i n t e r f e r e n c e .

4 . 3 . 1  H o r i z o n t a l  p a t t e r n s

I f  an FM s t a t i o n  u t i l i z e s  a d i r e c t i o n a l  a n t e n n a  and t h e  
d i r e c t i v i t y  p a r a m e t e r s  a r e  known, t h e  f i e l d  s t r e n g t h  
c o r r e c t i o n s  c a n  be p e r f o r m e d .

The h o r i z o n t a l  r a d i a t i o n  p a t t e r n s  c f  n o m i n a l l y  o m n i 
d i r e c t i o n a l  a n t e n n a s  s h o u l d  r e c e i v e  p a r t i c u l a r  c o n s i d e r a t i o n  
i f  t h e y  d e v i a t e  more t h a n  i  2d3 r rom  t h e  i d e a l  c i r c u l a r  
s h a p e .

A c c o r d i n g  t o  e x p e r i e n c e  g a i n e d  i n  C a na a a  t h i s  c o u l d  oe t n e  
c a s e  when u t i l i z i n g  s i d e - m o u n t e a  d i p o l e  a n t e n n a s .  T h i s  t y p e  
o f  b r o a d c a s t  a n t e n n a  t y p i c a l l y  c o n s i s t s  c f  a s i n g l e  v e r t i c a l  
s t a c k  o f  d i p o l e  r a d i a t i n g  e l e m e n t s  m o u n te d  on a c o r n e r  o r  a 
f a c e  o f  t h e  s u p p o r t i n g  s t r u c t u r e .  A i r o o r n e  m e a s u r e m e n t s  
f o r  h o r i z o n t a l  p o l a r i z a t i o n  showed p o s s i o l e  d i f f e r e n c e s  
b e t w e e n  maximum and minimum a n t e n n a  g a i n  o f  t h e  o r d e r  o f  
15dB i n  t h e  h o r i z o n t a l  p l a n e  f o r  t h i s  t y p e  o f  a n t e n n a .  
S i m i l a r  d e v i a t i o n s  a r e  t o  be e x p e c t e d  f o r  v e r t i c a l  
D o l a r i z a t i o n .

4 . 3 . 2  V e r t i c a l  p a t t e r n s

The v e r t i c a l  r a d i a t i o n  p a t t e r n  o f  a b r o a d c a s t i n g  s t a t i o n  
may a l s o  be o f  c o n s i d e r a b l e  s i g n i f i c a n c e  i n  c o m p a t i b i l i t y  
a s s e s s m e n t s .

D i f f e r e n t  m e t h o d s  e x i s t  f o r  t h e  t h e o r e t i c a l  m o d e l l i n g  o f  t h e  
r a d i a t i o n  p a t t e r n  o f  an a n t e n n a  and some o f  t h e s e  a r e  g i v e n  
i n  Annex I I I .  In  such model l ing i t  i s  normal t o  s e t  some 
l i m i t  t o  t h e  maximum v a l u e  o f  r e d u c t i o n  a c h i e v e d .  However ,  
a m e a s u r e d  p a t t e r n  f o r  a g i v e n  a n t e n n a  may show t h a t  a 
r e d u c t i o n  a p p r o a c h i n g  20 dB can  be a c h i e v e d  f o r  a l l  s i d e  l o b e s  
and m e a s u r e d  v a l u e s  s h o u l d  be u s e d ,  w h e r e  a v a i l a b l e .

When two o r  t h r e e  s i g n a l s  w i t h  d i f f e r e n t  f r e q u e n c i e s  a r e  
r a d i a t e d  f rom  t h e  same a n t e n n a ,  t h e  a c t u a l  m e a s u r e d  a n t e n n a  
p a t t e r n  on e a c h  f r e q u e n c y  s h o u l d  be t a k e n  i n t o  a c c o u n t ,  where 
a v a i l a o l e .  3 e c a u s e  t h e  s i d e - i o b e  maxima f o r  d i f f e r e n t  
f r e q u e n c i e s  w i l l  n o t  n e c e s s a r i l y  c o i n c i d e ,  t h e r e  can  be a 
s i c n i d i  c a n t  r e d u c t i o n  o f  p o t e n t i a l  i n t e r f e r e n c e .
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4 . 3 . 3  C o m D i n a ' c i o n  c f  H o r i z o n t a l  a n d  v e r t i c a l  p a t t e r n s

T h e  r e l e v a n t  v a l u e s ,  i n  d B , o f  t h e  h o r i z o n t a l  a n d  v e r t i c a l  
r a d i a t i o n  p a t t e r n  c o r r e c t i o n s  s h o u l d  b e  a d d e d  a r i t h m e t i c a l l y ,  
s u b j e c t  t o  a c o m D i n e a  maximum r e d u c t i o n  o f  2 0  d B .

E x p e r i e n c e  h a s  s h o w n  t h a t  w i t h  l a r g e  a p e r t u r e  a n t e n n a s ,  i  
i s  r a r e l y  n e c e s s a r y  t o  t a k e  t h e  h o r i z o n t a l  r a d i a t i o n  p a t t e  
i n t o  a c c o u n t  i f  t h e  e l e v a t i o n  a n g l e  ( t o  a p o i n t  f o r  w h i c h
c a l c u l a t i o n s  a r e  b e i n g  m a d e )  i s  m o r e  t h a n  a b o u t  1 0  d e g r e e s

A t  e l e v a t i o n  a n g l e s  n e a r  t o  90 d e g r e e s  n o  h o r i z o n t a l  
r a d i a t i o n  p a t t e r n  c o r r e c t i o n s  s h o u l d  b e  m a d e ,  r e g a r d l e s s  o f  
t h e  a n t e n n a  t y p e .

5. Conclusions

5.1  On the maximum o b ta ina b le  suppres s ion  o f  spurious  emissions in  the
band 108 - 137 MHz, from b ro ad c a s t in g  s t a t i o n s  o p e ra t in g  in  the
band 87.5 - 108 MHz

In  the  North American experi ence ,  i t  has no t  been n e c e s s a ry  to  r e q u i r e  
g e n e r a l l y  the supp re s s ion  o f  spurious  emissions o f  more than  80 dB.

Consider ing  s p e c i a l  c i rcumstances w i t h in  Region 1 and some a reas  o f  
Region 3, the fo l lowing  va lues  f o r  spurious  emissions  were recommended 
by JIWP 8-10/1 f o r  assessment  and p lann ing  purposes  in  the VHF/FM b r oadc a s t ing  
band in  cases  where Type Al i n t e r f e r e n c e  in  the a e r o n a u t i c a l  band can 
be expected.

TABLE I

Maximum r e l a t i v e  l e v e l  of  spu r ious  emissions

Transm itter
power
(V:W)

Maximum r e la t iv e  l e v e l  o f  spurious  
em issions

Appendix 8 of  t h e  
Radio Regula t ions  

(dB)

Values recommended 
by JIWP 8-10/1 

(dB)

0.01 -56 -56
0.02 -59 -59
0.1 -60 -66
0.2 -60 -69
1.0 -60 -72
4.0 -66 -82

10.0 -70 -85
20.0 -73 -85
40.0 -76 -85
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The recommendations re la te  to  the to t a l  mean power le v e l
of a l l  spurious components at any one frequency in  the a e r o n a u tica l
band, su p p lied  to the antenna system  transm ission  l in e  a t FM
broadcasting s ta t io n s .  The le v e l  i s  measured a f t e r  tak ing In to
co n sid era tio n  a l l  f i l t e r s ,  com biners, m u ltip le x ers , e t c .  which may 
a f f e c t  the rad iated  le v e l  of spurious em ission .

n e e  c che r e c o m m e n d a t i o n s , c n e pow er
s p u r i o u s  c o m p o n e n t s  f r o m  a n  FM b r o a d c a s t i n g  s t a t i o n  s h o u l d  n o t  e x c e e d  

25 u w f o r  t r a n s m i t t e r  p o w e r s  u p  t o  a p p r o x i m a t e l y  8 k w .  The a c tu a l  r ad ia ted  
power of  a spurious  emission, however, depends on the gain  of  the antenna 
a t  the f requency of the spurious emission which i s  l i k e l y  to  be l e s s  than 
the gain a t  the b r o a d c a s t i n g  frequency.

Also the a tten u a tio n  (mean power w ith in  the n ecessa ry  
bandwidth to the mean power o f the spurious component concerned) 
for tra n sm itter  powers above approxim ately 8  kW should be a t l e a s t  
85 dB (se e  Table I and graph (F ig . 2 ) ) .
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ANNEX I

DATA ON TRANSMITTER COMBINING UNITS*

1. Types of combining units

Several differenc cypes of units are in use for combining r-o 
or more broadcast transmitters into a common ancenna.

Figures I - l a ,  I - lb ,  I -2 a  and I-2b show rep resen ta tiv e  arrangements for  
combining two tra n sm itters  which are in  use by the RAI and a lso  w ith in  the 
countries mentioned below.

1.1  S itu a tio n  in  France

In  France ,  when t h e r e  i s  a r i s k  o f  i n te rm odu la t ion  p r o d u c t s ,  TDF uses  
modules o f  the type  d e s c r ib e d  in  Figure I . 2 a .  Each module i s  des igned  so t h a t  
the  passband f i l t e r s  c e n t r e d  on f l  d i s p l a y  an a t t e n u a t i o n  o f  a t  l e a s t  25 dB a t  
f r e a u e n c i e s  f2 and 2 f l  - f 2. Moreover, a decoupl ing  between the  i n p u t s  o f  40 dB 
a t  f requency f l  and 50 dB a t  f requency  f2 i s  r e q u i r e d .  These v a lu e s  can be 
a t t a i n e d  w i thou t  a drop i n  s i g n a l  q u a l i t y  even f o r  t r a n s m is s io n  f requency 
s e p a r a t i o n s  o f  800 kHz. In  t h i s  case ,  the  passband f i l t e r s  have t h r e e  c a v i t i e s .

I f  f l  i s  greater  than f 2, the interm odulation product l ik e ly  to a f f e c t  
the aeronautical ser v ic e s  i s  s itu a te d  a t the frequency 2 f l  - f 2. In view o f the 
above attenuation  and decoupling va lu es and fo r  a conversion fa c to r  o f  1 0  dB, 
the product at frequency 2 f l  - f 2  w i l l  be transm itted  to the antenna a t a le v e l  
l e s s  than at l e a s t  85 dB (50 + 25 + 10) lower than the wanted s ig n a ls .

1. 2 S itu a tio n  in  the U nited S ta tes

Combin ing  u n i t s  u s e d  i n  t h e  U n i t e d  S t a t e s  o f  A m e r ic a  a r e  
g e n e r a l l y  c h a r a c t e r i z e d  by t h e i r  i m p e d a n c e  p e r f o r m a n c e  (non
c o n s t a n t  im p e d a n ce  o r  c o n s t a n t  i m p e d a n c e )

N o n - c o n s t a n t  im p e d a n c e  d e v i c e s  g e n e r a l l y  c o n s i s t  o f  two ba n k s  
o f  f i l t e r s ,  e a c h  f e e d i n g  a c o a x i a l  ( t e e )  n e t w o r k  w h e r e  t h e  
e l e c t r i c a l  l e n g t h  b e tw e e n  e ach  f i l t e r  o u t p u t  and t h e  c e n t e r l i n e  
o f  t h e  ( t e e )  n e t w o r k  i s  f r e q u e n c y  s e n s i t i v e .  The a p p l i c a t i o n  o f  
t h i s  t y p e  o f  f i l t e r  i s  l i m i t e d  a s  a l l  o f  t h e  e l e c t r i c a l  
p a r a m e t e r s  a r e  a f u n c t i o n  o f  t h e  f i l t e r  c h a r a c t e r i s t i c s  ( s u c h  as  
s t e n d i n g  wave r a t i o ,  i n s e r t i o n  l o s s ,  r e j e c t i o n / i s o l a t i o n  
c h a r a c t e r i s t i c s  e t c . )  T h i s  t y p e  o f  c o m b i n e r  i s  s e ld o m  u s e d  where  
t h e  f r e q u e n c y  s p a c i n g  b e tw e en  t h e  c a r r i e r s  i s  l e s s  t h a n  I  MHz 
( s e e  a l s o  F i g .  I - l a  and l b ) .

v- a l t e r n a t i v e  t erms f o r  r r a n s u - i t t s r  combxrirg  unx>.s 2u1clu.de ^ r a n ^ i u i u . r  combiner  
cr  d i p l s x e r ,  c h a n n e l  combiner,  s t a r  f i l x e r  and h yb r id  n i t e r .
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C o n s t a n t  im p e d a n c e  c o m b i n i n g  u n i t s ,  t y p i c a l l y  u s e  3 dB h y b r i d  
c o m b i n e r s  and  f i l t e r s  w i t h  a t e r m i n a t i n g  l o a d  on t h e  i s o l a t e d  
p o r t .  The f i l t e r s  i n  t h i s  t y p e  o f  c i r c u i t r y  c a n  be  e i t h e r  a "  
n o t c h  o r  b a n d p a s s  t y p e .  The p e r f o r m a n c e  c h a r a c t e r i s t i c s  w i l l  be 
d i f f e r e n t  f o r  t h e  two f i l t e r  t y p e s .  T he se  t y p e s  o f  c o m b i n i n g  
u n i t s  have  a w i d e r  a p p l i c a t i o n  a s  t h e y  a r e  l e s s  f r e q u e n c y  
s e n s i t i v e  and  c a n  a c h i e v e  a s i g n i f i c a n t  s u p p r e s s i o n  l e v e l  when 
t h e  f r e q u e n c y  s p a c i n g  be tw een  t h e  FM c a r r i e r s  i s  800 k H z o r  
more ( s e e  a l s o  F i g .  I - 2 a  and 2 b ) .

1 . 3  S i t u a t i o n  i n  t h e  U n i t e d  K i n g d o m

A v a r i a t i o n  o f  Che a r r a n g e m e n t  o f  F i g .  Ir -2 b  r e c e n t l y  u s e d  i n  HBC 
s t a t i o n s  f o r  c o m b i n i n g  t h r e e  t r a n s m i t t e r s  i s  s h o w n  i n  F i g .  1 - 3 -  T h i s  w i l l  
b e  e x p l a i n e d  i n  g r s a c e r  d e c a i l  c o  i l l u s c r a t e  c h e  p r i n c i p l e s  i n v o l v e d ,  a n d  t o  
c a l c u l a t e  c h e  l e v e l s  o f  c h e  t h i r d —o r d e r  r a d i a t e d  i n c e m a d u l a c i o n  p r o d u c t s  
b a s e d  on  m e a s u r e m e n t s  o f  c r o s s  i n s e r t i o n  l o s s  o n  c h e  c o m b i n i n g  u n i t s -  T h e  
r e s u l C 3  o f  c h e 3 e  c a l c u l a t i o n s  ( T a b l e  I  - I )  c a n  C h en  b e  c o m p a r e d  w t c h  a c t u a l  
m e a s u r e m e n t s  o f  Che r a d i a c e d  i n c e m o d u i a c i o n  p r o d u c t s  f r o m  c h e  BBC h i g h  
p o w e r  s t a t i o n ,  W ro ch a m  ( s e e  T a b l e  I - I I ) .

I t  may be  s e e n  f r o m  F i g .  1 - 3  c h a c  c h e  c o m b i n i n g  u n i t  i n s t a l l a t i o n  i s  
i n  c*-o s e c t i o n s  c o m p r i s i n g  3 dB d i r e c t i o n a l  c o u p l e r s  c o n n e c t e d  t o g e t h e r  b y  
e q u a l - i e n g t h  l i n e s  c a r r y i n g  r e s o n a t o r s .  T he  c r o s s  i n s e r t i o n  l a s s e s  f r o m  
c r a n s m i c t e r  T1 Co t r a n s m i t t e r  T 2  a n d  T3 a t  f r e q u e n c y  f  i a r e  m a i n l y  
d e t e r m i n e d  by  c h e  Q o f  c h e  f  j_ r e s o n a t o r s  a n d  c h i s  i s  r e l a t e d  c o  c h e i r  
p h y s i c a l  s i r e .  T h e  s a m e  i s  c r u e  o f  c h e  c r o s s —l o s s  f r o m  c r a n s m i t t e r  T 2  c o  
c r a n s m i c t e r  T3 a c  f r e q u e n c y  f j *  H o w e v e r ,  c h e  c r o s s —l o s s e s  f r o m  c r a n s m i t t e r  
T3 co c r a n s m i t t e r  T 2  a n d  f r o m  T 2 a n d  T3 co  I I  a r e  d e t e r m i n e d  s o l e l y  b y  t h e  
3 dB c o u p l e r s -  T h i s  m e a n s  c h a c ,  i f  no  o c h e r  f a c t o r s  w e r e  i n v o l v e d ,  c h e  
l e v e l s  o r . . .  t h e  I n c e r m o d u l a c l o n  p r o d u c t s  ( 2 f j  “  £ 3 )*" ( 2 f  I “  ^ 2 ^  anc*
( 2 f ^  -  £ 3 ) c o u l d  b e  r e l a t i v e l y  h i g h .  H o w e v e r ,  i n c e r m o d u l a c i o n  p r o d u c t s *
g e n e r a c e d  i n  T1 a n d  T 2  a r e  d i v e r t e d  t o  c h e  l o a d  a n d  s o  c o u p l e  w e a k l y  w i c h  
Che a n c e n n a -  T h e  n e t  r e s u l c  o f '  t h e s e  f a c t o r s  m ay  b e  s e e n  t n  T a b l e  I - t ,  
w h e r e  c h e  l e v e l s  o f  I n c e  m o d u l a t i o n  p r o d u c t s  a r e  c a l c u l a t e d  f r o m  c r o s s -  
l o s s  m e a s u r e m e n t s  o n  c h e  c o m b i n i n g  u n i t .

n

A ( r 2 )

-* T2

FIGURE I - l a  

S t a r  f i l t e r  w i t h  o a s s b a n d  c a v i t v
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o

FIGURE I - lb

S tar f i l t e r  w ith  compensated stop-band c a v i t i e s

I
A

T2

FIGURE I -2 a  

Hybrid f i l t e r  w ith  passband c a v ity

In F ig . I -2 a , two v a r ia tio n s  are con sid ered :

-  in  case 1 , the normal c a se , the spurious frequency ( 2 f 2  ~ f l )  has 
a much higher le v e l  than ( 2 f   ̂ -  f 2 );

-  in  case 2, th is  i s  overcome by the a d d itio n a l ca v ity  at the T2 
output.
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FIGURE I-2 b  

Hybrid f i l t e r  w ith  stop-band c a v i t i e s

In F ig . I -2 b , three v a r ia tio n s  are considered:

-  in  case 1 , the normal c a se , the spurious frequency ( 2 f 2  ~ f l )  bas 
a much h igh er le v e l  than ( 2 f j  -  f 2 )»

-  in  case  2, there i s  an a d d it io n a l stop-band c a v ity  A' at the T2 
output;

-  in  case  3, the a d d it io n a l stop-band c a v ity  i s  replaced  by pass band 
c a v ity  A". The spurious su p p ression  i s  very h ig h , e s p e c ia l ly  in  ca se
3.
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TABLE 1-1

Calcu la t ion  of intermodulat ion product l e v e l s  (2 .2  MHz spacing)

Frequency C ro ss-in ser tio n  
lo s s  
(dB)

Conversion lo s s  
(assumed) 

(dB)

Cross—in se r tio n  
lo s s  to  antenna 

(dB)

R e la tiv e  
le v e l  o f i . p .  

(dB)

T l, T3 a t f 3 T l->ant at 2 f i~ f 3

2 f  1 ~ f3 -51 - 2 2 -36 -109

T l, T2 at f 2 T l->ant a t 2 f^ - f 2

2 f 1 -  f 2 -63 -14 -15 -9 2

T3, T2 at f 2 T3->ant a t 2 f 3 - f 2

2 f 3 “  f 2 - 8 8 -14 0 - 1 0 2

T3, Tl a t f i T3->ant at 2 f3- f j
2 f 3 -  f l -72 - 2 2 0 -94

Some refinem ents to the arrangement o f F ig . 1—3 are p o s s ib le .  F ir s t ,  
a d d itio n a l notch f i l t e r s  may be added to attempt, g rea ter  suppression  o f 
p a r tic u la r  i . p . s .  W hilst in p r in c ip le  i t  would be p o ss ib le  to a tten u a te  
the i .p .  d ir e c t ly  on the antenna feed er , i t  w i l l  u su a lly  be p refera b le  to  
f i t  the notch f i l t e r  to  the output of the generating  tra n sm itter , where the  
to t a l  power le v e l  is  low er. Another refinem ent is  to ad ju st the impedance 
of the load on the s e c t io n  c lo s e s t  to the antenna as shown in F ig . 1 -3 . 
This has the e f f e c t  o f c o n tr o llin g  the le v e l  of frequency f 2 that reaches 
tran sm itter  T1 and so a f f e c t s  the le v e l  of the i .p .  at frequency  
( 2 f !  -  f 2) .

Tj ---- ►

Load

3 dB Couplers

L  v ,  4  
-0-0

f i  stop

■Tx

>  Antenna

FIGURE 1-3  

A th ree-freq u en cy  combining u n it
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Approximate ly  
UO dB notches

Approximately 
±100 kHz to  
-3  dB p o in ts 20 dB gain

(a) Measurement of rad iated  le v e ls

Approx. 55 dB 
notches

Variable attenuator 
on input

Input
from
probe

Carrier
■>—A Frequency

Notch
p F ilters

Check lev e l
of carriers

(b) Measurement of le v e ls  in  tra n sm itter  feed ers

FIGURE I-A  

Methods o f  measurement

2. Measurements of interm odulation product l e v e ls  a t rep r esen ta tiv e  
broadcast transm itting  sta tio n s

The m ajority  o f UK s ta t io n s  transm it three eq u ally -sp aced  freq u e n c ie s  
from a common antenna. The spacing i s  u su a lly  2 .2  MHz. Measurements o f
intermodulation products made at a selection of these stations are shown in suimary in  
Table I - I I  and include examples o f h ig h , medium and low-powered s t a t io n s .  
Two of the s ta t io n s  are newly b u i l t ,  the remainder were b u ilt  b etw een '15 and 
30 years ago. In each case the measurements were made on forward-wave 
d ir e c t io n a l  coup lers in s ta lle d  in the antenna feed ers a f t e r  th ese  
measurements were supplemented by measurements of the rad iated  le v e ls  made 
on the same day. The methods of measurement are shown in F ig . 1 -4 .
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TABLE I - I I

Measurements a t  s ta t io n s  w ith  r e g u la r ly  
( 2 .2  MHz) spaced channels

R ela tive le v e l  o f intermode product (dB) Where
measured

S tation
f l  -  2 A f i  - A f  3  + A f 3 + 2A

Wrotham
(new; high power 
valved
tr a n sm itter s )

-104
-104

-94
-93

- 1 0 2

- 1 0 2

- 1 0 2
-104

feed ers
f i e ld

Tacolneston  
(o ld ; high power 
valved
tr a n sm itte r s )

-90
-96

-81
-82

-79
-80

- 8 6
- 8 6

feed ers
f i e ld

Peterborough  
(o ld ; low power 
s o l id - s t a t e  
tr a n sm itter s )

-94
-87

-83
-71

-82
-76

-90
- 8 6

feed ers
f i e ld

Cambridge 
(o ld ; low power 
s o l id - s t a t e  
tra n sm itters)

-72 -78 -75 -72 feed ers

Northampton 
(new; low power 
s o l id - s t a t e  
tra n sm itters)

-70 -82 - 8 6 -78 feed ers

The above r e s u lts  are s im ila r  to  those obtained in  oth er c o u n tr ie s .

I t  may be seen from Table I - I I  th a t for the valved tr a n sm itte r s , w ith  
the ex cep tio n  o f Wrotham, the le v e ls  o f the ( f   ̂ — A) and ( f 3  + A) terms are  
in  the neighbourhood of -80  dB, w h ile  those o f the ( f j  -  2A) and ( f 3  + 2A) 
are nearer to  -90  dB..-' This d if fe r e n c e  i s  a scr ib ed  to  the frequency
s e l e c t i v i t y  of the output c ir c u i t  of the tra n sm itter  in  which the term i s  
generated; the wider the frequency spacing the g rea ter  i s  the co n v ers io n  
lo s s  o f the Interm odulation p ro cess . It  i s  a ls o  an in d ic a t io n  th a t th e  
l e v e l s  o f the (f^  -  A) and ( f  3  + A) terms are determ ined by
Interm odulation tak ing  p la ce  in  the tra n sm itters  and not to  any g re a t e x te n t  
e lsew h ere .
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It Is to be noted that the p o lic y  of the BBC at the time the s ta t io n s  
d escr ib ed  as "old" were b u il t  was to suppress interraodulation  products to  a 
much higher degree than chat required by the Radio R egulations in order to  
p ro tec t m obile s e r v ic e s  then using freq u en cies below 8 8  MHz and above
97 .6  MHz. The ta rg e t was in  fa c t  a r e la t iv e  le v e l  of -100  dB [H ayes, 
1957]. This was never ach ieved , d e sp ite  strenuous e f f o r t s ,  in c lu d in g  a 
d e ta ile d  in v e s t ig a t io n  in to  some o f the mechanisms by which in term od u lation  
products a re , gen erated . N e v er th e le ss , the le v e ls  ach ieved  were, and fo r  
the most part s t i l l  a r e , ap preciab ly  lower than those required  by the Radio 
R eg u la tio n s.

There are two s ta t io n s  in the l i s t  described  as "new"; both are sev
eral years o ld  and ra d ia te  lower le v e l s  of in term odulation  products than  
e a r l ie r  s ta t io n s  o f a s im ila r  typ e. Fteoent measLrsnents a t Wrotbara have demonstrated 
that such lev e ls can be naintained in  service without inordinate effo rt.

REFERENCES

HAYES, W. E. and PAGE, H. [1957] The BBC sound b road castin g  s e r v ic e  on very  
high fr eq u e n c ie s . Proc. IEE., Vol. 10A, Part B.

ANNEX II

EXAMPLES OF MEASURED ANTENNA PATTERN

Some examples of measured f i e ld  stren g th s  of a broadcast tra n sm itter  
have been provided by Sweden. When a v e r t ic a l  aperture of s e v e r a l  
wavelengths i s  employed, the v e r t ic a l  ra d ia tio n  w i l l  reduce the v a r ia t io n  of  
f i e l d  s tr e n g th , a t a f ix e d  h eigh t o f the order o f 1 0 0 0  f e e t ,  as a fu n c tio n  
of h o r izo n ta l d ista n ce  from the tr a n sm itte r . Figure I I - l  g iv e s  an example 
of a measurement of a broadcast 's ig n a l a t 97.5  MHz. The antenna in  th is  
ca se  was an 8 —t i e r  array w ith a downward t i l t  o f the main beam o f 1 ° ;  
measurements were made a t a con stan t a l t i tu d e  o f 1 0 0 0  f e e t  above the  
m ast-top . Further measurements of an unwanted product a t  a frequency near
107 MHz showed a s im ila r  type of curve fo r  the v a r ia t io n  w ith  d is ta n c e .  
These and oth er measurements su ggest th a t the p a ttern  fo r  freq u en c ies  above
108 MHz would be approxim ately but not ex a c tly  the same as fo r  the  
broadcast frequency.
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E levation  angle (d egrees) 

tO 70 «0 SO 30 20 10

H orizontal d is ta n ce  (m)

FIGURE I I - 1

Example o f  a measurement o f  a broadcast 
s ig n a l  a t  9 7 .5  MHz

A : tran sm itter  f : 97 .5  MHz 
B : spurious f : 107.290 MHz

Note -  B roadcasting FM antenna: an antenna c o n s is t in g  of 24 elem ents
mounted in  3 d ir e c t io n s  and 8  l e v e l s .

T ransm itter freq u en c ie s: 8 8 .9 , 9 5 .1 , 97.5 MHz.
Maximum e . r .p .  : 60 kW

ANNEX I I I

THEORETICAL MODELLING OF THE VERTICAL RADIATION 
PATTERN OF AN FM BROADCASTING ANTENNA

lm M odelling o f 3 dB beam width o f main lobe

To determ ine an a ir c r a f t ' s  p o s it io n  with resp ect to the main beam of an 
™ arltenna v e r t ic a l  ra d ia tio n  p a ttern , con sider the geometry shown in  

•̂8 * 111 — 1 [Augstraan and L u b ien ietzk y , 1982].
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FIGURE I I I - l

A ir c r a ft  p o s it io n  w ith  r e sp e c t  to  main beam o f  
FM antenna v e r t i c a l  ra d ia tio n  p a ttern

In Figure I I I - l ,  l e t :

‘ HAC : a ir c r a f t  a l t i tu d e  (m ASL) 
hFM : h eigh t of cen tre  of FM antenna rad iatin g  elem ents (ra ASL)
9 : 3 dB beam width o f FM main lobe (d egrees)
h : co r rec tio n  fa c to r  for 4 /3  e a r th 's  curvature (m)
D : d is ta n c e  between a ir c r a f t  and FM antenna over plane earth  (km) 
h0 : h a lf  of 3 dB beam width of FM main-beam a t d ista n ce  D (m) 
d : d is ta n c e  measured along the surface of the Earth from a point 

d ir e c t ly  beneath the a ir c r a f t  to the base of the FM 
antenna (km).

Let the maximum height of the top of the FM main beam at distance d 
over 4/3 curved earth = HMB (m)

T herefore, HMB = Hp̂ j + h^ + h

= Hfm + 1000 (D tan (1 /2  0 )] + 0.06D2

( 1)

( 2 )

Taking antenna beam t i l t  (£) (d ep ression  a n g le , in  degrees) in to  a cco u n t, 
equation  ( 2 ) becomes:

HMB -  Hpji + 1000 (D tan (1 /2  0 - / 3 ) ]  + 0.06D2 (3 )

An a ir c r a f t  is  in  the main beam of the FM antenna rad ia tion  p attern  i f -  

hAC < hFM + 1 0 0 0  1° tan ( I / 2 0  ~ 0 ) ]  + 0.06D2 (4 )
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Equation (4 ) assumes that the a ir c r a f t  i s  w ith in  radio l in e - o f - s ig h t  o f the 
FM broadcasting antenna. When b roadcasting s ta t io n s  a t sev e ra l d if f e r e n t  
lo c a tio n s  are in v o lv ed , such as in  a th r e e -s ig n a l in term odulation  c a s e ,  
equation  (4) has to be s a t i s f i e d  fo r  each o f the s ta t io n s .

2. Modelling o f v e r t ic a l  ra d ia tio n  p attern  envelope

Another antenna m odelling technique ch a ra c ter izes  the envelope o f the  
v e r t ic a l  ra d ia tio n  pattern  w ith a s e t  of nominal values [CCIR, 1 9 8 2 -8 6 ).  
Consider the v e r t ic a l  ra d ia tio n  'pattern o f the high gain - antenna shown in  
F ig . I l l - 2.

E le v a t io n  a n g le  ab o v e  h o r iz o n  ( d e g r e e s )

FIGURE I I I -2

Example o f  v e r t i c a l  r a d ia t io n  p a tte rn  fo r  h igh  ga in  antenna

Ar  -  0 dB fo r  or < 4° 
and Ar «■ 14 dB f o r  4°  C a  C 90°

w here:

Aj. : a t te n u a t io n  o f  v e r t i c a l  r a d ia t io n  p a tte r n  fo r  a f ix e d  
e l e v a t io n  a n g le  a  ( in  d e g r e e s )  above h o r iz o n .
T his fa c to r  can apprqach 20 dB fo r  some an ten n as.

T echniques su ch  a c o s e c a n t-sq u a r e d  m o d e llin g  o f  th e  v e r t i c a l  r a d ia t io n ,  
p a tte r n  can a l s o  be u se d .



Rep.  1198 147

2.1 Antenna ansrt-ore of 2 wavelengths or more

In  o r d e r  t o  m od el th e  e n v e lo p e  o f  t h e  v e r t i c a l  r a d i a t i o n  
p a t t e r n  o f  a n te n n a s  w ith  a p e r t u r e s  o f  2  o r  m ore w a v e le n g th s  
t h e  VRP c o r r e c t i o n ,  V, can be c a l c u l a t e d  by u s in g  th e  
f o l l o w i n g  fo r m u la :

V = -20 log (Xl.N.sinG-) dB
where N = vertical aperture in wavelength

■Q = elevation angle relative to the maximum 
(normally horizontal).

It should be noted that for small elevation angles this 
expression can produce positive values for V. In such 
cases V is set to 0 dB (ie: no VHP correction is applied).
For high elevation angles the VHP correction is limited 
to a value of -14 dB,
ie: 0 > VRP correction > -14 dB.
This formula has been chosen as a suitable compromise for 
all polarizations.

2.2 Antenna apertu re  of l e s s  than two wavelengths

When u s in g  low  g a in  a n te n n a s  ( t h o s e  w ith  
v e r t i c a l  a p e r t u r e s  o f  l e s s  th a n  tw o w a v e le n g t h s )  th e  
v a lu e s  in  T a b le  I I I -1  c h a r a c t e r i z e  th e  e n v e lo p e  o f  th e  
v e r t i c a l  r a d i a t i o n  p a t t e r n .

For in t e r m e d ia t e  a n g le s  l i n e a r  i n t e r p o l a t i o n  s h o u ld  be u s e d .

TABLE I I I - 1

E l e v a t io n  a n g le  VRP c o r r e c t i o n
( d e g r e e s )  (dB)

0 0
10 0
20 - 1
30 - 2
40 -4
50 - 6
60 -8
70 - 8
80 -8
90 -8
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ANNEX IV

INFORMATION ON TRANSMITTER TEST AND LINE-UP PROCEDURES

T r a n s m i t t e r  t e s t s  in t h e  U n i t e d  S t a t e s  o f  A m e r i c a

Common p r a c t i c e  in  t h e  U.S.  f o r  FM b r o a d c a s t  s t a t i o n s  i s  
t o  c o n d u c t  t r a n s m i t t e r  m e a s u r e m e n t s  w h i l e  r a d i a t i n g  on an 
a v e r a g e  o f  once  a y e a r .  T h e s e  t e s t s  e nc om pa ss  a u d i o  f r e q u e n c y  
r e s p o n s e ,  h a rm o n ic  d i s t o r t i o n ,  FM s i g n a l  t o  n o i s e  r a t i o  and 
AM n o i s e  l e v e l  m e a s u r e m e n t s .  D u r i n g  t h e s e  t e s t s ,  d i s c r e t e  
m o d u l a t i n g  f r e q u e n c i e s  o f  50,  1 0 0 ,  400 ,  1000 ,  5000 ,  7 , 5 0 0 ,  
1 0 , 0 0 0 ,  and  1 5 ,0 0 0  h e r t z  a r e  u s e d  a t  25,  50 and 100% 
m o d u l a t i o n  l e v e l s .  A l t h o u g h  t e s t i n g  i s  u s u a l l y  c o n d u c t e d  
w h i l e  t r a n s m i t t i n g  in  t h e  m o n o p h o n ic  mode, some s t a t i o n s  may 
a l s o  c o n d u c t  t h e  same m e a s u r e m e n t s  w h i l e  t r a n s m i t t i n g  in  t h e  
s t e r e o p h o n i c  mode, or  w i t h  s u b s i d i a r y  s u b c a r r i e r s  a c t i v a t e d .  
The a m p l i t u d e s  o f  FM m o d u l a t i o n  s i d e b a n d s  d u r i n g  s t e r e o p h o n i c  
t r a n s m i s s i o n s  o r  w i th  s u b s i d i a r y  s u b c a r r i e r s  a r e  l o w e r  in  
a m p l i t u d e  and  more w i d e l y  d i s t r i b u t e d  due t o  t h e  g r e a t e r  
d i s p e r s i o n  o f  e ne rgy  w i t h i n  t h e  b a s e b a n d  m o d u l a t i n g  s i g n a l .

T h e s e  t e s t s  u s u a l l y  r e q u i r e  a p p r o x i m a t e l y  3 h o u r s  
t o  c o n d u c t  and  a r e  a l m o s t  e x c l u s i v e l y  p e r f o r m e d  d u r i n g  
t h e  0001  t o  0600 h o u r s  l o c a l  t i m e .
The t i m e  r e q u i r e d  f o r  t h e s e  t e s t s  d e p e n d s  on w h e t h e r  
m e a s u r i n g  e q u ip m e n t  w i t h  a u t o m a t i c  l e v e l  and n u l l i n g  
f e a t u r e s  i s  u s e d .

O n ly  t h o s e  s t a t i o n s  t h a t  a r e  o p e r a t i n g  on FM c h a n n e l s  
i m m e d i a t e l y  below 108 MHz c o u l d  p r o d u c e  p o s s i b l e  s i d e b a n d s  
d u r i n g  t e s t i n g  a t  d i s c r e t e  m o d u l a t i n g  f r e q u e n c i e s  t h a t  would 
f a l l  on s p e c i f i c  a e r o n a u t i c a l  a s s i g n e d  f r e q u e n c i e s .  The 
a n a l y s i s  f o r  a p a r t i c u l a r  i n t e r f e r e n c e  p o t e n t i a l  o f  su c h  
t e s t i n g  wou ld  have to  be done  on a c a s e - b y - c a s e  b a s i s .  
H ow ever ,  t h e  p o t e n t i a l  f o r  i n t e r f e r e n c e  due t o  s u c h  t e s t i n g  
i s  n e g l i g i b l e .
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T r a n s m i t t e r  t e s t s  in  F i n l a n d

M e a s u r e m e n t s  a r e  c o n d u c t e d  t w i c e  a month f o r  e a ch  
n e t w o r k  d u r i n g  t h e  d a y t i m e  on M ondays :

n e t w o r k  I and I I  f rom 1 t o  2 p .m .  i n  a l t e r n a t e  weeks
n e t w o r k  I I I  t o g e t h e r w i t h  n e t w o r k  I I
n e t w o r k  I V from 9 t o 10 a .m .

Measu r e m e n t  programme i s  a s  f o l l o w s :

F r e q u e n c y D u r a t i o n  P u r p o s e

1000 Hz 4 min L e v e l  c o n t r o l

P a u s e 90 s S i g n a l  t o  N o i s e

40 Hz 4 5 s L - c n a n n e l
1000 Hz 45 s f r  e q u e n c v

15000 Hz 45 s r e s p o n s e

40 Hz 45 s R - c h a n n e l
1000 Hz 4 5 s f r  e q u e n c y

1 5000 Hz 45 s r e s p o n s e

T h i s  ;p rog . ramme i:s r eo e a t e d  a f t e r  a 90 s t>.
a f t e r t h e c r o s s  'r a i k i s  m e a s u r e d  w i t h :

1000 Hz 90 s c r o s s  t a l k  M -  1
1000 Hz 45 s c r o s s  t a l k  L -  ]
1000 Hz 4 5 s c r o s s  t a l k  R -  :

M e a s u r e m e n t s  a r e  c o n d u c t e d  i n  t h e  s t e r e o p h o n i c  
mode a n d  f o r  a i l  s i g n a l s  t h e  d e v i a t i o n  u s e d  i s  
± 47 kHz i n c l u d i n g  t h e  p i l c t - t o n e .

I n  f u t u r e ,  t h e s e  m e a s u r e m e n t s  w i l l  be a u t o m a t e d  
a n d  t h e  m e a s u re m e n t  t im e  w i l l  be r e d u c e d  t o  a b o u t  
5 t o  10 s e c o n d s .
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DECISION 71-1*

CONTINUATION OF STUDIES ON COMPATIBILITY BETWEEN THE 
AERONAUTICAL RADIONAVIGATION SERVICE IN THE BAND 108-117.975 MHz,

THE AERONAUTICAL MOBILE (R) SERVICE IN THE BAND 117.975-137 MHz 
AND THE FM SOUND BROADCASTING STATIONS IN THE BAND ABOUT 87-108 MHz

(1985- 1989 )

CCIR Study Groups 8 and 10, a t  t h e i r  F i n a l  Meet ings,  Geneva, 1989

CONSIDERING

(a) Question 61/8 and Question 46/10;
(b) Recommendations Nos. 4 and 5 of the Regional Administrative Conference for FM Sound
Broadcasting in the VHF Band (Region 1 and certain countries concerned in Region 3), Geneva, 1984;
(e) the provisions of Resolution 24;
(d) that the need for compatibility between the broadcasting and aeronautical services is recognized as a
world-wide matter;
( e )  th a t  th e re  i s  a need to  p rov id e gu idance to  th e o r g a n iz a t io n s
r e s p o n s ib le  fo r  th e sound b r o a d ca stin g  s e r v ic e  and the a e r o n a u t ic a l s e r v ic e s  on 
m ethods fo r :

p r e d ic t io n  o f  p o t e n t ia l  in c o m p a t ib i l i ty ,  a s p a r t  o f  th e frequency  
assignm en t p ro ce ss;

p r ev e n tio n  o f  in c o m p a t ib i l i t ie s  in  p r a c t ic a l  s i t u a t io n s ;

( f  ) that the studies could best be carried out jointly between Study Groups 8 and 10,

DECIDE

1. that Joint Interim Working Party 8-10/1 should continue its work;

2. that this Joint Interim Working Party should study:
2.1- compatibility between the aeronautical radionavigation service and the sound-broadcasting stations in the
bands concerned;

2.2 compatibility between the aeronautical mobile (R) service and the sound-broadcasting service in the bands
concerned;

23 compatibility criteria that can be used to predict potential interference in an assignment decision context 
including the determination of the correlation of bench tests with in-service operational performance of 
aeronautical receivers;

2 .4  The J o in t  In te r im  Working P a r ty  sh o u ld  c o n s id e r  th e  ite m s  l i s t e d  in
Annex I .

n«c Director, C CIR. is requested to bring this Decision to  the attention o f  the ICAO.



D. 71-1 151

3. The JIWP s h a l l  prepare a c o n so lid a te d  d r a ft  Report t o  be based  on 
e x is t in g  CCIR te x ts  and on the r e s u lts  o f ongoing s tu d ie s .  This d ra ft report 
s h a ll  be a v a ila b le  before the next Interim  Meetings o f  Study Group 8 and 10, in  
a form which w i l l  a llow  the CCIR to is su e  i t  as a separate p u b lica tio n  a fte r  
approval by both Study Groups 8 and 10.

4 . In  p rep a ra tio n  o f  i t s  R eport, th e  JIWP s h a l l  g iv e  h ig h e s t  p r i o r i t i e s  t o  
the study o f  methods fo r  p red ic tio n  o f  p o te n tia l in c o m p a t ib ilit ie s  and to  the  
reduction  o f  apparent d iscrep an cies between p red icted  r e s u lt s  and p r a c t ic a l  
experience (see  Annex I ) .

5- The JIWP s h a l l  p repa re  a d r a f t  Recommendation c o n ta i n in g  th e  .
e s s e n t ia l  con clu sion s o f  i t s  s tu d ie s , before the next F in a l M eetings o f  Study 
Groups 8 and 10 fo r  approval by both o f th ese Study Groups*.

6 . that, as far as practicable, the work should be conducted by correspondence, but that it may meet on the 
proposal of its Chairman, following consultation with the Director of the CCIR;

7. that the Chairman and the composition of Joint Interim Working Party 8-10/1 shall be as shown in 
Annex I I .

ANNEX I

ITEMS SUGGESTED FOR PARTICULAR STUDY

I t  i s  suggested  th at the JIWP in  i t s  d ec is io n s  on p r io r i t i e s  regarding  
i t s  work on the co m p a tib ility  between the aeronau tica l ra d ion av iga tion  s e r v ic e ,  
the aero n a u tica l mobile (R) ser v ic e  and the FM sound b road castin g  s ta t io n s  in  
the bands concerned, con siders the fo llo w in g  item s:

protection ratio values for future' airborne receivers against spurious emissions from sound- 
broadcasting stations (referred to as Al type of interference) in cases where the frequency of the spurious 
emissions does not coincide with the aeronautical frequency;

protection ratio values for present and future aeronautical receivers against out-of-band emissions 
from sound-broadcasting stations (referred to as A2 type of interference);

criteria for prediction 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;

the effect of sinusoidal modulation of the sound-broadcasting transmitters during test and line-up 
and any precautions or procedures to be adopted at broadcasting stations in order to maintain the agreed 
protection of the aeronautical radionavigation service;

and in  p a r tic u la r ,

a more exact mathematical rep resen ta tion  o f  the immunity 
c h a r a c t e r is t ic s  o f  a ir c r a f t  r e c e iv e r s  fo r  B l and B2 ty p e s  
o f  in te r fe r e n c e ;

arrangements o f  t e s t  p o in ts  which lead  to  the d e te c t io n  o f  a l l  
re lev a n t in terferen ce  p o te n t ia ls ;

a value for  the c u t -o f f  l e v e l  which would ensure th a t no re lev a n t  
in ter feren ce  p o te n tia l o f  the Bl type o f in ter fere n c e  remains 
undetected;

a d d itio n a l t e s t s  for communications r e c e iv e r s .

* This Recommendation s h a ll  be published by the CCIR in  both Volume V III, 
Volume X and in  the separate p u b lica tio n  id e n t if ie d  in  DECIDES 3.
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ANNEX I I

1. A t the first m eeting o f JIW P  8-10/1 the follow ing A dm inistrations, In ternational O rganizations and  
R ecognized Private O perating  Agency were m em bers o f  the Jo in t Interim  W orking Party.

Administrations:
G erm any (Federal R epublic of)
A ustralia
Austria
Belgium
C anada
U nited States o f  A m erica
Finland
France
Italy
N orw ay
N etherlands
U nited  K ingdom
Sweden
Sw itzerland
Yugoslavia (Socialist Federal R epublic of)

International Organizations and Recognized Private Operating Agencies:
IATA
ICAO
EBU
N orddeu tscher R undfunk  
R hode an d  Schw arz

1.1 A t the Final M eetings o f S tudy G roups 8 an d  10, the follow ing adm inistrations expressed the wish to
partic ip a te :

Administrations:
Brazil (Federative R epublic of)
H ungarian  People’s R epublic 
Iran  (Islam ic R epublic of)
Japan
N ew  Z ealand 
U SSR

2. The C ha irm an  o f  the Jo in t Interim  W orking Party will be:

Mr.Jorma KARJALAINEN 
Head o f  Radio Frequency 

Department 
Telecommunications 
Adminsitration Centre 
P.O.Box 53 
SF-00211 HELSINKI 
FINLAND

Telephone: +358 0 696 6423 
Telefax: +358 0 696 6410
Telex: 124545 thk s f
Teletex: 1009166 thk



Printed in Switzerland 

ISBN 9 2 -6 1 -0 4 3 8 1 -X


	Table of contents
	Recommendation 591-1 - Compatibility between the broadcasting service in the band of about 87-108 MHz and the aeronautical services in the band 108-137 MHz
	Report 929-2 - Compatibility between the broadcasting service in the band of about 87-108 MHz and the aeronautical services in the band 108-137 MHz
	Report 1198 - Compatibility between the broadcasting service in the band 87.5-108 MHz and the aeronautical services in the band 108-136 MHz
	Decision 71-1 - Continuation of studies on compatibility between the aeronautical radionavigation service in the band 108-117.975 MHz, the aeronautical mobile (R) service in the band 117.975-137 MHz and the FM sound broadcasting stations in the band about 87-108 MHz



